
The N ew  
Encyclopaedia 

Britannica
Volume 14

MACROPjEDIA

K nowledge in D epth

FOUNDED 1768 
15 TH EDITION

Encyclopaedia Britannica, Inc.
Robert P. Gwirm, Chairman, Board of Directors 

Peter B. Norton, President 
Philip W. Goetz, Editor in Chief

Chicago
Auckland/Geneva/London/Madrid/Manila/Paris

Rome/Seoul/Sydney/Tokyo/Toronto



THE UNIVERSITY OF CHICAGO

“Let knowledge grow from more to more 
and thus be human life enriched.”

The Encyclopcedia Britannica is published with the editorial 
advice of the faculties of the University of Chicago.

Additional advice is given by committees of members drawn 
from the faculties of the Australian National University, 
the universities of British Columbia (Can.), Cambridge (Eng.), 
Copenhagen (Den.), Edinburgh (Scot.), Florence (Italy), Leiden 
(Neth.), London (Eng.), Marburg (Ger.), Montreal (Can.), 
Oxford (Eng.), the Ruhr (Ger.), Sussex (Eng.), Toronto (Can.), 
Victoria (Can.), and Waterloo (Can.); the Complutensian 
University of Madrid (Spain); the Max Planck Institute for Bio- 
physical Chemistry (Ger.); the New University of Lisbon (Port.); 
the School of Higher Studies in Social Sciences (Fr.); Simon 
Fraser University (Can.); and York University (Can.).

First Edition 
Second Edition 
Third Edition 
Supplement 
Fourth Edition 
Fifth Edition 
Sixth Edition 
Supplement 
Seventh Edition 
Eighth Edition 
Ninth Edition 
Tenth Edition

1768-1771
1777-1784
1788-1797
1801
1801-1809
1815
1820-1823
1815-1824
1830-1842
1852-1860
1875-1889
1902-1903

Eleventh Edition 
© 1911
By Encyclopaedia Britannica, Inc.

Twelfth Edition 
© 1922
By Encyclopaedia Britannica, Inc.

Thirteenth Edition 
© 1926
By Encyclopaedia Britannica, Inc.

Fourteenth Edition
© 1929, 1930, 1932, 1933, 1936, 1937, 1938, 1939, 1940, 1941, 1942, 1943,

1944, 1945, 1946, 1947, 1948, 1949, 1950, 1951, 1952, 1953, 1954,
1955, 1956, 1957, 1958, 1959, 1960, 1961, 1962, 1963, 1964,
1965, 1966, 1967, 1968, 1969, 1970, 1971, 1972, 1973

By Encyclopaedia Britannica, Inc.

Fifteenth Edition
© 1974, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 

1986, 1987, 1988, 1989, 1990, 1991 
By Encyclopaedia Britannica, Inc.

© 1991
By Encyclopaedia Britannica, Inc.

Copyright under International Copyright Union 
All rights reserved under Pan American and 
Universal Copyright Conventions 
by Encyclopaedia Britannica, Inc.

No part of this work may be reproduced or utilized 
in any form or by any means, electronic or mechanical, 
including photocopying, recording, or by any 
information storage and retrieval System, without 
permission in writing from the publisher.

Printed in U.S.A.

Library of Congress Catalog Card Number: 89-81675 
International Standard Book Number: 0-85229-529-4



CONTENTS 1 The Arctic 
42 Argentina

59 Aristotle and Aristotelianism 
75 Arithmetic

85 Art Conservation and  Restoration 
93 Arthropods 
98 Classification of the Arts 

103 Criticism of the Arts 
107 Practice and Profession of the Arts 
140 Style in the Arts 
152 Aschelminths 
157 Asia 
295 Atatürk 
297 Athens 
305 Atmosphere

329 Atoms: Their Structure, Properties, and Component Particles
380 Attention

386 Augustine

390 Augustus

395 Australia

481 Literatures of Australia and  N ew Zealand

483 Austria

520 Automata Theory

529 Automation

539 Bach

544 Francis Bacon

550 Bacteria

559 Baghdad

562 Balkans

589 Bangkok

592 Bangladesh

600 Banks and  Banking

613 Barcelona

615 Beethoven

622 Animal Behaviour

708 The Development of Human Behaviour

723 Beirut

725 Belgian Literature 
728 Berlin

734 Beverage Production

754 Biblical Literature and Its Critical Interpretation 
858 Biochemical Components of Organisms 
920 The Biological Sciences 
978 The Biosphere





The Arctic

The Arctic is the area of the far north that is charac- 
terized by distinctively polar conditions of climate, 
plant and animal life, and other physical features. 

The term is derived from the Greek arktos (“bear”), re- 
ferring to the northem constellation o f the Bear. It has 
sometimes been used to designate the area within the 
Arctic Circle— a mathematical line that is drawn at lati­
tude 66° 30' N, marking the Southern limit o f the zone 
in which there is at least one annual period o f 24 hours 
during which the Sun does not set and one during which 
it does not rise. This line, however, is without value as a 
geographical boundary, since it is not keyed to the nature 
of the terrain.

While no dividing line is completely definitive, a general- 
ly useful guide is the irregulär line marking the northem- 
most limit o f the stands of trees. The regions north of the 
tree line include Greenland, Spitsbergen (Svalbard), and 
other polar islands; the northem parts o f the mainlands of 
Siberia, Alaska, and Canada; the coasts o f Labrador; the 
north of Iceland; also, a strip of the Arctic coast of Europe.

The last-named area, however, is classified as subarctic 
because o f other factors.

Conditions typical o f Arctic lands are extreme fluc- 
tuations between summer and winter temperatures; per­
manent snow and ice in the high country, and grasses, 
sedges, and low shrubs in the lowlands; and permanently 
frozen ground (permafrost), the surface layer of which 
is subject to summer thawing. Three-fifths o f the Arctic 
terrain is outside the zones o f permanent ice. The brevity 
of the Arctic summer is partly compensated by the long 
daily duration o f summer sunshine.

International interest in the Arctic and subarctic regions 
has steadily increased during the 20th Century, particularly 
since World War II. Three major factors are involved: the 
advantages o f the North Pole route as a shortcut between 
important centres o f population; the growing realization of 
economic potentialities such as mineral (especially petro­
leum) and forest resources and grazing areas; and the im- 
portance of the regions in the study of global meteorology.

The article is divided into the following sections:
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Physical and human geography
THE LAND

Relief and geology. The Arctic lands have developed 
geologically around four nuclei of ancient crystalline rocks. 
The largest o f these, the Canadian Shield, underlies all the 
Canadian Arctic except for part of the Queen Elizabeth 
Islands. It extends eastward beneath Baffin Bay to include 
most of Greenland. The Baltic Shield, centred on Finland, 
includes all northern Scandinavia (except the Norwegian 
coast) and the northwestem Soviet Union. The two oth­
er blocks are smaller. The Angara (or Anabar) Shield is 
exposed between the Khatanga and Lena rivers in north 
central Siberia and the Aldan block is exposed in eastern 
Siberia.

Between the shields, particularly around their margins, 
there have been long periods of Sedimentation, and con- 
sequently the shields are partly buried. In some areas 
thick Sediments were subsequently folded, thus producing 
mountains, many of which have since been destroyed

by erosion. Two main mountain-building periods have 
been recognized in the Arctic. In Paleozoic times there 
developed a complex mountain System that includes both 
Caledonian and Hercynian elements. It extends from the 
Queen Elizabeth Islands through Peary Land and down 
the east coast of Greenland. Mountain building occurred 
during the same period in Svalbard, Novaya Zemlya, the 
northern Urals, the Taymyr Peninsula, and Severnaya 
Zemlya. There is considerable speculation as to how these 
mountains are linked beneath the sea. The second period 
of folding was in Mesozoic and Cenozoic times. These 
mountains survive in northeastem Siberia and Alaska. 
Horizontal or lightly warped sedimentary rocks cover part 
of the shield in northern Canada, where they are pre- 
served in basins and troughs. Sedimentary rocks are even 
more extensive in northern Russia and in western and 
central Siberia; they range in age from Early Paleozoic to 
Quaternary.

In the Tertiary Period (65,000,000 to 2,500,000 years 
ago) two Arctic areas experienced igneous activity. One
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was associated with mountain building around the North 
Pacific, and active volcanoes are still found in Kamchat- 
ka, the Aleutian Islands, and Alaska. The other area of 
igneous activity extended across the North Atlantic and 
included the whole o f Iceland, Jan Mayen Island, and 
east Greenland south o f Scoresby Sound; it was probably 
connected to west Greenland and Disko Bay and to east 
Baffin Island. Volcanism continues in Iceland and on Jan 
Mayen, and hot springs are found in Greenland.

Little is known about the climate o f the northem lands 
during Late Tertiary time; it is possible that the tree line 
was at least 1,000 miles (1,600 kilometres) farther north 
than at present, although even at this time Greenland may 
have been covered by ice.

Roughly 1,000,000 years ago the climate of polar regions 
began to deteriorate, and the Pleistocene ice sheets began 

Formation to form. They are known to have expanded several times, 
of Pleis- but detailed information for the Arctic is available only for
tocene ice the last glaciation. In North America the main ice sheet of
sheets the final glaciation developed on Baffin Island and swept

south and west across Canada, amalgamating with smaller 
glaciers to form the Laurentide ice sheet, covering much 
of North America between the Atlantic Ocean and the 
Rocky Mountains and between the Arctic Ocean and the 
Ohio and Missouri river valleys. A smaller ice cap formed 
in the western cordillera. The northern margin o f the ice 
lay along the Brooks Range (excluding the Yukon Basin) 
and across the southem islands of the Canadian Archipe- 
lago. To the north the Queen Elizabeth Islands supported 
small, probably thin, ice caps.

The Atlantic Arctic islands were covered with ice except, 
as in Iceland, where isolated mountain peaks projected 
through the ice. In Europe the Scandinavian Ice Sheet 
covered most o f northem Europe between Sevemaya 
Zemlya in the Soviet Union and the British Isles. North- 
eastem Siberia escaped heavy glaciation, although, as in 
northem Canada, the ice sheet was more extensive in an 
earlier glaciation.

When the ice melted special landforms were left which, 
although not rssiricted to the Arctic, are oftsn best devel- 
oped there and in the absence of Vegetation are clearly 
visible. In the areas of crystalline rocks, including large 
parts of the northem Canadian Shield and Finland, the 
ice left disarranged drainage and innumerable lakes. In the 
lowlands on weaker rocks, deep glacial deposits produced 
a smoother landscape, often broken by low ridges and hills 
of glacial material (drumlins). In the uplands the charac- 
teristic glacial landforms are the U-shaped valleys. Near 
the coasts these have been submerged partly to produce 
fjords, which are well developed in southem Alaska, along 
the east coast o f Canada, around Greenland, in east and 
west Iceland, along the coast of Norway, and on many of 
the Arctic islands.

When the Pleistocene ice sheets melted the land remained 
depressed, and the sea flooded the Arctic lowlands. Sub- 
sequent emergence o f the land has elevated beaches and 
marine deposits to considerable heights. The highest of 
these features are now found 500 to 900 feet (150 to 
270 metres) above sea level in many parts of the western 
and central Canadian Arctic and somewhat lower in the 
east. Comparable elevations are found in the Eurasian 
Arctic. Comparable emergence is indicated on Svalbard, 
Greenland, the northem Urals, and on the Franz Josef 
Archipelago, where it may be more than 1,500 feet. In 
many of the emerged lowlands, such as those south and 
west of Hudson Bay, the raised beaches are the most con- 
spicuous features in the landscape, forming hundreds of 
low, dry, gravel ridges in the otherwise ill-drained plains. 
Emergence is still continuing, and in northem Canada and 
northem Sweden uplift of two to three feet a Century is 
found. Occasionally submergence is indicated, particularly 
at the mouths o f such large rivers as the Mackenzie.

Although the detail o f the terrain in many parts of the 
Arctic is directly attributable to the Pleistocene glaciations, 
the major physiographic divisions reveal close correlation 
with geological structure. The two largest shield areas, the 
Canadian and the Baltic, have developed similar land­
scapes. The landscapes west o f Hudson Bay, on Southern 
Baffin Island, and in Karelia are low and rocky with

countless lakes and disjointed drainage. Uplands, generally
1.000 to 2,000 feet above sea level and partially covered 
with glacial deposits, are more widely distributed. They 
form the interior of Quebec-Labrador and parts of the 
Northwest Territories in Canada, and the Lapland Plateau 
in northern Scandinavia. The eastem rim of the Canadian 
Shield in Canada from Labrador to Ellesmere Island has 
been deeply dissected by ice to produce fjords and leave 
mountain peaks more than 6,000 feet high. The shield in 
Greenland is also a dissected upland, reaching similar ele­
vations for long distances around the east and west coast.
Where sedimentary rocks mantle the shields, as in north 
central Siberia and north of Hudson Bay, plains, plateaus, 
and hills result, the plateaus often being deeply dissected 
by narrow valleys. In Canada there are mainly plains and 
plateaus, while around the Angara Shield, hills and even 
mountain ranges are dominant.

Far beyond the margins of the shields, extensive plains 
have developed on soft sedimentary rocks. In North Amer­
ica these form the Mackenzie lowlands, Banks and Prince 
Patrick Islands, and the Arctic plains section of north­
ern Alaska; in northern Europe they form the Sevemaya 
Dvina and Pechora Plains. In Siberia the Ob Delta, its 
northeastern extension to the Laptev Sea, the north Siber- 
ian plains, the west Siberian lowlands, and farther east the 
Lena-Kolyma plains (including the New Siberian Islands) 
have developed on sedimentary rocks. Although there are 
differences in degree, these terrains are essentially flat, 
occasionally broken by low rock scarps, and covered with 
numerous shallow lakes. The plains are crossed by large 
rivers that have laid down deep alluvial deposits.

The strongly folded rocks associated with the two periods 
of mountain building in the Arctic form separate phy­
siographic regions. The original mountains of the older,
Paleozoic folding were long ago destroyed by erosion, but 
the rocks have been recently elevated and renewed ero­
sion, often by ice, has produced a landscape of plateaus, 
hills, and mountains very similar to the higher parts of 
the shields. In Ellesmere Island the mountains are nearly
10.000 feet high. In Peary Land and Vestspitsbergen max­
imum heights are about 6,000 feet, while in east Svalbard 
and on Novaya Zemlya and Sevemaya Zemlya the pla­
teaus rarely exceed 2,000 feet.

The younger groups of fold mountains of northeast Sib­
eria and Alaska are generally higher. Peaks o f 10,000 feet 
are found in the Cherski Range, 15,000 feet in Kamchat- 
ka, and even higher in Southern Alaska. Characteristic 
of this physiographic division are the wide intermontane 
basins often drained by large rivers such as the Yukon 
and Kolyma.

Throughout the Arctic, excluding a few maritime areas, 
the winter cold is so intense that the ground remains per- 
manently frozen except for a shallow upper zone, called 
the active layer, which thaws during the summer. This 
permanently frozen ground (permafrost) covers nearly Permafrost 
one-quarter of the Earth’s surface. In northern Alaska and 
Canada scattered observations suggest that permafrost is 
800 to 1,500 feet deep; it is generally deeper in north­
em Siberia. The deepest known permafrost is in northem 
Siberia, where it exceeds 2,000 feet. The depth of the 
permafrost depends on the site, climate, Vegetation, and 
recent history of the area, particularly whether it was cov­
ered by sea or glacier ice. The very deep permafrost was 
probably formed in unglaciated areas during the Ice Ages.
To the south in the subarctic, the permafrost thins and 
eventually becomes discontinuous, although it may locally 
still be 200 to 400 feet thick; along its southem bound- 
ary permafrost survives under peat and bogs. In areas of 
continuous permafrost the active layer may be many feet 
thick in sandy well-drained soils with little Vegetation; it 
is usually less than six inches thick beneath peat.

Permafrost occurs in both bedrock and surface deposits.
It has little effect on rock but in fine-grained, unconsol- 
idated Sediments, particularly silts, lenses of ice, called 
ground ice, grow by migration of waterland in extreme 
cases half the volume of arctic silts may be ice. Ground 
ice is often exposed in river banks and sea cliffs, where it 
may be 20 to 30 feet thick. In northem Siberia fossil ice 
has been reported up to 200 feet thick, although in these
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Formation 
of soil 
pattems

cases it may be glacier or lake ice that has subsequently 
been buried under river deposits. If ground ice melts, due 
to a change in climate, pits are formed in the ground and 
quickly fill with water to form lakes and ponds. In their 
frozen state the silts have considerable strength, but if they 
thaw they change in volume, lose their strength, and may 
tum to mud. Variations in volume and bearing capacity 
of the ground due to changes in the permafrost constitute 
one of the major Problems in Arctic construction.

Drainage and soils. Continuous permafrost totally in- 
hibits underground drainage. Consequently shallow lakes 
are numerous over large areas of the Arctic, and every- 
where in early summer there is a wet period before the 
saturated upper layers of the ground dry out. During the 
summer waterlogged active layers on slopes may flow 
downhill over the frozen ground, a phenomenon known 
as solifluction. It is ubiquitous in the Arctic but is partic­
ularly intense where the soils are fine-grained, as in the 
Coastal plain of north Alaska, or where the precipitation 
is heavy, as on Bear Island (Bjomoya) in the Norwegian 
Sea. The effect o f solifluction is to grade slopes so that 
long, smooth profiles are common; slopes are normally 
covered with Vegetation, but if the soil movement is too 
fast plants may not be able to survive. Under these con­
ditions the surface material is often graded, with narrow 
strips of pebbles and boulders separated by broader strips 
of finer particles.

Many soils in northern areas show distinctive patterns 
produced by complex processes of freezing and thawing, 
which cause frost heaving and sorting of debris; although 
permafrost is not essential to these formations, it is usually 
present. There are many different types of pattern ground. 
In some, coarser material, pebbles, and boulders form po­
lygonal nets with the finer materials concentrated in the 
centre. When sorting is widely spaced stone circles devel- 
op. Another kind of pattern, formed in sands and muds, 
is outlined by frost-crack fissures or strips of Vegetation. 
Individual polygons vary from about one foot to more 
than 300 feet in diameter. Mounds due to frost heaving in 
the soil are also widespread. They grow rapidly, dismpting 
leveled fields in a few years.
Arctic soils are closely related to Vegetation. Unlike soils 

farther south they rarely develop strong zonal characteris- 
tics. By far the commonest are the tundra soils, which are 
circumpolar in distribution. They are badly drained and 
strongly acid and have a variable, undecomposed organic 
layer over mineral horizons. Some of the drier heath and 
grassland tundras overlie Arctic brown soils, which have a 
dark-brown upper horizon with gray and yellowish-brown 
lower horizons. The active layer in the permafrost is nor­
mally deep in them.

Many exposed rock surfaces in the Arctic have been 
quickly broken up by frost action so that much rock is 
buried under a cover of angular shattered boulders. These 
mantles are known as felsenmeer (sea of rock) and are 
found principally on Actic uplands. Their continuity and 
depth varies with climate, Vegetation, and rock type, but 
they may be as much as 12 feet deep. Felsenmeer are 
especially well developed on basalts and are consequently 
numerous on the Icelandic plateaus. They also develop 
quickly on sedimentary rocks and are widespread in the 
Canadian Arctic, all the way down to sea level.

Glaciation. Although the Arctic is commonly thought 
to be largely ice-covered, less than two-fifths of its land 
surface in fact supports permanent ice. The remainder 
is ice-free because of either relatively warm temperatures 
or scant snowfall. Glaciers are formed when the annual 
accumulation o f snow, rime, and other forms of solid pre­
cipitation exceeds that removed by summer melting. The 
excess snow is converted slowly into glacier ice, the rate 
depending on the temperature and annual accumulation. 
In the Arctic, where most glaciers have temperatures far 
below freezing point, the snow changes into ice slowly. 
In northwest Greenland a hole 1,400 feet deep was made 
into the ice sheet without reaching glacier ice. The hole 
showed more than 800 annual snow layers, from which 
it was possible to determine precipitation changes for the 
last eight centuries.

The altitude at which ice accumulates over a period

Figure 1: Division of subarctic and Arctic regions showing 
distribution of permafrost and glaciers.
of years is known as the glaciation limit and is roughly 
equivalent to the snow line. It is often very variable within 
short distances. On Baffin Island the glaciation limit is a 
little more than 2,000 feet above sea level in the extreme 
southeast, rising to more than 4,500 feet in the Penny Ice 
Cap 300 miles to the north and descending to about 2,000 
feet in the north of the island. In Greenland the limit is 
at about 6,000 feet in the south and decreases irregularly 
to about 3,000 feet in the north. Nowhere in the Arctic 
regions is the glaciation limit at sea level; glaciers found 
close to the sea have all flowed down from higher levels. 
The domes of some arctic ice caps are below the glaciation 
limit but they continue to survive because of their low in­
ternal temperatures; the winter snowfall melts completely 
but refreezes in contact with the cold ice. This phenome­
non, first observed on the Barnes Ice Cap of Baffin Island, 
is now known to be widespread in the high Arctic.

The glaciers of the north polar regions can be divided 
into two groups depending on the source of their snow; the 
larger group is around the Atlantic and the smaller around 
the Pacific Ocean. The largest ice mass, the Greenland in- 
land ice, is part of the first group and is the largest glacier 
in the Northern Hemisphere. It extends about 1,570 miles 
from north to south, has a maximum width of some 600 
miles, an average thickness of about 5,000 feet, and covers 
an area of more than 700,000 square miles (1,800,000 
square kilometres), nearly 85 percent of Greenland. It is 
contained within an elongated saucer-shaped depression, 
the sides of which are mountains (called nunataks) that 
rise through the margins of the ice. In the centre the base 
of the ice is more than 1,000 feet below sea level. This 
discovery has led to the Suggestion that Greenland is an 
archipelago rather than one large island. Although this 
might be so for a short time if the ice melted, the land 
would soon rise when the ice mass disappeared, forming 
a plateau at about 3,000 feet. The crest of the inland ice, 
which exceeds 10,000 feet above sea level midway between 
the east and west coasts in the northern part o f the island, 
is displaced to the east in the south. In the centre the sur­
face of the ice is undulating and is frequently covered with 
wind-drifted formations of snow called sastrugi. The ice 
cap slopes off to the sides, reaching the sea in a 240-mile 
front along Melville Bay in the west and along two smaller 
Stretches in the northeast. Elsewhere huge outlet glaciers 
flow down to the sea. All combine to produce the vast 
numbers of icebergs that bar the coast of Greenland and
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are carried south in the Labrador Current to the Atlantic 
shipping lanes. In summer the margins o f the inland ice 
are covered with soft, sticky, granulär snow. Three main 
ice-free areas are found in Greenland: in the Southwest, 
where the inland ice is separated by 100 miles from Davis 
Strait; north o f Scoresby Sound in the east; and in Peary 
Land in the north.

In Arctic Canada the permanent ice is restricted, with few 
exceptions, to the northeast, which is a result o f the great- 
er relief and precipitation around Baffin Bay and Davis 

Location of Strait. The most southerly ice is found in the Tomgat 
ice caps Mountains o f northem Labrador, where there are small

cirque glaciers. Immediately north of Hudson Strait on 
the plateau south of Frobisher Bay, there are two small 
ice caps. Larger ice caps and highland ice (through which 
mountains project) are present farther north along the 
east o f Baffin Island and on Bylot Island; only the Barnes 
Ice Cap lies west of the Coastal group. North of Lancaster 
Sound the ice is more extensive and large parts of De­
von, Ellesmere, and Axel Heiberg islands are glacierized. 
In many ways these ice caps are small versions of the 
Greenland inland ice, with a central dome-shaped section 
and outlet glaciers pouring down through the mountains 
toward the sea. The ice cap on Meighen Island, the most 
westerly o f the group, is an exception, as it is circular 
in shape and lies on low ground. Except for three small, 
unexplored glaciers on Melville Island, there are no gla­
ciers in the Canadian western Arctic. Only a few of the 
Canadian glaciers reach the sea and form icebergs. In the 
Arctic Ocean off northem Ellesmere Island there is an area 
of floating shelf ice that may at one time have been joined 
by glaciers, but the glaciers no longer reach the sea. This 
shelf ice has been the principal source of the ice islands of 
the Arctic Ocean.

Other glaciers are found north and east o f the Atlantic 
Ocean and its continuation in the Norwegian and Barents 
seas. Iceland has five major ice caps, the largest o f which, 
Vatnajökull, covers more than 3,200 square miles. All 
have small outlet glaciers, although none reaches the sea. 
The ice caps owe their survival to extremely heavy precip­
itation. The western part of Vatnajökull buries a volcano, 
Giimsvötn, which erupts every six to 10 years; the heat of 
the eruption forms a vast subglacial lake which bursts in 
great floods over the margins of the glaciers.

North of Iceland, Jan Mayen Island supports a glacier 
on the volcano Mt. Beerenberg. The glaciers of Svalbard 
cover about 90 percent of the land. On the largest island, 
Vestspitsbergen, the plateaus are covered with highland 
ice from which outlet glaciers reach the sea; there are also 
numerous independent valley and cirque glaciers. North 
East Land, the second largest island, supports two ice caps 
on its plateaus. On the east side of the Atlantic Ocean pre­
cipitation is heavy over the Scandinavian highlands, but 
temperatures are also high, and the total area of ice is only 
about 2,000 square miles, a small part of which is in north 
Sweden and the remainder in Norway. To the northeast 
beyond the Barents Sea, precipitation is far less, but the 
summer is shorter and permanent ice is widespread.

Farthest north in this group are the islands of the Franz 
Josef Archipelago. Although at no point are they higher 
than 2,500 feet, probably more than 90 percent of their 
area is covered with ice; some o f the smaller islands are 
completely buried by glaciers. The southem island of No­
vaya Zemlya supports a few small glaciers; on the north­
em island they become more numerous and the northem 
four-fifths of the island is ice-covered, with large outlet 
glaciers reaching the sea.

Weather disturbances penetrate into the Kara Sea beyond 
Novaya Zemlya and produce sufficiënt snow for ice to 
form on Sevemaya Zemlya (North Land). There are four 
major and many minor islands in the group. Although 
they are low-lying, consisting primarily of plateaus less 
than 2,000 feet high, all the larger islands have ice caps that 
cover rather less than half the total area. Outlet glaciers 
reach the sea and are an occasional source of icebergs. 
Elsewhere the Russian northem areas are remarkably free 
of ice. Small cirque glaciers are found in the Ural Moun­
tains and the mountains o f northeastem Siberia. Not until 
the Pacific is approached do the mountains again have

alpine glaciers, another indication of the importance of 
moisture for the development of glaciers.

The glaciers around the North Pacific are concentrated in 
Alaska. The glaciers of southem Alaska are alpine rather 
than Arctic and include some of the finest mountain gla­
ciers in the world. All types of ice are present, from small 
valley glaciers to highland ice almost burying mountain 
ranges, with piedmont glaciers spreading out in the low­
lands. The largest ice centres are around the Fairweather 
Range, the St. Elias Mountains, and the Chugach Moun­
tains. Glaciers in these areas include the Hubbard, 90 
miles long, intermontane glaciers such as the Seward, and 
piedmont glaciers such as the Malaspina. Smaller glaciers 
also occur inland on the Alaska Range and in the Brooks 
Range of northern Alaska; there is more ice farther east 
in the Romanzof Mountains, where one glacier, the Okai- 
lak, is 10 miles long. There are a few small glaciers in 
the Aleutian Range, and ice is found infrequently on the 
Aleutian Islands.

The overwhelming majority of Arctic glaciers, except for 
the Greenland inland ice, are in retreat, and many areas 
are more ice-free than ever before in the historical period.
In Iceland, where glacier movements äre well recorded, 
the ice appears to have been restricted from the 10th until 
about the 14th Century. The ice then advanced, reaching a 
maximum about 1750. A second advance foiiowed a mi­
nor retreat, culminating about 1850, and a major retreat 
set in about 1890. The recession was slow at first but by 
the 1930s it was generally rapid and has continued since.

Climate. The climates of northem lands are highly var- 
ied. It has been customary to divide them into two large 
groups corresponding to the climate of ice caps, in which 
no mean monthly temperature exceeds 32° F (0° C), and 
the tundra climates, with at least one month above 32° F 
but no month above 50° F (10° C). A more satisfactory 
division is to classify them as polar maritime climates, 
located principally around the Atlantic and Pacific oceans, 
in which winter temperatures are rarely extremely low and 
snowfall is high; and the polar Continental climates, as in 
north Alaska, Canada, and Siberia, where winters are very 
coid and snowfail is generally light. Inciuded in the polar 
Continental climate type are the Arctic Islands (also called 
the Canadian Arctic Archipelago), which are influenced 
only slightly by the sea in winter because of thick ice. In 
addition to these two climates, there are smaller transi- 
tional zones, limited areas of “ice” climates and, adjacent 
to the Arctic, the subarctic climates.

Although the polar Continental climates have low winter 
temperatures, they are not as cold as the subarctic. The 
lowest temperatures ever recorded in the Northem Hemi- Record 
sphere were measured in the subarctic of northeast Si- low 
beria, the coldest area being around Oymyakon. In North tempera- 
America a temperature of — 81° F (—63° C) was observed tures 
at Snag, Yukon Territory. Temperatures below —80° F 
(—62° C) have been recorded on the Greenland Ice Cap.
Colder temperatures have not been found in the tundra 
regions because generally windier conditions prevail.
Winter sets in toward the end of August in the far north 

and about a month later near the tree line. The temper­
ature continues to drop rapidly until about December.
January, February, and early March have uniform condi­
tions with mean temperatures about —35° F (—37° C) in 
the central Siberian Arctic and —20° to —30° F (—29° to 
—34° C) in North America. The lowest extreme temper­
atures in the winter are between —50° and —65° F (—46 
and —54° C). A better indication of low temperatures as 
they affect man is given by the windchill, a measurement 
of the cooling power of the atmosphere on human skin. It 
reaches a maximum north of Hudson Bay, where strong 
and persistent northwest winds, typical of the Canadian 
eastem Arctic, are combined with low air temperatures.
This area is stormy in winter with moderately high snow­
fall (50 to 100 inches [1,300 to 2,500 millimetres]), rapidly 
changing temperatures, and even occasional rain. Else­
where the winter Continental climate is quiet, with long 
periods of clear sky and low snowfall. Visibility may be 
poor locally if there are open channels of water in the sea 
ice and is universally reduced when the wind blows drift- 
ing snow. The lowest snowfall is in the northem Canadian
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islands and in north Greenland, where the total annual 
precipitation is frequently less than four inches of water.

Winter in the maritime Arctic (the Aleutians, Coastal 
Southwest Greenland, Iceland, and the European Arctic) 
is a period of storminess, high winds, heavy precipitation 
in the form of either snow or rain (the latter at sea level), 
and moderate temperatures. The coldest month is rarely 
below 20° F (—7° C) and extremely low temperatures 
are unknown.

Summer temperatures are more uniform across the whole 
of the Arctic. On the Southern margin the monthly mean 
temperature reaches 50° F (10° C), and in Continental 
positions short spells o f hot weather with temperatures in 
the 80s, continuous sunshine, and calm weather are not 
uncommon; such weather often ends with thunderstorms. 
In the maritime climates, along the coasts, and on the 
northem islands when there is open water in the sea ice, 
the summer is relatively cool. In the south the tempera­
tures are about 45° F (7° C), decreasing north to 40° F 
(4° C) or less; a maximum o f 60° F (16° C) is hardly 
ever reached. Fog and low clouds are widespread, and 
at this time of the year these areas are the cloudiest in 
the world. In areas that experience Continental winters, 
precipitation is heaviest during the summer months; light 
rain and snow showers are frequent, but the average fall is 
rarely high. The summer is everywhere a time of sudden 
changes. Calm, clear weather with sunshine and temper­
atures of about 50° F will be followed by sudden winds, 
often causing a temperature drop of 20° to 30° F and 
accompanied by cloud and fog. These changes are often 
local, and fine weather may continue in the next valley or 
at the head of a fjord.

The frost-free and growing periods are relatively short 
throughout the Arctic. For the most part there is no true 
frost-free period; frost and some snow have been recorded 
in every month of the year. At a few places near the tree 
lines, notably in the Canadian western Arctic, the frost- 
free period may be the same as the less favourable parts 
of the prairies.

The polar basin has a winter similar to that of northem 
Alaska and Siberia with long, clear, cold periods and occa­
sional storms, accompanied by a brief rise in temperature. 
The summers are cloudy and foggy, winter snow melts off 
the pack ice, and the mean temperature rises to about 35° 
F (2° C). The climate of Svalbard and Novaya Zemlya is 
transitional between maritime and Continental conditions 
with a cool rather than cold winter (mean temperature 0° 
F [—18° C]).

The only extensive ice climate in the Northern Hemi- 
sphere is in Greenland. In the south the ice cap has 
maritime characteristics with heavy precipitation, mainly 
snow from passing cyclone disturbances. In the north con­
ditions are less severe and the snowfall consequently less. 
Although the air temperature may sometimes rise to 32° 
F, the mean temperature is much lower.

Changes The polar climates have changed noticeably during the 
in polar 20th Century, the climatic amelioration that produced the
climates retreat of the glaciers having been widely feit. Sea ice

around Iceland, Svalbard, and Southwest Greenland has 
decreased in extent. The pack ice in the Arctic Ocean 
is thinner. Birds, animals, and especially fish have ap- 
peared farther north than before; in Greenland this led 
to a complete change in the economy, as its traditional 
dependence on seals has yielded to dependence on fishing, 
particularly cod, which are caught north of the 70th par­
allel. The cod, unlike the seal, does not provide fuel and 
clothing in addition to food; consequently the economy, 
once extraordinarily self-sufficient, is now based on cash 
and international trade. With the warming of the climate, 
sheep farming also has been introduced successfully in the 
Southern part of Greenland.
The main changes in the climate result from increases 

in air and sea temperatures. The increases in air tempera­
tures have been greatest during the North Atlantic Ocean 
winters around Svalbard but are found at all seasons and 
in all areas. The warming began at the beginning of the 
20th Century, reached a maximum in the 1930s, and de- 
clined briefly in many localities in the early 1940s, only 
to increase again temporarily. The primary cause is not

known, although it results directly from increased Pene­
tration o f southerly winds into the polar regions.

Plant life. Two main Vegetation zones are found in the 
polar lands. In the south is the subarctic, formed by the 
northem subzones of the circumpolar boreal forest. To 
the north is the Arctic proper, where the Vegetation is 
generally referred to as tundra, from the Finnish word for 
an open rolling plain; in North America the descriptive 
term Barren Grounds is frequently applied. The two zones 
are separated by the tree line. This is by definition the 
absolute northem limit of treelike species, although even 
beyond it the same species may be found in low shrubs 
and dwarfed forms. The tree line is composed of different 
species. In Alaska and northwestem Canada white spruce 
is dominant, while in Labrador-Quebec it is black spruce 
and occasionally larch. By contrast, in northem Europe 
and Siberia the tree line is formed by larch, pine, and fir.
The tree line is related to summer warrnth, which may 
be correlated closely with tree growth. Alexander Supan 
found good coincidence between the tree line and the 50°
F July isotherm, a figure later modified by Otto Norden- 
skjöld to allow for spring temperatures.

In North America the tree line extends from the shores 
of Bering Strait along the Brooks Range o f Alaska to the 
Mackenzie Delta and then curves southeastward across the 
Northwest Territories to Churchill and James Bay. East 
of Hudson Bay it crosses northern Quebec to Ungava Bay 
and then continues into Labrador. In western Scandina- 
via, the tree line is within a few miles o f the sea; it curves 
east and crosses northem Siberia 50-150 miles south of 
the Arctic Ocean.

Arctic plants have to contend with a harsh environment 
including low temperatures, continuous daylight in sum­
mer, poor soil and permanently frozen ground, and in 
many areas strong, dry winds and blowing snow. The 
species that survive are few and are frequently dwarfed.
Many plants grow in compact cushions for maximum pro­
tection from the climate. The growing season is so short 
that annuals are rare and perennials reproduce asexually 
by shoots or runners. Even so, Arctic plants have a rapid 
seasonal life cycle. Spring growth often begins when snow 
is on the ground and there are still heavy frosts; the flower 
and seed stages follow in a period as short as six weeks.
The sudden blooming of flowers is spectacular, particu­
larly along the Southern edges of the tundra, and for a 
short time in July the Barren Grounds are covered with 
a mass o f flowers. The species vary but typical are those 
in the western American Arctic, which include the blue- 
spiked lupine, wild crocus, mountain avens, arctic poppy, 
and saxifrage. By late August the cycle is complete, and 
the plants are awaiting winter.

At first sight many parts of the Arctic are rocky wastes 
without soil or Vegetation. Closer inspection shows that 
some plant life is always present, and even on permanent 
ice there are often algae. The bare rock surfaces support 
thin brown, black, or gray crustaceous lichens that swell 
and become soft when wet; some of the larger black li­
chens are edible and are generally known as “rock tripe.”
In the past these lichens have been used for food by starv- 
ing explorers. Higher plants grow in rock crevices and 
succeed in forming tussocks on patches o f soil. Close to 
the Southern edge of the Arctic, dwarf shrubs are found in 
protected sites on these rock deserts.

Tundra areas have a continuous cover o f Vegetation, and Tundra 
many different tundra associations (plant communities) Vegetation 
may be recognized. In the drier and better drained parts, 
heath tundra, made up of a carpet of lichens and mosses 
with isolated flowering plants, is dominant. In some areas, 
notably west of Hudson Bay, a similar environment results 
in tundra grassland. When there is more moisture, sedges 
and grasses become important and form tussock or hillock 
tundra; willow and dwarf birch may be found between 
the individual mounds. This type of tundra reaches its 
greatest development on the north Alaskan Coastal plain.

In the warmer parts of the Arctic, woody dwarf shrubs, 
willow, birch, juniper, and, locally, alder are profuse. In the 
Southern Arctic several of these shrubs modify the heath 
tundra, and low scrub woods may be quite extensive. On 
sheltered, south-facing slopes, tall thickets of willow, birch,
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and alder develop, and under optimum conditions these 
bushlike “trees” may be more than 10 feet high. This type 
of Vegetation is common in all circumpolar lands close 
to the tree line and is conspicuous in the inner fjords of 
Southwest Greenland and in northern Iceland. The bushes 
may be used in the western Canadian Arctic for fuel or 
for mats, and in former times were used by Eskimos for 
arrow shafts. The wood is unsuitable for bows, spears, or 
boat building; for these purposes the Eskimos either had 
to travel to the tree line or search for driftwood, which 
was widely distributed along the Arctic coasts.

The tundra Vegetation is the source of food for the north­
ern grazing mammals but contains few foods of direct 
value to man. Berries are found throughout the Southern 
Arctic. Most widely used by the native population has 
been the black crowberry (Empetrum nigrum), eaten ei­
ther raw or mixed with animal oil. Europeans have found 
the cloudberry (Rubus chamaemorus), bilberry (Vaccin- 
ium uliginosum), and mountain cranberry (V. vitisidaea 
minus) more palatable. Mushrooms are widely distributed 
and can be used for a welcome change of diet.

South of the tree line is the subarctic forest-tundra. Its 
bare windswept ridges are covered with tundra associa- 
tions, while in the sheltered valleys there are woodlands, 
which may become continuous near large rivers and, if the 
rivers flow north, may project many miles into the Barren 
Grounds. These areas, known as galeria forests, are found 
along the Coppermine River of Canada and frequently 
along the north Siberian rivers. The woods contain the 
same coniferous species as forms the tree line, together 
with several broad-leaved species, notably birch.

(J.B.Bd.)
Animal life. Animal life in the Arctic, compared with 

that of warmer parts, is poor in species but often rieh 
in individual numbers. This is generally considered to be 
the result of at least two factors—the comparative novelty 
of polar glacial climates, allowing only a limited time for 
adaptation since their onset; and the much lesser variety 
of habitats available for colonization in the north as com­
pared with the lower latitudes.

The fauna considered in this section is from the true 
Arctic Zone only. On the land, this is the zone north 
of the tree line; in the sea, the area in which the upper 
water is of North Polar Sea origin, without admixture of 
Atlantic or Pacific water. This excludes most of the west 
Greenland waters and the waters of west and Southern 
Iceland, the Faeroe Islands, and Norway; it also excludes 
the Labrador Sea and the waters of the Labrador coast 
south of Hudson Strait.

Animais o f the land and fresh water. The typical and 
best known Arctic land mammals and birds are those 
highly successful forms, most of them circumpolar in distri­
bution, that survived the Pleistocene glaciations probably 
both south and north of the ice sheets: south along the ice 
perimeter and north in ice-free refuges such as northern 
Alaska, the Bering Strait (then dry land) and northeast- 
ern Siberia, certain of the Arctic Islands, and probably 
northernmost Greenland. These include the polar bear (as 
much a marine as a terrestrial animal), caribou, Arctic 
wolf, Arctic fox, Arctic weasel, Arctic hare, the brown and 
collared lemmings, ptarmigan, gyrfalcon, and snowy owl. 
This fauna, together with the Vegetation that feeds the 
lemming, ptarmigan, and caribou, forms a tight ecological 
System that is virtually self-sufficient. During the winter, 
and during periods of low lemming population, which 
occur every three to five years, the carnivores make some 
use of seashore life and (through the agency of the polar 
bear) of seal and fish. In extreme starvation conditions, 
there is a tendency for the snowy owls and gyrfalcons 
to go south in winter and for the foxes and wolves to 
become scavengers.

The caribou is a migrant, but only between the Arctic 
tundra and the conifer (subarctic) zone to the south, and 
there are far northern groups of caribou whose migrations 
are more restricted. The musk-ox is a special case. Now 
restricted to the North American Arctic (including north 
Greenland), it was formerly more widespread and is prob­
ably a “refugee” species, chased into the far north and on 
the defensive in the evolutionary sense.

Hibernation is not a phenomenon of animal behaviour 
in the Arctic because frost-free refuges are not available; 
all the nonmigrant, warm-blooded animals therefore must 
remain active all winter. Any incipient hibernation, shown 
for instance by the Arctic ground squirrel, proves abortive, 
as the animals will shiver themselves awake after only a 
few days.

Most of the birds of the Arctic Zone are migrants, coming 
from wintering grounds as far away as the Southern United 
States, Central America, Brazil, or even the subantarctic 
zone. By migration the birds obtain the advantage of the 
long northern summer days and of the high productive 
capacity of plant foods in the short but intense growing 
season. There is increasing evidence that food is not a 
limiting factor on summer bird populations in the Arctic, 
except in the case of strictly predaceous species during 
years of scarcity of prey. Typical land and freshwater birds 
of the Arctic Zone are the redpoll, Lapland longspur, 
snowbird, wheatear, pipit, certain plovers and sandpipers, 
loons, rock ptarmigans, ducks, and geese.

There are no reptiles in the Arctic Zone, owing to the 
absence of frost-free winter refuges, but one amphibian, 
the wood frog, does penetrate just north of the tree line in 
Arctic Canada. It breeds in July and early August in ponds 
and small lakes and spends the rest of the year buried in 
the mud at the boitom. The mud does not freeze, and 
the frogs are able to breathe through the skin, which the 
reptiles cannöt do.

Freshwater fishes in the Arctic are represented by a 
few species only: whitefish, lake trout and speckled trout, 
Arctic grayling, two species of stickleback, the Alaskan 
blackfish, and the Arctic char. In some regions the burbot, 
northern pike, and Atlantic salmon penetrate north of 
the tree line.

The invertebrate fauna of the Arctic land and fresh water 
consists largely of insects, including the chief scourges of 
the north, mosquitoes and black flies. Among the most 
northern navigators are certain species of Spiders that 
winter even in northern Ellesmere Island. Crustacea are 
represented by the branchiopods, which form an impor­
tant part of Arctic pond life, and by the copepods. There 
is, in addition, a very considerable number of smaller 
species belonging to many phyla. (For animals of the sea, 
see below The Arctic Ocean. For further details on phys­
ical and human geography, see below The Arctic Islands; 
Greenland; Novaya Zemlya; and Svalbard.)

(M.J.Du.)

THE ARCTIC OCEAN

The Arctic Ocean is by far the smallest of the Earth’s 
five oceans, having only a little over one-sixth the area of 
the next largest, the Indian Ocean. Its area of 4,732,000 
square miles (12,257,000 square kilometres), however, is 
five times larger than that of the largest sea, the Mediter- 
ranean. The deepest sounding obtained in Arctic waters 
is 18,050 feet (5,502 metres), but the average depth is 
only 3,240 feet.

Distinguished by several unique features, including a 
cover of perennial ice and almost complete encirclement 
by the landmasses of North America, Eurasia, and Green­
land, the north polar region has been a subject of spec- 
ulation since the earliest concepts of a spherical Earth. 
From astronomical observations the Greeks theorized that 
north of the Arctic Circle there must be a midnight sun 
at midsummer and continual darkness at midwinter. The 
enlightened view was that both the northern and Southern 
polar regions were uninhabitable frozen wastes, whereas 
the more populär belief was that there was a halcyon 
land beyond the north wind where the Sun always shone 
and people called Hyperboreans led a peaceful life. Such 
speculations provided incentives for adventurous men to 
risk the hazards of severe climate and fear qf the un- 
known to further geographic knowledge and national and 
personal prosperity.

The ocean floor. From the late 19th Century, when the 
Norwegian explorer Fridtjof Nansen first discovered an 
ocean in the central Arctic, until the middle of the 20th 
Century, it was believed that the Arctic Ocean was a single 
large basin. Explorations after 1950 revealed the true com-
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A U.S. Coast Guard icebreaker and an oceangoing tugboat travelling through the Arctic 
Ocean on a mission during the brief Arctic summer.
By courtesy of the U.S. Coast Guard; photograph, Monkmeyer

plex nature of the ocean floor. Rather than being a single 
basin, the Arctic Ocean consists of two principal deep ba- 
sins that are subdivided into four smaller basins by three 
transoceanic submarine ridges. The central of these ridges 
extends from the Continental shelf off Ellesmere Island to 
the New Siberian Islands, a distance of 1,100 miles. This 
enormous submarine mountain range was discovered by 
Soviet scientists in 1948-49 and reported in 1954. It is 
named the Lomonosov Ridge after the scientist, poet, and 
grammarian Mikhail Vasilyevich Lomonosov.

The Lomonosov Ridge has an average relief of about
10,000 feet and di vides the Arctic Ocean into two physio- 
graphically complex basins. These are referred to as the 
Eurasia Basin on the European side of the ridge and the 
Amerasia Basin on the American side. The Lomonosov 
Ridge varies in width from 40 to 120 miles, and its crest 
ranges in depth below sea level between 3,100 and 5,400 
feet.
The Eurasia Basin is divided into two smaller basins by 

a trans-Arctic Ocean extension of the Mid-Atlantic Ridge. 
This Arctic segment of the global ridge System is called the 
Nansen Cordillera. Although it is a locus of active ocean 
floor spreading, its topography is less well developed than 
other oceanic ridges. The Fram Basin lies between the 
Nansen Cordillera and the Lomonosov Ridge at a depth 
of 14,070 feet. The geographic north pole is located over 
the floor of the Fram Basin near its juncture with the 
Lomonosov Ridge.

The smallest of the Arctic Ocean sub-basins, called the 
Nansen Basin, lies between the Nansen Cordillera and 
the Eurasian Continental margin, and has a floor depth of 
13,800 feet.
The Amerasia Basin is divided into two unequal ba­

sins by the Alpha Cordillera, a broad rugged submarine 
mountain chain that extends to within 4,600 feet of the 
ocean surface. The cordillera is believed to be a no longer 
tectonically active segment of the global rift System. The 
Makarov Basin lies between the Alpha Cordillera and the 
Lomonosov Ridge, and its floor is at a depth of 13,200 
feet. The largest sub-basin of the Arctic Ocean is the 
Canada Basin, which extends approximately 700 miles 
from the Beaufort Sea Shelf to the Alpha Cordillera. The 
smooth basin floor slopes gently from east to west where it 
is interrupted by regions of sea knolls. The average depth 
of the Canada Basin is 12,500 feet.

The Arctic Ocean is unique in that nearly one-third

of its total area is underlain by Continental shelf, which 
is asymmetrically distributed around its circumference. 
North of Alaska and Greenland the shelf is 60 to 120 miles 
wide, which is the normal width o f Continental shelves. 
In contrast, the Siberian and Chukchi shelves off Eurasia 
range from 300 to 1,100 miles in width. The edge of the 
Continental margin is dissected by numerous submarine 
valleys. The largest o f these, the St. Anna Trough, is 110 
miles wide and 300 miles long.

Oceanography. As an approximation, the Arctic Ocean 
may be regarded as an estuary o f the Atlantic Ocean. 
The major circulation into and from the Arctic Basin is 
through its single, deep channel Connection to the World 
Ocean: the passage that lies between the islands of Spitsber­
gen and Greenland. The connection of the Arctic Ocean 
with the Pacific Ocean is o f minor importance. There 
are, however, factors in the Arctic Ocean that make its 
processes significantly different from those o f the Atlantic. 
Most notable is the covering ice pack, which reduces the 
exchange of energy between ocean and atmosphere by 
about 100 times. In addition, sea ice greatly reduces the 
Penetration of sunlight needed for the photosynthetic pro­
cesses of marine life and impedes the mixing effect o f the 
winds. A further significant distinguishing feature is the 
high ratio of freely connected shallow seas to deep basins. 
Whereas the Continental shelf on the North American side 
of the Arctic Ocean is of a normal width (approximately 
40 miles), the Eurasian sector is hundreds o f kilometres 
broad, with peninsulas and islands dividing it into five 
main marginal seas: the Chukchi, East Siberian, Laptev, 
Kara, and Barents. These marginal seas occupy 36 per­
cent of the area of the Arctic Ocean, yet they contain 
but 2 percent of its water volume. With the exception of 
the Mackenzie River of Canada and the Colville River 
of Alaska, all major rivers discharge into these marginal 
shallow seas. The combination of large marginal seas, with 
a high ratio of exposed surface to total volume, plus large 
summer inputs of fresh water, greatly influences surface- 
water conditions in the Arctic Ocean.

The balance of the Arctic Ocean’s water budget (input 
and output) is still very poorly known. Although the larg­
est volume of water transport is between Greenland and 
Spitsbergen, this mechanism is the least understood of 
all. The inflow of dense bottom water from the Atlantic 
occurs mainly on the eastern side o f the passage and is 
estimated to be 78 percent o f the total volume brought

Main 
directions 
of flow
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into the Arctic Ocean. This is balanced by the surface 
outflow of colder but less saline waters in the form of the 
East Greenland Current. Very few data are available on 
the transport volume of this current, but, from indirect 
evidence, it is estimated to account for 83 percent of the 
total discharge from the Arctic Basin. Of this figure, 2 
percent is in the form of icebergs. Although the volume of 
water transported as ice is a small fraction of the total, it 
is of considerable importance to oceanic heat balance and 
poses a major problem to North Atlantic shipping.
The flow of water out of the Arctic Ocean through 

the Canadian Arctic Archipelago is about 17 percent of 
the total discharge, and, compared to loss through the 
Greenland Sea, the transport of ice is negligible. There is 
essentially no north ward flow of water through the shallow 
channels separating the islands of the Archipelago.

The volume of water entering the Arctic Ocean through 
the Bering Strait is better known than that from the At­
lantic and is approximately 20 percent of the total. The 
amount of fresh water entering the Arctic Ocean is about 
2 percent of the total input. Precipitation is believed to be 
about 10 times greater than loss by evaporation, although 
both figures can be only roughly estimated.

Through all of these various routes and mechanisms, 
the exchange rate of the Arctic Ocean is estimated to 
be approximately 210,000,000 cubic feet (5,900,000 cubic 
metres) per second.

All waters of the Arctic Ocean are cold. Variations in 
density are thus mainly determined by changes in salinity. 
On the basis of density, Arctic waters have a two-layer 
System: a thin and less dense surface layer is separated 
by a strong density gradiënt, referred to as a pycnocline, 
from the main body of water, which is of quite uniform 
density. This pycnocline restricts convective motion and 
the vertical transfer of heat and salt, and hence the sur­
face layer acts as a cap over the larger masses of warmer 
water below.

Major Despite this overall similarity in gross oceanographic
water structure, the waters of the Arctic Ocean can be classified
masses into three major masses and one lesser mass.

(1) The water extending from the surface to a depth of 
about 650 feet is the most variable and heterogeneous of 
all that in the Arctic. This is because of the latent heat of 
freezing and thawing; salt-brine addition from the process 
of ice freezing; freshwater addition by rivers, ice melting, 
and precipitation; and great variations in insolation (rate 
of delivery of solar energy) and energy flux as a result of 
sea ice cover. Water temperature may vary over a range 
of 7° F (4° C) and salinity from 28 to 34 grams of salt 
per kilogram of seawater (28 to 34%o).

(2) Warmer Atlantic water everywhere underlies Arctic 
surface water from a depth of about 650 to 3,000 feet. As 
it cools it becomes so dense that it slips below the surface 
layer on entering the Arctic Basin. The temperature of this 
water is about 34° to 37° F (1° to 3° C) as it enters the 
basin but is gradually cooled so that by the time it spreads 
to the Beaufort Sea, it has a maximum temperature of 
32.9° to 33.1° F (0.5° to 0.6° C). The salinity of the 
Atlantic layer varies between 34.5 and 35%o.

(3) Bottom water extends beneath the Atlantic layer to 
the ocean floor. This is colder than the Atlantic water 
(below 32° F or 0° C) but has the same salinity.

(4) An inflow of Pacific water can be observed in the 
Amerasia Basin but not in the Eurasia Basin. This warmer 
and fresher water mixes with colder and more saline water 
in the Chukchi Sea, where its density enables it to flow 
as a wedge between the Arctic and Atlantic waters. The 
Pacific water, by the time it reaches the Canada Basin, has 
a temperature range o f 31.1° to 30.8° F (—0.5° to —0.7° 
C) and salinities between 31.5 and 33%o.

Arctic waters are driven by the wind and by density dif- 
ferences. The net effect of tides is unknown but could have 

Surface- some modifying effect on gross circulation. The motion 
water of surface waters is best known from observations of ice
movement drift. The most striking feature of the surface circulation 

pattem is the large clockwise gyre (circular motion) that 
covers almost the entire Amerasia Basin. Fletcher’s Ice 
Island (T-3) made two orbits in this gyre over a 20-year 
period, which is some indication of the current speed. The

northern extremity of the gyre bifurcates and jets out o f  
the Greenland-Spitsbergen passage as the East Greenland 
Current, attaining speeds of six to 16 inches per second.
Circulation of the shallow Eurasian Shelf seas seems to be 
a complex series of anticlockwise gyres, complicated by 
islands and other topographic relief.
Circulation of the deeper Atlantic water is less well 

known, On entering the Eurasia Basin, the plunging 
Greenland Sea water appears to flow eastward along the 
edge of the Continental margin until it fans out and enters 
the Amerasia Basin along a broad front over the crest o f 
the Lomonosov Ridge. There seems to be a general anti­
clockwise circulation in the Eurasia Basin and a smaller 
clockwise gyre in the Beaufort Sea. Speeds are slow—  
probably less than two inches per second.

The circulation of the bottom water is unknown but can 
be inferred to be similar to the Atlantic layer. Measured 
values of dissolved oxygen show that the bottom water is 
well ventilated, dissolved oxygen everywhere exceeding 70 
percent of Saturation.

Sea ice. The Arctic Ocean’s cover of sea ice suppresses 
wind stress and wind mixing, reflects a large proportion of 
incoming solar radiation, imposes an upper limit on the 
surface temperature, and impedes evaporation. Wind and 
water stresses keep the ice pack in almost continuous mo­
tion, causing the formation of cracks (leads), open ponds 
(polynya), and pressure ridges. Along pressure ridges the 
pack ice may be locally stacked high and project down- 
ward into the ocean several tens of metres.

Besides its deterrence to the exchange of energy between 
the ocean and the atmosphere, the formation of sea ice 
generates vast quantities of cold waters that help drive the 
circulation of the world ocean system.

Sea ice rarely forms in the open ocean below a latitude 
of 60° N but does occur in more southerly enclosed bays, 
rivers, and seas. Between about 60° N and 75° N the 
occurrence of sea ice is seasonal, and there is usually a 
period of the year when the water is ice-free. Above a 
latitude of 75° N  there is a more or less permanent ice 
cover. Even there, however, as much as 10 percent o f the 
area consists of open water due to the continual opening 
of leads and polynyas.

In the process o f freezing, the salt in seawater is ex- 
pelled as brine. The degree to which this rejection takes 
place increases as the rate of freezing decreases. Typically, 
newly formed sea ice has a salinity o f 4 to 6%o. Even 
after freezing the process of purification continues but at 
a much slower rate. By the time ice is one year old it is 
sufficiently salt-free to be melted for drinking. This year- 
old, or older, salt-free sea ice is referred to as polar pack.
It can be distinguished by its smoother, rounded surface 
and pale blue colour. Younger ice is more jagged and 
grayer in colour. Because the hardness and strength o f ice 
increases as the salts are expelled, polar pack is a special 
threat to shipping.

Important evidence conceming the long-term stability Longevity 
of the Arctic ice pack has been found by studying the of the 
sedimentary record of the ocean floor. This research has ice pack 
recently shown that there is strong evidence of an unin- 
terrupted existence of sea ice on the Arctic Ocean during 
at least the past 3,000,000 years. Such evidence strongly 
refutes those theories of the cause of ice ages that postulate 
rapid variability of the Arctic ice cover.

Plant and animal life. Plankton. The chain of marine 
food supply is founded on floating microscopie plants, the 
phytoplankton. The annual productivity of these plants in 
the Arctic Basin is less than 10 percent of that of other 
ocean areas. The factor limiting this primary production 
is the ice pack itself, which reduces the penetration of so­
lar energy needed for photosynthesis. Recent studies have 
shown, however, that Pacific water entering the Amerasia 
Basin is rich in detritus and nutrients. This is presumably 
true of Atlantic water coming through the Greenland Sea.

The next link in the food chain are Zooplankton, small 
animals that feed on phytoplankton. Available Informa­
tion on the Zooplankton under the permanent ice pack 
is even more fragmentary than for phytoplankton. But 
many of the Arctic Zooplankton (and fishes) grow larger 
than their near relatives in warmer seas. This is believed
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to be due to their delayed sexual maturity in cold water 
rather than to their speed of growth.

Fish. Free swimmers, or nekton, depend upon Zoo­
plankton as their food base. In truly Arctic waters fish 
play a minor role in human economy compared to marine 
mammals. The reverse is true in the bordering seas, in 
which there is an admixture o f warmer Atlantic or Pacific 
waters and in which fisheries abound. The most important 
fish is the Arctic char (,Salvelinus alpinus), a member of 
the salmon family. It spends most of its life in fresh water 
and comes into the sea for a few weeks in the summer. 
Only the polar cod (Boreogadus) has been taken from the 
central Arctic Basin, although bottom photographs have 
shown at least one other species of fish and shallow sonic 
scattering, apparently from fish schools, has been noted 
during summer months.

Mammals. The large sea mammals are the most con- 
spicuous polar wild life. All are important to the hunting 
natives, and some of them are of commercial interest. 
These include the suborder Pinnipedia, including the eared 
or für seals, the hair seals, and the walrus. Für seals do 
not occur as close to the pole as the other groups, reaching 
only the southem edge of the Arctic. The Pribilof Islands 
in the Bering Sea are one of the main breeding areas. 
Hair seals include the harbour seal, the jar or ring seal, 
the bearded seal, the harp seal, and the hooded seal. The 
first three of these are widely distributed in the Arctic 
throughout the year and are of importance to the Eskimo. 
The latter two are migratory, and have been exploited 
commercially. The walrus is divided into two species, At­
lantic and Pacific, and inhabits shallow waters, feeding on 
clams and other bottom fauna, which it can root up with 
its ivory tusks.

A wide variety of whales frequents Arctic waters, either 
for the entire year or during the summer months. They in­
clude sperm, killer, white, bottlenose, finback, humpback, 
blue, and narwhals.

Polar bears range throughout the Arctic, including the 
central ocean basin, throughout the year. They are fre­
quently foliowed by the scavenging Arctic fox.

(N.A.O.)
The seabirds in the true Arctic Zone are represented by 

the auk family (murres, guillemots, auklets, and little auk), 
the sea duck (eider, scoter, old squaw), the gulls and tems 
(especially the glaucous and glaucous-winged gulls, many 
of the herring gull group of species, Sabine’s gull, and the 
common and Arctic terns), the jaegers (parasitic, poma- 
rine, and long-tailed), and the waders (sandpipers, etc ). 
One of the petrel group, the fulmar, breeds on certain 
Arctic clifFs. These are all migrant species that fly south in 
the fall. The Arctic tem makes a remarkable migration to 
subantarctic waters. (M.J.Du.)

THE PEOPLE

Ethnie g rou p s. Western Arctic. There are no tribes of 
Social or- Eskimos, the word tribe being used in the sense of social 
ganization groupings with internal political Organization; nor may the 
among term be used in the sense of populations conscious of their
Eskimos own tribal identities as opposed to other tribal groups. The

Eskimos call themselves Inuit or Innuit (“the people”) and 
are careful to distinguish themselves from non-Eskimos, 
and particularly from American Indians, who are their 
nearest neighbours; but this is a general identification 
and involves no elements of social structure or Organi­
zation. The only Eskimo social units with validity from 
the Eskimo point of view are the immediate family, the 
household (often made up of two families), and the local 
residence group, which is identified only by a designation 
for the location, or place, with the suffix “miut,” meaning 
the people of that place. Thus, the Bimirkmiut are those 
people who dweil at Bimirk (a location in the bend of 
a lagoon). The designators for larger groupings that have 
become Standard in Eskimo studies are conventions in- 
troduced by fieid workers and scholars (see Figure 2 for 
the location of these conventionally named groups). Some 
names, such as Iglulik, Netsilingmiut, and Caribou Eski­
mos, refer to a particular subsistence characteristic (iglu, 
or “igloo”; net, or “seal”; caribou). Others have territorial 
referents, such as the North Alaskan Eskimo, Bering Strait

Eskimo, and South Alaskan Eskimo. Whether in the first 
or the second category these conventionalized groupings 
have become established because they reflect various eco- 
logical adaptations within the general Eskimo way of life. 
The major groupings are as follows:
Siberian Eskimo (Yuit), including St. Lawrence Island 

Eskimo, hunters of walrus, whales, and seals, using the 
whaleboat (umiak) for whaling and voyages.

Aleut, fishers and hunters of seals, sea otters (for fürs), 
and other sea mammals, using kayaks with two cockpits.

South Alaskan Eskimo, fishers (chiefly o f salmon) and 
Coastal dwellers in a forested area, using kayaks.

West Alaskan Eskimo (Nunivak Island and adjacent 
coast, Norton Sound), hunters of seals, walrus, and seabirds 
and fishers of salmon and other fish.

Bering Strait Eskimo (including Diomede Island and 
Cape Prince of Wales), hunters o f walrus, whales, and 
seals, using whaleboats (umiak).

North Alaskan Eskimo (Point Hope, Point Barrow, and 
the North Alaskan Interior Eskimo), primarily whalers but 
also hunters of walrus, seals, waterfowl, and caribou.

Mackenzie Eskimo, hunters o f whales and seals and fish­
ers of salmon.

Copper Eskimo (including Victoria Island) and Netsil­
ingmiut Eskimo (including Boothia Peninsula), hunters of 
seals (in winter, at breathing holes, and, in summer, from 
kayaks in open water) and of caribou.

Iglulik Eskimo, hunters of seals, walrus, and caribou.
Baffin Land Eskimo, hunters of seals and sea fowl.
Caribou Eskimo (Barren Grounds, Chesterfield Inlet, 

Back River), primarily hunters o f caribou, but also of 
musk ox and, rarely, sea mammals, using no boats.

Southhampton Island Eskimo (extinct since 1904), 
hunters of caribou and seals, using no boats.

Labrador Eskimo, hunters of seals (from the ice edge 
and in open water from the kayak) and of caribou, and 
dwellers in or near subarctic forests.

West Greenland Eskimo, hunters of seals, using kayaks.
East Greenland Eskimo (Angmagsalingmiut), hunters of 

seals, using kayaks.
Polar Eskimo (northwest Greenland), hunters of seals, 

walrus, and seabirds, using no boats.
There is general agreement among specialists in studies 

of the indigenous peoples of North America that all of 
the Eskimo area, including the Aleutians, makes up one 
culture area in contrast to the various American Indian 
culture areas south o f the Arctic. There also is consid- 
erable agreement among specialists that the Eskimo, or 
Western Arctic, culture area is divided into two ma­
jor subcategories: a central and eastem subculture area, 
which extends across the northem Canadian archipelago 
and includes Greenland and the coast o f Labrador, and 
a western subculture area, which coincides closely with 
the Alaskan regions, including the Aleuts and also the 
Siberian Eskimo (Yuit) on the northeast tip of Siberia. 
Various traits have different forms in the two subregions. 
Dog teams, for instance, are hitched differently. In the 
western subregion the dogs are attached in tandem along a 
central trace (a mode of hitching also used in the Eurasian 
Arctic). In the central and eastern subregion, dogs in a 
team are attached to separate tracés of varying lengths and 
mn in a fan formation. Kayaks, harpoon heads, house 
design, and other things show similar contrasts. There 
are a series of traits, not geared to mere survival but to 
more sophisticated living, that are found in the western 
area but not in the central and eastem region. Among 
these are labrets (omaments worn in the perforated lip), 
dance masks, coiled basketry, pottery, grave monuments, 
mourning feasts, property distributions, war parties, and 
kin groups larger than the family. Collectively, these make 
the western cultures more elaborate or complex than 
those of the central and eastem region. One interpretation 
is that the western elaboration represents traits inherited 
from ancestrai Asian cultures and that many such traits 
were sloughed off as the Eskimos migrated eastward and 
had to cope with a harsher environment that left them 
little opportunity for traits and practices that could have 
been considered superfluous.

Some studies further di vide the central and eastern areas

Major
Eskimo
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Major
Eskimo
subculture
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Figure 2: Distribution of Arctic peoples.

into separate categories. The people in the central area 
are largely nomads who dweil in snowhouses; the people 
in the east, particularly in Greenland, live in semisubter- 
ranean houses in fixed villages of considerable size. It is 
the nomad of the central groups (especially Iglulik, Netsil­
ingmiut, Copper, and Caribou Eskimo) who provides the 
populär stereotype of Eskimo life; but actually most Eski­
mos, in both the east and west, are not nomads living in 
snow winter houses, but instead they are sedentary village 
dwellers living in subterranean sod-walled houses. Village 
living is made possible for the Eskimos by their efficiënt 
modes of transpörtation—dog teams in winter and boats 
made of skin (kayak and umiak) in summer. Only hunters 
with good transpörtation can range far enough to gain 
sufficiënt food for sedentary village living. (W.K.C.)

Eastern, or Eurasian, Arctic. Although many hunters 
and fishers are found in Arctic Eurasia, it is the keeping of 
domestic reindeer that defines the culture area and gives it 
unity. The herds and correlated traits, in harmony with the 
required mobility, set the Eurasian Arctic apart from the 
Western Arctic, despite many common circumpolar traits. 
The reindeer complex also differentiates Arctic from non- 
Arctic cultures in Asia; but some boundaries are blurred, 
particularly in Southern Siberia, by transitions between 
the herding of reindeer and the herding of other domestic 
animals, such as cattle, or by transitions to agriculture 
within single ethnic groups.

The peoples o f the Eurasian Arctic more genuinely di- 
vide into different ethnic groups (in contrast to the Es­
kimo groupings); each group has its own language (though 
many are linguistically related), and each considers itself 
as having its own name and tradition. The major Eurasian 
Arctic groups number 19 and go by various names (the 
alternative names appear below in parentheses):

Lapp (Saamian, Lopari), reindeer herders and fishers, 
speaking a West Finnic language (of the Finno-Ugric fam­
ily, a subdivision of Ural-Altaic).

Komi (Zyryan), various groups of reindeer herders, cattle 
herders, hunters, and agriculturalists, speaking a Permian 
language (of the Finno-Ugric family).

Mansi (Vogul), reindeer herders, hunters, and fishers, 
speaking an Ugrian language (of the Finno-Ugric family).

Khant (Ostyak), reindeer herders, hunters, and fishers, 
speaking an Ugrian language (of the Finno-Ugric family).

Selkup (Ostyak-Samoyed), reindeer herders, hunters, and 
fishers, speaking Selkup (of the Samoyed family, a subdi­
vision of Ural-Altaic).

Enets (Yenisey-Samoyed), reindeer herders, hunters, and 
fishers, speaking Entsy (of the Samoyed family).

Nganasan (Tavgi Samoyed), reindeer herders, hunters, 
and fishers, speaking Nganasan (of the Samoyed family).

Nehets (Samoyed, Yurak), reindeer herders, hunters, and 
fishers, speaking Nentsy (of the Samoyed family).

Yakut (northern Yakut: Sakha, Jeko), chiefly cattle and 
horse herders but also some reindeer herders, hunters, 
and agriculturalists, all speaking a Turkic language (of the 
Altaic family, a subdivision of Ural-Altaic).

Dolgan, reindeer herders, hunters, and fishers, ethnically 
a Tungus group but speaking the language of the Yakut.

Lamut (Even, Oven), reindeer herders, hunters, and fish­
ers, speaking a Manchu-Tungus language (a subdivision of 
Ural-Altaic).

Tungus (Evenk), reindeer herders, hunters, and fishers, 
speaking a Manchu-Tungus language (a subdivision of 
Ural-Altaic).

Yukaghir (Odul), a Paleo-siberian group, formerly prim­
itive hunters but now largely reindeer herders, speaking 
Yukaghir (an unaffiliated language).

Major
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Arctic
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groups
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Koryak (Nymylan), a Paleo-siberian group of reindeer 
herders and hunters and of sea hunters and fishers, speak­
ing Koryak (of the Chukchi-Koryak-Kamchadal family).

Chukchi (Chukchee, Luorawetlan), a Paleo-siberian group 
of reindeer herders and hunters and of sea hunters 
and fishers, speaking Chukchi (of the Chukchi-Koryak- 
Kamchadal family).

Kamchadal (Itelmen), a Paleo-siberian group of sea hunt­
ers and fishers, speaking Kamchadal (of the Chukchi- 
Koryak-Kamchadal family).

Eskimo (Yuit), Asiatic Eskimo sea hunters and fishers, 
speaking Eskimoan.

Aleut (Unangan), Asiatic Aleut sea hunters and fishers, 
speaking Aleut.

Ket (Yeniseian, Yenisey-Ostyak), western Paleo-siberian 
hunters, speaking Ket (an unaffiliated language).

Of northem Finno-Ugrian-speaking peoples west o f the 
^app, Urals, the Lapp and the Komi are the only recognizable
Comi, and entities remaining in the late 20th Century. The Lapp com- 
iamoyed prise small minorities in northem Norway, Sweden, Fin­

land, and on the Kola Peninsula in the Soviet Union; their 
Principal livelihoods are fishing and reindeer breeding. 
The Komi, by contrast, are concentrated in the northern 
Soviet Union between the Pechora and Vychegda rivers 
(southeast of the White Sea); most are agriculturalists, but 
in the northem part of their area, some are hunters and 
reindeer breeders. The Komi Autonomous Soviet Socialist 
Republic has been in existence since 1936.
East of the Komi and on both sides of the Urals lies 

the traditional area of the Samoyed peoples. Their lan- 
guages and the languages of the Finno-Ugrians make up 
the Uralian language stock. The majority of the Samoyed 
are located along the coast and lower reaches of rivers 
between the White Sea and the Taymyr peninsula, where 
they have adapted to a tundra ecology based principally 
on reindeer breeding, hunting, and fishing. These groups 
are now known in the Soviet Union as the Nenets, Ngan­
asan, and Enets. A fourth group of Samoyed, the Selkup, 
is settled well to the south of the others and along the 
upper reaches of the Ob River. Their nearest non-Russian 
neighbours are two Finno-Ugrian-speaking peoples who 
moved to the east of the Urals: the Ostyak, now called 
the Khant, and the Vogul, now called the Mansi. Earlier, 
the Selkup, Khant, and Mansi were hunters and fishers 
only; later, they adopted reindeer breeding (Nenets in- 
fluence), für trapping (tsarist influence), and für farming 
(Soviet influence).

The Siberian home of most of the Tungüs people, who 
speak what is called a Manchu-Tungus language, is in the 
vast area between the Yenisey River and Lena River, to 
the east and south of the Samoyed peoples. These Tungus 
are now known in the Soviet Union as Evenk. Like the 
Nenets, they are traditionally reindeer breeders, hunters, 
and fishers principally; the culture of the Evenk, however, 
is adapted to the taiga and not to the tundra. There are 
also the Dolgan, a small Tungus group óf 5,100 persons, 
living north of the Evenk and in the Southern part of 
Taymyr in ecologie conditions approaching those of the 
Samoyed groups. The Dolgan are now Yakut-speakers. 
One group of Siberian Tungus lives well to the east of 
the Yenisey-Lena area; they are the Lamut, now called 
Even, whose culture and language are held to be closely 
similar to the Evenk. The dispersed Tungus, or Evenk, 
population continues to the east and south beyond the 
Lena River to the Sea of Okhotsk and the Amür River; it 
is particularly in these areas that Evenk culture becomes 
blended with Yakut.

The Yakut are distributed on both sides of the middle 
basin of the Lena and on to the Kolyma River in North- 
eastem Siberia. The Yakut speak a Turkic language that 
combines with the Manchu-Tungus language of the Tun­
gus to form the so-called Altaic linguistic family. Only a 
minority of the Yakut are reindeer breeders, most of them 
having kept cattle and horses; agricuiture and hunting 
also are traditional practices. The Yakut may have moved 
northward into their present locations not long before the 
Russians arrived in that part of Siberia in the 17th Century; 
local groups of other ethnic populations (besides Dolgan 
and Evenk, also Yukaghir and even Russian settlers) were

assimilated by the Yakut, who have always had an impor­
tant role as traders. Since 1922 there has been a Yakut 
Autonomous Soviet Socialist Republic.

Far Eastern Siberia is the ancestral home of some öf 
the different peoples known collectively as Paleo-siberians. Paleo- 
They do not form a linguistic group o f their own, and, siberians 
unlike all other Arctic peoples of the Eastem Hemisphere, 
they do not have linguistic affinities with peoples to the 
south. They appear to have been in Siberia much longer 
than the other peoples, who are sometimes therefore des- 
ignated collectively as Neosiberians. The Yukaghir, who 
inhabit the area immediately to the northeast of the Yak­
ut, are Paleo-siberians who used to practice a primitive 
hunting economy over wide areas of tundra. Privation, 
disease, and assimilation (particularly to the Even, Yakut, 
and Russians) have taken a severe toll on their popu­
lations, however, and there are only about 800 persons 
who call themselves Yukaghir. Many of them are reindeer 
breeders, and about a third of them regard Russian as 
their native tongue. East of the Yukaghir are the Koryak 
and the Chukchi, both of whom are traditionally adapted 
to the tundra (reindeer breeding and hunting) as well as to 
the sea (hunting and fishing). Both offered relatively severe 
Opposition to the Russians, the Chukchi not becoming 
Russian subjects until as late as 1789. Only the Chukchi 
expanded their territory and numbers in historica! times, 
however, and this was at the expense of the Koryak as 
well as of the Yukaghir.

Along the Bering Sea are Asiatic Eskimo interspersed 
with Chukchi settlements. There are also Kamchadal, now 
called Itelmen, who live along the western coast of the 
Kamchatka Peninsula; the economies of both these peo­
ples are marine. The languages of the Koryak, Chukchi, 
and Itelmen are related. Finally, there are Aleut on Com­
mander Island off the Kamchatka coast, and far to the 
west there are the Ket, who are hunters, trappers, and 
fur farmers living along the middle reaches of the Yeni­
sey. Both of these peoples are included among the Paleo- 
siberians; the language of the Ket is the sole survivor of a 
linguistic group earlier present in the area.

(W.K.C./R.F.B.F.)
Physical types. Two of the major varieties of mankind 

are represented among the Arctic peoples—Mongoloid 
(Asian) and Caucasoid (European). The idea that man­
kind varies in continuous distributions of physical char- 
acteristics, which should be plotted in terms of frequency 
occurrences (clines) o f these traits rather than broken into 
discrete categories (races and subraces), is demonstrated 
in a general way among the Arctic populations. There is 
more or less a cline from Mongoloid to Caucasoid ex- 
tending from Arctic America and eastem Siberia across 
northern Asia and into northern Europe, with the more 
generally Mongoloid nearer to the American and Siberian 
end and the more generally Caucasoid nearer to the Euro­
pean end. Comparative studies of the ethnic populations 
reveal, however, that the distribution of traits is not strict- 
ly continuous; some groups not fitting the pattem intrude 
here and there, and the cline extremes are not truly at the 
geographical ends of the distribution.

Biology of major groups. In regard to physical type, the 
Eskimos are much more closely related to northem Asians 
than they are to American Indians, as shown by blood 
types as well as by morphological features (principally fa- 
cial features and body proportions). Sources variously refer 
to an “Eskimo” subrace of Mongoloids or to an “Arctic” 
subrace. When “Arctic Mongoloid” is used as a catego- 
ry, the Chukchi and some other groups o f northeastern 
Siberia are included; however, field workers report that 
the Chukchi and their neighbours, the Siberian Eskimos, 
differ enough so that most individuals can be identified 
without reference to language or other cultural traits; and 
early sources reported that skulls unearthed from ancient 
tundra burials showed considerable differences, with Eski­
mo crania being higher and Eskimo facial breadths greater 
than those for the Chukchi.

West of the Arctic Mongoloids, the Tungus and Yakuts The Tun- 
show some of the highest frequenties of extreme Mon- gus and 
goloid traits found anywhere. They are among the most Yakuts 
Mongoloid of all peoples, with low-bridged noses and
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forward-projecting cheekbones (malars) that are covered 
with pads of fatty tissue, resulting in extreme facial flat- 
tening. Eye forms show a high frequency of epicanthic 
(or “Mongoloid”) eye folds. Hair is straight, black, and 
large in cross section; it is abundant and long on the head 
but sparse in beards and body hair. Skin colour is yellow 
or yellow brown, and eye colour is consistently brown. 
In stature the Tungus and Yakuts are short, with the 
shortness accentuated in lower limbs. Legs below the knee 
(tibia and fibula) are short relative to the legs above the 
knee (femur); and elbow to hand lengths (radius and ulna) 
are short relative to upper arms (humerus). Resulting total 
limb lengths are short relative to trunk lengths. The type is 
labelled “classic” Mongoloid or the “extreme” Mongoloid. 
Broad heads, relative to head lengths (brachycephalic), are 
also stated to be characteristic of extreme Mongoloids in 
most discussions o f racial types; but this ratio depends on 
a combination of factors, and changes through time occur 
within ethnic populations. Many Tungus are longheaded 
(dolichocephalic), and in recent times there has been a 
trend in all northeastern Asian Mongoloids toward an 
intermediate head form (mesocephalic).
The Tungus and Yakuts have been frequently cited as 

extreme Mongoloids who are placed geographically be­
tween the Caucasoids of the Urals and the Caucasoid- 
like Ainu of the northern Japanese islands; moreover, 
the Tungus and Yakuts are equally intrusive between the 
less Mongoloid Arctic peoples who are their immediate 
neighbours, particularly the Yukaghirs and the Kets. The 
physical characteristics of these various groups and their 
distributions are consistent with the hypothesis that the 
extreme Mongoloids derived from a people who originally 
had more generalized Mongoloid characteristics (and were 
more like Caucasoids) and who, isolated in Siberia during 
a period of extreme cold in the Ice Age, developed the 
distinctive facial and body characteristics of the extreme 
Mongoloid as adaptations to the glacial environment. 
Prior to the development of the extreme Mongoloid, some 
people of the generalized Mongoloid type had migrated 
across the Bering Strait area to become ancestors of the 
American Indians, while other generalized Mongoloids re- 
mained in scattered populations elsewhere in Asia. After 
the ice receded, the physical characteristics of the extreme 
Mongoloids, though adaptive to very cold conditions, were 
no handicap in warmer environments and were continued 
and spread by migrations; but the centre of highest fre­
quency for extreme Mongoloid traits remained near the 
point of origin. Seen relative to this hypothesis, the Tungus 
and Yakuts are representative of the extreme Mongoloid 
type, and the Yukaghirs and Kets are near the generalized 
Mongoloid in physical type. In appearance the Kets are 
suggestive of some American Indians. Old photographs of 
the Yukaghirs show Caucasoid-like facial features, but this 
is not inconsistent with the idea of a generalized Mon­
goloid type.

West o f the Yenisey River, the Khants and Mansi (Vo- 
guls) are basically Caucasoids (as are the Komi and Lapps 
farther to the west), although the frequency of blood type 
B is somewhat higher (a Mongoloid trait), and individuals 
with epicanthic eye folds are more common than in Eu­
ropean populations. The Khants, Mansi, and Komi are 
usually classified as belonging to a “Ural” subrace of Cau­
casoids. (Soviet sources refer to a “Europoid” type.) The 
Ural type is characterized by straight, brown or light-brown 
hair, fine in cross section; light skin colour; mostly light or 
mixed eyes; moderately thick beards; comparatively short 
and moderately wide faces; concave or upturned noses; 
thin lips; medium ratio of head breadth to head length 
(mesocephaly); and short stature (with a mean of about 
five feet, three inches [160 centimetres] for adult males). 

Compared to their neighbours, the Khants and Mansi, 
the Samoyedic speakers—Nenets, Nganasans, Enets, and 
Selkups— have a higher frequency of Mongoloid features, 
including particularly the epicanthic eye fold, and they 
are often identified as Mongoloid outliers in Europe and 
western Siberia. Compared with the extreme Mongoloids, 
however, they are clearly closer to Caucasoids in many fea­
tures. They lack pronounced malars and have higher nasal 
profiles, and their facial proportions are more comparable

to Europeans than to Asian types. Clearly, they are inter­
mediate in the continuüm found among Arctic peoples.

The Lapps of the Scandinavian countries and northwest- 
ern Russia are now recognized as Caucasoids. Formerly, 
they were not always so classified, probably mainly due 
to the marked contrast with their Indo-European-speaking 
Scandinavian neighbours, who show a high Proportion of 
tall Nordic types. Whereas the Scandinavians, particular­
ly the people of Sweden, are the tallest of Caucasoids 
and among the tallest groups of mankind, the Lapps are 
among the shortest, with a mean stature of only five 
feet, three inches for males and four feet, 10 inches for 
adult females. Some sources formerly classified the Lapps 
as Mongoloids, but they lack most sorting criteria for 
Mongoloids, having only a moderate incidence of B-type 
blood (an Asian trait), shovel-shaped incisors (also Asian), 
and other dental characteristics to suggest this affiliation. 
Some authorities have even assigned the Lapps to their 
own individual major racial category, thinking of them 
as a remnant of some archaic Caucasoid-like people. In 
most traits, however, they are close to the Ural type, and 
systematic assessment places them among the Caucasoids. 
Their Mongoloid traits are terminal effects of the Arctic 
Mongoloid-Caucasoid cline.
In most physical characteristics, the Eskimos are close to 

the extreme Mongoloid type. They also share the gener­
al characteristics of short stature, thick torso, and small 
extremities found among all the Arctic peoples. Uniquely 
Eskimoid features include very broad faces, thin noses, and 
high cranial vaults with sloping sides (“gabled” parietals). 
Eastern Eskimos and the crania from old Eskimo archaeo- 
logical sites are longheaded (dolichocephalic), and for this 
reason many summaries characterize the Eskimos as the 
longheaded subtype among Mongoloids. Not all Eskimos, 
however, are dolichocephalic. Group means vary from 
dolichocephaly through mesocephaly to the lower range o f  
brachycephaly. Anthropometric studies also report varia­
tions in stature from group to group (from about five feet, 
two inches, to five feet, six inches, for adult males).

General adaptive features. Considered as ä whole, the 
Arctic peoples share certain physical features regardless of 
the predominance o f Mongoloid or Caucasoid traits. The 
most evident of their shared traits is their small size—  
or, more correctly, short stature, since such people as the 
Chukchi are described as being massive in build, though 
only two or three inches above five feet in mean stature 
for adult males. Other shared characteristics include large 
girths relative to body lengths, short limbs relative to 
torso lengths, short lower legs and lower arms relative to 
upper limb segments, and small hands and feet. All o f 
these characteristics are in harmony with general biologi- 
cal principles regarding adaptation to cold environments. 
Experimental studies, particularly since World War II, 
have identified at least two specific cold-adaptive body 
mechanisms (largely vascular) that have become heredi- 
tary among the Arctic populations. One of these results in 
increased blood flow in exposed body parts, such as the 
hands, and heightened basal metabolism to keep blood 
temperatures within tolerable limits (found among Eski­
mos and other Mongoloids in the Arctic). The second 
form of cold-adaptation involves shunting of blood from 
one artery to a paired artery and warming of venous 
blood leaving the body extremities before it returns to the 
heart. Thus, the extremities can be reduced in tempera­
ture without affecting more critical body parts such as the 
brain. (This second cold-adaptive characteristic has been 
found among the Lapps.) Even before these cold-adaptive 
features were identified by experimental physiology, they 
were acknowledged by ethnographers in statements assert- 
ing that the Chukchi men could work for considerable 
periods with bare hands when temperatures were —30° F 
(—35° C), or that the Chukchi would strip to the waist 
and complain of the heat if the temperature rose much 
above 40° F (4° C).

Caucasoid 
features of 
Lapps

Cold-
adaptive
body
mecha­
nisms

ARCTIC CULTURES
Two major manners of earning a living are found among 
the cultures of the Arctic—that of the hunter and that 
of the reindeer herder. In the Western, or New World,



Arctic, only hunters are found and all are Eskimos (in­
cluding the closely related Aleuts of the Aleutian Islands). 
Hunting cultures also occur in the Eastern, or Eurasian, 
Arctic; but more typical are reindeer herders distributed 
in a great arc across northern Eurasia, from the Chukchi 
of Northeastern Siberia to the Lapps of northern Europe.

When defined as a culture area, the Arctic includes some 
regions that are subarctic in climate. Physical geographers 
often place the Southern boundary of the Arctic either 
at the Arctic Circle or at a line marking the regions 
where the wärmest month has a mean temperature that 
is not above 50° F (18° C); in Eurasia this coincides 
closely with the northern limit of trees and represents a 
real division in Vegetation, climate, and habitat. But this 
geographical boundary is not a cultural boundary, since 
most of the Eastern Arctic cultures are found in both the 
treeless desert-like tundra of the Arctic and the northern 
reaches of the swampy, coniferous forests, or taiga, of the 
subarctic. Some groups live in the taiga and some on the 
tundra, and others are seasonal nomads (transhumants), 
wintering their reindeer in the taiga and moving them in 
the spring and summer to graze on the tundra along the 
Arctic Ocean. Considered as a culture area, the Arctic is 
determined by relative uniformity of practice and custom, 
not solely by geography.

In many ways the Eskimos are the people most adapted 
to the Arctic, the people most specialized for Arctic living. 
Most Eskimos are Coastal dwellers, specialized in hunting 
sea mammals, particularly the several species of seals, and 
in some places walrus and whales. Fish and birds also 
are important. Although there are some inland Eskimos 
in northern Alaska and Canada who depend especially 
on hunting the caribou, a wild relative of the domesti- 
cated reindeer of Eurasia, an orientation toward the sea 
characterizes the patterning of most Eskimo cultures. And 
although some Eskimos live in the forested areas of the 
subarctic (in Labrador and Southern Alaska), the charac­
teristic Eskimo Settlement is along a coast of the Arctic 
Ocean or along some northern strait with tundra at the 
back of the village. Most Eskimo villages are between 
latitudes 60° and 72° N. The most northerly of the Eski­
mos—and most northerly of all the world’s peoples—are 
the so-called Polar Eskimos of northwestem Greenland, 
who are found as far north as 79°.

Ecology and cultural adaptations. The most demanding 
environmental conditions for Arctic peoples are the cold 
and high winds, the seasonal variations in the hours of 
daylight, the limited numbers of natural species, both flora 
and fauna, and the restricted range of raw materials for 
making houses and tools. Contrary to widely held impres-

(Top) National Film Board of Canada, (bottom) Rutherford Platt

Modes of Eskimo transportation.
(Top) Copper Eskimos drive a dog sledge near Cambridge Bay, Victoria Island, Canadian 
Arctic Archipelago, Northwest Territories. (Bottom) West Greenland Eskimos in kayaks on 
Baffin Bay, off Greenland.
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sions, the people who live on the tundra are not buried in 
the snow. Precipitation is very light in much of the Arctic 
(often less than four inches of water a year). The Arctic 
would be recognized as a desert except that the long, 
cold winters and short summers reduce evaporation and 
prevent runoff o f groundwater or ice; much of the land 
is permanently frozen soil, or permafrost. Expressed in 
temperatures, the cold is more intense in the boreal forests 
of the interior taiga; but on the tundra high winds persist 
throughout the year, and in winter the resulting wind- 
chill makes exposure critica! and the needs for protective 
housing, clothing, and equipment more demanding. (See 
above Climate.)
Arctic habitations, clothing, and equipment. For those 

peoples who still follow their traditional way of life, sur­
vival in such conditions requires highly functional housing 
and clothing. The provisions to meet these requirements 
are particularly revealing. The construction materials have 
to be those readily available in the immediate vicinity. 

Types of Some Eskimos use snow blocks to build the domed house 
housing widely identified as an igloo; but most Eskimos (before 

the introduction o f prefabricated structures in the Arctic) 
lived in earth- or sod-walled structures built on a frame of 
driftwood, sometimes with large whale bones as structural 
members. Many o f the design features to offset cold and 
wind are common to both the snowhouse and the semi- 
subterranean sod house: both include an entrance shelter 
or storm shed, frequently long and narrow, to block cold 
winds, and a raised bench (“sleeping bench”) to keep the 
occupants up out of the colder levels of the house. The 
sleeping bench is the centre for many activities other than 
sleeping during the long winter nights, activities such as 
eating, making tools, and mending equipment. In sum­
mer, the Eskimos move out onto the tundra, living in skin 
tents.

For the nomadic or seminomadic reindeer herder of the 
Eurasian Arctic, the winter habitation is more apt to be a 
tent, in many cases a double-skin tent (subterranean houses 
are possible only among some taiga pastoralists who can 
winter their herds in a sheltered area and keep them in 
one place for several weeks or more). The Eurasian tent, 
which is used both summer and winter, is conical (some- 
what resembling the tepee of the North American Plains 
Indians) and is covered with reindeer skins on the tundra 
and with bark in the subarctic forests. The winter tent is 
sometimes banked with sod and often, if not always, with 
snow. Some are fitted with raised benches and with storm 
sheds. The main tent surface may be doubled with insulat- 
ing materials between the layers; in other cases, as among 
the Chukchi and Koryaks, there may be separate boxlike 
sleeping shelters within the main canopy, each for several 
occupants. Toward the western end of the Eurasian area, 
approaching northern Europe, the winter house is more 
akin to European prototypes, such as the Scandinavian 
log house, usually with a flat roof that is earth-covered; 
some Lapp herders of Scandinavian however, spend win­
ters in conical tents banked with sod and snow. The Arctic 
Eurasians who do not depend on reindeer but are sea- 
mammal hunters and fisher folk, and thus largely sedem 
tary, live in semi-subterranean winter houses.

Arctic Clothing is no less critical (and perhaps more critical)
clothing than housing for survival in the Arctic. Eskimo cloth­

ing, similar in general to clothing in the Eurasian Arctic 
cultures as well, is so suited to the environmental con­
ditions that until recently none made elsewhere could 
equal it, and explorers and others from the outside world 
adopted it after a short period in an Arctic winter. The 
general aspects of Eskimo clothing are well known—gar­
ments fashioned of the skins of fur-bearing animals with 
emphasis on a pullover jacket with an attached hood 
(parka) and bootlike footgear with watertight seams. The 
parka and trousers (worn by both sexes) are double-skin 
garments—two layers of skins placed back to back with 
the fur surface of the outer layer on the outside and the 
fur or hair of the inner layer inside, against the wearer’s 
skin. Caribou skins with the hairs at just the right stage 
of development are selected. Not only does the hair of 
the inner layer provide warmth, but air trapped between 
the short, fine hairs of the inner caribou skins provides

additional insulation. Other functional aspects of clothing 
design provide for Ventilation and perspiration control.
Even at temperatures well below zero, a man exerting 
considerable effort, as in running after a dog sledge, often 
perspires. If he is wearing conventional undergarments, 
these inner garments become damp with perspiration; and 
when the activity rate is decreased and the body cools, the 
perspiration-dampened clothing freezes. In the fully de­
veloped Eskimo garments, drawstrings are provided at the 
end of each sleeve and at the opening for the face. A belt 
closes the lower edge of the parka. If the wearer perspires, 
he loosens these bindings, permitting the outside air to 
percolate through the hairs of the inner fur layer. The 
cold, dry, ambient air, which is warmed by passage over 
the person’s body, becomes extremely dry and quickly 
absorbs the moisture. With the perspiration stopped, the 
wearer pulls the bindings tight again to prevent overcool- 
ing. Other items of Arctic clothing include various types 
of footgear for differing weather, outer rain garments to 
keep the exterior fur layer dry, and mittens, each item 
with design features providing similar functional fit and 
solving particular environmental problems.

It has become customary to state that Arctic dwellers were 
able to occupy their difficult environment only through 
application of much ingenuity. Other references credit the Technol- 
Eskimos, for instance, with the invention of the toggle- ogy and 
headed harpoon (one whose spurred head detaches from equipment 
the shaft after piercing a struggling animal); the semi- 
subterranean house; the composite bow (one of wood, 
bone, and sinew glued and lashed together); the throwing 
stick, or atlatl (a rodlike device for hurling darts or spears); 
and other items of material culture. In terms of skill in 
manufacturing and eagemess to adopt new items, Arctic 
peoples were indeed ingenious; but this does not mean 
that they invented all of the items that they used. With 
the exception of the domed snowhouse, a trait exclusive to 
the Eskimos, even the most typical items in the material 
culture of Arctic peoples were widely shared with other 
peoples in more southerly areas.

A list of material items used in both the Eurasian and 
Western Arctic would include the semi-subterranean house 
with entranceway and sleeping bench; tailored clothing, 
including the parka; the toggling head and other harpoon 
parts; blunt arrowheads for birds and small game; the 
atlatl; barbed darts for taking birds; the semicircular slate 
knife (ulu); snow goggles with slits as eye openings; sledge 
forms; dog teams for traction; skin boats both large and 
small (kayak); the bow drill; the composite bow; ice picks 
for harpoon shafts; the tambourine-type drum used in 
healing rites; and so on. The semi-subterranean house is 
shared with American Indians south of the Eskimo area 
and distributed across the Eurasian Arctic. The hooded 
parka was used as far west as northern Europe and can be 
identified in art objects far back in time (as in the Siberian 
Neolithic Period). The toggling harpoon head was used 
in hunting sea mammals by some prehistorie and later 
cultures of northern Europe. (W.K.C.)

Traditional culture patterns. Western Arctic. The cul­
tural and social life of the peoples of the North American Impor- 
Arctic can in large measure be interpreted in terms of an tance of 
adaptation to Arctic hunting. Theirs was a highly success- hunting 
ful material adaptation, marked by an ability to exploit 
an essentially hostile environment. A price had to be paid, 
however, for the stress on technology and hunting. Because 
the Eskimo lacked agriculture and, for reasons unknown, 
were uninclined to exploit whatever wild Vegetation was 
available, their populations and settlement patterns were 
limited by the available game. In general, they stressed 
cooperation among close kindred in the pursuit and use 
of game—this necessarily at the expense of any tribal def- 
inition or solidarity. They had to be pragmatic, relying on 
the physical strength, technical ability, and survival skills 
developed in their own small groups.

It is not wholly accurate to describe the Eskimo culture 
as nomadic; although a group might range widely through 
a given territory in seasonal search for food, a group 
knew its own territorial range and generally kept to it.
Every cliff, rock, bay, and discernible hummock of tundra 
land was named, and it was to this familiar terrain that
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the individual and family were generally bound. On the 
other hand, this attachment to a traditional area was not 
immutable. People could on occasion move and establish 
relations or affirm kinship ties with other groups.

The family The primary unit of affiliation lay in the family, not only
»roup in the nuclear family of spouses and children but in the

extended family in which both the maternal and the pa- 
ternal lines figured. The System made no Provision for an 
elaborate genealogical accounting; indeed, one’s relatives 
were those who stood close to one in both reckoning and 
residence—brothers and sisters, parents and their siblings, 
the children of such, one’s own children and grandchil- 
dren. One might try to keep alive a sense of relationship 
with a person who had moved to a different group for 
marital or other reasons, but usually such ties eroded over 
time. In line with the eminently practical sense of the 
Eskimo, one’s relatives were those with whom one could 
interact directly, from whom one could freely ask support 
and have it demanded in turn. This feature in turn gave 
rise to the sense of collective responsibility, the sense of 
loyalty and Obligation to one’s resident relatives, which so 
vitally underlay Eskimo societal and legal Organization.
Alliances among kin were nevertheless sought beyond 

domain of the immediate family. Local groups of Eskimo 
and Aleut developed mechanisms for the formation of 
cooperative alliances, those designed to effect success in 
collective hunting, as well as in the exchange o f goods 
and services. The individual could thus make demands on 
affinäl kindred, persons who were related to him through 
marriage.

Marital The basis of marriage lay in a fairly sharp division of
Datterns labour between the sexes; the men hunted, made tools and 

household goods, and built the homes; the women cooked 
the food, dressed the skins, and made the clothing. Each 
partner owned his own personal goods, such as clothing 
and tools; shelters and food might be held in common, 
though men had personal rights to the kayak and the 
umiak (an open boat) and to sleds, sledges, and dog teams. 
Indeed, the whole rationale for marriage among the Eski­
mo lay in the recognition of such sexual division of labour 
and property.

In general, Eskimo marriage was not arranged but open 
to freedom of individual choice. A young man could 
settle down with an unmarried woman, either within his 
own family grouping or hers; children might be born to 
the couple; but, until there was public recognition o f the 
marital status, legal marriage did not in fact exist. It was 
not unusual for women to cohabit with several men in 
succession or even, as in the central regions, with several 
at the same time, giving rise to a kind of polyandry. 
Actually, the birth of a child, increasing as it did the coop­
erative circle of kindred, tended to give some permanence 
to the marital union. At that, however, a woman whose 
fertility had been demonstrated was much in demand as 
a wife, especially if she exhibited the Cardinal virtue of 
industriousness. Divorce under such circumstances was 
relatively simple, meaning no more than that one or both 
partners bröke the residential unit to find a new spouse. In 
cases in which there were children, however, even divorce 
did not entirely break the relationship, the child ha ving 
relations with both his paternal and maternal kindred and 
they to each other through him.

Although polyandry could occur, it was almost never 
of the fratemal type; that is, the husbands could not be 
brothers. Similarly, two or more wives could reside with 
a skilled bunter in polygynous unions, but the wives were 
rarely sisters—the point being that sisters should marry 
divergently so as to extend the cooperative bonds of kin­
ship. A man, it is true, might be responsible for his wife’s 
unmarried sister and engage in sexual relations with her, 
but she was not his wife and could leave almost at will. 
An interesting feature among the Eskimo was the stress 
on competition for women; a man might easily lose a wife 
to an äbductor, particularly if the union lacked strong 
support from his kindred.

An important mechanism for ensuring alliances was wife 
exchange—that is, the arrangement whereby a husband 
allowed another, unrelated man to have temporary sexual 
relations with his wife, with the understanding that the fa-

vour would be reciprocated. Partly this was an expression 
of hospitality, but the sharing of wives between two men 
could initiate and foster a lasting partnership and friend- 
ship. Lacking either a tribal or national sense, the various 
Eskimo groups were obliged to devise means whereby 
kinship right and privilege could in some measure be 
extended to persons unrelated by blood or marriage. The 
Problem, as viewed by the Eskimo, was that anyone not 
related by blood or marriage was a potential enemy.
Involved in these issues of kinship and alliance was the Legal 

concept of blood feud. Because there were no chiefs or mecha- 
headmen, no formal arbiters of disputes, and clearly no nisms 
sense of broad territorial community as such, there had to 
be means whereby any group could be held responsible for 
wrongdoing by one of its members. The means was the 
blood feud, whereby not only the malefactor in a group 
but also his kin could be pursued by an outside group that 
had been wronged. One result of this practice was to deter 
wrongdoing in the first place; group opinion tended to 
restrain any individual from putting the whole group intö 
jeopardy. Another more fearful result was that a venge- 
ful killing might touch off a series of counterkillings— 
bloody retaliations back and forth between the groups, a 
true blood feud. Fear of the blood feud, it may be said, 
probably played an important role in keeping populations 
territorially apart. Finally, the blood feud, with its implicit 
element of collective responsibility, also served to enforce 
family solidarity.
There were of course other means of social control. Pub­

lic opinion and public ridicule and shaming were effective 
in maintaining order. There was also, among the cen­
tral and eastern Eskimo, a kind of Surrogate blood feud 
called the song duel, in which, at a public gathering, two 
rivals would voice their quarrel by insulting each other 
in extemporaneous song. The loser, bested in the singing, 
was often forced to leave the community. Similarly, men 
might wfestle to settle disputes.
Among the Eskimo there was a large measure of free­

dom of individual choice in economic pursuits; that is, 
men were free to seek whatever way they could find to 
eke out a living in the harsh environment. This freedom, 
however, tended to be socially divisive; it could mean the 
breakaway of certain individualistic members of a group.
It was not unknown, for example, for a man to leave 
his wife and children to settle in another place in order 
to take advantage of economic opportunities there. While 
away, he might marry again, produce a new family, and 
ultimately lose contact with his original group. A wife 
had no recourse in such a case but to fall back on the 
resoürces of her own kindred; she too might marry again.
Nor did the authority of a parent extend to the demand 
that a child follow a particular activity. Everyone had the 
primary goal of seeking food, but each person was free to 
realize the goal in whatever way suited him best. A result 
was the beginning of some economic and labour special- 
ization. One person might specialize in a certain kind of 
hunting or trapping; another might excel in organizing a 
collective hunt; still others might make weapons, boats, 
or other items that could be traded for food. The Sole 
demand was that each individual produce.
Trade and harter figured prominently in the native cul- Trade 

tures. Crafted items could always be exchanged informally 
within a community, but beyond this there were the 
very important trading patterns that developed between 
groups—as, for example, in northern Alaska, where the 
inland caribou hunters traded skins and fürs to the mar­
itime residents for pokes of seal oil, ivory, whalebone, 
and other products of the sea. In the west, these trading 
arrangements took on the form of elaborate ritualistic 
feasts called “asking feasts” or “messenger feasts,” which, 
while not basically religious, involved a strong element of 
ceremony. In these ceremonies, one man of demonstrated 
skill and leadership publicly feasted his counterpart from 
another community, and in the process there would be 
a large exchange of surplus goods, all attended by hu- 
mour and banter.
Food resources varied across the vast expanse of the 

Arctic regions. Maritime Eskimo hunted seals of various 
species and populations. The Aleut sought principally the
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sea otter but also hunted seals and whales. All along the 
north Alaskan coasts, west and south of Point Barrow to 
the Bering Strait, the natives specialized in the tracking of 
whales. Other groups hunted the walrus (both Pacific and 
Atlantic subspecies), polar bears, and various Arctic birds. 
Many Eskimo groups, in northern interior Alaska and 
Canada, hunted the caribou, which were especially prized 
not only for food but also for their skin and für. Sea 
fishing was not very important, except perhaps among the 
western Eskimo; freshwater-stream fishing was important 
almost everywhere.

Against land animals the Eskimo used the bow and arrow, 
along with a great variety of traps, and against sea mam­
mals they used the retrieving harpoon. Some groups of 
Eskimo also used rawhide nets for capturing seals, as well 
as hooks and tridents, weirs, and traps for gathering fish. 
From the skin-covered, one-man kayak they harpooned 
the seals in the sea and speared the swimming caribou in 
the lakes and rivers. This vessel was not practical, however, 
for whaling; for this, Eskimo employed, in summer, the 
umiak, a larger boat, also skin-covered, which resembled 
the European whaleboat and which served otherwise to 
transport the family and its possessions. Winter transport 
was provided by dogsled.

The hunting of such large and often elusive game as 
whales, walrus, and caribou usually required the efforts of 
a large expedition, often larger than the labour resources 
a single kinship group could supply. In such cases the 
mechanisms of alliance between different groups would 
come into play. The means could be informal; a man 
of proven skill and ability as a leader of hunts could 
randomly attract a following of both relatives and non­
relatives for a specific enterprise. Or the means could 
be more formal (as it was most characteristically among 
western Eskimo); a would-be leader might bribe men to 
join his hunting crew, and the relation between leader and 
crew member might be further cemented by temporary 
wife exchange. Whether formal or informal, however, the 
leadership lasted for only the length of the hunting season 
or the particular enterprise.

Individual hunting alternated with group hunting. An in­
dividual hunter, for instance, might snare seals under the 
ice during the dark winter days, join a crew for caribou or 
sea hunting in the spring, move with his family in summer 
to a fishing site, engage in trade with others, and then 
return to a permanent encampment in the winter months 
to begin the cycle again.

It seems true of the Eskimo, as of many other nonliterate 
peoples, that there was little interest in either the problem 
of origins or a life hereafter. There was a vague concept of 
reincamation but not a well-defined eschatology. Indeed, 
the Eskimo were less concerned with the dead or less 
afraid o f the dead than many of the world’s peoples; a 
corpse was frequently left for the wolves. It was rather the 
animal domain that excited interest and about which myth 
evolved. If there was any ultimate philosophical notion, 
it lay in a concept of the continuity of life flowing from 
animal to man and back again into the animal domain. 
All animals were endowed with human characteristics 
and, indeed, were considered morally and intellectually 
superior to men. The beasts and birds allowed themselves 
to be taken by the hunter either because they feit pity for 
helpless man or because man, through ritual and magie, 
could attain some degree of temporary control over them. 
In any event, they had to be placated, respectfully treated, 
and accorded the proper ritual handling. To offend ani­
mals was to invite sickness, accident, and death. It was 
hardly sufficiënt to hunt without making adequate prepa- 
ration in the way of ritual. Each hunter owned magical 
songs that were sung over weapons, boats, amulets, any 
devices relating to hunting. These songs were viewed as 
property and could be traded or sold.
There were countless regulations and taboos, those relat­

ing directly to food being the most numerous and compli- 
cated. They differed from region to region, but everywhere 
had the same purpose, to avoid antagonizing the spirits of 
animals and nature and thus preserve harmony between 
man and the environment. Sometimes the taboos were 
collective; all members of a group might be forbidden the

flesh of wolves or killer whales, for example. Or the taboos 
might be personal; an individual’s song, talisman, or name 
might be operative, for instance, only if he avoided the 
flesh from the front flippers of the ribbon seal or from the 
back fat o f the female caribou. Personal prohibitions were 
particularly intense in the westem regions.

Faced with the hard practical realities o f living, the Es­
kimo were not much given to speculating on the nature 
of the cosmos or devising explanatory myths. In the east­
ern regions, there was a supematural woman of the sea, 
Sedna, who was looked upon as a kind of deity because 
she was presumed to control the supply of seals, but she 
was not worshipped; the Eskimo sought to control or curb 
her by use of magie or incantation. In the West, there was 
an anthropomorphic raven who was presumed to have 
created the world; but it was more the subject of trickster 
tales than a true divine figure. In general, the purpose 
of Eskimo myths and folktales was to define or illustrate 
relations between man and environment, not to provide a 
corpus of actual belief.

Communal festivals generally centred on the hunt. The 
whaling cult in northem Alaska, for example, brought 
men together well in advance of the hunt itself to clean 
and refurbish the gear, to clean out the meat cellars, and 
to sing the ritual songs associated with whaling. Later, 
in the hunt, the boat owner and crew leader greeted the 
whale, giving it fresh water to drink, a common treatment 
of sea mammals, and generally acting in a priestly role. 
Such ceremonial festivals (others were conducted for the 
seal and the caribou) not only brought groups of people 
together in meaningful social ways but also affirmed the 
continuity o f life and its source, the continual renewal 
of the world.

Illness resulted from the violation o f taboo or ritual 
Prohibition or because o f the malevolence of an enemy; 
death, in any case, was not considered natural. The Aleut 
performed autopsies to determine the ritualistic cause o f 
death and so to locate the nature of the infraction or the 
person of a magician. In this context arose the shaman. 
The term is drawn from the Tungusic languages of Cen­
tral Asia and refers to a person who enters into various 
ecstatic or spiritually possessed States and, in such States, is 
capable of many feats of magie and can eure or send dis­
eases, control weather, and find lost persons and articles. 
Not a priest, the shaman was the principal focus of day- 
to-day religious activity among the Eskimo. In this sense 
he differed from a hunt leader who, in a priestly role, 
might make an offering of thanks to game for allowing 
itself to be taken.
Illness resulted when the soul, a kind of spiritual double 

of the individual’s personality, departed from the body 
and went wandering; it would ordinarily leave because 
it was offended by the actions of the body (which may 
have violated a taboo or a regulation regarding animals). 
The shaman’s task was thus to find the soul and entice it 
back into the patient’s body. Alternatively, illness could be 
caused by the actions of a hostile shaman, who would steal 
the soul. This ability not only to eure but also to cause 
disease did not make shamans wholly populär. Feared 
by the general population, shamans ran a risk of being 
killed by an offended patiënt or the patient’s kinsmen. Fi- 
nally, another cause of disease was the Penetration of the 
body by some foreign object, either real or imagined; the 
shaman, in a trancelike state, located the object and oper- 
ated to remove it, singing as he did so. (A broken bone, 
a toothache, or a headache, it should be noted, might not 
qualify as illness and could be treated by anyone with the 
necessary practical skills.)

In spite of their severe environment and their severe belief 
about it, the Eskimo remain a generally cheerful people, 
given to much joking and entertainment. Their cheerful 
temperament undoubtedly contributed to their ability to 
endure the great natural perils without complaint or fear 
and to find happiness in a land that others have thought 
uninhabitable. (R.F.S.)

Eastern, or Eurasian, Arctic. From earliest times to the 
present day, the way of life of many of the Eastern Arctic 
peoples has centred upon the reindeer; indeed, they have 
had to adjust their lives to the pecularities of the species.
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Important in this regard are the seasonal migrations of 
reindeer between tundra and taiga; their movement in 
herds; their seasonal preferences for certain grasses, mosses, 
and fungi; their dependence upon salt; and their relative 
helplessness—and panic—when attacked by mosquitoes 
and other flying insects in the summer and such predators 
as the wolf and wolverine in the winter. The Situation has 
always given rise to a number of similarities in all types of 
reindeer economy, among the more important of which 
are the seasonal movements of camps and the seasonal 
differences in their size and composition.

There are, however, distinctive ecological and economie 
differences among the Arctic peoples of the Old World, 
relating to each of the three principal ways in which they 
utilize reindeer. The traditional Paleo-siberian Yukaghir, 
for example, were simply reindeer hunters. Although they 
“monitored” the seasonal movements of the reindeer, they 
made no effort to herd the animals or to use them for 
transportation (the Yukaghir adopted both these practices 
later, however, after contact with neighbouring peoples, 
particularly the Even). They used decoy reindeer in the 
hunt and travelled on foot or ski, by dogsled (though 
this was never general), and by canoe or raft. Reindeer 
were by far their most important source of food and of 
skins for clothing and tent covering, so that their lack of 
controi over the condition and movement of the herds 
left the Yukaghir susceptible to unpredictable periods of 
privation. Fishing, the hunting of other species, and berry 
gathering were also essential to the economy.

Another basic way of using reindeer is represented by 
the many Tungus groups that partly controlled reindeer 
breeding as an adjunct to a basic economy of hunting 
and fishing in the taiga. Geldings were ridden, used as 
pack animals, and sometimes harnessed to sleds; females 
were milked, making possible various dairy products; dead 
reindeer were an important source of skins, bone, antler, 
and sinew for clothing, shelter, and simple Utensils. These 
Tungus secured their meat, however, not from their do- 
mesticated reindeer but from wild reindeer, Asiatic red 
deer, and elk that they hunted. The domesticated herd was 
always smal! (herds of up to 25 reindeer per househoid 
were usual); the animals usually pastured in the vicinity 
of the camp, securing protection from wolves there in the 
winter and finding relief from the summer mosquitoes in 
the smudge fires provided by the camp for that purpose. 
These hunting and herding Tungus, it may be noted, also 
used dogs—as camp sentinels to warn against predators or 
strangers and as “pointers” in hunting small game such as 
sable or squirrel.

The third basic method of using reindeer was controlled 
breeding and herding. This was the principal or sole liveli- 
hood of several other Tungus groups (many Nenets and 
Enets and some Nganasan), of the tundra Chukchi and 
Koryak in Northeastern Siberia, of the northern Samoyed 
in Western Siberia, and of many Lapp. All these groups 
depended upon the herded reindeer for food, and many 
used dogs to shepherd the herds, which sometimes were 
large in number. Prestige and social status, indeed, were 
measured by the size of a household’s herd; and competi- 
tion for prestige sometimes had damaging ecological con- 
sequences: pastures would be overgrazed or aggressively 
expanded, or epidemics would decimate large, closely 
packed herds. As a result, impoverished reindeer owners 
would be driven to find alternative livelihoods in villages 
or elsewhere; some would revert to reindeer nomadism. 
(State-imposed regulations in both the Soviet Union and 
Scandinavia are ameliorating such problems.) As a sup­
plement to herding, most of these peoples pursued fishing 
in the summer, and they bartered extensively with urban, 
village, and agricultural populations.

The peoples of the Eastern Arctic have been studied and 
written about far less than the Eskimo of the Western Arc­
tic. In tsarist Russia and the Soviet Union, in particular, 
there has always been some tendency to play down any 
attention to national differences. Most investigations have 
thus depended on inferential sources. They have tried, 
that is, to reconstruct the social relations of certain East­
ern Arctic peoples by piecing together information derived 
from myths, legends, and other folklore that have been

published. They have also tried to infer the social Systems 
of Arctic peoples by reference to the social structures of 
their Turkic and Mongol neighbours and kinsmen farther 
south, who have been more thoroughly studied—the as- 
sumption being that the Systems are probably similar. 
Among all the Eastern Arctic peoples, there appear to have 
been large territorial groups that may be called tribes— i.e.f 
clusters of communities that could act together for such 
common purposes as warfare and trade. One tribe could 
make alliances and establish Systems of exchange with 
other tribes. Below the level of the tribe, at least among 
the Neo-siberians, there were probably clans, groups of 
people having a stricter sense of kinship. Normally, clans 
would be exogamous; that is, marriage within the clan 
would be forbidden. Further, a person’s lineage within the 
clan would be important in determining his residence, 
role, and inheritance.

From the 17th Century onward, however, clans—and 
even tribes—had to leave their traditional territories and 
disperse in smaller units and “mixed” kin units to search 
for new territories. This happened to the Tungus when 
they were faced with the exhaustion of reserves of fur 
that had to be supplied to the Russians and when they 
were faced with the continual encroachment of Russian 
Settlement. The movement o f Tungus groups created pres- 
sures on the territories of other neighbouring peoples; the 
northern movement of the Yakut had similar effects in 
Northeastern Siberia. The competitive expansion of graz- 
ing lands could also disrupt traditional social relations, as 
it apparently did among the northern Samoyed. Various 
demographic and economie changes, in short, could have 
serious social consequences. Finally, there was the political 
influence. The tsarist Russian government tried to con- 
solidate the tribe-clan System and use it to administer all 
northern peoples, but the administrative use of tribe and 
clan, being a foreign idea, tended paradoxically to sever 
the already weakening association between kinship and 
territorial organization. Among most groups, therefore, 
the village or camp emerged as the relevant territorial and 
social unit in the 19th and early 20th Century.
Village or camp enierprises of a seasonal nature gener­

ally involved each of the three principal livelihoods: rein­
deer breeding, hunting, and fishing. When hunting and 
fishing was pursued collectively, the game or catch was 
distributed collectively. When production was not collec­
tive, responsibilities for distribution were limited, and they 
were minimal or absent when furbearing animals were 
caught for trade with foreigners. Villages and camps (and 
subdivisions made within these units) claimed rights to the 
produce from hunting and fishing grounds usually on an 
annual or lifetime basis. Among reindeer breeders, herd­
ing was undertaken collectively, and rights to pasture were 
claimed collectively, also. The animals, however, were 
owned individually. The size and composition of herding 
camps could be adjusted at each season o f the year.

In all ethnic groups, close interpersonal bonds of friend- 
ship arose between non-kinsmen within the village or 
camp. Kinship nevertheless remained in many ways the 
most important principle of interpersonal and group rela­
tions. Many privileges and obligations of kinship practiced 
by the Eskimo were also recognized by Eastern Arctic 
peoples. Among the more onerous was the prosecution 
of the blood feud, a retaliatory killing and counterkilling 
between different kin groups that might continue for gen- 
erations. Blood feuds seem to have been widespread even 
at the end of the 19th Century, indicating that clanship 
was still a recognizable principle but without any territo­
rial meaning, for villages and camps were then composed 
of persons from different clans.

The incidence of cross-cousin marriage, in which certain 
categories of first cousins were obliged to marry, remained 
notable among many of the eastern Arctic peoples. Prac­
ticed in conjunction with the general rule of patrilocal 
residence, this marriage preference had earlier supported 
the territorial groupings of persons in clans; the prefer­
ence remained even after the development o f villages and 
camps in which cousins remained anyway, without the 
compulsion of marriage. The matching of several siblings 
of one family with those of another and a close bond
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between husbands of sisters—sometimes denoted as closer 
than that between brothers—were prevalent among the 
northern Eurasians. So, too, was the injunction that a 
bridegroom provide several years’ service to his father- 
in-law before being allowed to set up his own marital 
household. Common among the reindeer breeders only 
was the establishment of marriages through contributions 
of wealth (including reindeer) from both the parties (bride 
price from the groom, dowry from the bride). Having 
two or more wives was a privilege of personal rank and 
occurred most frequently among preeminent hunters or 
warriors, shamans and smiths, and well-to-do reindeer 
owners. These marriage practices (except those prohibited 
by law) persist among some Contemporary Lapp groups 
in Scandinavia. Among the Lapp, building up a reindeer 
herd was probably the most influential factor governing 
marital patterns.

In all these societies there have been strains of social and 
economic inequality. At the very least, the need for author- 
ity in organizing work teams promoted village or camp el­
ders, local headmen, lead hunters, and so on; among some 
peoples—the Chukchi are notable—an ethic of success 
and of male reputation licensed the presence of “strong 
men” and aggressive behaviour. Intertribal warfare, fairly 
general though sporadic throughout northern Eurasia, led 
to the use of captives as slaves. Among the reindeer breed­
ers, differential accumulation of herd Capital placed some 
herdsmen in employer-employee relationships.

Traditionally, there were broad similarities among the 
spiritual cultures of Eastern and Western Arctic peoples. 
Like the Eskimo culture, Eurasian Arctic culture empha- 
sized the practice of animism— i.e., a belief that everything 
in nature, every beast and bird, stone and earth, wind 
and snow, is alive with soul or spirit—and all believed 
in shamanism. Siberian shamans were frequently women; 
male and female transvestism in shamans was common.
The shaman’s power was often associated with the prop- 

erties of iron, and there was a corresponding association 
of the profession of shaman with that of smith. The role 
of the smith had particular prestige among the Tungus 
and Yakut.

Christianity reached these peoples at different historical 
periods; some Lapp were converted as early as the 16th 
Century, whereas some Chukchi probably were never con­
verted, even before the Russian Revolution discouraged 
religious faith. Christianity, when it was adopted, usu­
ally came in the wake of trade with the Western world 
and with the West’s imposition of taxes. In any event, 
animism and shamanism rarely died completely but be- 
came blended with Christian beliefs, rituals, and liturgy. 
Christian motifs, for instance, appeared in the drawings 
on Lapp shamans’ drums; Christian crosses and crucifixes 
were worn together with amulets and other talismans of 
animistic belief. (R.P.B.P.)

Contemporary trends. Western Arctic. The establish­
ment of trading centres and, more recently, industrial- 
ization and mining have influenced Arctic living. In the 
period 1900-50 such developments tended to diminish the 
diffuse residential pattern of the Eskimo, concentrating 
the Eskimo more and more in towns and other more con- 
centrated population centres. Generally Eskimo and Aleut 
are moving into the competitive Situation of modern life 
and have demonstrated their ability to adapt well to it.
Since early in the 20th Century, paternalistic administra- 

tions have attempted to devise ways by which the native 
peoples could develop their Arctic resources to secure 
much-needed cash. Such attempts go back to the promo­
tion of fur trapping in the 1910s. Some native groups in 
Canada still depend on fürs as a means of trade and a pri­
mary source o f cash. Clearly, money, in the Western sense, 
is a present necessity. The purchase of guns, ammunition, 
whaling bombs, outboard motors, yard goods for clothing, 
and innumerable other industrial items are now viewed as 
a necessity. The snowmobile, with the costly gasoline that 
it requires, has begun to replace the dog team. Adoption 
of the snowmobile accelerates the change to a moneyed 
economy and may cause profound changes in Arctic ecol- 
ogy as well. The utilization of the oil resources in Alaska 
and Canada, along with the natural-gas potential, provides

new sources of employment (it has already happened in 
Alaska) and draws the Eskimo more directly into modern 
Western culture.

Eastern, or Eurasian, Arctic. The abolition of serfdom 
in 1861 brought millions of Russian peasants to Siberia 
in a comparatively short time; Soviet Settlement, develop­
ment, and industrialization during the 20th Century has 
affected the demographic structure of Northern Siberia 
even more. Although it must be recognized that no non- 
Soviet observer has been permitted to study any of the 
northern peoples since the 1930s or even earlier, some 
historical trends and events are clearly evident. First, it 
can be noted that attempts to deal administratively with 
northern peoples began as early as 1922. Then, between 
1924 and 1935, a Committee for Assistance to the Peoples 
of the Northern Regions (the Committee of the North) 
sought determinedly to bring the native peoples into the 
Soviet administrative structure and to establish among 
them “integral cooperatives,” collective farms, and educa- 
tional, medical, technical, and social programs. In 1925 
Leningrad State University accepted the first students 
from among the northern peoples, and in 1930 the Insti­
tute of Northem Peoples was established at the university 
with 195 pupils in attendance from 19 ethnic groups. The 
institute closed in 1941, but its work was continued after 
World War II at several regional institutions. Among its 
principal objectives has been the training of native persons 
as teachers and administrators.
The editors of the monumental Soviet work The Peoples 

o f Siberia (1964; originally published in Russian, 1956) 
stated that, “By the present time, the village soviet has 
become the principal local unit of Soviet administration 
among the peoples of the North, while the collective farm 
now is universally the fundamental economic unit.” The 
progress toward this state of affairs, however, was beset by 
difficulties and controversies. The Committee for Assis­
tance to the Peoples o f the Northem Regions, for instance, 
ruled, in 1926, in favour of “clan-based native soviets,” 
but this arrangement proved unworkable because the clan 
elders were not too willing to support, explain, and en- 
force Soviet policies. Accordingly, the native soviets were 
redesigned between 1929 and 1932 as territorial units at 
the bottom rung of the Standard Soviet administrative 
structure; above the soviet was established the region (ray­
on) and then the district (okrug). The northern okruga 
were named after the dominant minority people o f the 
region; by the end of 1932 there were nine such okruga 
of northern peoples, 82 rayony, and 462 soviets. Native 
membership in the executive committees of these okruga 
and rayony has varied from 33 to 97 percent.

The progress of collectivization among the northem peo­
ples was recorded as 12 percent of households in 1931, 36 
percent in 1934, 75 percent in 1940, and 97 percent in 
1948. The program met its chief resistance from reindeer 
breeders. The problem at heart is a conflict between ide- 
ology and ecology or economics. Official Soviet ideology 
holds that nomadism is an unworthy way of life in a 
Socialist society, but this is not easily reconciled with the 
ecological fact that reindeer pastoralism can be conducted 
successfully only on a nomadic basis, for reindeer must 
move seasonally. These difficulties have adversely affected 
not only production in the Soviet reindeer industry but 
also recruitment to it. Lately, however, ethnographers have 
tried to persuade administrators and other officials that 
“production nomadism” is necessary and is compatible 
with an otherwise stable or sedentary way of life. Probably 
of greater significance for the future is the issue of whether 
northern peoples should be encouraged to join the Siberian 
industrial force or, on the contrary (as Soviet ethnogra­
phers seem to urge), be encouraged to remain in their 
traditional pursuits and to retain their traditional skills.

In education, a number of native grammars were pub­
lished and used in schools in the early 1930s. The change 
from a Roman-based to a Cyrillic-based alphabet in 1937, 
however, presaged greater Russian influence. This seems 
to have continued, and Russian is now the lingua franca 
of much of the north, although the Komi and Yakut 
languages still appear to retain a respected status.

One of the most notable aspects of ethnic relations in
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the Soviet north is its complexity. Even at the level of 
the village soviet, there can be polyethnic membership, 
and this mixture of representatives from various ethnic 
groups increases at the levels o f the rayon and the okrug; 
there are polyethnic collectives such as the Nenets-Enets- 
Nganasan-Dolgan collective in the Taymyr and the Yuka- 
ghir-Lamut-Chukchi one in the northeast; Russians also 
sometimes belong to northem peoples’ soviets and collec­
tives. Some ethnic groups—the Yakut and the Komi—are 
deemed to have reached the level o f “Socialist nation”; 
others, having national okruga and written languages, are 
perhaps progressing in that direction. But the majority are 
unlikely ever to achieve nationhood. It seems clear that 
they will either remain as minorities or disappear. Russi- 
fication is the dominant trend.

The Lapp of Norway, Sweden, and Finland today form 
small minorities even in the northem regions of these 
countries, but they are receiving greater recognition than 
ever before. The explanation may lie more in the changing 
attitudes of Scandinavians, who are becoming more toler­
ant of diversity, than it does in any activism on the part of 
the Lapp themselves. In any event, the Lapp of Sweden, 
for instance, have their own ombudsman, whose work 
is particularly concerned with the legal Position o f Lapp 
groups faced by public or private encroachments on their 
reindeer pastures. There are Lapp language primers, and 
school readers are now available in each of the three coun­
tries (though by no means are all schools with Lappish- 
speaking children using them); and there are Lappish 
high schools, Lapp-language newspapers and radio pro­
grams, and Lapp-language courses in several Scandinavian 
universities.
The reindeer-breeding industry is, in general, in good 

condition. In Norway it is predominantly a Lappish live- 
lihood, and in Sweden it is exclusively so (in Finland, 
however, the Finns predominate in most reindeer breed­
ing localities). The nomadic way of life associated with 
reindeer pastoralism is becoming seriously modified, but 
most of the modifications either are initiated by individual 
households or camps (and hence vary locally) or emanate 
from the regional and national associations that have 
been formed by the reindeer owners themselves. Direct 
legislation by the state is less important in this process, 
though the indirect influence of the state—as the principal 
source of Capital loans, subsidized housing, and infrastruc- 
ture amenities—should not be minimized. Cooperatives 
for the purchase and marketing of reindeer products are 
established in many areas.

Lappish individuals and communities in the latter half 
of the 20th Century, without exception, have a heightened 
sense of national citizenship, and all persons except the 
very old and perhaps the very young are conversant in 
the language of the country o f their citizenship. Indeed, 
individuals who leave reindeer breeding are likely to as- 
sume a non-Lappish identity: in Sweden such persons 
usually join the northem industrial labour force or move 
to Stockholm. In Norway, where the majority of Lapp 
reside, most families of Lappish descent have never been 
involved in reindeer herding; most of them have been and 
are fishermen. Among these people, Lappish culture, in all 
its respects, is fast being replaced by Norwégian culture.

(R.F.S./R.P.B.P.)

History
ARCTIC PEOPLES

Eurasian prehistory. The polar regions were not popu- 
lated during much of the Pleistocene Epoch (from 2,500,- 
000 to 10,000 years ago), when most o f man’s prehistory 
was unfolding. Man began as a tropical animal, and the 
Arctic was the last area (except for the Antarctic, only 
now being explored) to become a habitation area. Areas 
just south o f the Arctic, which, in Pleistocene times, had 
climates similar to the Arctic, do show significant eariy 
developments. At archaeological sites on the Upper Yeni- 
sey River and at Lake Baikal and at other locations across 
the steppes into European Russia, for instance, there 
have been found the world’s oldest known houses—semi- 
subterranean dwellings with central lire pits, probably an-

cestral to the earth dwellings of the Eskimos and other 
Arctic peoples. (For such a functional trait, the possibility 
of independent invention in different times and places 
must be considered.) Associated with these finds were flint 
points and scrapers, fine blade tools, and bone, antler, 
and ivory tools.

The Lake Baikal region also supplies evidence for later 
developments (this time supplemented by some discover- 
ies within the Arctic itself). Around Lake Baikal are to 
be found a number of stages of development. The earliest 
of these stages, beginning between 5000 and 4000 bc, is 
marked by a hunting culture using the bow and arrow. 
In the second stage, after 4000 bc, pottery and ground- 
stone tools are present, and in the third, beginning in the 
3rd millennium bc, reinforced bows (wooden with bone 
plates), finely worked implements of bone and ground 
stone, and effigies of animals (especially fish) are sugges­
tive of artifacts found in later periods all across the Arctic. 
These materials and additions from later periods in Siberia 
are reflected in old cultures around the Bering Strait and 
in the American Arctic.

The Arctic sites contain no evidences of cultivated plants 
and no evidence of domestic animals other than the dog, 
so the use of “Neolithic,” or New Stone Age, to describe 
the sites is based on the presence o f other Neolithic traits 
such as ground stone implements and pottery. Even rein­
deer seem to have been hunted in the wild only, until later 
times when they were substituted for other domestic an­
imals by groups moving northward, who had kept horses 
and cattle in warmer regions.

The origin and movements of the Eurasian Arctic peo­
ples are not clear and are subject to scholarly conjecture 
and controversy. In general, however, rather recent move­
ments from south to north are probable. The Chukchi, 
Koryaks, and Kamchadals are believed to have entered 
Northeastern Siberia about 2,000 years ago, finding the 
ancestors of the Eskimos already living along the coasts. 
Because the Yakuts and Tungus were still expanding into 
the northlands after the Russians arrived, it was formerly 
held that they had migrated there only recently; but the 
archaeological evidence renders this questionable. Some 
sources refer to movements o f the Yakuts from south to 
north and of the Tungus from north to south; however, the 
most tenable hypothesis at present suggests that both the 
Yakuts and the Tungus developed from groups associated 
with the Baikal region (or from groups further to the south 
and east), with the Yakuts expanding north and west over 
a long period, arriving in the middle Lena by the 17th 
Century and assimilating earlier Arctic residents along the 
way, while the Tungus expanded both north and south.

Among those assimilated and replaced were many Yu­
kaghirs, who are thought by Soviet prehistorians to have 
been in the area from about 4000 to 3000 bc and formerly 
to have extended westward to the Yenisey. The Kets also 
are held by some scholars to be remnants of a cluster of 
groups who were early Arctic dwellers, although some Ket 
traits suggest recent south-to-north movements along the 
Yenisey. For the Samoyedic speakers (Nenets, Nganasans, 
Enets, and Selkups), different categories o f data provide 
conflicting conclusions. Linguistic distributions and other 
language studies suggest that they once lived west o f the 
Urals in the Pechora Basin (now occupied by the Komi 
and Russians). Their physical type, however, suggests 
Asian origins. A tenable hypothesis held by some scholars 
is that a Caucasoid people speaking a Samoyedic language 
migrated eastward through the Urals about the beginning 
of the Christian era and intermixed with Mongoloids who 
had moved westward into Northwestern Siberia. Begin­
ning about ad 1000, the Khants and Mansi, under pres­
sure from the Komi, followed the same migration route, 
completing their movement across the Urals about 1400. 
The Komi, themselves under pressure from the Slavs, had 
moved northward and arrived in their present area about 
800 years ago.

More study by linguists, physical anthropologists, ethnol- 
ogists, and archaeologists has been devoted to the origins 
of the Lapps than to any other Arctic people (with the 
possible exception of the Eskimos)—but with no certain 
results. Some scholars conclude that the Lapps originated
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in central Europe, where they were adapted to an Alpine 
habitat. Others consider them to be an ancient Arctic 
people who adapted to polar conditions during the Pleisto­
cene. So far, archaeological studies o f their shifting camps 
have shed little light on the question. The most developed 
hypothesis maintains that the modern Lapps are descen- 
dants o f a people of Caucasoid physical type who were 
Stone Age hunters living south and east of their present 
area and outside the present Arctic but in an area of 
similar environmental conditions. When the Pleistocene 
ice retreated, they moved north and west and were the 
earliest Finnic-speaking people in northern Europe. They 
adopted reindeer herding according to pattems of animal 
domestication used for cattle by Europeans further south, 
augmented with ideas of reindeer herding diffused across 
the Urals from Asia.

Western prehistory. Two general Problems are domi­
nant in archaeological studies in the American Arctic. 
These are, first, the origin of the Eskimo and, second, 
the migrations of the ancestral American Indians as they 
crossed the Bering Strait region from Asia and moved 
through Arctic America to spread out in other parts of 
the continent.

Origins of Two major theories have dominated discussions of Eski- 
the Eskimo mo origins: (1) that the Eskimos evolved from a northern 

group of American Indians who began to emphasize their 
winter living patterns and became specialized to tundra 
dwelling and sea-mammal hunting, or (2) that the Eski­
mos adopted their way of life in Asia, later migrating to 
fill a northern void in the New World at a time much 
later than when most of the ancestors of the American 
Indians left Asia. In the latter hypothesis, the Asian Es­
kimos (Yuit) are seen as a remnant along the migration 
route. In the former hypothesis, the Siberian Eskimos are 
regarded as a late backwash in counterdirection to the 
major migrations. Archaeological discoveries, almost from 
the beginning, have seemed to support the Asian prigin, 
for the earliest sites clearly in the Eskimo tradition have 
been found around the Bering Strait (Okvik-Old Bering 
Sea) and in Siberia (Uellen).
There is little evidence o f  man in the American Arctic 

in the period between 25,000 and 10,000 years ago, and 
there are only a few scattered artifacts for the period be­
tween about 8000 and 5000 bc, even though the ancestors 
of the American Indians passed through the Alaskan area 
in the earliest years of these periods. For the period from 
5000 to 3000 bc, however, in the Seward Peninsula and 
in the Brooks Range of Alaska, there are indications of 
a land-hunting and, to some degree, sea-mammal-hunting 
group that may have been related to some of the forest 
cultures to the south. Then, between 3000 and 2000 bc, 

Arctic the so-called Arctic Small Tool Tradition developed in 
Small Tool north western Alaska. It was based on the hunting of car- 
Tradition ibou and other tundra animals, along with some hunting 

of sea mammals. This culture included elements from 
the northern movement of the American Plains hunters 
to northwestern Canada but was primarily derived from 
northeastern Siberia. It gradually spread eastward in the 
Canadian tundra to the north west and northeast side of 
Hudson Bay, into extreme northeastern Canada, and to 
western and northern Greenland. This eastern spread was 
accomplished by 1000 bc.
The Arctic Small Tool Tradition is considered by most 

prehistorians to be too distinctive to be called Eskimo. The 
oldest known Eskimo culture is that in the so-called Aleu­
tian and Southern Tradition, dating from as early as 2000 
bc (though the earliest archaeological discovery, stone im­
plements found at Anangula Island in the Aleutians, dates 
back about 8,000 years). Prehistorie south Alaskan and 
Aleutian culture was basically Eskimo in character but 
specifically different in many respects from that of western 
and northern Alaska. It was somewhat simpler technolog- 
ically; its most important achievements were the produc­
tion of things made of stone (lamps, chipped knives, and 
points), bone (harpoon heads, fishhooks, and wedges for 
Splitting driftwood), and ivory (lip Ornaments, figurines, 
and needles). Although the Aleutian and south Alaskan 
region had the greatest population density of any part of 
the Eskimo territory, its culture was remarkably stable, in

contrast to the Bering Strait region, where culture changes 
were frequent and pronounced.

In westem and northem Alaska is to be found what 
is probably the next most ancient Eskimo cultural se- 
quence—that of the Old Whaling, Choris, Norton, and 
other cultures, each known from only one or a few sites 
north of Kotzebue Sound near the Bering Strait, the earli­
est dating from about 1800 bc. Included in this sequence 
is the Ipiutak culture, which, discovered in 1939, is a ma­
jor enigma in Eskimo prehistory. Ipiutak, known from the 
type site at Point Hope and a few other westem locations, 
contains many traits o f the Eskimo tradition, including 
toggle-headed harpoons and other items for sea hunting 
(although harpoon heads are outnumbered by arrowheads 
for hunting caribou); but the culture lacks many typical 
Eskimo items and stands by itself in the large size of 
the village and the regulär arrangement o f houses along 
streets. The Ipiutak site contains more thän 600 shallow 
semi-subterranean dwellings with central fireplaces. The 
slight accumulations o f  debris argue for a short period of 
occupation (estimated to be about 100 years). Dating also 
is somewhat uncertain. Some radiocarbon dates for Ipiu­
tak are as late as ad 1000, whereas some artifacts suggest 
overlap with the earlier phases o f the Northem Maritime 
Tradition. Most summaries conclude that Ipiutak dates 
from about AD 300 to 400 and drew upon both the North­
ern Maritime Tradition (for seal-hunting techniques) and 
the northeastern Asian cultures (for certain implements 
and ceremonies).
In the eastem parts o f the American Arctic—including Dorset 

the Hudson Bay region, Labrador, Newfoundland, and culture 
Greenland—there is another very early culture, known 
as Dorset, dating from about 1000 bc and lasting tö 
about ad 1000 or 1200 (when Eskimos in the Northem 
Maritime Tradition overran the area). The relationship 
between Dorset and other Eskimo traditions is somewhat 
enigmatic. Dorset sites contain semi-subterranean hous­
es and some Eskimo traits such as the toggle-headed 
harpoons, lamps, and ivory carvings; but many o f the 
artifacts were somewhat different in form, smaller in size, 
and more delicate; moreover, these sites lack dogsleds, 
bone arrowheads, lip Ornaments, and other typical Eskimo 
traits. Many prehistorians think that the Dorset culture 
developed from the Small Tool Tradition and marks the 
migration of people who began moving from the westem 
end of the American Arctic about 3000 bc, bringing with 
them implements in the Arctic Small Tool Tradition, and 
who by 1000 bc had reached the eastem extent o f the 
Eskimo area and developed a largely independent culture.
Some materials in later Dorset sites, however, resemble 
similar items in the Northern Maritime Tradition. Most 
summaries of Eskimo prehistory conclude that the Dorset 
Eskimos were overrun by the eastward migration of the 
Thule Eskimos, who were carriers of the Northem Mar­
itime Tradition. Some scholars believe that the Eskimos 
of Southampton Island, extinct in 1904, and somewhat 
different from neighbouring Eskimos, represent a late sur­
vival of the Dorset peoples.
The best known early Eskimo cultural sequence is that 

of the Northern Maritime Tradition, which began in the Northern 
area from the Bering Sea to Point Barrow about 500 bc. Maritime 
In this tradition, the most typical traits of Eskimo culture, Tradition 
including the semi-subterranean house and the toggle- 
headed harpoon (with all other parts o f the seal-hunting 
complex), are present from the start. Although some less 
typical traits were added as the tradition developed and the 
emphasis in some areas changed (as from chipped-stone 
to ground-stone implements), the phases in the Northern 
Maritime Tradition are mainly demarcated only by stylis- 
tic changes, as in the design of harpoon parts, arrowheads, 
needle cases, and art objects.
In art the general trend is from more elaborate to less 

elaborate. Tools and other implements also become plain- 
er and more utilitarian in later periods, although more 
efficiënt. The Birnirk and Thule cultures are the most 
widely distributed examples of the Northern Maritime 
Tradition, with Birnirk sites reported from the mouth of 
the Kolyma River in Siberia to the Mackenzie Delta in 
Canada, and Thule even more widely distributed, reach-
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ing from the Bering Strait to Greenland. The spread of 
Thule, after it developed out of Birnirk some time before 
ad 1000, has been traced eastward from Alaska, arriving 
in Greenland about 1200, where it was influenced by the 
medieval Norse Settlements in the subsequent Century. 
Later there was a resurge of Thule back toward the west, 
reaching all the way to Bering Strait and accounting for 
the relative uniformity in language and other aspects of 
Eskimo culture in early contact times.

At many locations throughout the area of the Northem 
Maritime Tradition, archaeological materials have been 
studied that trace the development of Thule into histor- 
ically identified groups of Eskimos. Although there are 
many specific problems yet to be resolved, in general the 
Northern Maritime Tradition has the feeling of history.

Modern populations. Although many nations partici- 
pated in the exploration of the Arctic, only a few have 
contributed settlers, and all are Indo-European speak­
ers. Russians predominate in Eurasia (and numerical- 
ly throughout the Arctic), although they were preceded 
in Arctic Europe by Scandinavians. Currently, Norway, 
Sweden, and Finland all have Settlements north of the Arc­
tic Circle. In Arctic Alaska and Canada, English-speaking 
peoples are found in small numbers; and in Greenland, 
Danish settlers have intermixed with the Eskimos, though 
Eskimo speech has been retained.

Russians began Crossing the Urals in the 16th Century 
and continued in flood tide after the abolition of serf- 
dom in the Russian Empire in 1861. Settlement o f the 
northlands was further accelerated by the building of the 
Trans-Siberian Railroad in the late 19th and early 20th 
centuries and was continued as state policy by the Soviet 
govemment after the Revolution. In the late 20th Century 
there were more than 5,000,000 people in the parts of the 
Soviet Union north of latitude 60° N. A condition of note 
for the modern populations of the Arctic Soviet Union is 
that around three-quarters live in urban concentrations, 
whereas only around half of the people of the Soviet Union 
as a whole are urban. Concentrated living in the north 
shows that the modern populations are mainly involved 
in extractive industries, such as mining, petroleum, and 
lumbering (in the subarctic). The Russian settlers, who 
outnumber the indigenous peoples, are the inhabitants of 
the Arctic cities; but some of the native peoples are also 
becoming urban dwellers, particularly the Komi.

In the American Arctic there are no comparable popu­
lations. Canada has more than 1,000,000 people in the 
Arctic and subarctic, almost all of them in the subarctic. 
In Alaska the population is mostly concentrated in the 
subarctic, although one major city, Fairbanks, is close to 
the Arctic Circle. (In this comparison, however, it should 
also be noted that the “Soviet North” includes much of 
the subarctic, and most of the Russian settlers live outside 
the Arctic proper.) A process of population concentration 
has, in fact, occurred in the American Arctic, even though 
it has not resulted in cities. In Alaska and Canada, the 
Eskimos of the north have abandoned many small Set­
tlements and concentrated in fewer towns—a response to 
oppörtunities for employment and other appeals of living 
in larger communities. Only in Greenland, with its rapidly 
growing population, has there been an increase in the 
number of communities. (W.K.C.)

EXPLORATION
The earliest references to Arctic exploration are shrouded 
in superstitious beliefs concerning the uninhabitable “frig­
id zone,” and also in an obscurity resulting both from 
inaccurate ideas of the shape of the Earth and from primi­
tive navigation techniques, which make it very difficult to 
interpret early maps and accounts of voyages. Probably the 
first to approach the Arctic regions was a Greek, Pytheas, 
who in the 4th Century bc  made an astonishing voyage 
from the Mediterranean, around Britain, to a place he 
called Thule, variously identified as the Shetlands, Iceland, 
and Norway. The accounts of this remarkable explorer 
were for centuries discredited, but the idea of his Thule, 
shrouded in fog and believed to be the end of the Earth, 
caught the imagination of many.

Iceland is known to have been visited by Irish monks in

the 8th and 9th centuries, but it was the Vikings from Nor­
way who settled the island, late in the 9th Century. In the 
course of the next four centuries, these hardy seamen es­
tablished trade routes to the White Sea; visited Greenland 
(c. 982) and founded two Settlements on the Southwest 
coast (which disappeared, for unknown reasons, before the 
16th Century); reached the coast of North America; and 
probably also reached Spitsbergen and Novaya Zemlya. 
Unfortunately, however, they left scant records of their 
voyages, and many of the places they visited had to be 
rediscovered by others.

The Northeast Passage. After a long period of inactiv- 
ity following the decline of the Norsemen, leadership in 
Arctic exploration was assumed in the early 16th Century 
by the Dutch and the English. The motive was trade with 
the Far East. The known sea routes around the Southern 
tips of Africa and South America had been claimed as a 
monopoly by Portugal and Spain respectively and besides 
were long and arduous; the overland routes were even 
worse. There remained, however, the northern latitudes, 
and the attempts of English and Dutch merchants to find 
a Northeast and Northwest Passage gave a strong stimulus 
to exploration of the Arctic.

In 1553 the English sent three ships to the northeast un­
der the command of Sir Hugh Willoughby, with Richard 
Chancellor as chief pilot. Willoughby, with two ships, win- 
tered in a harbour on the Kola Peninsula, where he and all 
his men perished. Chancellor, who in the “Edward Bona- 
venture” had become separated from the others in a gale, 
reached what is now Archangel and made an overland 
journey to Moscow (1,500 miles in all) before returning 
home to England. It is interesting to note that these waters 
were already well known to Russian seamen, who used 
the route around North Cape to Western Europe as early 
as 1496, but this was not generally known at the time. 

After Chancellor’s voyage the Museovy Company was 
formed, and there grew up a very lucrative trade with 
Russia, the success of which rather distracted the minds 
of the English from the Northeast Passage. Nevertheless, 
in 1556 Stephen Borough sailed in the “Searchthrift” to 
try to discover the Ob River. He was stopped by ice and 
fog at the entrance to the Kara Sea, which he described 
in such discouraging terms that it was not until 1580 that 
another English expedition, under Arthur Pet and Charles 
Jackman, attempted its passage. They too failed to pen­
etrate it, and England lost interest in searching for the 
Northeast Passage.
In the meantime, however, the Dutch had taken up the 

search, largely because of the efforts of Olivier Brunei, 
who in 1565 established a trading post at Archangel, to 
the consternation of the English traders. In the course of 
an eventful career, Brunei made an overland journey to 
the Ob and in 1584 tried to reach it by sea, but like Pet 
and Jackman he got no farther than Yugorski Strait. He 
was followed by Willem Barents, an outstanding seaman 
and navigator, who in 1594 discovered Novaya Zemlya 
and sailed to its northern tip; his two companions, Come- 
lis Nai and Brant Tetgales, penetrated a little way through 
Yugorski Strait into the Kara Sea. In 1596, with Jan 
Cornelisz Rijp and Jacob van Heemskerck, he was more 
successful. Heading due north from Norway instead of 
following the coast around, Barents discovered Bear Island 
(Bjornoya) and Spitsbergen, which he mistook for Green­
land. Rijp then went home with one ship, but Barents and 
Heemskerck in the other headed east and rounded the 
north of Novaya Zemlya. They were forced to winter in 
Ice Haven on the northeast coast and thus became the first 
Europeans to winter successfully in the Arctic. They built 
a house of driftwood and passed the season with remark­
able fortitude and success, although they were in almost 
every way unprepared for it. In the spring, the ship being 
hopelessly damaged, they escaped across the open Barents 
Sea in two small boats. Barents died on the journey. In 
1609 Henry Hudson, the Englishman, sailed in the “Half 
Moon” to the Barents Sea in the service of the Dutch East 
India Company, but his crew, afraid of having to winter 
like Barents, mutinied and forced him to sail west, where 
he explored the coast of North America north of Virginia 
and ascended the Hudson River.

Viking
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While the English and the Dutch were thus engaged, Si­
beria was gradually being annexed to Russia by bands of 
Cossacks spreading slowly eastward from the Urals. Con- 
quering and trading as they moved, the Cossacks reached 
the Pacific Ocean by the middle of the 17th Century and 
traversed the northem coastline in small, flat-bottomed 
boats. One of these hardy Wanderers, Semen Dezhnev, is 
believed to have sailed through the Bering Strait in 1648. 
Like the Norsemen, however, the Cossack settlers made 
few records o f their activities, and only rumours of the 
existence o f a strait separating Asia from America reached 
the ears of Peter I the Great.

In order to find and above all to map the sea route 
to the east, Peter conceived a series of expeditions that 
culminated in the Great Northem Expedition (1733-42) 
and, under his successors, mapped the Arctic coastline 
of Siberia as far east as the Kolyma River. The work 
of the expeditions was planned by Vitus Bering, a Dane 
with long service in the Russian Navy, and directed by 
the admiralty college. In 1728 Bering, who himself took 
charge of activities in the Pacific, sailed through Bering 
Strait from the south, but because of bad weather failed 
to recognize its significance. In 1741 he crossed the North 
Pacific and landed on the coast of Alaska. Other impor­
tant figures among the many who made up the Great 
Northem Expedition are Lieut. Semyon I. Chelyuskin, 
who in 1741 reached the cape named after him, the most 
northem point o f the Siberian mainland; and the brothers

Laptev, Dmitry and Khariton, who charted the coast from 
the Taymyr Peninsula to the Kolyma River.

The question of the existence of a strait separating the 
continents remained uncertain until 1778 when Capt. 
James Cook, the great British explorer, sailed through Ber­
ing Strait and reached North Cape (now Cape Schmidt) 
on the Siberian coast. Unlike Bering, he was able to see 
both sides of the strait and so establish fairly conclusively 
that the continents were separate.

Attempts to complete the mapping o f the northern coast 
were made by a Russian merchant named Nikita P. Sha- 
laurov in 1760-62 and by Joseph Billings, an Englishman 
in the service of the Russians, in 1787; it was eventually 
finished by Baron Ferdinand von Wrangel, a Russian of 
Swedish parentage, in a series of sledge journeys from 
1820 to 1824.
Wrangel’s companion, P.F. Anjou, worked in the New 

Siberian Islands. These stränge islands o f silt and ice were 
discovered in 1770 by a merchant named Ivan Lyakhov, 
who saw caribou coming south to the mainland and fol- 
lowed their tracks north. The islands produced a fortune 
in mammoth ivory and were further explored and mapped 
in the years that followed, notably by an official survey 
party under an exile, Matvey M. Hedenström.

The main features of the Northeast Passage were now 
investigated and mapped; it remained to be successfully 
navigated. One attempt to do so, by an Austrian expedi- 
tion under Julius Payer and Karl Weyprecht in 1872-74,

Figure 3: Significant geographica! locations of the Arctic.
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led to the accidental disco very of Franz Josef Land. While 
trying to sail around the north end of Novaya Zemlya, 
their ship, the “Tegetthoff,” became caught in the ice and 
drifted helplessly north and west for more than a year, to 
be deposited by the ice on the shore of a new land. In the 
spring o f 1874 Payer made a long sledge journey, reaching 
the northemmost point of the archipelago. The ship had 
to be abandoned, and the party sailed in small boats to 
Novaya Zemlya, where they were picked up by a Russian 
fishing vessel.

The first successful navigation o f the passage was ac- 
complished in 1878-79 by one of the greatest o f Arctic

A.E.Nor- explorers, the Swedish baron A.E. Nordenskiöld, who saw 
denskiöld in it not so much a route to the Far East as an avenue 

of trade between Siberia and the rest of the world. After 
two reconnaissance trips to the Yenisey in 1875 and 1876, 
Nordenskiöld set out in 1878 in the “Vega” accompanied 
by three cargo ships, two bound for the Yenisey and one 
for the Lena. Aided by a good ship and a year of rather 
light ice conditions, he managed to reach the Chukchi 
Peninsula before being forced to winter only 120 miles 
from the Bering Sea. The passage was next navigated 
from east to west by Comdr. B.A. Vilkitski of the Russian 
Navy, who was engaged in hydrographic work. In 1913, 
while trying to pass Cape Chelyuskin, he was forced north 
and discovered Severnaya Zemlya, first called Nicholas II 
Land. He had to turn back and winter on the Pacific coast 
but succeeded in completing the passage in 1914-15. Two 
west-east attempts in 1912 by G.L. Brusilov and V.A. 
Rusanov ended disastrously with the almost complete loss 
of both expeditions. In 1932 the icebreaker “Sibiryakov” 
was the first to make the passage in one season, sailing 
from west to east. During the late 20th Century the pas­
sage has been kept open by Soviet icebreakers, such as the 
nuclear-powered “Sibir,” which opened a Southern route 
across the northem Siberian coast in 1978.

The Northwest Passage. The search for the Northwest 
Passage may be said to have begun with the European 
discovery of America, for the voyages of Cartier and his 
successors to the St. Lawrence and the Cabots and Cörte- 
Reals to Newfoundland and Labrador were all undertaken 
with the aim of finding the passage. The first such voyage 
to enter the Arctic, however, was that of Sir Martin Fro- 
bisher in 1576. At this time the map was a blank between 
Southern Labrador and Greenland. To complicate matters 
further, there existed a spurious map, published in 1558 
from the voyage of Niccolö Zeno in 1380, that showed an 
entirely imaginary country called Friesland lying between 
Iceland and Greenland. Because o f the supposed existence 
o f this land, confusion in mapping and identifying newly 
discovered lands persisted for 200 years.

Frobisher set out with the “Gabriel” and “Michael” and 
a tiny pinnace o f 10 tons. He made his North Ameri­
can landfall on the southeast coast of Baffin Island, after 
weathering terrible storms in which the pinnace was lost 
with all four of its crew and the “Michael” deserted and 
went home. In the “Gabriel” Frobisher sailed about 60 
miles up the long inlet named after him, which he took to 
be a strait, and brought home among his trophies a rock 
sample that was identified wrongly as containing gold. 
The Northwest Passage was forgotten, and in the next 
two years Frobisher made two further voyages for the sole 
purpose of establishing a gold mine. The last voyage was 
an astonishing enterprise involving 15 ships and had the 
aim of founding a settlement of 100 men. Included in the 
cargo was a prefabricated house. The ships, however, were 
scattered by storms, at least one was sunk, and Frobisher, 
unable to set up his colony, loaded the remaining ships 
with ore and returned home only to find that . his cargo 
was worthless.

Next to seek the passage was John Davis, one of the finest 
of the early seamen and something of a scientist as well. 
In three voyages, 1585-87, Davis rediscovered Greenland 
(lost to Europeans since the decline of the Norse Settle­
ments); he visited the southeast coast and sailed up the 
west coast to beyond Disko Island (72° N). He also traced 
the coasts of Baffin Island and Labrador from Cape Dyer 
south. Davis showed great imagination in his dealing with 
the Greenland Eskimos. He took musicians with him and

had his sailors dance to the music, thus immediately es­
tablishing cordial relations with these sociable people.

In 1602 George Weymouth sailed a short way into 
Hudson Strait, and in 1610 Henry Hudson made his 
last voyage, sailing the “Discovery” into Hudson Bay and Discovery 
down to James Bay, where he was forced to winter. In ofH ud- 
the spring there was a mutiny aboard; Hudson and about son Bay 
eight of his crew, including his young son, were set adrift 
in a small boat to die, while the mutineers sailed the ship 
home. Retribution, however, overtook the ringleaders in 
Hudson Strait, where they were killed by Eskimos in one 
of the rather rare instances when these peaceful and good- 
natured people have attacked explorers. The remnant that 
reached England in September was imprisoned; nothing 
was ever heard from the deserted men.
The early exploration o f Hudson Bay led to a long series 

of voyages seeking a westem outlet to this large inland 
sea, and at the end of 20 years its shores were fairly 
well known. Sir Thomas Button in 1612-13 (with Robert 
Bylot, a Hudson survivor, as pilot) was the first to reach 
the west coast of the bay, wintering near the site o f York 
Factory and discovering Roes Welcome Sound; William 
Baffin, again with Bylot, sailed halfway up the northeast 
coast of Southampton Island in 1615 ; Jens Munk, a Dane, 
wintered at the mouth of the Churchill River in 1619-20, 
where nearly all his men died of scurvy, only Munk and 
two others surviving to sail one of the two ships home; 
and in 1631 Luke Foxe sailed into Foxe Channel.

In the meantime Baffin, the outstanding navigator of his 
day, had explored Baffin Bay (1616), but the significance 
of this exploration was not recognized for 200 years. With 
Bylot as master of his ship (Hudson’s old “Discovery”),
Baffin sailed up the west coast of Greenland to the head 
of Baffin Bay (78° N) and down the west side of the bay, 
discovering the three sounds that lead out of it, Smith,
Jones, and Lancaster. Unfortunately, he reported that all 
three were merely bays and that there was no passage 
out of Baffin Bay. Even more unfortunately, his map was 
never published, and in time the very existence of “Baf- 
fin’s Bay” came to be doubted. Search was continued in 
the Hudson Bay area up to the end of the 18th Century, 
but at a greatly reduced pace. By that time traders were 
opening up the interior and hope of a passage by this 
route was fading.

The 19th Century brought an entirely new era. Up un­
til that time the search had been undertaken mainly by 
merchants; now it was the turn of governments. The end 
of the Napoleonic Wars had left the British Navy rela­
tively unemployed, and the British government, spurred 
by the enthusiasm of Sir John Barrow, secretary to the 
admiralty, was persuaded to equip a whole series of large 
naval expeditions for the discovery of the Northwest Pas­
sage. The first of them, under Capt. John Ross in 1818, 
retraced almost exactly Baffin’s journey of two centuries 
earlier, and repeated his error of mistaking the sounds 
for bays. Second in command to Ross was Lieut. W.E.
(later Sir William Edward) Parry. He was not convinced 
that no sound existed, and in 1819-20, in hms “Hecla” 
and “Griper,” he made a voyage through Lancaster Sound 
to Melville Island in the westem part o f the archipelago, 
where he wintered. Blocked by ice in M’Clure Strait, he 
next (1821-23) tried the route through Foxe Channel, 
spending two winters in Foxe Basin. Again he was stopped 
by ice in the narrow Fury and Hecla Strait (named after 
the two ships he used on this expedition). A number of 
rather unsuccessful ventures followed. Parry on a third 
voyage (1824-25) explored Prince Regent Inlet; Capt. G.F.
Lyon and Capt. George Back made unsuccessful attempts 
to reach Repulse Bay; and Capt. John Ross, on a privately 
financed venture in 1829-33, sailed down Prince Regent 
Inlet into the Gulf of Boothia, passing by one of the keys 
to the Northwest Passage, the narrow Bellot Strait, which 
washes the northemmost tip of the North American con­
tinent. The latter expedition added greatly to the extent 
of mapped territory, mostly through the work of Ross’s 
nephew, J.C. Ross, who established the Position of the 
North Magnetic Pole in Southwest Boothia Peninsula. Af­
ter three winters trapped in the ice, Ross had to abandon 
his ship, the “Victory,” and retreat by sledge and boat,
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spending a fourth winter on the way before being picked 
up by a whaler in Lancaster Sound.

In the meantime the British were also attacking the 
Problem from the west by both sea and land. In 1819-22 
and 1825-27 two expeditions under Capt. John Franklin, 
working overland and by boat from wintering bases in the 
Mackenzie Basin, surveyed the coastline from Turnagain 
Point, about 200 miles east of the Coppermine River, 
to Cape Beechey, Alaska. There Franklin almost made 
contact with the survey of Lieut. F.W. Beechey, who in 
1825-26 reached Point Barrow from the west. In 1833— 
35 Capt. George Back discovered the Back River and 
mapped it to its mouth in Chantrey Inlet, and in 1837-39 
PW . Dease and Thomas Simpson, Hudson’s Bay Com­
pany employees, made three Coastal journeys by boat, 
filling in the gap in the Alaska coastline left by Franklin 
and joining Franklin’s survey to Back’s at Chantrey Inlet. 
In 1847 another Hudson’s Bay Company employee, John 
Rae, joined Parry’s Fury and Hecla Strait to Ross’s survey 
in the Gulf of Boothia. Rae was a most remarkable trav- 
eller, far ahead of his time in adopting Eskimo methods 
and living off the land.

Most öf the Continental coastline and a considerable 
amount of the Canadian Arctic Archipelago had now been 
charted, and still the Northwest Passage remained elusive. 
The British govemment was getting tired of the project 
but prepared to send out one last expedition. This was 
the famous and tragic last voyage Of Sir John Franklin, 
who sailed into Lancaster Sound in 1845 in hms “Erebus” 
and “Terror” and was never seen again. The loss of this 
expedition produced a reaction of profound shock and 
resulted in a 12-year search that contributed tremendously 
to geographical knowledge. At its peak in 1850, as many 
as 14 ships were in the area at the same time, and a 
further expedition was at work from the mainland. The 
story eventually pieced together was that Franklin had 
wintered at Beechey Island at the west end of Lancaster 
Sound, after sailing up Wellington Channel to 77° N, and 
in the spring of 1846 tumed south down Peel Sound, 
hitherto unnavigated, to Victoria Strait, off the north tip 
of King William Island, where his ships eventually had to 
be abandoned. There were no survivors.

The first to become anxious was Sir John Richardson, a 
veteran of Franklin’s earlier expeditions, who in 1847-49 
conducted a search along the northwest mainlarid coast, 
accompanied by Rae. The first official search parties were 
sent out in 1848; Sir James C. Ross, with “Enterprise” 
and “Investigator,” was to enter from the east, and Capt. 
Henry Kellett, with the “Herald” and “Plover,” had orders 
to stand by in Bering Strait to meet Franklin on his way 
out. Ross wintered in Somerset Island and traced most of 
its coastline before retuming in 1849 without news. In an 
atmosphere of mounting alarm, a more thorough search 
was made in 1850. Capt. Horatio Austin wintered with 
four ships, the “Resolute,” “Assistance,” “Intrepid,” and 
“Pioneer,” off the south coast of Comwallis Island, from 
which base extensive sledge trips traced many miles of 
coastline. Two more ships, under Capt. William Penny, 
a whaler, were in the same area, as was also Sir John 
Ross, then 73 but still active. The first U.S. expedition to 
the Arctic, financed by Henry Grinnell and led by Lieut.
E.J. de Haven, sailed in the “Advance” and “Rescue” to 
Wellington Channel Franklin’s winter quarters at Beech­
ey Island were found by Austin’s and Penny’s expeditions, 
but no record had been left to point the way from there. 

At the same time, in 1850, Capt. Richard Collinson 
was to enter from the west and meet Austin in a pincer 
movement. His two ships became separated in the Pacif­
ic, however, and operated independently. Comdr. Robert 
McClure in the “Investigator” discovered Prince of Wales 
Strait, rounded Banks Island by the west, and entered 
Mercy Bay on the north coast, where the ship remained 
frozen in for two years and was finally abandoned. Mc­
Clure and his men were rescued by another expedition 
and retumed home in 1854 by the eastern route. He was 
thus the first to make the Northwest Passage, though in 
more than one ship and partly on foot. Collinson in the 
“Enterprise” spent three years in Victoria Island, reaching 
Victoria Strait. There he was within a short distance of

the place where Franklin’s ships had been abandoned, as 
was also Rae, travelling by boat two years earlier. Neither 
found any clues. In 1852 a private expedition financed 
by Lady Franklin and led by a whaling captain, William 
Kennedy, discoverd Beilot Strait, named after a French 
volunteer in the search.
After this the search moved north, which was generally 

thought to be the most likely direction; only Lady Frank­
lin held firmly, and correctly, to the view that her husband 
had gone south as directed by his orders. In 1852 Capt E. 
Inglefield in the “Isabel” sailed north up Smith Sound to 
78° 35' N, and another large expedition, under Sir Edward 
Beicher and Henry Kellett, sailed into Lancaster Sound 
with Austin’s four ships plus a supply vessel, the “North 
Star.” Splitting into an eastem and a westem party and 
spending two winters in the Arctic, this expedition mapped 
many miles of new coastline north o f Lancaster Sound, 
rescued the survivors of McClure’s expedition, and then 
without apparent justification abandoned all four ships in 
the ice and sailed home in the “North Star.” Öne ship, 
the “Resolute,” was later found drifting in good condi­
tion in Davis Strait by a whaler, sailed to New England, 
refitted, and retumed to the British govemment by the 
United States.

In 1853 an American, E.K. Kane, sailed in the “Advance” 
to Kane Basin, wintering twice and searehing northward 
to Kennedy Channel. In the same year Rae was sent by 
the Hudson’s Bay Company to complete the charting of 
the mainland coast between Chantrey Inlet and Boothia. 
The Company had given up the search as hopeless, but 
ironically it was this expedition that brought back the 
first real news, obtained by Rae from Eskimos in Pelly 
Bay and backed by identifiable relics. The British gov­
emment considered the search closed, but Lady Franklin 
was not satisfied; she financed a final expedition in the 
“Fox” under Capt. F.L. McClintock, who had been on 
three previous expeditions and was largely responsible for 
developing the siedging techniques used during the search. 
He travelled around the coasts of King William Island, 
finding many bodies and relics o f the expedition, and also 
the only record left by it, at Victory Point.

So the Northwest Passage was at last found to be a 
reality, and official recognition went to McClure as its 
discover, though Franklin too had proved its existence 
and should share the honour. An unsuccessful attempt to 
navigate it was made by Allen Young in the “Pandora” 
in 1875. In 1903 Roald Amundsen, the great Norwegian 
explorer, sailed down Peel Sound in his tiny yacht “Gjöa” 
and passed around the east side o f King William Island, 
where he spent two winters taking magnetic and other 
scientific observations. After a third winter spent west of 
the Mackenzie, he passed through Bering Strait in 1906, 
the first to navigate the Northwest Passage. It was navigat- 
ed again in 1940-42 and 1944 by Henry A. Larsen .of-the 
Royal Canadian Mounted Police in the “St. Roch,” west­
east by way of Bellot Strait and east-west in one season 
by Prince of Wales Strait. In 1954 the first passage by 
a deep-draught vessel was made by hmcs “Labrador,” a 
Canadian naval icebreaker. In 1969 the “Manhattan,” the 
largest and most powerful commercial ship ever built in 
the United States to that time, smashed through 650 miles 
of ice between Baffin Bay and Point Barrow, Alaska, to 
assess the commercial feasibility of the passage. The future 
of the Northwest Passage as a regulär commercial route 
remained uncertain, however, in the late 20th Century.

Whale fisheries and the fur trade. Many advances in 
geographical knowledge were due, directly or indirectly, 
to the whale fisheries that flourished in the Arctic for 
three centuries. On his first voyage in 1607, in the service 
of the Museovy Company, Henry Hudson sailed up the 
east coast of Greenland in search of a direct polar route 
to Cathay. Reaching 73°30' N, he turned east along the 
edge of the pack ice to Spitsbergen and on his way home 
discovered Jan Mayen Island. He was impressed by the 
number of whales he saw, and, as a result of his recom- 
mendation, a thriving whaling industry prospered under 
English, Dutch, Danish, French, and other Companies, 
which continued until the whales were gone. In the 18th 
Century the whaling spread to East Greenland waters, and

Naviga­
tion of 
Northwest 
Passage



26 Arctic

in the 19th Century to Baffin Bay, Hudson Bay, and, af­
ter 1850, the Beaufort Sea, where U.S. whalers played a 
prominent part. By 1920 the industry was dead.

Much of the geographical knowledge accumulated by the 
whalers was never recorded and died with them; some, 
especially in the early days, was deliberately suppressed 
so as to keep it from competitors, but a great deal did 
find its way onto the maps. The coasts of Spitsbergen 
were first mapped by Dutch and English whalers, and 
the Dutchman Cornelis Giles discovered an island east of 
Spitsbergen that was long known as Giles (Gillis) Land, 
now White Island. Later details were added by Norwegian 
sealers. The considerable part played by whaling captains 
in the Franklin search has already been noted; in addi­
tion, the names of many whalers are perpetuated on the 
maps o f Baffin Island and Hudson Bay. A whaler, Wil­
liam Adams, established the insularity of Bylot Island, and 
another, George Corner, made the first complete map of 
Southampton Island. Going farther west, Wrangel Island 
was discovered by Thomas Long, a U.S. whaler.

By far the most famous o f the whalers were the William 
Scoresbys, father and son. Scoresby Sr., a farmer’s son, 
was a first-rate navigator, inventor of the crow’s nest and 
other aids to ice navigation, and the first to suggest the 
use of sledges to reach the pole. His son, who inherited his 
father’s talents and added to them a scientific education, 
wrote two important books on the Arctic. In 1806 the 
Scoresbys reached 81 ° 12' N, north of Spitsbergen, a record 
northing at the time, and in 1822 the younger Scoresby 
made a detailed map of the east coast of Greenland from 
75° to 69° N.
Just as whaling led to improved knowledge of the coast- 

lines, the für trade helped to open the interiors of Arc­
tic lands. The Cossacks who settled Siberia were mainly 
engaged in this profitable trade, and the interior of Spits­
bergen was first frequented by Russian hunters, who in 
the 18th Century hunted the furbearers almost to extinc- 
tion. In North America the influence of the fur traders 
was also great.

The formation of the Hudson’s Bay Company was a 
direct result of the 17th-century voyages into Hudson Bay 
in search of the Northwest Passage. Following an explor- 
atory voyage by Capt. Z. Gillam in 1668, the Company 
was incorporated in 1670 and a trading post established 
at the foot of James Bay. Soon posts were set up on 
the west side of the bay at York Factory and Churchill, 
and these served as bases for further exploration. It was a 
hundred years, however, before the Hudson’s Bay Com- 

The Hud- pany made any real attempt to explore the hinterland; 
son’s Bay Samuel Hearne was sent to look for a source of copper
Company reported by Indians who traded at the coast. Hearne set

out from Churchill with a band of Indians in 1770-71 
and with them made a remarkable journey to the mouth 
öf the Coppermine River, returning by way of Great Slave 
Lake. In 1789 Alexander Mackenzie of the rival North­
w est Company of Montreal travelled by canoe from Lake 
Athabasca down the Mackenzie River to the sea, establish- 
ing a second known point on the Arctic coast. By the time 
the two Companies merged in 1821, there were trading 
posts on Great Slave Lake and down the Mackenzie to 
Ft. Good Hope; it was the existence of these posts that 
made possible the overland expeditions of Franklin and 
his successors, among whom were many Hudson’s Bay 
Company men.

Pushing westward from the Mackenzie through the moun­
tains and into Alaska, the Hudson’s Bay Company met 
Russian traders working from the west coast. The Russians 
had established a colony in Alaska toward the end of the 
18th Century and carried on a vigorous trade at Kodiak, 
Sitka, and other Settlements. In 1831 Baron von Wrangel, 
governor of the colony from 1829 to 1834, established a 
post on St. Michaels Island and had the lower Yukon 
explored. Competition and strife between the Russian and 
British traders ended with the purchase of Alaska by the 
United States in 1867 and the joint survey of the Alaska- 
Yukon boundary.

The North Pole. The North Pole did not become in 
itself a goal of exploration until fairly late; the few early 
expeditions that tried to reach the pole were looking for

a polar route to the East rather than for the pole itself.
After Hudson’s first attempt in 1607, nearly 200 years 
elapsed before the British govemment sent another expe­
dition, under Capt. C.J. Phipps in 1773, to try to sail 
across the North Pole. He got only as far as the north 
of Spitsbergen, and Capt. David Buchan in 1818 did no 
better. In 1827 Parry was the first to try the siedging tech- 
nique suggested by Scoresby, breaking the latter’s record 
by reaching 82 °45/ N.

All these attempts had been in the area between Green­
land and Spitsbergen, which actually is not the accessible 
route to the Arctic Ocean that it appeared to be, owing to 
the strong southerly drift of the ice. The Franklin search 
opened a new route, up the west coast o f Greenland.
In 1860 I.I. Hayes attempted to reach the pole by this 
route in the schooner “United States.” Hayes was a firm 
believer in a theory, then prevalent, that the polar sea 
was ice-free and that it could be reached by breaking 
through the fringing beit o f pack ice. Ironically, he met 
with unusually heavy ice conditions and got only as far 
as Etah on the coast of Smith Sound. In 1871 Charles 
Francis Hall, another American, with more luck and a 
better ship, reached 82°IT N and charted both sides of 
the channel to its northem end at the entrance to the 
Lincoln Sea. Hall himself died during the winter and his 
ship, the “Polaris,” was caught in the ice on the voyage 
south and drifted to Smith Sound, where it was almost 
wrecked. A party of 19, including an Eskimo mother with 
a two-month-old baby, became separated from the ship 
and drifted all winter on an ice floe, being picked up by a 
whaler in April 1873 off the coast of Labrador. In 1875- 
76 a British expedition under Capt. G.S. Nares in the 
“Alert” and “Discovery” reached the Lincoln Sea by ship, 
the “Alert” wintering near Cape Sheridan on the north 
coast of Ellesmere Island, the “Discovery” farther south 
at Lady Franklin Bay. Sledge parties in the spring traced 
the coasts of Ellesmere Island and Greenland to Yelver­
ton Bay and Sherard Osborn Fjord respectively, and one, 
under Comdr. A.H. Markham, reached 83°20' N over the 
pack ice, a new record northing.

In the meantime the Spitsbergen route was not neglected.
In 1869-70 a German expedition under Karl Koldewey 
in the “Germania” sailed up the east coast of Greenland 
to 72° 30' N and traced it by sledge to Cape Bismarck.
A second ship, the “Hansa,” became separated and was 
crushed in the ice, and the crew drifted south on a floe 
around Cape Farewell, reaching the settlement of Fred- 
eriksdal in safety. A.E. Nordenskiöld made two journeys 
toward the pole from Spitsbergen, in 1868 by ship and in 
1873 by reindeer sledge.
An entirely new approach was tried in 1879 by a U.S. 

expedition in the “Jeannette,” led by Lieut. Comdr. G.W.
De Long. At that time it was believed by many that Wran­
gel Island was a large land mass Stretching far to the north, 
and De Long hoped to sail north as far as possible along 
its coast and then sledge to the pole. Accordingly, he sailed 
through Bering Strait, but his ship was caught in the ice 
near Herald Island and drifted west for 22 months, passing 
north of Wrangel Island and revealing its limited extent.
The “Jeannette” sank near the New Siberian Islands and 
the crew reached the Lena Delta on foot, where many of 
them died, including De Long himself. A search expedi­
tion under Lieut. R.M. Berry surveyed Wrangel Island.

Wreckage from the “Jeannette” was found a year or 
two later on the Southwest coast of Greenland, having 
apparently drifted right across the Arctic Ocean. Fridtjof 
Nansen conceived the daring idea that a ship might be 
made to do the same, thus providing a base for scientific 
investigation of the Arctic Ocean and incidentally a means 
of reaching the pole. In a new vessel, the “Fram,” specially First voy- 
designed to rise under lateral pressure and so avoid being age of the 
crushed, Nansen left Norway in 1893 with Otto Sverdrup “Fram” 
and sailed into the Kara Sea. Near the place where the 
“Jeanhette” sank they drove the “Fram” into the pack and 
began a drift that lasted almost three years and ended with 
the safe release of the vessel north of Spitsbergen in 1896; 
a formidable amount of scientific data was collected. Nan­
sen himself left the “Fram” in 1895 with one companion,
Hjalmar Johansen, in an attempt to reach the pole by
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sledge, starting from 84° N in the longtitude of Franz 
Josef Land and setting a new record of 86° 13' N before 
having to turn back and winter in Franz Josef Land. In 
the spring, by a stränge and lucky coincidence, he met 
Frederick Jackson, a British explorer, and returned home 
in his ship. Jackson was investigating Franz Josef Land 
as a possible steppingstone to the pole, but on hearing 
Nansen’s account gave up the polar attempt. In his three- 
year stay (1894-97), however, he revolutionized the map 
of this complicated collection of islands and did a great 
deal of valuable work.
Up to that time the desire to reach the pole had been 

coupled with that of mapping unexplored territory and 
collecting scientific data; after the “Fram” expedition there 
was no Jonger any doubt that the central part of the polar 
basin was an ice-covered sea, and that any land still to be 
discovered would be peripheral. The race for the pole then 
degenerated into an international sporting event. Sever­
al expeditions, following in Jackson’s footsteps, tried to 
reach the pole from Franz Josef Land. Three were Amer­
ican: Walter Wellman in 1898-99, the Baldwin-Ziegler 
expedition in 1901-02, and the Fiala-Ziegler expedition 
in 1903-06. An Italian expedition led by the Duke of the 
Abruzzi set a new record in 1900, when Capt. U. Cagni 
reached 86° 3 4 'N.

Robert E. Peary started working toward his polar jour- 
neys in 1891-92 and 1893-95, when he made two 
long journey s across north west Greenland, discovering the 
largely ice-free Peary Land. He intended to use north 
Greenland as his jumping-off place but later changed this 
to north Ellesmere Island, farther from the pole but more 
accessible. In 1898-1902 he laid a large supply cache in 
Lady Franklin Bay from bases in Smith Sound, sledged 
around the north coast of Greenland, and reached 84° 17' 
N from Cape Hecla, Ellesmere Island. In 1905, aided by 
the expert ice navigation of Capt. Bob Bartlett, he sailed 
in the “Roosevelt” to Cape Sheridan, near the “Alert’s” 
old winter quarters, and from Cape Hecla set a new rec­
ord of 87°6' N. He also sledged around the north coast 
of Ellesmere Island, mapping the coast from where Nares 
left off. In 1908-09 he returned and from Cape Columbia 
in 1909 made a sledge journey to the pole. His technique 
was to start with a large party and set up depots at regulär 
intervals, the support sledges turning back one by one as 
the depots were laid. With Peary on the final dash were 
his black dog-driver Matthew Henson and three Eskimos.

Just before Peary’s return to the United States in Septem­
ber 1909, Frederick A. Cook, an American who had been 
with Peary in Greenland in 1891-92 and who had spent 
1907-09 in the Arctic, announced that he had reached 
the pole the year before with two Eskimos, from the 
north point of Axel Heiberg Island. The matter aroused 
considerable controversy, and, to substantiate his claim, 
Cook submitted his journal to the University of Copen- 
hagen, which considered it inadequate proof; he did not 
appear to challenge the decision. The question of whether 
Peary or Cook actually reached this theoretical point on 
the moving ice pack is hard to prove or disprove; but 
until there is fresh documentary evidence or improved 
knowledge that supports a different interpretation of the 
existing documents, Peary’s claim seems the more valid 
one. In any event, it was accepted by the U.S. Congress 
and geographical institutions in many countries.

Early The first attempt to fly to the pole was made as early as
flights to 1897 when a Swedish scientist, S.A. Andrée, left Spitsber-
the pole gen in a balloon. It was not until 1930 that the fate of 

Andrée and his two companions was known, when their 
bodies and diaries were found on White Island. In 1909 
Walter Wellman made an unsuccessful attempt by dirigi- 
ble, and in 1925 Roald Amundsen, with two Dornier-Wal 
flying boats, reached 87°44' N. The first to reach the pole 
was Richard E. Byrd, who with Floyd Bennett as pilot flew 
from Spitsbergen to the pole and back on May 9, 1926. 
Two days later Amundsen, with Lincoln Ellsworth and 
Umberto Nobile, set off from the same base in a semirigid 
airship and flew across the pole to Alaska.

Scientific exploration. An important secondary motive 
in much of the exploration so far discussed was pure 
scientific curiösity, the desire to add to the general store of

knowledge of the world. With the passage of time and the 
disappearance of the old dreams of gain and glory, this be­
came more and more the primary motive of exploration, 
though it was sometimes combined with a hope of devel- 
oping such mineral or other resources as might be fqund.

In 1875 an important proposal for international Coop­
eration in collecting scientific data was made by Karl 
Weyprecht, and the Suggestion led to the establishment 
of the first International Polar Year, 1882-83, during 
which stations throughout the Arctic took observations 
and pooled the results. The countries participating were 
Norway, Sweden, Denmark, Finland, Russia, The Neth- 
erlands, Germany, Austria, the United States, and Great 
Britain. The 11 stations, reading eastward from Spitsber­
gen, were Isfjord (Ice Fjord), Spitsbergen; Bossekop, north 
Norway; Sodankylä, Finland; west coast of Novaya Zem­
lya; Sagastyr Island, Lena Delta; Point Barrow, Alaska;
Great Slave Lake; Lady Franklin Bay, Ellesmere Island;
Cumberland Sound, Baffin Island; Godthäb, Greenland; 
and Jan Mayen Island. In 1932-33 a similar pattem was 
foliowed by the second International Polar Year, but with 
more stations, and the technique was extended to cover 
the whole world in the International Geophysical Year 
of 1957-58.

Spitsbergen. Starting in 1827 a series of expeditions, 
most of them Swedish, surveyed Spitsbergen and studied 
its geology and natural history. Among those who carried 
out this work were B.M. Keilhau, Otto Torell, and A.E. 
Nordenskiöld. Sir Martin Conway crossed the interior of 
Vestspitsbergen in 1896-97, and in 1898 A.G. Nathorst 
explored the east coast and adjacent islands. Oceanograph- 
ic and other work was done by the Dutch in the “Willem 
Barents” after 1878, by the Prince of Monaco and W.S.
Bmce (1898-1914), and by the Russian admiral S.O.
Makarov in the icebreaker “Yermak” (1899). At the turn 
of the Century coal mining was begun in Isfjord, and this 
led to further survey activity by Norwegian govemment 
expeditions and others. A British expedition from Oxford 
University under George Binney in 1924 was the first 
scientific expedition to make extensive use of an aircraft.

The Russian Arctic. Between 1821 and 1824 F.P. Litke 
of the Russian Navy made four voyages to Novaya Zem­
lya, surveying the west coast and improving the mapping 
of Matochkin Strait and the White Sea coast, and in 
1832-35 P.K. Pakhtusov surveyed much of the east coast 
of Novaya Zemlya. In 1880 Leigh Smith made the first of 
two voyages to Franz Josef Land and was the first to sail 
a ship there under its own power. On his second voyage 
his ship, the “Eira,” was nipped by ice and sank. Smith 
built a hut on the shore and wintered, surveying the south 
coast and collecting scientific data. In the spring the party 
sailed to Novaya Zemlya in small boats. In 1886 and 
again in 1893 and 1900-02 Baron E. von Toll, a Russian 
explorer, worked in the New Siberian Islands. He perished 
in an attempt to find Sannikov Land, an island reported 
north of the New Siberian Islands, which, like many sim­
ilar “lands” in the Arctic, probably does not exist. Some 
coordinated hydrographic work was done by the Russians 
in the Barents Sea from 1898 to 1908, in the Kara Sea 
from 1894 to 1904, and east of Cape Chelyuskin from 
1910 to 1915.
In 1918 Amundsen set out in the “Maud” to emulate 

Nansen’s drift in the “Fram” but with the hope of getting 
into a more northerly latitude by starting the drift nearer 
to Bering Strait. He took three seasons to sail east through 
the Northeast Passage, and it was not until 1922 that the 
“Maud” began its drift, under the scientific leadership of
H.U. Sverdrup. In two years it was carried back to the 
New Siberian Islands, duplicating the path of the “Jean­
nette” rather than the “Fram,” but useful scientific work 
was done throughout both phases of the expedition.

After the Russian Revolution in 1917, the scale and 
scope of exploration increased greatly as part of the work Increase 
of developing the northern sea route. Polar stations, of in Russian 
which five already existed in 1917, increased in number, explora- 
providing meteorological, ice reconnaissance, and radio tion 
facilities. By 1932 there were 24 stations, by 1948 about 
80, and by the 1970s more than 100. The use of icebreak- 
ers, and, later, aircraft, as platforms for scientific work
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was developed. In 1929 and 1930 the icebreaker “Sedov” 
carried groups of scientists to Franz Josef Land and also 
to Sevemaya Zemlya, the last major piece of unsurveyed 
territory in the Soviet Arctic; it was completely mapped 
under G.A. Ushakov between 1930 and 1932.
The one-season voyage of the “Sibiryakov” through the 

passage in 1932 accomplished much scientific work and 
was the first to use the route north of Severnaya Zemlya. 
It gave a further stimulus to development of the sea route, 
and icebreaker operations to study sea and ice became 
annual. Particularly worth noting are three cruises of the 
“Sadko,” which went farther north than most; in 1935 and 
1936 the last unexplored areas in the northern Kara Sea 
were examined and the little Ushakova Island discovered, 
and in 1937 the ship was caught in the ice with two others 
and forced to winter in the Laptev Sea, adding valuable 
winter observations to the usual summer ones.

Greenland. The history of modern Greenland may be 
said to begin with the voyage in 1721 of Hans Egede, a 
Danish-Norwegian missionary whose aim was to find and 
reestablish the Norse colonies. Travelling up and down 
the west coast, he found no survivors of the old colonists, 
but he stayed to found his own settlement at Godthäb 
and to begin the enlightened development of the country 
and its Eskimo people that has made Danish Greenland a 
model of colonial administration.

Greenland has received a great deal of study. The west 
and north coasts became fairly well known during the 19th 
Century. The east coast was less easily explored because 
of severe ice conditions that make it hard to approach 
by ship. In 1806-13 Karl Ludwig Giesecke, a German 
mineralogist, used the native umiak to study the south­
east coast, and so did Lieut. W.A. Graah in 1829-30. In 
1823 captains D. Clavering and E. Sabine, following in 
the steps of William Scoresby the year before, carried the 
survey north to 76° N and took pendulum observations. 
In 1876 the Danish Committee for the Geographical and 
Geological Investigation of Greenland was formed, and 
since then a consistent program of research has been car­
ried out. The gaps in the southeast coast were filled in by 
naval expeditions under L.A. Mourier (1879), G. Holm 
(1883 and 1885), and C.H. Ryder (1891-92), and the 
rest by Lieut. G.C. Amdrup in the “Antarctica” (1898— 
1900), the Duke of Orleans in the “Belgica” (1905), and 
Ludvig Mylius-Erichsen in the “Danmark” (1906-08). On 
the latter expedition long sledge journeys by J.P. Koch 
and Mylius-Erichsen traced the whole northeast corner of 
the island, but Mylius-Erichsen and two companions were 
lost. The last details were recorded in 1901-12 by Ejnar 
Mikkelsen, who traced the route followed by the dead men 
and found their records. A series of expeditions, known 
as the Thule Expeditions because they were based on the 
little trading settlement of Thule in northwest Greenland, 
did considerable work in north Greenland between 1912 
and 1921 under Knud Rasmussen and Lauge Koch.

The Greenland ice cap presented a formidable banier to 
travellers and at the same time a challenge to both adven- 

Expedi- turer and scientist. Early attempts to penetrate it from the 
tions to the west coast settlements were made by Edward Whymper 
Greenland in 1867, by Nordenskiöld in 1870 and 1883, by J.A.D. 
ice cap Jensen in 1878, and by Peary in 1886. Peary, the most 

successful, penetrated 100 miles from the coast. In 1888 
the young Fridtjof Nansen adopted the bold plan of start­
ing from the uninhabited east coast, thus leaving himself 
no retreat but at the same time avoiding the necessity of 
retracing his steps. With five companions, using snowshoes 
and skis, he crossed the ice cap from 64°23' N on the east 
coast to Godthaab on the west. Since then the ice cap has 
been crossed many times, even in its widest parts. Peary 
was the first to cross the northern part, from Inglefield 
Gulf to Independence Fjord in 1892. Other crossings have 
been made by Knud Rasmussen and by A. de Quervain 
in 1912, by J.P. Koch in 1913, by Lauge Koch in 1921, 
and by others.

In 1930-31 three expeditions, simultaneous but inde­
pendent, maintained stations on the ice cap throughout 
the winter, securing meteorological data vital to the study 
of world air circulation. They were the British Arctic 
Air Route Expedition led by H.G. Watkins, the German

Greenland Expedition under Alfred Wegener, and the 
University of Michigan Expedition under W.H. Hobbs.
After World War II this work was continued on a larger 
scale by the French explorer Paul Emile Victor (1947- 
53) and the British North Greenland Expedition under 
Comdr. C.J.W. Simpson (1952-54).

The North American Arctic. By the beginning of the 
first Polar Year in 1882, most of the coastlines of the 
North American Arctic were known except for the islands 
west of Ellesmere Island and the south and west coasts 
of Ellesmere. The U.S. Polar Year station at Lady Frank­
lin Bay, in addition to its scientific program, explored a 
considerable amount of new terrain in Ellesmere Island 
and reached 83°24' N on the north coast of Greenland, a 
record northing at the time. Led by Lieut. A.W. Greely, 
the expedition set up its station, Ft. Conger, in 1881. In 
1883, as no supply vessel had arrived, Greely started south 
in five small boats, according to instruction, and reached 
Cape Sabine in Smith Sound. There a quite inadequate 
depot awaited him, together with a record to the effect that 
the supply ship “Proteus” had sunk in Kane Basin. After 
a terrible winter the survivors—seven from an expedition 
of 25—were rescued by Capt. W.S. Schley in the “Thetis.”

Three earlier expeditions by Americans in search of 
Franklin’s records are worth noting. C.F. Hall, having 
failed in a plan to reach King William Island by boat 
from Baffin Island, spent the years 1860-62 in Frobisher 
Bay, which only then, three centuries after its discovery, 
was proven not to be a strait; he found interesting relics 
of Frobisher’s visits. From 1864 to 1869 he lived among 
the Eskimos at Repulse Bay and made an overland trip 
to the south coast of King William Island. In 1878 Lieut.
F. Schwatka travelled overland from Hudson Bay and 
made the first summer search in the area, returning by 
a remarkable winter journey to Hudson Bay. Franklin’s 
scientific records were never found, either then or since.
Further exploration of the interior was carried out by the 
Geological Survey of Canada, notably by the journeys o f Explora-
J.B. Tyrrell, A.P. Low, and Robert Bell. Between 1884 tion by the 
and 1897 four Canadian govemment expeditions studied Geological 
conditions in Hudson Strait and Hudson Bay with a view Survey of 
to establishing a sea route, and after 1903 a series of voy- Canada 
ages into the archipelago by Low and Capt. J.E. Bemier 
visited many of the islands and did some survey and geo­
logical work. Two Germans, Franz Boas, the well-known 
anthropologist (1883-84), and Bernhardt Hantzsch (1909- 
11), contributed to the geography of Baffin Island.
In 1898-1902 a Norwegian scientific expedition in the 

“Fram” under Otto Sverdrup did a tremendous amount of 
work in south and west Ellesmere Island and north Devon 
Island and discovered three islands to the west—Axel Hei­
berg Island and the Ringnes Islands. Sverdrup’s original 
intention had been to try to circumnavigate Greenland, 
but heavy ice in Kane Basin forced him to change his 
plans. The last gaps in the outline of Ellesmere Island 
were filled in by W.E. Ekblaw, geologist and botanist with 
the Crocker Land Expedition (1913-17) under D.B. Mac- 
Millan. Crocker Land, which Peary in 1906 conjectured 
to be north of Axel Heiberg Island, proved to be nonex­
istent; MacMillan failed to find it in a 200-mile journey 
over the ice.

The last large-scale expedition in the old tradition in 
the North American Arctic was the Canadian Arctic Ex­
pedition, 1913-18, led by Vilhjalmur Stefansson. It was 
divided into two parties, of which the Southern one, under 
R.M. Anderson, did survey and scientific work on the 
north mainland coast from Alaska to Coronation Gulf, 
while the northern travelled extensively in the northwest, 
discovering the last remaining islands in that area. Stefans­
son, a magnificent hunter, successfully adopted Eskimo 
methods and was able to travel long distances by living off 
the land, avoiding the necessity of carrying large quantities 
of supplies. In 1921-24 the fifth Danish Thule Expedi­
tion under Rasmussen worked in Melviile Peninsula and 
Baffin Island, and Rasmussen journeyed overland to King 
William Island and on to Alaska, studying the Eskimos.
In the 1930s a number of British expeditions under Noel 
Humphreys, J.M. Wordie, and T.H. Manning worked in 
the Canadian Arctic; Manning completed the mapping of
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the west coast of Baffin Island, the last major gap on 
the map of Canada. The last new land, however, was 
not added until 1948, when a Royal Canadian Air Force 
photo-survey aircraft found three islands in Foxe Basin, 
one of them, Prince Charles Island, about 3,500 square 
miles in area.

The exploration of Alaska after its purchase by the Unit­
ed States in 1867 proceeded slowly at first but later at a 
rapid speed. Coastal surveys by the Coast and Geodetic 
Survey were started immediately; among others, inland 
joumeys were made by I. Petrof (1880); by Lieut. F. 
Schwatka (1883) and Lieut. H.T. Allen (1885), both of 
the U.S. cavalry; and by Lieut. G.M. Stoney, U.S. Navy 
(1883-85), one of whose party made the first overland 
journey to Point Barrow. After the Yukon gold strike of 
1897, the Geological Survey began a large-scale systematic 
study of all Alaska that has continued along with work 
in other fields of natural Science. Outstanding in the early 
days of the project were A.H. Brooks, chief geologist of 
the Geological Survey in Alaska, 1903-17, and E. de K. 
Leffingwell, who worked on the North Coastal Plain be­
tween 1906 and 1914.

The Arctic Ocean. It is a comment on the unimpor- 
tance of the North Pole as an incentive to exploration 
that hardly any of the real exploration of the Arctic Ocean 
can be credited to the pole seekers. The great exception 
is Nansen, whose work in the “Fram” stood alone until 
the 1930s; but, although Nansen made a bid to reach the 
pole, his primary aim was rather to study the waters and 
bottom contours of the Arctic Ocean and the drift of the 
ice and to find out whether there were new lands still to be 
discovered in the centre of the polar basin. In accord with 
populär opinion, Nansen expected to find only shallow 
water in the North Polar Basin. Consequently the “Fram” 
was equipped to make soundings to only 6,000 feet. Soon 
after the drift began, depths in excess of this were encoun- 
tered. Unravelling one of the ship’s steelwire cables and 
joining the individual Strands end-to-end permitted 11 
successful soundings to be completed under most difficult 
conditions. These soundings gave depths ranging from
11,000 to 13,000 feet, showing that there was a deep basin 
under at least part of the North Polar Sea. These deep 
soundings mark the true discovery of the Arctic Ocean.

The advent of the airplane revolutionized exploration 
techniques and made possible investigation of the Arctic 
Ocean on a scale never before dreamed of. Following 
the polar flights of Byrd and Amundsen, G.H. (later Sir 
Hubert) Wilkins and C.B. Eielson made the first flight 
by airplane across the Arctic Ocean in 1928, from Point 
Barrow to Spitsbergen, and in 1937 two long-distance 
transpolar flights were made by Soviet flyers, V.P. Chkalov 
and M.M. Gromov. These flights were mainly intended to 
prove the capabilities of aircraft, but a third Soviet flight 
in the same year made a large but tragic contribution to 
exploration. A four-engined aircraft piloted by S.A. Leva- 
nevski disappeared in the Arctic Ocean and set in motion 
a large-scale, though unsuccessful, search which covered 
vast areas hitherto unexplored and added tremendously to 
flying experience.
It was also in 1937 that the U.S.S.R. set up the first 

floating scientific station, using four-engined aircraft based 
on Franz Josef Land to land a four-man party under LD. 
Papanin at the North Pole in late May. The station, now 
known as North Pole 1, drifted south for nine months 
and was taken off its melting ice floe in the Greenland 
Sea. In the same year the icebreaker “Sedov” was caught 
in the ice in the Laptev Sea and began a 27-month drift 
that almost duplicated that of the “Fram” and yielded in- 
teresting comparative data. In 1941 an aircraft carrying a 
team of scientists made three landings on the ice at about 
80° N, 175° E.

After World War II scientific work in the Arctic Ocean 
increased greatly, and today there remain no unexplored 
areas. After 1947 the United States carried out routine 
weather-reporting flights over the Arctic Ocean from Alas­
ka and used icebreakers and aircraft to do oceanographic 
work in the Beaufort Sea. In 1952 a weather station was 
established on the ice island T3 and maintained for two 
years, being reoccupied briefly in 1955, and on a more

permanent basis as an International Geophysical Year 
station in 1957. From that time there was continuous 
occupation of stations, usually two at any given time.

The Russians explored the Arctic Ocean on a large scale 
by means of floating stations and large-scale airbome ex­
peditions which made many landings on the ice to take 
observations. Station North Pole 2 was established in 1950 
north of Wrangel Island and was maintained for a year. 
After 1954 there was a continuous succession of stations, 
usually two at once and each occupied for one or two 
years or more, until they drifted into a region where they 
ceased to be of interest or joined the drift to the Greenland 
Sea. North Pole 15 was set up in April 1966.

Technological advances in power (nuclear engines), ma­
rine technology (especially designed icebreakers, scientific 
vessels, and commercial ships), and navigation (inertial 
and satellite guidance Systems) have permitted expedi­
tions such as the 1958 voyages of the uss “Nautilus”

By courtesy of the U.S. Department of the Navy

Figure 4: Arctic routes of the transpolar voyages of the U.S. 
submarines “Skate” and “ Nautilus,” August 1958.

and “Skate,” which made successful polar cruises, in both 
winter and summer, and proved to be excellent platforms 
for oceanographic work; the 1969 and 1970 voyages of 
the “Manhattan,” an ice-breaking oil tanker; and the 1978 
voyage of the Soviet nuclear icebreaker “Sibir,” opening 
a Southern passage across the coast of northern Siberia.
The discovery of oil in near- and offshore polar areas of 
North America provided the economic impetus for much 
geological exploration of the Beaufort Sea, the Canadian 
Arctic Islands, and other areas in the 1970s and 1980s.

(N.A.O.)
The discovery phase of Arctic exploration is over; there 

is no longer any possibility of finding new lands. Pho­
to surveys have provided reasonably accurate maps, and 
improved aircraft and base facilities are making the once 
formidable “frigid zone” increasingly accessible; commer­
cial airlines fly across the North Pole. Nevertheless, much 
detailed exploration of lands and seas remains to be done.

(M.Dr.)

The Arctic Islands

The islands lying north of the Canadian mainland, form- 
ing one of the world’s great archipelagos, extend about 
1,500 miles east to west and 1,200 miles from the main­
land to Cape Aldrich, the northemmost point of Ellesmere 
Island. Two large peninsulas, Boothia and Melville, extend Location 
northward from the mainland and will be discussed here and 
as parts of the archipelago. The land area of this region general 
exceeds 500,000 square miles, about one-seventh of the character- 
area of Canada. istics

The Arctic Islands, also called the Canadian Arctic Archi­
pelago, lie far north of the temperature line, or isotherm, 
along which 50° F (10° C) is the mean July temperature; 
this line coincides closely with the northern limit of trees
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Figure 5: The Arctic Archipelago of North America.

on the mainland and commonly is used to define the 
southem limit of the world’s Arctic region. Like much of 
the adjoining mainland, the Arctic Islands are character- 
ized by permanently frozen ground, or permafrost, except 
for a thaw to the depth of about one foot during the 
summer months.

Ice restricts sea access to most of the islands to the 
late summer and early winter. The few and widely scat- 
tered permanent settlements lie mainly on the Southern 
islands. Although remote, the region has become accessi- 
ble the year round through a network of airfields and air 
routes connecting centres of population to the south. For 
thousands of years the archipelago was peopled only by 
Eskimo, who evidently migrated to this land from Asia. 
Norsemen may have reached the eastemmost islands in 
the lOth and 1 lth centuries, and from the 16th Century 
numerous European expeditions carried out a prolonged 
search for a northwest passage through the islands to the 
Orient.

A few minerals and rocks have long been used by the 
aboriginal Eskimo—native copper and flint for knives and 
weapons and soapstone for lamps and cooking pots—but 
economically valuable minerals have played only a small 
part in the history of the Arctic Islands. Exploitation began 
with mining and shipping of “gold ore” (probably amphi-
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Island in the 16th Century by the English explorer Sir Mar­
tin Frobisher. Graphite, mica, and coal have been mined 
on the same island. In the late 20th Century, increased 
mineral exploration has resulted in promising discoveries 
of iron and lead-zinc. Most spectacular, however, was the

modern oil and gas exploration program that followed 
discovery of a major oilfield in northern Alaska in 1968. 
An oil-producing zone also has been found by drill, and 
several wells have been capped as gas wells.

The Canadian Arctic Islands and Boothia and Melville 
peninsulas form the District of Franklin, one of three ad­
ministrative divisions of Canada’s Northwest Territories. 
Government is by both elected and appointed council- 
lors seated at the territorial Capital, Yellowknife, on the 
mainland.

PHYSICAL GEOGRAPHY

Relief and geology. The surface of the archipelago in­
cludes plains, lowlands, uplands, plateaus, highlands, and 
mountains. Most elevated surfaces are rolling and dissect­
ed by valleys and deep channels. Physiography generally 
expresses the type and structure of the bedrock: extreme­
ly resistant granitic and gneissic rocks form mountains, 
highlands, and uplands; folded sedimentary rocks form 
ridged mountains and uplands; slightly folded or flat-lying 
limestones and related rocks form extensive plateaus and 
lowlands; and weakly Consolidated sandstones and shales 
underlie lowlands and plains.

Mountains and highlands lie along the eastern coasts of 
Baffin, Devon, and Ellesmere islands to form a high east­
ern edge of the archipelago. The surface slopes generally 
westward through plateaus and lowlands interrupted by 
upland and some mountain areas, then drops away to the 
low Arctic Coastal Plain that lies alóng the northwestern 
margin of the region. The eastern mountain belt, in which 
the highest land attains an elevation of about 7,000 feet,

Geology 
and geo- 
morphol- 
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ago
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is deeply dissected by fjords to form a region of high 
relief and rugged scenery. Another beit of rugged moun­
tains forms Axel Heiberg Island and the northem edge 
of Ellesmere Island. The highest point of the Canadian 
Arctic Islands lies in northem Ellesmere Island: Barbeau 
Peak has an elevation o f 8,544 feet (2,604 metres). Pla­
teaus in the central part of the archipelago reach average 
elevations of 800 to 2,000 feet, with hills and mountains 
of about 2,500 feet.

Structural regions. The Canadian Arctic comprises two 
geological provinces: the Central Stable region in the 
south and the Innuitian orogenic region (a once mobile 
beit) in the north. The Central Stable region includes the 
vast crystalline complex of the Canadian Shield, formed 
during the Precambrian (with radiogenic dates between 
2,800,000,000 and 600,000,000 years ago), and large areas 
of overlying, little-deformed sedimentary rocks of Late 
Precambrian and Paleozoic (more than 225,000,000 years 
ago) eras. The Innuitian region is a sinuous beit of slightly 
to severely folded rocks ranging in age from the Late Pre­
cambrian Era to the Tertiary Period (i.e., up to as little as
2.500.000 years ago).

The Innuitian region was the site of two major sedimen­
tary basins: the Franklinian Geosyncline and the Sverdrup 
Basin. The Franklinian Geosyncline, the earlier of these 
tectonic depressions, or regional downwarps, received Sed­
iments nearly continuously from Late Precambrian to 
Late Devonian times (about 345,000,000 years ago). An 
episode of folding and faulting of the geosyncline in lat­
est Devonian time is named the Ellesmerian orogeny, or 
mountain-building episode. Following this orogeny, much 
of the area was again depressed to form the Sverdrup Ba­
sin, which received Sediments between Late Mississippian 
and Early Tertiary times. The rocks of the Sverdmp Basin 
were deformed during the Early Tertiary, some 65,000,000 
years ago, by compressive forces of the Eurekan orogeny. 
Ages and thicknesses o f geological formations. The Ca­

nadian Shield of Precambrian metamorphic rocks forms a 
“basement” complex along the Southern and eastern edges 
of the archipelago. Rocks of the Shield are mainly granite, 
gneiss, and schist. Late Precambrian to Tertiary sedimen­
tary rocks overlie the shield to form northeast-trending 
beits to the north and northwest; these younger rocks in­
clude limestone, dolomite, shale, sandstone, gypsum, and 
volcanic rocks such as andesite and basalt. Bedded rocks 
of Late Precambrian Era attain thicknesses of 12,000 to
19.000 feet on Victoria and Baffin islands but are absent 
over large areas due to later erosion. More widely exposed 
on the Southern islands are Early Paleozoic sedimentary 
formations with a maximum total thickness of 10,000 feet. 
The Early Paleozoic formations pass northward into a 40,- 
000-foot-thick, mainly marine sedimentary sequence that 
occupies the Franklinian Geosyncline. The geosynclinal 
sequence passes from marine to nonmarine in the upper­
most (Devonian) part, in which thin coal seams, as well as 
plant and fish remains, occur in sandstones. On northern 
Axel Heiberg and Ellesmere islands, volcanic rocks and re­
lated Sediments occur along with a metamorphic complex 
that in part predates the geosyncline but may in part de- 
rive from it. The Sverdrup Basin, overlying the folded and 
partially eroded geosyncline, contains some 50,000 feet of 
mainly marine sedimentary rocks. Nonmarine strata in 
the upper part of the sequence include coal and basaltic 
flows. Late Paleozoic anhydrite deep in the basin was forc- 
ibly intruded into overlying beds by orogenic pressures or 
by the weight of the superimposed rocks and now appears 
at the surface as conspicuous gypsum-anhydrite diapirs, 
or “domes.”

The Arctic Coastal Plain is a narrow beit of very low 
relief underlain by Late Tertiary and Early Quaternary 
sand and gravel and is presumably continuous with the 
Continental shelf, which extends about 100 miles into the 
Arctic Ocean.

Final shaping and drainage. The form and drainage 
pattern of the archipelago probably dates from Late Ter­
tiary and Pleistocene times, or since about 25,000,000 
years ago. The bedrock was deeply eroded after the Early 
Tertiary orogeny, and remnants of the erosion surface now 
stand at various elevations. Faults evidently border many

islands, and many channels and major valleys probably 
are related to Tertiary faults. The subsequent drainage 
System was modified by Pleistocene glaciation and now is 
largely submerged in marine waters.

Glacial geology. Successive glacial advances and inter- 
glacial intervals of the Pleistocene Epoch followed world- 
wide climatic changes some 2,000,000 to 3,000,000 years 
ago. The Arctic Islands were largely ice covered during this 
epoch, as was most o f the rest of Canada. The effects of 
the latest, or classical Wisconsin, glacial invasion (climax- 
ing about 20,000 years ago) are most abundant and fresh, 
but earlier advances and interglacial events are recorded at 
many places. Some areas of the westemmost islands lack 
obvious evidence of glacial activity and may have escaped 
glaciation entirely.

Two main ice sheets occupied the islands: the Laurentide 
Ice Sheet flowing northward from the mainland to Over­
ride the southem islands, and the Innuitian Ice Sheet, a 
coalescing series o f glacier complexes that were especially 
well developed in the highlands and mountains of the 
eastern part of the archipelago. Markedly linear glacial 
features, such as dmmlins (hills of glacier-deposited drift) 
and eskers (glacial stream deposits), are abundant on the 
lowlands of the southem islands, while glacial valleys, 
rounded rock surfaces, and other alpine glacial features 
are evident in the higher eastem islands.

Layered Sediments containing plant and woody material 
occur at several localities beneath glacial tili, between tili 
layers, and overlying older tili beyond the recognized limit 
of the late Wisconsin Ice Sheet. Radiocarbon ages greater 
than 30,000 years have been obtained from the organic 
matter, which includes pollen of grasses and sedges, other 
herbaceous plants, and alder, willow, and spmce trees. 
Willow and spmce wood, some beaver gnawed, is found. 
Evidently the interglacial climate was somewhat more fa- 
vourable than at present.

Marine Shells yielding radiocarbon ages from 20,000 to 
more than 40,000 years occur in stratified deposits up to 
a few hundred feet above sea level and as scattered debris 
at higher elevations, as on upland surfaces. The dates are 
minimums, and the “old” Shells indicate marine events 
prior to the last glaciation. Some o f the older Shells are 
broken and abraded and must have been transported and 
dispersed by glacial ice.

Deglaciation in the Arctic Islands was well advanced by 
about 9,000 years ago, as dated by Shells from the highest 
beaches. Deglaciation of the islands, as elsewhere, appears 
to have been marked by fluctuations of the ice front. Scat­
tered proglacial lakes formed as the ice abated, and the 
sea invaded the land, which was then still depressed be­
cause of the former ice load. Remarkable flights of raised 
beaches, now standing from a few feet to about 500 feet or 
more above sea level, attest to postglacial uplift following 
removal of the ice load. The greatest uplift occurs in a 
linear, nearly central zone trending northeasterly through 
the islands from Boothia Peninsula. The emerged marine 
features, however, present a complex pattem because of 
the rise in sea level during deglaciation, the Variation in 
time of ice retreat—and hence of marine incursion—from 
area to area, and possible deformation or possible fault 
movement along some coasts.

Climate. The Southern boundary of the Arctic climate 
region is usually placed at the tree line, which lies on the 
Canadian mainland. North of this distinct natural bound­
ary, the growing season is too short and cold to allow 
tree growth.

The climate of the Arctic Islands is unique in many 
respects because of the high latitude, the barren nature 
of the land surface, and the maritime influence of the 
Arctic Ocean, Baffin Bay, and the interisland waterways. 
The winters are longer and the summers cooler than more 
southerly parts of Canada, but conditions in the Arctic are 
usually not so fierce or extreme as some populär accounts 
would suggest.

The Arctic region is snow and ice covered for more than 
half the year, subjected to a cold, dry climate. The daily 
average temperatures of the three coldest months range 
from —20° F (—29° C) in Southern sections to —30° F 
(—34° C) in the north. The average temperatures generally
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remain below 0° F (—18° C) during six cold months and 
rise above the melting point only during June, July, and 
August. The record low temperatures of —55° to —60° 
F (—48° to —51° C) at Arctic stations are not as low as 
the —70° F (—57° C) and colder temperatures reported 
for parts of the mainland. The summer temperatures are 
cool, generally below 45° F (7° C), with occasional brief 
sunny intervals of 65° to 70° F (18° to 21° C). Winter 
sets in about the end of Augüst in the highest latitude and 
in early or mid-September in the Southern islands. The 
lowest temperatures occur between December and April, 
with January the most severe month in Southern parts 
and February in the high latitudes. Thawing begins in late 
May to early June, and the snow has disappeared from 
much of the land by early July. The breaking up of sea 
ice, which attains thicknesses of about five to seven feet, 
occurs considerably later than the beginning of the thaw, 
but by late July it is well advanced in the Southern and 
eastern periphery of the archipelago. Open water suited 
to ship navigation advances slowly into the archipelago 
during August and September, but the channels between 
the northwestern islands are ice choked the whole season 
(June to September).
The prolonged Arctic cold season is a result of the far 

northern latitude: incoming solar radiation is minimal 
during daylight because of the low angle of the suri’s rays 
and is absent during the long Arctic night. In addition, 
although the amount of solar energy available during the 
periods of long days and continuous daylight is even 
greater than in Southern latitudes, only a small percentage 
reaches the ground because of the high reflectivity of the 
snow and ice surfaces and cloud layers. The sustained 
cooling results in a continuous winter ice cover on the 
seas and channels, generally stable, cloud-free air, and 
consequent light snowfall. During the thaw season the 
open water and wet, thawing land result in high humidity 
and notorious, low-lying stratus clouds and Coastal fogs.

Annual precipitation is low—about three to seven 
inches—throughout the archipelago except along the 
mountainous eastern Coastal sections, where the height of 
the iand and the proximity to the open waters of Baltin 
Bay, Davis Strait, and the North Atlantic result in anoma- 
lously high precipitation and persistent ice caps.

The worst climate in the Arctic Islands is that of the 
Hudson Strait region. Dominated by open water and fre­
quent cyclonic activity, this region has the highest average 
temperature, the heaviest snowfall, the highest average 
wind speeds, and the greatest number of days of summer 
fog in the Canadian Arctic. (R.L.Ch.)

Plant and animal life. Plants and animals of the Ca­
nadian Arctic Islands are relatively few for so large an 
area but are of great interest through their adaptations to 
extremely severe conditions. Spitsbergen, lying far north 
of the Scandinavian Peninsula but bathed by the Gulf 
Stream, supports many temperate plants that cannot grow 
in more southerly Canadian islands, which are surrounded 
by cold water flowing from the Arctic Ocean. The contin­
uous ice and smooth wind-packed snow cause seeds and 
other reproductive structures to be blown great distances 
in winter gales. Many plants are circumpolar without lo­
cal Variation, indicating dispersal between Old and New 
World lands. There is evidence that some insects may be 
carried similarly.

Environmental hazards and adaptive mechanisms. Flow- 
ering plants must flower and fruit rapidly in a short, 
cold summer, freeze with impunity at any time, resume 
full growth as soon as they thaw, and withstand abrasion 

luspension by gritty snow crystals in winter gales. All other Arctic 
nd reacti- plants— fems, horsetails, mosses and liverworts, lichens, 
ation of algae, and fungi—as well as insects—the primitive arthro- 
netabolic pods known as springtails, Spiders, and mites—share the 
unctions ability to freeze at any time and resume full metabolism 

as soon as the temperature permits it. This is the most im­
portant characteristic of all Arctic organisrns except birds 
and mammals. A few crucifers, members of the mustard 
family, may mature their seed in a second year if snow 
cover is complete, while many fungi and insects mature 
gradually in two to several years, stopping growth at any 
stage and continuing the next spring.

Although small animals may take shelter from gales, 
plants must either grow in sheltered sites or tolerate snow 
abrasion. A common protection is assumption of a com­
pact cushion, in which the winter buds lie below the level 
of the old sterns and leaf tips. The projecting parts cause 
eddies that slow down snow particles.

Mammals of or above the size of Arctic hares can carry 
fur heavy enough to give them excellent insulation, and 
they need little shelter. Such coats are unmanageable for 
such small species as ermine and lemmings, which must 
spend most of the winter below ground or below the snow. 
Snowfall is often very light, and large areas may be swept 
bare by wind. Soil temperature may then be so depressed 
that lemmings fail to reach breeding condition.

Native species. The most widespread mammals are 
Arctic fox, wolf, ermine, polar bear, Arctic hare, collared 
lemming, caribou, and musk-ox. The brown lemming 
(Lemmus sibiricus) occurs on the Southern islands, while 
the red fox and wolverine occur on Baffin Island.

Most birds leave the Arctic Islands before winter be­
gins, but a few willow ptarmigan, snowy owls, and ra- 
vens (Corvus corax) remain. Common birds in the high- 
latitude Queen Elizabeth Islands include the red-throated 
loon, snow goose, old-squaw and king eider ducks, rock 
ptarmigan, a few sandpipers, long-billed jaeger, glaucous 
gull, Arctic tern, and a few buntings. About 35 other 
species, notably plovers and gulls, breed regularly in the 
Southern islands.

The most important fish in the archipelago region is 
the Arctic char, a staple food item of the Eskimo and 
increasingly populär for shipment south. No reptiles or 
amphibians reach the islands.

The insect life is of major consequence. A few moths 
and bumblebees reach northern Ellesmere Island, but the 
true flies, or Diptera, are by far the most abundant order. 
They include many midges, a few mosquitoes, and some 
muscoid flies. By their great numbers, they are important 
in pollination, and they are the main food for various 
birds. Beetles are few, except in the southem islands. Oth­
er orders are scarce or absent.

About 325 species of fiowering plants grow in the region. 
Grasses, sedges, and rushes are common, but most other 
monocotyledons are absent. Dwarf birch and several wil- 
lows reach the Southern islands, but only one prostrate 
willow reaches northern Ellesmere. Other conspicuous 
species or groups include mountain sorrel, bistort, various 
Caryophyllaceae, buttercups, various Cruciferae, poppies, 
saxifrages, cinquefoils, mountain avens, crowberry, fire- 
weed, louseworts, fleabanes, and dandelions.

Several ferns, horsetails, and clubmosses are recorded, all 
Southern species that survive on sterile sites where com- 
petition is lacking. Mosses, liverworts, and some groups 
of algae are plentiful; but few species are endemic to the 
Arctic, and some are nearly cosmopolitan. Lichens are 
numerous and often conspicuous. They are important in 
delaying water loss from gravel, thus helping to establish 
mosses and fiowering plants. Large lichens are major items 
in the diet of caribou.

Fungi are of great ecological importance, for they largely 
replace bacteria in breaking down plant remains. Various 
mushrooms and a few puffballs and large cup fungi grow 
in soil; and nearly 300 species of microfungi are parasitic 
or saprophytic on leaves and sterns.

Plant cover is governed by summer climate and by soil 
and rock type. The numbers o f vascular plants correlate 
closely with the July mean temperature; the flora dimin- 
ishes precipitously as the freezing point in summer is 
approached. In many of the westem islands, low relief 
and rapidly weathering sandstone or limestone give ex­
tremely barren Substrates with much less than 1 percent 
ground cover.

Total productivity is not known for any site, but breeding- 
bird censuses give rough comparisons. Isachsen yielded 
9.61 birds per square miie; Hazen Camp, 24.99; and 
grassy tundra in southwestern Baffin, 391 and 544. (In 
contrast, temperate forests and swamps range from 1,000 
to 11,785.) Such figures emphasize the low productivity 
and the precarious balance o f Arctic ecosystems.

(D.B.O.S.)
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HISTORY

In the 19th Century British interest in the Northwest Pas­
sage brought Sir John Ross (1818) and Sir William Edward 
Parry (1820) to the Arctic archipelago and led to the dis­
covery of the magnetic pole on the Boothia Peninsula by 
Ross’s hephew, Sir James Ross (1831). Sir John Franklin’s 
ill-starred expedition by sea (1845-48), his disappearance 
with all his men, and the loss pf his ships occasioned the 
famous search (1848-59) that incidentally added much to 
the knowledge of the Arctic coast.

Until the mid-20th Century the total white population 
consisted of about 50 on Baffin Island and perhaps 20 
more people scattered through adjacent islands. With the 
advent of air services and the extension of meteorological 
and radio research, this number increased considerably. A 
notable event was the Canadian military expedition (“Ex- 
ercise Musk-ox”) early in 1946, in which a group of army 
men travelled by tractors from Churchill to Cambridge 
Bay on Victoria Island, retuming via Coppermine and 
Norman Wells. Of great interest also were the voyages of 
“St. Roch,” which twice trayersed the Northwest Passage. 
In 1941 and 1942 it made the journey from Cambridge Bay 
to Pond Inlet in Baffin island, wintering near the magnetic 
pole. In 1944 Sgt. Henry Larsen made the retum journey 
and traversed the difficult portion of the journey—from 
Pond Inlet to the Beaufort Sea—in 18 days. He found the 
narrow Prince of Wales Strait (north of Victoria Island) 
practically free of ice and so was able to accomplish this 
feat of navigation in record time. The “St. Roch” was 
the only vessel to traverse the historie passage both ways. 
An expedition in 1947 investigated the site of the north 
magnetic pole. Survey by the aeroplane “Aries” seemed to 
show that it had moved north from Boothia Peninsula by 
perhaps as much as 300 miles. About that time the United 
States cooperated with Canada in establishing weather and 
loran (long range radar aid to air navigation) stations on 
various islands of the archipelago, including such locations 
as Eureka Sound, Winter Harbour, and Cambridge Bay, 
and on Resolution and Nottingham islands.

(Ed.)

Greenland

Greenland (Danish Grönland; Greenlandic Kalaallit Nu- 
naat), the largest island in the world and an integral part 
of the Kingdom of Denmark, lies in the Northern Hemi- 
sphere, on a northeastern extension of the structural shelf 
fringing the continent of North America. Its icy, inhos- 
pitable environment is mostly within the Arctic Circle and 
extends to within less than 500 miles (800 kilometres) of 
the North Pole.

Greenland forms a wedge-shaped mass of about 840,000 
square miles (2,175,600 square kilometres), of which more 
than 700,000 square miles are ice covered. Its maximum 

Physical north-south extension is about 1,660 miles, and it is some 
dimensions 650 miles across at its widest point, at about 70° N.

The length of its indented coastline has been estimated 
at 24,430 miles—almost exactly equal to that of the cir- 
cumference of the Earth at its Equator. Its southemmost 
tip is Kap Farvel (Uummannarsuaq), at 59°46' N, while 
Kap Morris Jesup, at 83° 39' N, was, until a recalculation 
in 1969 of the Position of Kaffeklubben Island, some 20 
nautical miles to the east, considered as the nearest land to 
the North Pole. The westernmost point, Kap Alexander, 
at 73°08' W, is farther west than the U.S. city of Boston, 
while its eastemmost point, Nordostrundingen, at 12° W, 
is almost as far east as Ireland. At its narrowest point, 
Greenland is only 16 miles from Ellesmere Island in the 
Canadian north.
A submarine ridge, no deeper than 600 feet, connects 

the island physically with North America, from which 
Greenland is separated at sea level, from north to south, 
by the Nares Strait, the Robeson Channel, the Kennedy 
Channel, the Kane Basin, Smith Sound, Baffin Bay, Davis 
Strait, and the Labrador Sea. To the north lies the Lincoln 
Sea and the ice masses of the Arctic Ocean, while on the 
east and south lie the Greenland Sea, Denmark Strait, 
and the Atlantic Ocean. At a depth of about 2,000 feet, 
the Yermak Plateau, another submarine ridge, connects

Greenland with Spitsbergen, while at the same depth the 
Faeroe-Iceland Ridge snakes across the ocean floor to 
Scotland and the European continent.

PHYSICAL AND HUMAN GEOGRAPHY

The land. Relief and geology. Structurally, Greenland is 
an extension of the Canadian Shield, the rough plateau of 
the Canadian north, made up of hard Precambrian gneiss 
and granite rocks. In addition, the northem shoulders of 
Greenland (the mountains of Peary Land and their west­
ward extension to Ellesmere Island) are structurally linked, 
via Spitsbergen, to the Caledonian orogeny of Europe.

From the dawn of geological time, the vast mass of 
Greenland, now largely obscured by ice, has been mold- 
ed by a series of volcanic and orogenic processes. At 
the earliest period, volcanic activity took place along the 
eastern edge. Later, sand and clay were washed out from 
ancient mountains into a long structural trough along the 
east coast. This became filled with layers of sandstone, 
limestone, and shale many thousands of feet thick, which 
were then uplifted to form the fold mountains of East 
Greenland. In more recent times, sandstones were laid 
down on both the east and west coasts, and coal of the 
Cretaceous Period, about 100,000,000 years ago, is found 
in the Coastal areas of Disko Island (Qeqertarssuaq) and 
the Nuussuaq Peninsula. Later, about 50,000,000 years 
ago, further volcanic activity formed horizontal layers 
of hardened lava streams, which can be seen as black 
bands interlacing exposed rock faces. Basaltic survivals of 
this period are at the Scoresbysund (Scoresby Sound) hot 
springs area in the east, at Julianehäb (Qaqortoq) in the 
south, and on Disko Island and Nuussuaq and Svartenhuk 
peninsulas in the west. The fossils in the sandstones and 
coal deposits testify that a temperate climate existed in the 
Cretaceous Period.

The onset o f the Ice Age, 1,000,000 or so years ago, totally 
changed the Greenland environment. Vast accumulations 
of ice slid from the interior to the coasts, scouring away 
the rock masses beneath through debris frozen to the base 
of the slowly moving ice. Lakes formed on the Coastal 
periphery, and sand and clay plains also developed from 
Sediments washed out from under the advancing ice. In 
the 20th Century the indented, island-strewn coast forms, 
in part, a narrow, ice-free fringing strip. Long, deep Qords 
reach far into both the east and west coasts in complex 
Systems, offering magnificent, if desolate, scenery. The 
Scoresbysund network on the east coast is the largest, with 
a length of about 185 miles and a breadth of 125 miles.
A range of mountains 7,000 feet high also runs along 
the east coast, with Mt. Gunnbjom, 12,139 feet, marking 
the highest point in Greenland. Along many parts of the 
coast, the ice sheet fronts directly on the sea, with large 
chunks breaking off the tongueing glaciers and sliding into 
the waters as icebergs.
The ice sheet itself, the major feature of the Greenland The ice 

landscape, is the largest ice mass found outside of Antarc- sheet 
tica. It is contained by Coastal mountains on the east and, 
to a lesser extent, on the west, although the rock floor far 
beneath its surface is at, or slightly beneath, current sea 
level. The average depth of the ice is 5,000 feet, with a 
maximum depth o f 10,000 feet. Layers of snow falling on 
its barren, windswept surface become compressed into ice 
layers, which constantly move outward to the peripheral 
glaciers—the Jakobshavn Glacier, often moving 100 feet 
a day, is among the world’s fastest glaciers. Nunataks—  
lofty, isolated peaks—emerge occasionally around the rim 
of the ice sheet, whose total area is 708,100 square miles.

Climate. The climate of Greenland is bleak and Arctic, 
modified only by the slight influence of the Gulf Stream 
in the Southwest. Rapid changes, from dazzling sunshine 
to impenetrable blizzards, are common and result from 
the eastward progression of low-pressure air masses over a 
permanent layer of cold air above the ice. January average 
temperatures at Prins Christianssund, the southemmost 
station, are 21° F (—6° C) with July readings of 45° F 
(7° C), while at Station Nord, the northemmost station, 
the corresponding figures are —31° F (—35° C) and 39°
F (4° C). Average monthly precipitation decreases from
9.3 inches (238 millimetres) in the south to 0.6 inch (15
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millimetres) in the north, with summer rainfall concen­
trated in the Southwest; snow can, and does, fall in any 
month. Although summers can be quite pleasant on the 
Southwest coast, the inland ice is uniformly cold, with a 
July average of 10° F (—12° C) and a February mean of 
-5 3  F (-47° C).

In 1966 U.S. Army engineers drilled a 4,600-foot (1,400- 
metre) ice core near Dundas (Uummannaq), and in 1974 
another 1,325-foot core was drilled in central Greenland. 
The cores have been studied to determine and date clima- 
tic fluctuations up to 100,000 years ago and to establish 
correlations with the fossil “raised beaches” of the coasts, 
which indicate relative changes in sea and land levels. The 
climate became noticeably warmer during the early part of 
the 20th Century, with a 1930 maximum, associated with 
northward seal movements and an increase in the cod 
population. By the late 20th Century, sea temperature was 
dropping again, causing a serious decrease in cod fishing.

Plant life. The Vegetation of Greenland is represented 
mainly by tundra types, with heather, birch, willow, and 
alder scrub together with sedge, cotton grass, and liehen. 
The Greenland summer is rich in plant life. Of the 400 
or more species, 300 are of North American origin, 50 
or so were imported by the earliest Norse inhabitants, 
and the rest, on the isolated nunataks, have survived the 
ice ages. In southemmost Greenland, winter hay is grown 
for sheep, and along the western coast such vegetables as 
radishes, cabbage, and lettuce are raised, with potatoes in 
the extreme south.
Animal life. The rieh animal life of the surrounding 

seas is the basis of existence for Greenlanders. The sea 
mammals—seals and whales—were formerly the main 
sources of nourishment, with ring- and black-sided seals 
predominating. Land mammals are represented by seven 
species—polar bears, musk-oxen, reindeer, arctic foxes, 
snow hares, ermines, and lemmings. Half o f the breeding 
birds are native, and most of the remainder are from 
North America. The most important sea birds are eiders, 
guillemots, auks, wild geese, ducks, and gulls, while land 
birds include ptarmigans, ravens, white-tailed eagles, gyr- 
falcons, peregrine falcons, snowy owls, snow buntings, and 
longspurs. Among insects, mosquitoes appear in summer. 
Salmon and trout are found in the rivers, while cod, 
salmon, flounder, halibut, and angmagssat (capelin) are 
important saltwater fish.

The people. Ancient and modern influences had creat- 
ed by the late 20th Century a uniquely blended society 
in Greenland. The strongest element sterns from Eskimo 
culture, whose representatives, many with admixtures of 
European blood, are known as Greenlanders. By the late 
20th Century they accounted for more than three-quarters 
of the total population. The pure Eskimo are now found 
only in the far north, near Thule, and in East Greenland. 
In terms of origin, the Eskimo are believed to have crossed 
from North America to north west Greenland, using the 
islands of the Canadian Arctic as stepping stones in a se­
ries of migrations that stretched from 4000 b c  to a d  1000. 
Each wave of migration was represented by different cul­
tures, beginning with Independence cultures (named after 
a nearby fjord), which followed the musk-ox and reindeer 
north to Peary Land. About the same time, the Sarqaq 
culture spread along the west coast and even reached east 
Greenland, although the lack of hunting grounds impeded 
movement around the northern rim of the island. Later 
migrations brought the Dorset, Dundas (Thule), and In- 
ugsuk cultures.
Greenlanders today retain a clear linguistic and cultural 

identity (the Eskimo refer to themselves collectively as In­
uit, or Innuit, meaning “the people”). The Eskimo dialects, 
taken together, form a language group differing from all 
others. A Greenlander grammar (1851) and a dictionary 
(1871) built up an Eskimo literary language, and Eskimo 
is the predominant spoken language of Greenland. The 
material culture, especialiy in the north, includes such 
beautifully constructed practical hunting equipment as the 
kayak, often considered the most elegant boat in the world.
The second element in Greenland society is represented 

by European, specifically Danish, influence. Apart from 
the early Norse settlers—whose colonies became extinct
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by the early 15th Century as a result of climatic deteri- 
ofation and who left only an archaeological legacy—the 
Eskimo remained the sole inhabitants of the island until 
1721, when a Danish missionary initiated new settlement. 
Greenland was a closed society until 1951, and Danish 
immigration was small, consisting largely of administra­
tors. Faeroese and Danish settlement increased during 
the 1950s and 1960s. The modemization of Greenland 
society was given great impetus by developments in air 
Communications and global strategy during and following 
World War II. Lying between the great superpowers of the 
Northem Hemisphere, Greenland became of prime im- 
portance in radar and air Communications and in weather 
observations. One result was the construction of the giant 
United States base at Thule in 1951, although American 
personnel had little direct contact with, or influence on, 
the indigenous population.

Permanent settlement is extremely dispersed and entirely 
confined to the Coastal fringe. About three-fifths of the 
population is urban, a Proportion that is growing as a 
continuation of trends visible after World War II: con- 
centration and industrialization of the fishery industry in 
the towns, the growth of job opportunities in these towns, 
and the concomitant decline of village-based fishing and 
hunting. The Capital, Godthäb (Nük), contains about a 
fifth of the urban population. Demographically, since mid- 
century the population has experienced a decline of about 
two-thirds in its death rate, a consequence of improved 
health care and nutrition, and a decline of more than 
half in its birth rate, due to increasing sale and use of 
contraceptives.

The economy. Seal hunting, once the mainstay of the 
Greenland economy, declined drastically in the early part 
of the 20th Century, partly as a result of overintensive 
hunting and partly due to climatic amelioration. By the 
late 20th Century sealing was still the occupation of a small 
portion of the population, based mainly along the westem 
coast near Umänak, Upemavik, and Thule, but also along 

Hunting the east coast of Greenland. Fishing, which flourished in 
and fishing the warmer waters, replaced seal hunting as the most im­

portant economic activity, and cod fishing, canning, and 
freezing have played major roles in modemizing Green­
land’s economy and sustaining population growth. The 
state owns most fishing plants and several fishing trawlers. 
There are also a small number of private plants and a 
large number of private trawlers and smaller fishing boats. 
The combination of lowered water temperatures and ov­
erfishing, however, had reduced landings of cod and other 
species by the mid-1980s to the point that employment, 
export earnings, and control of inflation were at risk. 
These risks, however, were probably short-term, pending 
determination by marine biologists of sustainable yields 
for fish stocks that would permit control by quota.
Animal husbandry is marginally possible in the milder 

southwestem portion of Greenland, where reindeer, first 
introduced from Norway in 1953, and sheep are raised. 

Mining Mining operations have been erratic: deposits may be 
rieh, but extraction and transportation costs have often 
been high. The Ivigtut cryolite mine, opened in 1864, 
closed down its production in 1963, when it proved no 
longer economically feasible to operate what had been the 
world’s largest natural deposit of this mineral. The coal 
deposits on Disko Island and the zinc and lead mines 
at Mesters Vig have been exhausted or are uneconom- 
ical to mine. On the other hand, extensive explorations 
by international Companies have discovered considerable 
potential in terms of uranium, molybdenum, zinc, lead, 
and other important deposits, and copper deposits were 
discovered on the east coast of central Greenland. Lead 
and zinc mining began along the westem coast in the late 
20th Century.
Greenland’s trade has continued to fall largely into gov­

emment hands, in spite of the ending of the official state 
trading monopoly in 1951. The Royal Greenland Trade 
Department (Den Kongelige Gronlandske Handel; kgh) 
continues to supply the country with necessary goods by 
Controlling the import-export business. There is a great ex- 
cess of imports over exports. The state employs the largest 
number of Greenlanders— more than one-third of the la­

bour force—and a large contingent of Danes are econom­
ically active in the public and private sectors. Greenland’s 
industrial enterprises, like its trade, are either private or 
govemment concerns. The latter are run by the kgh 
or the the Greenland Technical Organization (Grönlands 
Tekniske Organisation; gto), which transfers its small fac- 
tories, workshops, and other enterprises to local, private 
ownership after setting them up. A good Proportion are 
now in Greenlander, as opposed to Danish, ownership.

Transportation. By the late 20th Century the transpor­
tation System of Greenland, both internal and extemal, 
had undergone a complete transformation linked with the 
development of a market economy and with technological 
improvements, notably in air Communications. Freight 
continues to be largely shipped by sea, although access to 
the ports is seasonally interrupted, while mail and pas­
senger traffic are usually airbome. The airport at Sondre 
Stromfjord (Kangerlussuaq), in addition to its function as a 
Stopover on transpolar flights to North America and Asia, 
handles passengers and mail travelling between Greenland 
and North America and Denmark. Flights to and from 
Denmark—most often via Iceland—also use airports in 
East Greenland and in Narssaq in southemmost West 
Greenland. Helicopters provide internal service between 
the western towns and the airports at Sondre Stromfjord 
and Godthäb; a passenger plane has also operated out of 
Godthäb since 1979.

Traditional dog-drawn sledges remain indispensable to 
travel in East, North, and northemmost West Greenland.
Almost three-fourths of Greenland’s motor vehicles and 
all of its motoreyeles are privately owned. There is a 
high number of vehicles in relation to the island’s small 
road network.

Greenland has a sophisticated telephone, telegram, telex, 
and radiotelephone network, as well as a military Com­
munications network associated with nato and the North 
American radar defense System.

Administrative and social conditions. Government. On 
November 29, 1978, the Danish parliament approved leg- Links with 
islation granting home rule to Greenland. The legislation Denmark 
was approved by Greenland in a referendum held in 
January 1979, and it became effective on May 1, 1979.
In accordance with home rule, Greenland remains under 
the Danish crown, which retains jurisdiction over foreign 
affaire. Each Greenlander is a Danish Citizen, enjoying 
equal rights with all other Danes.
Greenland’s parliament, called the Landsting, is com- 

posed of 21 members elected to four-year terms by all 
adults 18 years of age or older. The leader of the majority 
party in the Landsting becomes the chairman; he forms 
an administration, the Landsstyre, that is composed of 
himself (as chairman) and four other members of his party 
from the Landsting. Meetings of the Landsting are sched- 
uled twice each year, each session of about one month’s 
duration; committees are constituted to act as intermedi­
aries between the Landsting and the Landsstyre.

Some matters of govemment were immediately trans­
ferred to the Landsting from Denmark’s Ministry for 
Greenland, while others were to be transferred on a grad- 
ual, scheduled basis. The Ministry for Greenland continues 
to act as a link between the Greenland govemment and 
that of Denmark. The two governments are also linked 
by the two members of the Danish Parliament elected 
from Greenland by all Danish subjects (Greenlanders and 
Danes) 18 years of age or older who are resident in Green­
land. The local representative of the Danish govemment 
in Greenland is the Rigsombudsmand (High Commission- 
er), whose duties are similar to those of a county prefect.

Greenland is divided into three administrative districts—  
Nordgronland (North Greenland), 0stgronland (East 
Greenland), and Vestgronland (West Greenland). There 
are, in addition, a number of municipalities, each with 
a council elected by adult suffrage every four years and 
chaired by its locally elected burgomaster.

Justice. The High Court (Landsret) consists of a judge, 
a graduate of the faculty of law of the University of 
Copenhagen, and two lay judges. The district courts are 
headed by lay judges, from whom appeal can be made to 
the High Court, and, ultimately, to the Supreme Court
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in Copenhagen. The police districts are headed by a chief 
constable.

Education. The educational System is administered by 
the Director of Education for Greenland, with inspectors 
for every school district. Preschool and kindergarten fa- 
cilities are either public or attached to factories. Since 
1979, education has been compulsory for the nine years 
of elementary school, but attendance is voluntary for the 
next four years—two years in “continuation” school and 
two in “course” school. There is a teacher-training school 
in Godthäb, and occupational and vocational training is 
available at several schools. Special vocational training is 
available in Denmark, where Greenland’s students may 
also prepare for, and study at, universities and other 
higher educational institutions. An educational board was 
established by the Landsstyre in Copenhagen to supervise 
the education of Greenlanders in Denmark.

Health and welfare. The health service is state support- 
ed and without charge, utilizing Danish-trained staff, a 
doctor, and a small hospital in each district. The central 
hospital is located in Godthäb. An intensive campaign has 
nearly eliminated tuberculosis, which was a leading cause 
of death in the mid-20th Century.

The social welfare service is under the jurisdiction o f the 
Landsstyre, which acts in cooperation with the municipal 
councils. Welfare services are paid for by the Danish gov- 
ernment in an annual grant to the Landsstyre. Despite a 
general improvement in the Standard of living in Green­
land, the range of social welfare services is wide. A major 
problem is that of unemployment, which varies from one 
municipality to another and with the seasons. The Social 
Welfare Department operates a branch in Copenhagen to 
care for Greenlanders living in Denmark.

Cultural life. The cultural heritage of the Greenlanders 
finds most prominent expression in the Eskimo material 
culture: kayaks, umiaks, sledges, harpoons, and soapstone 
lamps, all of which have a close relationship to the envi­
ronment. Cultural values, in the wider sense, arose from 
the design concepts developed during the construction of 
these artifacts and found expression in sculptures (some 
made for the commercial market) in the mediums of 
ivory, wood, and soapstone. Eskimo legends maintain 
a relationship to the past and to other Eskimo groups 
around the Arctic (see above Arctic cultures). Modern 
poetry attempts to revive old traditions but points to 
a break between Greenlandic and Danish culture, with 

Crisis in the Greenlander feeling the danger of losing his cultural 
:ultural identity in the developing market economy and modem 
dentity European values. A folk high school attempts to support 

Greenlandic traditions.
The press of Greenland dates back to the 1860s, when the 

newspaper Atuagagdliutit (literally “Something to Read”) 
made an appearance in Godthäb. It is still published, in 
Greenlandic and Danish. There is also an embryonic local 
press, a product of the movement in the late 20th Century 
to the towns. Broadcasting, which started in World War 
II, has expanded considerably and provides a wide range 
of programming.

HISTORY
The history of Greenland is bound up with the history 
of Arctic exploration. Since the lOth Century people have 
not only settled on the coast but have visited and ex­
plored the island in the course of their journeys into the 
polar regions.

Discovery and exploration. Exploration o f the coasts. 
In the beginning of the lOth Century the Norwegian 
Gunnbjom Ulfsson (son of U lf Kraka) is reported to have 
found islands to the west of Iceland. In about 982 Erik 
the Red sailed from Iceland to find Gunnbjorn’s land 
and spent three years on Greenland’s southwestern coasts. 
On his return in 985 he called the land Greenland in 
order to make people more willing to go there; and in 
986 he started again with 25 ships, of which 14 reached 
Greenland, where a colony was founded on the Southwest 
coast (see below Colonization and political developments). 
Communication between the Norse settlements and Nor­
way, however, was broken off in the 15th Century. In 
the following Century Danish and Norwegian expeditions

tried in vain to reestablish the communication, and the 
rediscovery of Greenland was made by the English navi­
gator Sir Martin Frobisher, who landed on the west coast 
of Greenland in 1578.

Other explorers, including Gaspar Cörte-Real, had mean- 
while seen it, and the work of John Davis (1586-88),
Henry Hudson (1610), and William Baffin (1616) afford- 
ed further knowledge of the west coast. The east coast 
was sighted by Hudson at about 73°30' N in 1607 and 
in 1617 by the Dutchman Joris Carolus at about 66° N.
During the 17th Century the coasts were probably visit­
ed by many whalers who finished the rediscovery of the 
country’s outline.
Exploration was impossible without bases on the coast and The first 

was not started until 1721, when the Danish-Norwegian Danish 
missionary Hans Egede founded a settlement near God- settlement 
thäb on the west coast. Egede studied the nature and the 
people, travelling northward and southward from God­
thäb, and in 1752 Peder Olsen Walloe reached a point at 
61° N on the east coast.
In th e  19th Century sc ien tific  ex p lo r a tio n  w a s  acce lerated .

The Southern west coast was mainly explored by Danes 
from the Danish settlements there, but in the northern 
region of the west coast English and American explorers 
were leading. John Ross (1818) found the polar Eskimos at 
Cape York; E.A. Inglefield (1852) sailed into Smith sound;
E.K. Kane (1853-55) worked northward through Smith 
sound into Kane basin; and C.F. Hall (1871) explored 
Kennedy strait and Robeson channels to the north of 
Kane basin. The first to give more accurate information of 
the east coast was William Scoresby (1822), who made the 
first fairly trustworthy map of the coast between 69° and 
75° N. Captains E. Sabine and D. Clavering visited this 
coast in 1823 and met the only Eskimo ever seen in this 
part of Greenland. The German K. Koldewey expedition 
reached 77° N (Cape Bismarck) in 1870, and the Duke of 
Orléans penetrated to about 78° 16' N in 1905. The rest 
of the northern east coast was explored by the Danish L. 
Mylius-Erichsen-J.P. Koch expedition (1906-08), which 
discovered Northeast Foreland, the easternmost point. E.
Mikkelsen (1909-12) mapped those regions. The Southern 
part of the east coast was first explored by the Dane W.A.
Graah (1929-30), and other Danes, G. Holm and T.V.
Garde (1883-85) and C. Ryder (1891-92), mapped, re- 
spectively, the coast from Cape Farewell to 65° 16' N and 
the Scoresby Sound. The Dane G. Amdrup (1899-1900) 
explored the still unknown coast between Angmagssalik 
and 69° 10' N and the Swede A.G. Nathorst (1899) dis­
covered the large King Oscar Fjord.

Toward the close o f the 19th Century several explorers 
visited north Greenland, including L.A. Beaumont of the 
Nares Expedition (1876), J.B. Lockwood of the Greely 
Expedition (1882), and R.E. Peary on several journeys 
(1892, 1895, and 1901). The Danish exploration of north 
Greenland began in 1910 with the foundation of the 
station of Thule in North Star bay (at 76° 32' N) by K.
Rasmussen. It was the base of five Danish expeditons 
under Rasmussen and L. Koch.

In 1924-34 expeditions under Rasmussen, Koch, and 
Mikkelsen continued researches on the east coast, which 
was also explored by the English-Danish expedition under
A. Courtauld and E. Munck (1935-36) and by E. Knuth’s 
expedition in 1938-39. After World War II Koch and 
Knuth continued their work on the east coast. Great areas 
were mapped from airplanes.

Exploration o f the ice cap. Exploration of the great ice 
cap, or inland ice, which covers the whole of the inferi­
or of Greenland, was attempted in the 18th Century but 
failed and so did E. Whymper’s and R. Brown’s attempt in 
1867. Jens Jensen reached, in 1878, the Jensen nunataks 
(5,512 feet above the sea) about 45 miles from the west­
ern margin at 62° 50' N. A.E. Nordenskiöld penetrated, in 
1883, about 80 miles inland at 68°20' N and two Lapps 
of bis expedition went still farther on skis to about 43°
W, at an elevation of 6,600 feet. Peary and C. Maigaard 
reached, in 1886, about 100 miles inland, a height of
7,500 feet at 69° 30' N. The Norwegian Fridtjof Nansen, 
with five companions, in 1888 made the first complete 
Crossing of the inland ice, working from east to west,
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about 64°23' N, and reached a height of 8,922 feet. Peary 
and E. Astrup, in 1892, crossed the northern part of the 
inland ice between 78° and 82° N and determined the 
northern termination of the ice covering. Mylius-Erichsen 
crossed the northeastern corner of the inland ice in 1907, 
as did Mikkelsen in 1910. In 1912 K. Rasmussen and P. 
Freuchen crossed from Inglefield Gulf to Danmarkfjord 
and back and verified that Peary Land is an integral part 
of Greenland and not, as previously supposed, separated 
by a strait. In 1912 the Swiss A. de Quervain crossed 
the inland ice from Disko Bay to Angmagssalik and LP. 
Koch and A. Wegener crossed from Louise Land on the 
northeast coast to Upernavik on the west coast in 1913. 
The first crossings of the inland ice by airplane were made 
in 1931 by the German W. von Gronau from Scoresby 
Sound to Godthäb and by the American Parker Cramer 
from Holsteinborg to Angmagssalik.

The development of modern air traffic and the fact 
that Greenland weather is of fundamental importance for 
predicting conditions on the North Atlantic and in west­
ern Europe have meant that since about 1930 weather 
observations were an important reason for Greenland ex- 
plorations. In 1930-31 a British expedition under H.G. 
Watkins made weather observations high on the inland 
ice 40 miles north of the Arctic Circle; at the same time a 
German expedition under A. Wegener wintered 300 miles 
farther north. In 1933 a University of Michigan expedition 
went up still farther. During World War II Allied military 
weather stations were at work, and after the war there 
were weather stations from the south to the far north.

F. Johnstrup first advocated the foundation of a per­
manent geological survey of Greenland in 1944. Seven 
years later, in 1951, Grönlands Geologiske Undersogelse 
became a permanent Institution, and since then explora­
tion has been centred on geology, structure, movement of 
the inland ice, and hydrography. Both Danish and foreign 
expeditions have undertaken this work. (H.Ln.)

Colonization and political development. Early settle­
ment. After discovering Greenland in about 982, Erik the 
Red settled just north of the present Julianehäb. Soon 
two colonies had been formed, Eystribygd, in the present 
district of Julianehäb, and Vestribygd, farther north, in the 
present district of Godthäb. At the height of their pros- 
perity the colonists numbered about 3,000 on 280 farms. 
Numerous ruins indicate the location of these colonies. 
Somewhat later the colonists met the Eskimos farther 
north in the neighbourhood of Disko Bay, where the 
Norsemen went to catch seals and walrus. The Eskimos 
were probably migrating south at that time. Christianity 
was introduced by Leif (Leifr) Eriksson about 1000, and 
in 1126 Greenland was assigned its own bishop, who lived 
at Gardar on Igalikofjord.

Greenland was a republic until 1261, when the colonists 
swore allegiance to the king of Norway, who in return 

Greenland charged himself with supplying them with Commodities, 
allegiance In the 14th Century deterioration in Greenland’s climate 
to Norway made it difficult to breed cattle, the colonists’ main live- 

lihood. Moreover, the monopolistic trading policy, forced 
on the kings by the Hanseatic merchants, caused grave 
trouble to the Greenlanders’ trade, and in consequence 
the colonists diminished in number, and in the 15th Cen­
tury the settlement became extinct. The last vessel from 
Greenland retumed to Norway in 1410, but vessels in 
the Icelandic fish trade may have visited Greenland until 
about 1500. Excavations in the Norse burial grounds show 
15th-century European influence in the style and texture 
of the clothes; there is no indication of absorption into 
the Eskimo groups or of destmction by Eskimo onslaught. 
Skeletons that show malformation suggest extermination 
by excessive intermarriage and ad verse conditions of life.

(B.S.B.)
Recolonization. Norway had been united with Denmark 

in 1380-81, and in the 16th and 17th centuries the Dan­
ish kings several times planned to resume communication 
with Greenland. The recolonization of Greenland began 
in 1721 with the voyage of the missionary Hans Egede to 
Godthäb. He thought that he would find descendants of 
the Norsemen, but he found only Eskimos. He was deeply 
disappointed but stayed and started medical and mission­

ary work among them. It was his idea that the economic 
activities of the colony were to be entirely subordinated 
to his missionary work. This, however, proved impossible, 
and a few years later the Danish state had to come to 
his assistance. Later the Greenland trade was assigned to 
private interests, but in 1774 it was again taken over by 
the state and was carried on as a govemment monopoly 
until 1951, when Greenland was opened to private Danish 
enterprise, though the government-owned Royal Green­
land Trading Company continued its activities. During the 
period of the govemment monopoly, Denmark aimed to 
aid the Greenlanders in cultural respects so as to enable 
them gradually to establish contact with the outside world 
without becoming subject to exploitation. Consequently 
Greenland was shut off from free contact with the outside 
world, and all resources were reserved for the Greenland­
ers, who were to seil their surplus production in return 
for goods required for maintaining and further developing 
their Standard of life.

Establishment o f Danish sovereignty. At the dissolution 
of the union between Norway and Denmark in 1814,
Greenland was retained by Denmark. Until 1916 Den- 
mark’s sovereignty extended only over the west coast 
between Cape Farewell and 74° 30' N and thé one trad­
ing station of Angmagssalik on the east coast, founded 
in 1894. In 1916, however, the United States declared 
that it had no objection to the extension of Denmark’s 
political and economical interests to the whole of Green­
land. Similar declarations were made by other countries, 
including Great Britain, and in 1921 Danish sovereignty 
was extended to embrace the whole island, which led to a 
dispute with Norway regarding hunting and sealing rights 
in the uncolonized areas of the east coast. In 1931 some 
Norwegian hunters, on their own initiative, occupied the 
east coast between 71° N and 75° N  in the name of the 
Norwegian king, and after some hesitation the Norwe­
gian govemment recognized the occupation. Denmark at 
once summoned Norway into the International Court of 
Justice at The Hague, and in 1933 the occupation was 
found invalid, the premises stating that Danish sovereignty 
extended over both the colonized and the uncolonized 
areas of Greenland. In 1924 a colony had been founded 
on Scoresby Sound on the east coast, and the privately 
founded colony of Thule in the far north was taken over 
by the govemment in 1937.

On April 9, 1941, a year after the German occupation 
of Denmark, Henrik Kauffmann, Danish minister to the 
United States, signed an agreement that made Greenland Tempo- 
a temporary protectorate of the United States. Danish sov- rary 
ereignty was recognized, and the arrangement was to last U.S. pro- 
only for the war emergency; the United States obtained tectorate 
the right to build bases for aircraft and radio and weather 
stations and to “do any and all things necessary” to hold 
these positions. New York City displaced Copenhagen as 
the key point for export and import arrangements, but 
local Danish officials and the existing Danish govemment 
System continued almost unaltered. After World War II 
the communication between Greenland and Denmark was 
fully resumed, but U.S. forces remained in some bases.
On April 27, 1951, however, an agreement was signed 
in Copenhagen between Denmark and the United States 
for the joint defense of Greenland, concluded within* the 
framework of the North Atlantic Treaty Organization 
(nato) and replacing the provisional agreement of April 
9, 1941. In the areas under U.S. command the United 
States would enjoy certain rights of use without impairing 
Danish sovereignty; all defense areas could be used by the 
ships, aircraft, or armed forces of other nato countries;
U.S. forces in Greenland would respect Danish laws and 
administration conceming the indigenous population. In 
accordance with this agreement the United States, in 1951, 
started the establishment of the great air and radar base 
at Thule. In 1947 a special committee of Greenlanders 
and Danes was set up to examine measures to modernize 
Greenland’s political, social, and economic life in accor­
dance with the Greenlanders’ desires and the necessity of 
bringing their way of life to conformity with the new epoch 
that had come to Greenland as a consequence of modern 
air strategy and air Communications. The examinations



resulted in the abolition of the monopoly of the Royal 
Greenland Trading Company in 1951 and of the colonial 
status of Greenland in 1953, when Greenland became an 
integral part of the kingdom of Denmark. In the follow­
ing years housing and health services were improved, and 
harbour and canning facilities increased the possibilities of 
the fishing trade. (H.Ln.)

Novaya Zemlya

Novaya Zemlya is an Arctic archipelago off the coast of 
the Russian Soviet Federated Socialist Republic, U.S.S.R. 
Administered as part of Archangel oblast, it consists of 
two large islands separated by a narrow winding channel 
56 miles long, the Matochkin Shar (strait), and many 
small islands. It lies between latitudes 70°26' and 77° N 
and between longitudes 51°26' and 69° 12' E and forms 
an elongated crescent, being more than 600 miles long, 
with a width of 25 to 68 miles and an area of about 31,- 
382 square miles. It separates the Barents Sea on the west 
from Kara Sea on the east. Along with Vaygach Island, 30 
miles to the south, Novaya Zemlya (New Land) forms a 
continuation from the mainland of the Khrebet Pai-Khao, 
a branch of the Ural folds.

PHYSICAL GEOGRAPHY

The greatest heights occur near Matochkin Shar (about
3,500 feet). Ice covers about a quarter of the total area, 
lying mostly in the north island.

A central zone of upper Cambrian and Devonian rocks 
extends along the islands. These quartzites, conglomerates, 
and dolomites are flanked by carboniferous shales and 
limestones. Copper and other metallic ores are known. 
The coast is severely indented and has raised beaches that 
give good landing places.

Novaya Zemlya is colder than Spitsbergen (which lies 
more to the north), as in some degree it shares in the Con­
tinental conditions of northern Russia and Siberia. The 
middle and northern parts of the west coast are not so cold 
as the east. Temperatures at Karmakiily on the west coast 
(the wärmest part) are 2 ° F (— 17 ° C) in February and 43 ° 
F (6° C) in July. Snow is universal from October to May.

Vegetation is solely tundra and decreases from south to 
north. It is most luxuriant in the Southwest. There are few 
trees or bushes. The fiowering plants number about 200.

In the ice-free areas there are foxes, lemmings, bears, and 
reindeer. Insects are numerous near the coast. Countless 
birds come from the south for the breeding season, and 
at certain parts of the seacoast the rocks are covered with 
millions of guillemots, while great flocks of ducks, geese, 
and swans swarm every summer on the valleys and lakes 
of the south. Whales, walruses, and various seals are fre­
quently seen. The Arctic char and some salmonate species 
appear in the rivers, and cod frequent offshore waters.

The abundance of sea mammals and birds attracted 
Russian hunters, and even in the 16th Century they had 
extended their huts to the extreme north of the island. 
Many of them wintered for years on Novaya Zemlya. Be­
cause of the ice in the White Sea, Russian hunters found 
Novaya Zemlya less accessible than did the Norwegians. 
But about 1877 systematic attempts at settlement were be- 
gun by the Russian govemment, several families of Nenets 
(Samoyeds) being established at stations on the west coast 
of the south island, including Pomorka Bay and Belushya 
Bay, and Malye Karmakuly on Möller Bay.

HISTORY

Novaya Zemlya was probably known to Novgorod hunters 
in the 13th Century and to Norse hunters earlier still. In 
1556 Stephen Borough reached the Southern extremity of 
Novaya Zemlya, being the first westem European to do so. 
Willem Barents touched the island (1594) at Sukhoy Nos 
(latitude 73°46') and followed the coast north to the Or­
ange Islands (Ostrova Oranskiye) and south to the Kostin 
Shar. In 1596, after his discovery of Spitsbergen, Barents 
wintered at Ice Haven, 76° 12' N. In 1760 Sawa Loshkin 
cruised along the east coast; he spent two winters there 
and in the next year retumed along the west coast, thus ac- 
complishing the first circumnavigation; but the records of

his voyage have been lost. In 1768 Lieut. F.F. Rozmyslov 
explored Matochkin Shar, where he spent the winter. The 
first scientific information about the island is attributable 
to the expeditions (1821-24) of F.P. Litke (Lütke; 1797— 
1882). Nearly all the west coast as far as Cape Nassau, 
as well as Matochkin Shar, was mapped and valuable 
scientific information obtained. In 1832 and 1835 Lieut. 
P.K. Pakhtusov mapped the east coast as far as 74°24'. 
Karl Ernst von Baer made further investigations in 1837, 
and A.K. Tsivolka in 1838-39. Expeditions have become 
less dramatic and more numerous since the middle of the 
19th Century, particularly since 1920. A weather station 
has functioned at Karmakuly since 1896; to this was add­
ed an observatory at Matochkin Shar (1923), and further 
weather stations at Cape Zhelaniya (1931), Russkaya Gav- 
an (1932), Capes Stolbovoy and Vykhodnoi (1934), and 
Cape Menshikova (1953). The settlements in the south 
island continued to exist, maintained by trapping, raising 
reindeer, and collecting eiderdown. (T.E.Ar.)

Svalbard

Svalbard is part of the kingdom of Norway and comprises 
all islands in the Arctic Ocean between longitudes 10° 
and 35° E and latitudes 74° and 81° N. The main group 
of islands, known as Spitsbergen, consists of Vestspitsber- 
gen, Nordaustlandet (North East Land), Edgeoya (Edge 
Island), Barentsoya (Barents Island), Prins Karls Forland 
(Prince Charles Foreland), and numerous smaller islands. 
Surrounding the Spitsbergen group from north to south on 
the east are Kvitoya (White Island, or Gilles Land), Kong 
Karls Land (King Charles Land, or Wiche Islands), and 
Hopen (Hope Island). Farther to the south is Bjornoya 
(Bear Island). The total area of Svalbard is 23,958 square 
miles, that of the Spitsbergen group is 23,641 square miles, 
with Vestspitsbergen 15,075 square miles. Other areas are: 
Nordaustlandet 5,610 square miles; Edgeoya 1,942 square 
miles; Barentsoya 514 square miles; Prins Karls Forland 
247 square miles; Kong Karls Land 128 square miles; 
Kvitoya 102 square miles; Bjornoya 69 square miles; and 
Hopen 18 square miles. There are no indigenous inhab- 
itants. The population, consisting of miners and admin­
istrative staff living at the Norwegian and Soviet mining 
towns (see below), and some trappers and radio operators, 
changes seasonally. The administrative centre is Longyear- 
byen in Vestspitsbergen.

PHYSICAL GEOGRAPHY
The land. Relief and geology. More than half of Sval­

bard is covered by ice. The mountains along the west coast 
of Vestspitsbergen are rather wild with sharp ridges and 
peaks formed by folded and metamorphic pre-Devonian 
Sediments. The eastern part of the island and Edgeoya 
and Barentsoya have plateau-formed mountains built up 
of nearly horizontal, younger Sediments. In the north­
ern part of Vestspitsbergen and Nordaustlandet there are 
more rounded mountains built up partly of granites and 
gneisses. The highest peaks are in Ny Friesland, where 
Newtontoppen reaches 5,633 feet. In the Southern part 
of Vestspitsbergen, Hornsundtind (4,695 feet) is the high­
est mountain. Many large fjords penetrate the west and 
north coasts of Vestspitsbergen. The most important are 
Hornsund, Bellsund with Van Mijenfj orden and Van Keu­
lenfjorden, Isfjorden with several branches, Kongsfjorden 
and Krossfjorden on the west coast, and Woodfjorden 
and Wijdefjorden on the north coast. The west and north 
coasts of Nordaustlandet are also indented by fjords, but 
the east coast of this island is formed by the front of 
the inland ice. Many of the glaciers reach the sea, but in 
Vestspitsbergen there are also large ice-free valleys, such as 
Sassendalen, Adventdalen, Colesdalen, and Reindalen. In 
many parts of the coast there are extensive Coastal plains, 
formed by the sea when its level was higher. Bjornoya 
consists of an ice-free plain with many lakes, rising to 
Miseryfjeilet (1,759 feet) in the southeast.
The principal features of the geology are known. Most 

formations from early Paleozoic, and perhaps Archean, 
to Recent, occur. The oldest rocks appear chiefly on 
the west and north, including Prins Karls Forland and

Svalbard’s
mountains
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Nordaustlandet. They are the Heclahuken (Hecla Hoek) 
series o f Precambrian* Cambrian, and the Ordovician do- 
lomites, limestones, shales, and quartzites that form the 
Caledonian folds and overthrusts of the west. The folds 
can be traced as far east as the west of Nordaustlandet. 
Granite and gneiss were probably involved in the Cale­
donian foldings. The metamorphosed Hecla Hoek series 
and eruptives are in the northwest, uncomformably ov- 
erlain by Devonian sandstones and shales. These are un- 
conformably followed by Lower Carboniferous sandstones 
and shales with some coal, Middle Carboniferous or Up­
per Carboniferous limestones, Permocarboniferous cherts, 
and Permian sandstones and shales. Next come Triassic, 
Jurassic, and Cretaceous sandstones, and shales with some 
small coal seams. Unconformably, Tertiary sandstones 
and shales with several coal seams follow. Tertiary folding 
is obvious in the west against the Hecla Hoek beds. In 
the central part o f southem Vestspitsbergen the Tertiary 
beds form a large syncline. Heavy faulting also occurred 
in Tertiary times. Intrusions of dolerites and basalt were 
probably of Cretaceous (Neocomian) date. An extinct voL 
cano and several hot Springs (28° C [82° F]) in Bock Bay 
are Quatemary. The strandflat is well developed up to 
180 feet; and postglacial raised beaches are marked. Gla­
cial and postglacial debris on low ground generally mask 
the solid rock, and loose screes form fans on the lower 
slopes. Many Devonian and later deposits in Svalbard are 
extremely rieh in fossils.

Climate. The sea around Spitsbergen is shallow, and ice 
readily accumulates around the shores. Pack ice prevents 
access to most shores except for a few months in the year. 
The warm North Atlantic drift, however, sends a branch 
to the westem shores of Spitsbergen, moderating its cli­
mate and leaving an open passage that permits vessels to 
approach the westem coast during most months of the 
year. The fjords are frozen from October or November to 
May or June.

February and March temperature means are about 5° 
F (—15° C), and July means are about 43° F (6° C). 
Extreme temperatures may rise to more than 70° F (21° 
C) in summer and fall below —40° F (—40° C) in winter. 
In September, autumn sets in. The Arctic night begins 
in October and lasts until the end of February. The an­
nual precipitation at Gronfjorden (Green Harbour) is 11.6 
inches; precipitation is often less in the interior. Winds 
are generally light except on the west coast. There is 
mist in the west.

Plant and animal life. The only trees are the polar wil­
low, which does not exceed two inches in height, and the 
rare dwarf birch (Betula nana). The Vegetation consists 
mostly of lichens and mosses, variegated with the golden- 
yellow flowers of the ranunculus, the large-leaved scurvy 
grass, the cuckoo flower, many saxifrages, foxtail grass, 
etc.; while on the driest spots yellow poppies, whitlow 
grasses, and mountain avens are found—poppies some­
times even on the higher slopes, 2,500 feet or more above 
the sea. Most species of fiowering plants are also found in 
Europe and many are circumpolar. In the ice-free valleys 
of Vestspitsbergen there is a comparatively rieh Vegetation 
of Salix polaris, grasses, moors with cotton grass, and 
Arctic flowers.

According to the explorer William Scoresby, no fewer 
than 57,590 whales were killed between 1669 and 1775. 
Reckless extermination of seals also took place. Walrus- 
es are now rarely seen in the water west of Spitsbergen. 
There is a rieh bird life. The fulmars, the glaucous gull 
or burgomaster, little auks, black guillemots, ivory gulls, 
and kittiwake gulls breed on the cliffs, while Arctic (Brün- 
nich’s) guillemots, puffins, pink-footed brant and barnacle 
geese, purple sandpipers, red-necked phalarope and other 
waders, and Arctic terns frequent the tundra and its pools. 
The commonest passerine bird is the snow bunting. The 
eider duck breeds on the islands, but its numbers have be­
come noticeably reduced. These birds, however, are only 
summer visitors, the ptarmigan being the only species that 
stays permanently. Red char are the only fish found in 
the rivers and lakes. Land mammals are the polar bear, 
reindeer, and Arctic fox (both blue and white). There was 
heavy slaughter of reindeer before they became protected

in 1925. The musk-ox, introduced from Greenland in 
1929, is also protected and has thrived, unlike the Arctic 
hare, another import from Greenland.

The economy. Except for coal deposits, ore and mineral 
deposits are rather poor and scanty. Deposits of anhy- 
drite with gypsum, marble, iron ore, asbestos, galena, zinc 
blende, and pyrites have been found. Coal deposits were 
discovered in 1610, but it was not until the beginning 
of the 20th Century that the deposits were thoroughly 
surveyed. From 1898 to 1920 many areas, most of them 
containing coal seams, were claimed by Companies and 
persons from various countries. When Norway took over 
the sovereignty, a Danish commissioner was nominated to 
decide upon the ownership of these claims. He recognized 
a total area of 1,631 square miles as private property, 
of which by the late 20th Century the majority belonged 
to Norway and the remainder to the Soviet Union. All 
other land is the property of the Norwegian govemment 
and may not be transferred into private possession, but 
the subjects of all signatory powers to the treaty of 1920 
have equal rights to exploit mineral deposits. Coal mining 
on a commercial scale was started by John M. Longyear’s 
Arctic Coal Company (Boston) in Longyeardalen, south 
of Adventfjorden, in 1906 and by an English Company on 
the north side of this fjord. The U.S. Company exported
147,000 tons of coal between 1907 and 1915. In 1916 the 
property was sold to a Norwegian group that established 
Store Norske Spitsbergen Kulkompani A/S. A Swedish 
mine that was worked during 1917-25 at Sveagruva on 
the north side of Braganzavagen was sold to Store Norske 
in 1933. A Dutch Company worked the mines at Barents­
burg on the east side of Gronfjorden until 1926, but sold 
the property to the Soviet Company Arktikugol in 1932. 
This Company also took over the properties at Grumant- 
byen and Pyramiden. In the late 20th Century the Store 
Norske’s in Adventdalen and Arktikugol’s at Barentsburg 
and Pyramiden were still being mined.
Apart from mining, the only economic activity is trapping 

and hunting of fox, polar bear, and seal, and increasing 
activity by U.S., Soviet, and Norwegian oil prospectors.

Besides the coal steamers, a mail and passenger Steam­
er makes trips during the summer from Tromso to the 
Vestspitsbergen harbours. In summer Svalbard is also vis­
ited by large tourist steamers and many sealers. There 
are navigation lights and radio beacons in Bellsund-Van 
Mijenfjorden, Isfjorden, and Kongsfjorden, and Isfjord 
Radio at Kapp Linné provides a radar service. Svalbard 
Radio, situated in Longyearbyen, receives transmissions 
from Norway; the other mining towns have local stations. 

Administration. Svalbard is administered by a govemor 
(.sysselmann), who is also district judge, chief of police, 
notary public, and revenue oflicer, and has his residence 
in Longyearbyen. An inspector of mines (bergmester) su- 
pervises mining activities. An income tax is payable by 
Russians as well as by Norwegians. There are primary 
schools for children.

HISTORY

Exploration. It is probable that the Svalbard (Cold 
Coast) discovered in 1194, according to Icelandic annals, 
and mentioned in the Landnämabok was Spitsbergen; 
modern knowledge of Svalbard, however, dates from its 
discovery by Willem Barents and Jacob van Heemskerck 
in June 1596. They first discovered Bjornoya and later 
saw the northwest coast of Vestspitsbergen. After visits 
by Stephen Bennett in 1603, Henry Hudson in 1607, 
and Thomas Marmaduke in 1609, the Muscovy Com­
pany sent an expedition in 1610, which resulted in the 
establishment of the whaling industry in 1611, in which 
English and Dutch whalers took part. Later, French, Han- 
seatic, Danish, and Norwegian whalers also participated, 
and the king of Norway-Denmark laid claim to “this 
part of Greenland,” as it was then considered. Quarrels 
among the whalers resulted in the division of the coast. 
The English had whaling rights south of latitude 79° N, 
whereas the Dutch erected their cookeries at Smeerenburg 
on Amsterdamoya, where more than 1,000 persons might 
be assembled in summer. The French were driven away 
from the coast in 1632 and had to boil their blubber on
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board their ships. After about 1640 the whales began to 
withdraw from the fjords and had to be caught off the 
coast. English whaling at Spitsbergen ceased in 1660, and 
Dutch whaling in about 1800, by which time the Green­
land whale had been exterminated. English whalers were 
the first to winter in Spitsbergen, in 1630-31. Probably it 
was not until about 1715 that the Russians first visited 
Spitsbergen, wintering there to hunt walrus, seal, bear, fox, 
and reindeer. Many of them were sent out by the Solov- 
etskiy monastery. Russian activity ceased in about 1850, 
but already at the end of the 18th Century Norwegian 
sealers from Tromso, Hammerfest, and other towns had 
been hunting in the Spitsbergen waters, and from 1822 
they also wintered there to trap fur-bearing animals. This 
wintering was, however, not regulär until the last years of 
the 19th Century.

Many expeditions have made Spitsbergen their base for 
polar exploration, as C.J. Phipps in 1773, D. Buchan 
and John Franklin in 1818, D.C. Clavering and Edward 
Sabine in 1823, and William Edward Parry, who in 1827 
reached 82°45' N. In the same year the Norwegian geolo­
gist B.M. Keilhau visited the islands, and in 1837 Swedish 
exploration began with Sven Lovén’s expedition. This was 
followed by many Swedish expeditions, including those of 
Otto Toreil in 1858, A.E. Nordenskiöld in 1864. 1868, 
and 1872-73, A.G. Nathorst, Gérard De Geer, and others, 
which were the foundation for later exploration. Other 
19th-century exploration included the German expedition 
under K. Koldewey to the eastem part in 1868, that of 
Sir Martin Conway, who crossed Vestspitsbergen in 1896- 
97, and the Swedish-Russian expeditions of 1898-1902. 
In 1896 the Norwegians built a hotel on Hotellneset at 
Adventfj orden and started weekly trips by tourist steam­
ers. In the first half of the 20th Century Spitsbergen was 
visited by numerous scientific and exploring expeditions. 
In 1906 and 1907 the Prince of Monaco sent a party, 
led by W.S. Bmce, which worked on Prins Karls Forland, 
and another party, led by Gunnar Isachsen, began map­
ping the northwestern part of Vestspitsbergen. This led to 
1 Sachsen s expeditions of 1909—10, and later to Norwe­
gian expeditions under the leadership of Adolf Hoel, A. 
Staxrud, and others. After 1948 this work was continued 
by the Norsk Polarinstitutt, Oslo. From the early 1920s 
many British expeditions, associated particularly with the 
Oxford University Exploration Club, visited Spitsbergen, 
and some wintered there.

Spitsbergen has also been used as a base for polar flight. 
The first (fatal) attempt was in 1897, when the Swedish 
scientist S.A. Andrée and two companions set off by bal­
loon from Danskoya; their remains were found on Kvitoya 
33 years later. Roald Amundsen started from Ny-Alesund 
on his unsuccessful flight to the pole in 1925 and on his 
flight with Lincoln Ellsworth and Umberto Nobile in the 
dirigible “Norge” across the pole in 1926. Richard E. Byrd 
also started from Ny-Alesund on his transpolar flight in 
1926. Sir George Hubert Wilkins landed at the entrance 
of Isfjorden in April 1928 after his flight from Alaska, and 
in May Nobile started there in the dirigible “Italia,” which 
met disaster north of Nordaustlandet.

Political development. Despite diverse interest in, and 
claims to, the islands by British, Dutch, Norwegians, 
Swedes, Danes, Russians, and Americans, the question of 
sovereignty was long unsolved, and Spitsbergen was a terra 
nullius. Norway initiated a conference on the matter in 
Christiania (Oslo) in 1910, which was followed by others in 
1912 and 1914, all without result. In 1919 F.H.H. Wedel 
Jarlsberg persuaded the Allied Supreme Council to grant 
Norway sovereignty over Spitsbergen, Bear Island, and 
all the lands lying between 74° and 81° N and between 
10° and 35° E. This was put into effect by a treaty of 
February 9, 1920, signed by Great Britain and the British 
dominions, the United States, France, Italy, Japan, The 
Netherlands, Denmark, Norway, and Sweden; the Soviet 
Union adhered later. Norway took formal possession on 
August 14, 1925, and declared the region a part of the 
kingdom of Norway, under the old name Svalbard.

The 1920 treaty forbade the erection of any naval base 
or fortress within Svalbard. During World War II Spits­
bergen was, nevertheless, the scene of serious operations.

In August-September 1941 an Allied force destroyed the 
radio stations, power stations, stocks of coal and oil, etc., 
and evacuated all Russians to the Soviet Union, and Nor­
wegians to Scotland. In the autumn the Germans erected 
a meteorological station in Longyearbyen. In May 1942 
two vessels, “Isbjorn” and “Selis,” were sent from England 
to prevent the mines from falling into German hands, but 
on reaching Gronfjorden they were destroyed by German 
aircraft. A small Norwegian force from England landed in World 
July 1942 and occupied Barentsberg, Longyearbyen, and War II 
Sveagruva. After a German meteorological station had Norwegian 
been destroyed in Krossfjorden in 1943, a large German garrison 
force consisting of the “Tirpitz,” the “Scharnhorst,” and 
about 10 destroyers entered Isfjorden on September 8,
1943, and totally demolished the mining towns of Bar- 
entsburg, Grumantbyen, and Longyearbyen. In 1944 a 
German submarine set fire to Sveagruva. The Norwegian 
garrison was, however, maintained throughout the war.
After the war all towns were rebuilt. (A.K.O.)
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■2 Argentina

Argentina

Argentina (Repüblica Argentina) occupies most of 
the southem portion of South America. It is the 
eighth largest country in the world, with an area 

of 1,073,399 square miles (2,780,092 square kilometres). 
Shaped like an inverted triangle with its base at the top, 
it is only about 884 miles (1,423 kilometres) across at its 
widest from east to west, but it Stretches 2,360 miles from 
the subtropical north to the subantarctic south. This great 
length embraces regions of striking diversity, including 
the Andes Mountains; the thomy scrubland and seasonal 
swamps of the Gran Chaco; the broad, fertile plains of 
the Pampa; the stark tableland of Patagonia; and an un- 
dulating Atlantic coastline of 2,936 miles. Argentina also 
claims a 49° wedge of Antarctica and several islands in the 
South Atlantic, including the British-ruled Falklands (Islas 
Malvinas). It is bounded by Chile on the south and west, 
Bolivia and Paraguay on the north, and Brazil, Uruguay, 
and the Atlantic Ocean on the east.

For many foreigners, especially Europeans, Argentina has 
presented the traditional New World image of a land of 
romance and opportunity. It received its name, roughly 
translated as “land of silver” or “silvery one,” from Span- 
ish explorers of the 16th Century who were lured there 
by rumours that portrayed the presence of vast mineral 
wealth. In the 19th Century the former colony of Spain 
was the land of gauchos, the lone horsemen of the pam-

pas, and of estancieros, ranchers who lived like kings on 
estancias the size of small countries. In the last part of the 
19th Century and the first quarter of the 20th, Argentina 
became for the poor of Europe a place where they could 
eam a decent living on the expansive farmland of the 
interior or in the growing cities of the coast. During this 
period millions of immigrants came to Argentina, bring- 
ing skills that helped transform it into a modem country 
whose agriculture and industry remain among the most 
productive of Latin America.

Historically, Argentina has often been mied by a caudillo 
figure, a strong leader, often of the military, who domi- 
nated the nation, usually until he was deposed or died. 
During its periods of democratie mie Argentina has been 
administered as a federation of autonomous States with a 
republican System of govemment. In the late 20th Cen­
tury Argentina has been set back by failed policies that 
have at times brought hyperinflation and led the country 
into misadventures such as the Falkland Islands war of 
the early 1980s, a venture that cost dearly in terms of 
both morale and finances. Its recovery from such disap- 
pointments and its future development are based on the 
potential manifested in its excellent resources and its well- 
educated populace.
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Physical and human geography
THE LAND
Argentina encompasses a variety of major landforms that 
are often grouped together into four major regions: the 
Andes, the North, the Pampa, and Patagonia. The Andean 
region extends some 2,300 miles along the westem edge of 
the country, from Bolivia to Southern Patagonia, forming 
most of the natural boundary with Chile. It is commonly 
subdivided into two parts: the Northwest and the Patago- 
nian Andes, the latter of which is discussed here under 
Patagonia. The North is commonly described in terms of 
its two main divisions: the Gran Chaco, or Chaco, com- 
prising the dry lowlands between the Andes and the Parana 
River, and Mesopotamia, an area between the Parana and

Uruguay rivers. The centrally located plains, or Pampa, 
are grasslands subdivided into arid westem and more hu­
mid eastem parts called, respectively, the Dry Pampa and 
the Humid Pampa. Patagonia is the cold, parched, windy 
region that extends some 1,200 miles south of the Pampa, 
from the Colorado River to Tierra del Fuego.

Relief. The Northwest. This part of the Andes region 
includes the northem half o f the main mountain mass 
in Argentina and the transitional terrain, or piedmont, 
merging with the eastem lowlands. The Andean System of 
north-south-trending mountain ranges, 16,000 to 22,000 
feet (4,900 to 6,700 metres) high and separated by flat- 
floored structural valleys ranging from 10,000 to 13,400 
feet, gradually decreases in size and elevation southward 
from Bolivia to the upper Colorado River, which forms
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the southem border of the region. South America’s high­
est mountain, Aconcagua (22,831 feet [6,959 metres]), lies 
in the Northwest, together with a number of other peaks 
that reach over 21,000 feet. Some of these mountains are 
volcanic. In the northem part of the Argentine Andes are 
the high undissected stmctural valleys referred to as puna. 

To the south and east, where the parallel to subparallel 
ranges become lower and form isolated, compact north- 
south-trending units, the flat valleys between are called 
bolsones (basins). This southeastem section of the North­
west is often referred to as the Pampean Sierras, a complex 
that has been compared to the Basin and Range region of 
the Southwestem United States. They are characterized by 
west-facing escarpments and gentler east-facing backslopes 
such as are found in the spectacular Sierra de Cordoba at 
the eastem edge of the Pampean Sierras. The Pampean 
Sierras have variable elevations; ranges begin at 2,300 feet 
in the Sierra de Mogotes in the east and rise to 20,500 
feet in the Sierra de Famatina in the west.

The Gran Chaco. The westem sector of the North re­
gion, the Gran Chaco, extends beyond the international 
border at the Pilcomayo River into Paraguay, where it is 
called the Chaco Boreal (North Chaco) by Argentines. The 
Argentine sector between the Pilcomayo River and the 
Bermejo River is known as the Chaco Central. Southward 
to the 30th parallel, where the Pampa begins, Argentines 
have named the area the Chaco Austral (South Chaco). 
The Gran Chaco in Argentina, though descending in 
flat steps from west to east, is poorly drained and has 
such a difficult combination of physical conditions that 
it remains one of the least inhabited parts of the nation. 
Its subtropical climate is characterized by some of Latin 
America’s hottest weather; it is largely covered by a thomy 
Vegetation; and it is subject to summer flooding. 

Mesopotamia. East of the Chaco lies a narrow depres- 
sion, 60 to 180 miles wide, called Mesopotamia, which is 
bordered on the north by the Brazilian Shield. The nar­
row lowland Stretches for 1,000 miles southward, finally 
merging with the Pampa south of the Rio de la Plata. Its 
designation as Mesopotamia (between the rivers) reflects 
the fact that its westem and eastem borders are large rivers, 
namely the Parana and Uruguay. In the south there are 
small hills, around which the rivers flow. The northeastern 
part o f this region, Misiones Province, between the Upper 
Parana and the Uruguay rivers, is higher in elevation.

The Pampa. Pampa is a Quechua Indian term meaning 
“flat surface.” As such it has a broad applicability in south­
eastem South America beginning in Uruguay where grass- 
covered plains commence south of the Brazilian massif. 
In Argentina the plains broaden out west of the Rio de la 
Plata to meet the Andean forelands, biending impercep- 
tibly on the north with the Chaco Austral and southem 
Mesopotamia and extending southward to the Colorado 
River. The eastern boundary is the Atlantic coastline.
The main landmass o f the Pampa is flat. Thick deposits 

of silt interrupted only by occasional caps of alluvium and 
volcanic ash rest on its surface. In the area of the southem 
Pampa, the landscape rises gradually. There the morphol- 
ogy is changed by the emergence of sierras formed from 
old Sediments and crystalline rocks.

Patagonia. This region consists of an Andean zone 
(also called Westem Patagonia) and the main Patagonian 
plateau south of the Pampa, which extends to the tip of 
South America. The surface of Patagonia descends east of 
the Andes in a series o f broad, flat steps extending to the 
Atlantic coast. Evidently, tectonic activity related to the 
formation of the Andes created the gigantic platforms and 
Coastal terraces. The coastline is cliffed along its entire 
length as a result. The northern cliffs are rather low but 
tend to rise in the south, where they reach heights over 
150 feet. The landscape is cut by eastward-flowing rivers— 
some of them of glacial origin in the Andes—that have 
created broad valleys and steep-walled canyons.

Other features of Patagonia include a series of basins, 
some of which contain lakes, nestled between the Pata­
gonian Andes and the plateau, and volcanic hills in the 
central plateau west of the city of Rio Gailegos. These hills 
and accompanying lava fields are characterized by dark 
colours spotted with lighter-coloured bunchgrass, which

creates a leopard-skin effect that intensifies the desolate, 
windswept appearance of the Patagonian landscape. A pe- 
culiar type of rounded gravel called grava patagónica lies 
on level landforms, including isolated mesas. Glacial ice in 
the past extended beyond the Andes only in the extreme 
south, where there are large moraines.

Drainage. The largest river basin in Argentina is that 
of the Rio de la Plata (often called the River Plate in En­
glish). It drains an area of 1,600,000 square miles, which 
includes, in addition to northem Argentina, the whole of 
Paraguay, eastem Bolivia, most of Uruguay, and a large 
part of Brazil. The river is actually an estuary formed 
by the confluence of the Parana and Uruguay rivers; its 
name, meaning “River of Silver,” was given it in colonial 
times before explorers found that there was neither a single 
river nor silver upstream from its mouth. Other tribu- 
taries of this System are the Iguazü (or Igua^u), Paraguay, 
Pilcomayo, Bermejo, Salado, and Carcaranä. Before the 
Iguazü River joins the Parana at the point where the bor­
ders of Argentina, Brazil, and Paraguay meet, it plunges 
over the escarpment of the Brazilian massif, creating the 
Iguazü Falls—one of the world’s most spectacular natu­
ral attractions.

Because most of Argentina is flat or only gently slop­
ing from the Andes to the Atlantic, the country’s river 
drainage is poor. Grand rivers flow across the Gran 
Chaco flatlands, but their shallow nature rarely permits 
navigation, and never with regularity. Moreover, long- 
lasting summer floods cover vast areas and leave behind 
ephemeral swamplands that gradually dry out in winter. 
During winter, most rivers of the Gran Chaco dry up, 
the air chills, and the land seems visibly to shrink. Only 
three of the region’s numerous rivers (the Pilcomayo, 
Bermejo, and Salado) manage to flow from the Andes 
to the Paraguay-Parana System in the east without dying 
somewhere en route and forming salt pans (salinas) due to 
evaporation. The region’s largest rivers follow a veritable 
maze of courses during flood season, however.

In the Northwest the Desaguadero River, the upper 
course of the Salado, and its tributaries in the Andes 
Mountains water the sandy deserts o f Mendoza Province. 
The principal tributaries are the Jächal, Zanjón, San Juan, 
Mendoza, Tunuyän, Diamante, and Atuel. In the northem 
Pampa, Lake Mar Chiquita, the largest lake in Argentina, 
receives the waters of the Dulce, Primero, and Segundo 
rivers but has no outlet. Its name, meaning “Little Sea” 
Lake, refers to the high salt content of its waters. Rivers 
that cross Patagonia from west to east diminish in volume 
as they travel through the arid land. The Colorado and 
Negro rivers produce major floods after seasonal snow and 
ice melt in the Andes. In the south, the Santa Cruz River 
is a notable stream that flows eastward out of the glacial 
Lake Argentino in the Andean foothills to the Atlantic.

Soils. Soil types in Argentina ränge from the light- 
coloured saline formations of the high puna to the dark, 
nutritive, and friable type found in the Pampa. Golden­
brown loess soils of the Gran Chaco, sometimes lighter 
where salinity is excessive, tum darker toward the east 
in the Mesopotamian border zone where poor drainage 
occurs. These give way to soils ranging from rust to deep 
red colorations in Misiones. South of the Pampa, grass- 
covered dark soils begin to tum brown as the drier parts 
of northern Patagonia are reached. Light-tan arid soils of 
varying texture cover the rest of this region. Grayish pod- 
zolic types and dark-brown forest soils characterize the 
Andean slopes.

Climate. Argentina lies almost entirely within the tem­
perate zone of the Southem Hemisphere, unlike the rest 
of the continent to the north, which lies within the 
tropical zone. Only occasional tropical conditions invade 
the provinces of Formosa and Misiones in the extreme 
north. On the other hand, a landmass extending to 55° 
south latitude might be expected to possess a Continental 
climate with at least one month having an average tem­
perature below freezing, similar to comparable latitudes in 
North America. The continent narrows so rapidly toward 
its southem tip, however, that the moderating effect of 
both the Pacific and Atlantic oceans influences a predom- 
inantly temperate climate despite the high latitudes. The
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MAP INDEX

Political subdivisions
Buenos Aires . . .  36 00 s 60 00 w 
Catamarca . . . . .  27 00 s 67 00 w
Chaco..................  26 00 s 60 30 w
Chubut................  44 00 s 69 00 w
Cordoba.............. 32 00 s 64 00 w
Corrientes...........  29 00 s 58 00 w
Distrito Federal . . 34 36 s 58 27 w
Entre Rios...........  32 00 s 59 00 w
Formosa.............. 25 00 s 60 00 w
Jujuy..................... 23 00 s 66 00 w
La Pampa............ 37 00 s 66 00 w
La Rioja .............. 30 00 s 67 30 w
Mendoza.............. 34 30 s 68 30 w
Misiones.............. 27 00 s 55 00 w
Neuquén.............. 39 00 s 70 00 w
Rio Negro...........  40 00 s 67 00 w
Salta . ................... 25 00 s 64 30 w
San Juan ..............31 00 s 69 00 w
San Luis ...........  34 00 s 66 00 w
Santa C ru z .........  49 00 s 70 00 w
Santa F e ................31 00 s 61 00 w
Santiago del
Estero................  28 00 s 63 30 w

Tierra del Fuego . 54 00 s 67 00 w 
Tucuman.............. 27 00 s 65 30 w

Ciiies and towns
Aguilares ............ 27 26 s 65 37 w
Alta Gracia.........31 40 s 64 26 w
Ahatuya .............. 28 28 s 62 50 w
Andalgalé...........  27 36 s 66 19 w
Avellaneda.........  29 07 s 59 40 w
Ayacucho...........  37 09 s 58 29 w
Azul .........  36 47 s 59 51 w
Bahia Bianca . . . .  38 43 s 62 17 w 
Balcarce . . . . . . .  37 50 s 58 15 w
Baradero.............. 33 48 s 59 30 w
Belén ................ . 27 39 s 67 02 w
Bell V ille ........... .. 32 37 s 62 42 w
Bella Vista. . . . . .  28 30 s 59 03 w
Bolivar ..................36 15 s 61 06 w
Bragado.............. 35 08 s 60 30 w
Buenos Aires . . .  34 36 s 58 27 w 
Caleta Olivia . . . .  46 26 s 67 32 w 
Campo dei
C ie lo ..................  27 35 s 62 00 w

Campo Durän . . .  22 14 s 63 42 w
Cafiuelas.............. 35 03 s 58 44 w
Carmen de
Patagones.........  40 48 s 62 59 w

Casilda................  33 03 s 61 10 w
Castelli................  25 57 s 60 37 w
Catamarca .........  28 28 s 65 47 w
Caucete................31 39 s 68 17 w
Chacabuco . . . . .  34 38 s 60 29 w
Chascomüs.........  35 34 s 58 01 w
Chilecito................29 10 s 67 30 w
Chivilcoy.............. 34 53 s 60 01 w
Cipolletti.............. 38 56 s 67 59 w
Clorinda......... .... 25 17 s 57 43 w
Comodoro
Rivadavia .........  45 52 s 67 30 w

Concepción . . . . .  27 20 s 65 35 w 
Concepción del
Uruguay ............ 32 29 s 58 14 w

Concordia . . . . . .  31 24 s 58 02 w
Córdoba................31 24 s 64 11 w
Coronel Dorrego . 38 42 s 61 17 w 
Coronel Pringles . 37 58 s 61 22 w 
Coronel Suérez . .  37 28 s 61 55 w
Corrientes............ 27 28 s 58 50 w
Cruz del E je ___  30 44 s 64 48 w
Curuzü Cuatié . . .  29 47 s 58 03 w 
Daireaux . . . . . . .  36 36 s 61 45 w
Dean Funes . . . .  30 26 s 64 21 w
Dolores................  36 20 s 57 40 w
Eduardo Castex . 35 54 s 64 18 w
El Colorado.........26 18 s 59 22 w
Eldorado.............. 26 24 s 54 38 w
Esperanza........... 31 27 s 60 56 w
Esquel ................'42 54 s '7119 w
Formosa................26 11 s 58 11 w
Frias .....................  28 39 s 65 09 w
General Acha . . .  37 23 s 64 36 w 
General Aivear . . 34 58 s 67 42 w

General José de
San Martin . . . .  26 33 s 59 21 w 

General Juan
Madariaga.........  37 00 s 57 09 w

General Martin 
Miguel de
Güemes ...........  24 40 s 65 03 w

General Pico . . . .  35 40 s 63 44 w 
General Roca . . .  39 02 s 67 35 w 
General Villegas . 35 02 s 63 01 w
Goya..................... 29 08 s 59 16 w
Gualeguay . . . . .  33 09 s 59 20 w 
Gualeguaychü . . .  33 01 s 58 31 w
Ibarreta.................. 25 13 s 59 51 w
Jesus Maria . . . .  30 59 s 64 06 w
Juérez..................  37 40 s 59 48 w
Junin ..................  34 35 s 60 57 w
La Banda ............ 27 44 s 64 15 w
LaC ocha ............ 27 47 s 65 34 w
La Paz . ..............  30 45 s 59 39 w
La Plata .............. 34 55 s 57 57 w
La Rioja .............. 29 26 s 66 51 w
Laboulaye............ 34 07 s 63 24 w
Las Flores............ 36 03 s 59 07 w
Libertador 
General San
Martin................  23 48 s 64 48 w

Lincoln................  34 52 s 61 32 w
Lobos..................  35 11 s 59 06 w
Lüjan ..................  34 34 s 59 07 w
Mar del Plata___  38 00 s 57 33 w
Marcos Juarez . . 32 42 s 62 06 w
Mendoza.............. 32 53 s 68 49 w
Mercedes............ 33 40 s 65 28 w
Metan..................  25 29 s 64 57 w
Miramar ................38 16 s 57 51 w
Monte Caseros . . 30 15s 57 39 w
Monteros ..............27 10 s 65 30 w
Necochea............ 38 33 s 58 45 w
Neuquén.............. 38 57 s 68 04 w
Nogoyä................  32 24 s 59 48 w
Oberé..................  27 29 s 55 08 w
Olavarria.............. 36 54 s 60 17 w
Parané . ................31 44 s 60 32 w
Paso de los
Libres................  29 43 s 57 05 w

Pehuajó .............. 35 48 s 61 53 w
Pergaminü .........  33 53 S 60 35 w
Pigüé ..................  37 37 s 62 25 w
Pirané........... .. 25 43 s 59 06 w
Posadas.............. 27 23 s 55 53 w
Presidencia 
Roque Saenz
Peha..................  26 47 s 60 27 w

Puente del Inca . .  32 49 s 69 55 w 
Puerto Madryn . .  42 46 s 65 03 w
Rafaela.................. 31 16 s 61 29 w
Rauch ................... 36 46 s 59 06 w
Rawson . . . . . . . .  43 18 s 65 06 w
Reconquista . . . .  29 09 s 59 39 w
Resistencia . . . . .  27 27 s 58 59 w
Rio Cuarto . . . . .  33 08 s 64 21 w
Rio Gailegos . . . .  51 38 s 69 13 w
Rio Grande.........  53 47 s 67 42 w
Rio Tercero..... 32 11 s 64 06 w
Rio Turbio........51 32 s 72 18 w
Rosario ................  32 57 s 60 40 w
Rufino . .................. 34 16 s 62 42 w
Salta..................... 24 47 s 65 25 w
San Carlos de
Bariloche . . . . . .  41 09 s 71 18 w

San Francisco . . .  31 26 s 62 05 w
San Juan ............31 32 s 68 31 w
San Luis . . . . . . .  33 18 s 66 21 w
San Martin .........  33 04 s 68 28 w
San Miguel de
Tucuman............ 26 49 s 65 13 w

San Nicolas de
los Arroyos . . . .  33 20 s 60 13 w 

San Pedro de
Jujuy..................  24 14 s 64 52 w

San Rafael .........  34 36 s 68 20 w
San Ramón de Ja 
Nueva Orén . . . .  23 08 s 64 20 w 

San Salvador de
Jujuy.................... 24 11 s 65 18 w

Santa F e ................31 38 s 60 42 w
Santa Rosa.........  36 37 s 64 17 w

Santiago del
Estero................ 27 47 s 64 16 w

Santo Tomé 28 33 s 56 03 w
Tafi Viejo.............. 26 44 s 65 16 w
Tandil.................. 37 19 s 59 09 w
Tartagal .............. 22 32 s 63 49 w
Tigre........... ......... 34 25 s 58 34 w
Tinogasta........... 28 04 s 67 34 w
Trelew.................. 43 15 s 65 18 w
Trenque
Lauquen ........... 35 58 s 62 42 w

Tres Arroyos 38 23 s 60 17 w
Ushuaia .............. 54 48 s 68 18 w
Venado Tuerto . . 33 45 s 61 58 w
Viedma................ 40 48 S 63 00 w
Villa Angela......... 27 35 s 60 43 w
Villa Carlos Paz . . 31 24 s 64 31 w
Villa Dolores 31 56 s 65 12 w
Villa Maria . . . . . . 32 25 s 63 15 w
Villaguay.............. 31 51 s 59 01 w
Zapala ................ 38 54 s 70 04 w
Zérate.................. 34 06 s 59 02 w

Physical features 
and points of interest
Aconcagua,

Mount................ 32 39 s 70 01 w
Ambargasta Salt 
Flat . ................ .. 29 15S 64 30 w

Andes,
m o u n t a in s ......... 34 00 s 70 00 w

Antofalla Salt 
Flat.................... 25 44 s 67 45 w

Argentino, Lake . . 50 13 s 72 25 w
Atacama 

Plateau ......... .. 25 00 s 67 00 w
Atlantic Ocean . . 42 00 s 54 00 w
Atuel, rive r . . . .  . 36 17 s 66 50 w
Beagle Channel. . 54 53 s 68 10 w
Bermejito, r iv e r . . 25 39 S 60 11 w
Bermejo, rive r . . . 31 52 s 67 22 w
Bermejo, rive r . . . 26 52 s 58 23 w
Bianca B a y ......... 38 55 s 62 10 w
Buenos Aires,
Lake.................. 46 30 s 72 00 w

Carcarané, r i v e r . . 32 27 s 60 48 w
Castillo Plain . . . . 45 58 s 68 24 w
^erros Colorados 
Reservoir........... 38 30 s 69 15 w

Champaqui,
Mount................ 31 59 s 64 56 w

Chahi, Mount . . . 24 05 s 65 46 w
Chico, r i v e r ......... 49 56 s 68 32 w
Chubut, rive r 43 20 s 65 03 w
Colhué Huapi, 
Lake.................. 45 30 S 68 48 w

Colorado, r ive r . . 39 50 s 62 08 w
Desaguadero, 

riv e r ................... 34 13 s 66 47 w
Deseado, r i v e r . . . 47 45 s 65 54 w
Diamante, r iv e r . . 34 31 S 66 56 w
Domuyo Volcano . 36 38 s 70 26 w
Dulce, r i v e r ......... 30 31 s 62 32 w
Estados Island . . 54 47 s 64 15 w
Ezequiel Ramos 
Mexia Reservoir. 39 30 s 69 00 w

Famatina, Sierra 
d e .................. .... 28 20 s 67 55 w

Fray Bentos 
Bridge ................ 33 05 s 58 15 w

Gailegos, riv e r . . . 51 36 s 68 59 w
Gran Chaco, 

r e g i o n ................ 23 00 s 60 00 w
Grande Bay 50 45 s 68 45 w
Grande Salt Flat . 30 05 s 65 05 w
Gualicho Salt 
Flat ..................... 40 24 s 65 15 w

Iguazü, riv e r . . . . 25 36 s 54 36 w
Iguazü Falls.'.. . . 25 41 s 54 26 w
Iguazü National 
Park ............... ... 25 43 S 54 25 w

Jächal, r iver 30 44 s 68 08 w
Largo Brazo 
Bridge................ 34 00 s 58 57 w

Lanin National 
Park .................. 39 55 s 71 25 w

Le Maire, Strait 
of ...................... 54 50 3 65 00 w

Lihuel-Calel,
Sierra . . . . . . . .  38 00 s 65 36 w

Limay, r i v e r .........  38 59 s 68 00 w
Llullaillaco
Volcano.............. 24 43 s 68 33 w

Los Alerces
National Park . . .  42 50 s 71 50 w 

Los Glaciares
National Park . . .  50 00 s 73 30 w 

Magellan, Strait 
of (Estrecho de
Magallanes) . . . .  54 00 s 71 00 w 

Mar Chiquita,
Lake..................  30 42 s 62 36 w

Mendoza, r iv e r . . 32 21 s 68 18 w 
Mercedario,
Mount . .............. 31 59 s 70 07 w

Mesopotamia,
r e g i o n ................  30 00 s 58 00 w

Nahuel Huapi,
Lake.................... 40 58 s 71 30 w

Nahuel Huapi
National Park . . .  41 00 s 71 30 w

Negro, r i v e r ......... 41 02 s 62 47 w
Neuqüen, r i v e r . . .  38 59 s 68 00 w 
Ninfas, Point . . . .  42 56 s 64 20 w 
Northwest,

r e g i o n ................  28 20 s 68 10 w
Pacific Ocean . . .  35 00 s 75 00 w 
Palermo, Mount . . 24 48 s 66 23 w 
Pampas
(Pampa), re g io n  . 35 00 s 63 00 w 

Pampean Sierras,
s u b r e g i o n .........  30 00 s 67 00 w

Paraguay, r iv e r . . 27 18 s 58 38 w 
Parana, r iv e r . . . .  33 43 s 59 15 w 
Patagonia, re g io n  . 44 00 s 68 00 w 
Perito Francisco 
P. Moreno
National Park . . .  47 50 s 72 15 w 

Pilcomayo, r i v e r . . 25 21 s 57 40 w 
Pissis, Mount . . .  27 47 s 68 51 w 
Plata, Rio de la,

e s t u a r y ......... .... 35 00 s 57 00 w
Primero, r i v e r . . . .  31 00 s 63 12 w 
Quinto, r ive r . . . .  34 14 s 64 10 w 
Salado, r iv e r . . . .  31 42 s 60 44 w
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Salado, r iv e r . . . .  37 48 s 66 10 w 
Salto Grande
Reservoir............31 00 s 57 58 w

Samborombón
Bay . . .  ..............  3600 s 57 12 w

San Ignacio Mini, 
h is to r ic a l s ite  . . .  27 16 s 55 32 w 

San Jorge Gulf . . 46 00 s 67 00 w 
San Juan, r iv e r . . 32 17 s 67 22 w 
San Martin, Lake . 48 52 s 72 40 w 
San Martin
Monument......... 33 16 s 66 19 w

San Matias Gulf . 41 30 s 64 15 w 
Santa Cruz, r iv e r . 50 08 s 68 20 w 
Segundo, r i v e r . . .  31 21 s 62 59 w 
Somuncuré
Plateau..............41 30 s 67 15 w

Sur del Cabo 
San Antonio,
Point..................  36 52 s 56 40 w

Tancredo Neves 
International
Bridge................  25 33 s 54 32 w

Tandil, Sierras
del .....................  37 24 s 59 06 w

Tierra del Fuego,
i s l a n d ................  54 00 s 70 00 w

Tres Puntas,
Cape......... .. 47 06 s 65 53 w

Tronador, Mount . 41 10 s 71 54 w 
Tunuyan, r iv e r . . .  34 03 s 66 45 w 
Tupungato,

Mount................ 33 22 s 69 47 w
Uruguay, r iv e r . . .  34 12 s 58 18 w 
Valdés Peninsula . 42 30 s 64 00 w 
Ventana, Sierra
de la ..................  38 09 s 61 59 w

Viedma, Lake . . .  49 35 s 72 35 w 
Yapeyü,

h is to n c a i S ite  . . .  29 28 s 56 49 vv

temperate climate is interrupted by a long, narrow north- 
south band of semiarid to arid conditions, which makes 
Argentina the only place in the Southem Hemisphere 
with an extensive portion of arid eastem coastline. Zones 
of tundra climate and polar climate predominate in the

high Andes and in southem portions of Tierra del Fuego. 
The temperate regions o f the nation have an average cold 
month temperature from 50° to 65° F (10° to 18° C). 
Precipitation is moderate to light throughout most of the 

country, with the driest areas in the far northwest and
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The
lamperos

Tundra
dimate

Sierra ae Córdoba, facing east, overlooking an escarpment in the Pampa.
Chip and Rosa Maria Peterson

in the Southern part of Patagonia. Most rainfall occurs in 
the northeast, in the Humid Pampa, Mesopotamia, and 
the eastern Chaco. Thunderstorms, called pamperos, with 
lightning and hail are common. Weak fronts create an- 
other mechanism that produces rain, often bringing long 
periods of winter moisture. Dull, gray days and damp 
weather characterize this season, especially in the Pampa. 
Between winter storms, tropical air masses make incur- 
sions southward and bring mild relief from the damp cold.

In the Andean Northwest region, there is in some 
places an annual temperature range of more than 36° F 
(20° C), and occasional Continental climatic conditions 
occur. Winter temperatures sometimes fall below freezing 
on cloudless days and nights.

The high-elevation, cold climatic phenomenon in Ar­
gentina is sometimes referred to as tundra climate and, in 
even colder mountaintop areas, as polar. Generally, the 
tundra climate occupies the mountain zones where aver­
age annual temperatures are below 50° F (10° C); in the 
north this occurs above 11,500 feet. Moving southward, 
tundra climate occurs at gradually decreasing elevations 
until it reaches sea level in Southern Tierra del Fuego. 
The highest Andean peaks may have permanent snow 
or ice cover.

A longitudinal rain-shadow zone (created when winds 
lose their moisture in passing over high mountains) on 
the east side of the Andes causes an arid to semiarid cli­
mate in the interior of Argentina. The zone begins in the 
Andean Northwest and extends along the eastern slopes 
of the Andes southward to, but not including, Tierra del 
Fuego. The rain-shadow area has a central core of arid or 
desert climate rimmed by semiarid, or steppe, conditions. 
The steppe areas have about twice the annual precipita- 
tion found in the arid zones, but evaporation exceeds pre- 
cipitation in both zones, which therefore remain treeless. 
Most of the arid region is subjected to strong winds that 
carry abrasive sand and dust. This is particularly true in 
Patagonia, where the windblown dust creates a continuous 
haze that considerably reduces visibility.

The Pampa is a transitional area between high summer 
temperatures to the north and cooler summers to the 
south. Buenos Aires, located on the north edge of the 
Pampa, has a climate similar to cities in the southeastern 
United States, with hot, humid summers and cool, mild 
winters. Mean temperatures for summer months (Decem­
ber to February) range from about 72° to 75° F (22° to 
24° C) and for winter months (June to August) about 46° 
to 55° F (8° to 13° C). In the Humid Pampa the rainfall 
varies from 39 inches (990 millimetres) in the east to 
20 inches in areas near the Andes—about the minimum 
for nonirrigated crops. Cold fronts that move northward 
from Patagonia, chiefly in July, bring occasional frosts and 
snow to the Pampa and Mesopotamia. On rare occasions 
a dusting of snow covers Buenos Aires itself.

Plant and animal life. Argentina’s fauna and flora vary 
widely from the country’s mountainous zones to its dry

and humid plains and its subpolar regions. In heavily set- 
tled regions, the natural animal and plant life have been 
profoundly modified by man.

Northwest. Vegetation in the Northwest region includes 
the high puna desert, with mostly exposed soil and bunch- 
grass, the forested slopes of the Andes, and the subtropical 
scrub forests of the Pampean Sierras, which merge with 
the deciduous scrub woodland in the Gran Chaco. The 
Vegetation of the puna consists of dwarf shrubs and tough 
grasses; these and other plants in the region are almost the 
brown colour of the ground itself. The region is the land 
of the guanaco and its near relatives, the llama, alpaca, 
and vicuna.

Forests continue along the eastern border of the puna 
region southward to the colder Andean zones so that they 
cover many slopes in this part of the mountains. Above
1.6-50 feet the so-called mistol forest thrives. There is a 
subtropical rain forest at elevations of about 4,000 feet, 
composed of laurels, cedars, and other species. Above 
3,300 feet, the giant cedars and some other tree species 
disappear. The tree heights are less impressive, and the 
growth becomes more of a cloud forest type; myrtles 
and poorly developed laurels predominate, and pine trees 
reach above 7,000 feet. Above this forest grow the quenoa, 
small crooked trees that in places extend to the tree line 
at 11,500 feet.

Southeast of the Andean region described above, xe- 
rophytic scrub forests, called monte, and intervening 
grasslands spread across the Pampean Sierras. Vegetation 
includes mimosas and acacias, and there is a smattering 
of cactus. Hares, skunks, and small deer abound in this 
part of the Northwest.

Gran Chaco. The western Gran Chaco has growths of 
thorn forest dominated by algarroba in the drier and often 
saline zones. Quebracho is present, but not to the extent 
that it is farther east. In areas with finer salt at the surface, 
even halophytic plants, which normally grow in salty soils, 
do not survive. Coarse bunchgrasses are common in the 
dry steppe. Overall, dense scrub forests intermixed with 
prickly pear, barrel, and many other types of cactus and 
trees blend with the steppe areas.

The Vegetation of the Chaco becomes increasingly lush as 
it spreads to the east. The thorn forest gradually becomes 
dominated by dense forest with another, less valuable que­
bracho species; there are some pure stands of algarroba. 
Some 90 miles west of the Parana River, some of the 
giant trees that are also found in the much more humid 
Misiones Province begin to appear. The rich wildlife of the 
Chaco includes deer, peccaries, monkeys, tapir, jaguars, 
pumas, ocelots, armadillos, capybaras, and agoutis. The 
vast birdlife includes a refuge for the rhea; streams harbour 
numerous fish species, including the piranha; and snakes 
and reptiles abound.

Mesopotamia. In Mesopotamia, thin stands of tall wax 
palms occupy the flood zones. Groups of trees and grassy 
areas form a park landscape of noted beauty. The quebra-

The thorny
Gran
Chaco
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cho from which tannin has been extracted since colonial 
times, urunday, and guayacän, used for tannin and lum- 
ber, are common. Gallery forests growing along rivers 
become denser and taller in Misiones Province. At higher 
elevations, the Parana pine appears. Mesopotamia is the 
habitat for jaguars, monkeys, deer, tapir, peccaries, many 
snake varieties, and numerous birds, such as the toucan 
and hummingbird, as well as stingless honeybees.

Pampa. The principal Pampa Vegetation is monte in 
the Dry Pampa and grassland in the Humid Pampa. The 
north-south boundary between the Dry and Humid pam- 
pas lies approximately along the 64th meridian. In the 
most humid areas, knee-high grasses appear. To the north, 
west, and south, where precipitation decreases, tougher 
grasses give way to the monte of the Dry Pampa. Planted 
grasses and trees have replaeed much of the original flora. 
Pampa wildlife includes the rhea and the guanaco. Both 
animals are fleet-footed, which is probably the reason for 
development of the bola, a device used by the Indians to 
trip the animals. Small deer, introduced hares, and vis- 
cacha, a burrowing rodent, are common.

Patagonia. Patagonian Vegetation consists of deciduous 
Andean forests and the steppe and desert zones east of 
the Andes. The largest area—the steppe region—lies in 
northern Patagonia between the Colorado River and the 
port city of Comodoro Rivadavia. This zone represents an 
extension southward of the monte, which gives way grad­
ually to a xerophytic shrub region without trees except 
along river banks. In the extreme west on the Andean bor­
der, small stands of araucaria survive, and clumps of wiry 
grasses are also present. South of Comodoro Rivadavia to 
the tip of the continent, low scrub Vegetation and green 
grass steppe alternate. Wildlife in the region includes the 
now rare guanaco and rhea, as well as eagles and herons, 
burrowing rodents and the Patagonian hare, mountain 
cats and pumas, and various poisonous reptiles.

In Tierra del Fuego, it appears that grasses first covered 
glaciated zones, but after volcanic ash settled there, forests 
advanced. Antarctic beech colonized rapidly in valleys and 
grows along with cypress on steep slopes. A phenomenon 
in the Southern tip of the continent is the existence of 
species of parrots and canaries, both of which are more 
associated with the tropics than with Patagonia.

The Patagonian Andes have coniferous and broad-leaved 
forests that spread into Chile. Antarctic beech and needle- 
leaf trees mixed with araucaria are common. The Pata­
gonian Andes do not have a flourishing animal life. The 
smallest known deer, the pudu, dwells there, and wild 
pigs, introduced by Europeans, have multiplied.

Settlement patterns. The varied topography, climate, 
and natural resources of Argentina shaped the pattern of 
settlement in its major regions from the beginning of col- 
onization. Although modern transportation and industry 
have partly effaced regional differences, the Organization 
of life in both city and country still follows patterns that 
were set in the years of the first European settlement.

The Northwest. Numerous archaeological sites in the 
region indicate the presence—-before the Spanish inva- 
sion—of permanently settled Indians with irrigated and 
terraced farming in the oasis-like valleys. The Spanish, 
coming from Peru, first established Santiago del Estero in 
1553, eastward on the lowland plain in the Chaco away 
from belligerent natives. Not long afterward, forts arose 
in the Northwest at Tucumän, Salta, Jujuy, and San Luis; 
Cordoba, to the south, was founded in 1573. Meanwhile, 
the Northwest received colonists still farther south from 
Chile. Chileans founded the cities of Mendoza and San 
Juan in the early 1560s.

The cities in the Northwest were founded originally as 
centres for agriculture and livestock raising and to serve 
as support for the silver mines of the Viceroyalty of Peru, 
particularly at Potosi (now in Bolivia). Later, as Buenos 
Aires developed and the mines became less profitable, the 
country’s Orientation switched to the southeast. The Span­
ish established a trade route between Chile and Buenos 
Aires that went through Cordoba and Mendoza, both of 
which thrived. This northward path was chosen because 
of the need to avoid the Pampa Indians, and it remains 
an important transportation route. In the 600-mile-long

rain-shadow zone east of the Andes, beginning just south 
of San Miguel de Tucumän, settlement took place in river 
oases Stretching to San Rafael, south of Mendoza.

Rail transportation, which tied Mendoza to the Pampa 
in 1885, brought about an emphasis on viticulture in the 
Mendoza region. With access to Buenos Aires came new 
Capital, more settlers, better grape stock, and larger mar­
kets. Once the problem of a labour shortage was solved 
with European immigrants, Mendoza and oases such as 
San Rafael expanded. Tucumän, lying amid more humid 
Andean foothills outside the rain shadow, responded to 
the new markets across the Pampa by increasing sugar 
production, which had had a modest beginning during 
early colonial times. Major change followed the first di­
rect rail link between Tucumän and the Pampa in 1875, 
which provided access to expanding sugar markets and 
more modern machinery. Most of the tens of thousands 
of workers needed to harvest the crop came to live year- 
round on the large plantations, making Tucumän Province 
the most densely settled in Argentina.

The Gran Chaco. Although the Gran Chaco is still 
considered to be a frontier region, its settlement has often 
followed efförts supported by the government to exploit 
its economic potential. Agricultural colonies and cities 
grew first along the Paranä-Paraguay water route and 
then along railroads built to serve the quebracho industry. 
Resistencia was founded in 1878 and Formosa in 1879.

The harsh physical conditions of the Gran Chaco explain 
why its native peoples did not engage in sophisticated 
agriculture and why their sporadic attempts at farming 
were unsuccessful. Early Spanish expeditions aiming to 
conquer the Chaco came from Santiago del Estero to the 
west, Santa Fé to the southeast, and Asuncion, across the 
Paraguay River to the northeast. None of these succeeded 
in subduing the warlike Indians, however.

Settlement in the Chaco ultimately took place from San­
tiago del Estero, where irrigated cotton was successfully 
produced as early as the mid-16th Century, and from 
Santa Fe, where cattle ranchers had purchased enormous 
acreages on which to raise tough criollo (or Creole) cattle, 
which had survived from earlier expeditions. Ranchers 
reached the northern frontier of the Argentine Chaco 
around the Bermejo River after subduing the Indians in 
1885. Logging operations followed the ranchers and helped 
open parts of the Chaco—particularly in the east, where 
tannin from the quebracho tree met the demand of the 
Argentine leather industry. At the start of the 20th Century, 
European settlers in the eastern Chaco began raising cot­
ton, a crop that could withstand the long drought period. 
Small cotton areas spread westward nearly to Tucumän, 
north to the Paraguayan border at the Pilcomayo River, 
and east into Mesopotamia.

Mesopotamia. The northem part of the Mesopotamian 
region was first settled by Spaniards from Asunción (now 
the Capital of Paraguay), who in 1588 founded the city of 
Corrientes near the confluence of the Paranä and Paraguay 
rivers. In the south, settlers from Santa Fe crossed the 
Paranä and established what became the city of Paranä. 
Having founded towns along navigable rivers, the Spanish 
secured the water route to the Rio de la Plata estuary.

When the Spanish first entered the Mesopotamian re­
gion, supply distances between settlements were so great 
that the settlers found it necessary to produce their own 
subsistence crops. This they accomplished mainly by sub- 
jugating the remaining Indians under the encomienda 
system, which granted settlers the use of Indian labour on 
lands awarded by the crown. Indian rebellions became so 
serious, however, that the Spanish had to resort to mil­
itary force to keep peace, and the conflicts forced many 
Indians to flee. Finally, in the early 17th Century, the 
crown tumed to the Jesuits to restore peace and protect 
the natives. Within a Century the Jesuits had built numer­
ous reducciones, or mission settlements, in Mesopotamia, 
which later acquired the name Misiones. Under Jesuit rule 
northern Mesopotamia became the most important centre 
of colonization in eastern South America.
The Territory of Misiones was created in the early 1880s, 

and Europeans, particularly Germans, began to settle the 
forested zone in the north. Yerba maté, citrus, and veg-
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etables, as well as tung trees, tea, and sugarcane, were 
grown on small farms. Outside the agricultural zones of 
Mesopotamia, cattle ranching came to dominate.

The Pampa. The Pampa was originally inhabited by 
Indians such as the Querandi, who reportedly had no 
agriculture but were hunters who developed the bola, for 
entangling the fleet-footed guanaco and rhea. Fierce at- 
tacks by the Querandi forced Spanish settlers in Buenos 
Aires to flee upriver to Asuncion in 1541. After Buenos 
Aires reemerged in 1580, the Spanish showed less interest 
in opening up the southem Pampa than in keeping open 
the northern trade route to Santa Fe, Asuncion, and Alto 
Peru; as a result the estancias, huge cattle ranches, were 
first established northwest o f Buenos Aires.
The estancias became one of the most important institu- 

tions in the economy, politics, and culture of Argentina. 
They began as gigantic tracts of land, often measuring in 
the hundreds of square miles, that were sold or granted to 
the Creole descendants o f Spanish settlers during the 17th 
Century. Herds of criollo cattle and horses ran half-wild 
on these tracts. To manage the herds, the estancia owners 
hired gauchos. These ranch hands worked the estancias 
until the open ranges disappeared late in the 19th Century.

On the estancias widely dispersed ranchos, or simple 
adobe houses with dooryard gardens, marked the head- 
quarters of the estancieros. More primitive huts, or lean- 
tos, housed the gauchos. In addition, there were small 
pulperias, centrally located inns where marketing, banking, 
eating and drinking, and other functions took place. Some 
pulperias grew into villages. Gradually the estancia region 
of the Pampa spread west and south of Buenos Aires. 

Buenos Aires and Santa Fe survived as small, sparsely 
populated towns until the mid-19th Century. After that 
time rapid growth in agriculture changed the face of the 
Pampa. The world market for food products was increas- 
ing, and estancieros modemized their operations to meet 
the demand. Sheep and more productive breeds of English 
cattle replaced the criollo. The new cattle, unable to live 
on the Pampa grass, had to be fed with alfalfa. Gauchos 
were not numerous or willing enough to cultivate this 
crop, obliging their employers to contract European im- 
migrants as tenant farmers. The southem frontier of the 
Pampa was pushed back so that by 1880 no Indian inter- 
ference to settlement remained north of the Negro River 
in Patagonia. By 1914 several million European workers 
had arrived to work ranches and farms. Gradually, small 
farming and tenant farming operations spread west and 
south from Santa Fe and Entre Rios provinces.

The growth of agriculture spurred the growth of cities 
in the Pampa. Railroads radiating from Buenos Aires 
penetrated the interior of the Pampa, forming the dens- 
est network in the country. After the late 1800s foreign- 
owned frigorificos, meat-packing plants for the export of 
beef and mutton, were established on the Rio de la Plata 
estuary. EfForts by the govemment in the 20th Century to 
encourage the growth of manufacturing favoured the port 
cities, attracting most immigrants as well as many workers 
from the countryside. Buenos Aires subsequently became 
one of the most populous and cosmopolitan cities o f the 
world, and the Humid Pampa became the most prosper- 
ous industrial and agricultural region of Argentina. 

Patagonia. Most approaches to Patagonia from the sea 
were hampered by inhospitable Coastal clifFs and by high 
tides. With the Pampa Indians acting as a bufFer against 
Europeans to the north, the Patagonian Indians thus re­
mained unmolested until the mid-19th Century. The Con- 
quest of the Desert, as the Patagonian Indian wars were 
called, ended in 1879, smashing the Indian resistance to 
settlement. Argentines began to colonize Patagonia, with 
soldiers and financial contributors to the Desert War 
receiving large land grants. Settlement proceeded south 
from the Pampean port city of Bahia Bianca and from 
Neuquén in the Andean foothills. Pioneers came from 
other countries as well. Chileans from Punta Arenas set­
tled in Tierra del Fuego. Welsh, Scottish, and English 
immigrants spread along the coast and inland, with the 
result that English is still spoken in parts o f Patagonia. 
The southemmost city in the world, Ushuaia, on Tierra 

del Fuego, began as a missionary settlement and is still

reached only by ship or airplane. About the end of the 
19th Century sheep ranching began along the rail line con- 
necting the port o f Rio Gallegos with coal deposits at Rio 
Turbio. Comodoro Rivadavia became an important oil 
and natural gas centre, and the Negro River fruit region 
began to develop in 1886 when the area east of Neuquén 
was settled by soldiers of the Desert War and by others.

THE PEOPLE

Heavy immigration, particularly from Spain and Italy, has 
produced in Argentina a people who are almost all white 
and of European ancestry. In the colonial period, though, 
the Spanish explorers and settlers encountered a number 
of native peoples. Among these were the Diaguita tribes 
of the Andean Northwest, a town-dwelling, agricultural 
people who were forced into labour after they had been 
conquered. They were divided by the Spanish into small 
groups and were sent to work in Peru and the Rio de la 
Plata area. In the Mesopotamian region the agricultural 
Guarani were also forced into labour.

Most other Argentine Indians belonged to hunting tribes 
who fought the Spanish tenaciously but were eventually 
exterminated or driven away. In the Gran Chaco were the 
Guaycuruan tribes among others. The Araucanian Indians 
came over the mountains from Chile and raided Spanish 
settlements in the Southern Pampa until the Conquest of 
the Desert in the 1870s. Another Pampa Indian tribe was 
the Querandi, who inhabited the region of Buenos Aires. 
In Patagonia the largest group was the Tehuelche, and on 
Tierra del Fuego the Ona.

Population estimates of the colonial period suggest that 
by 1810 Argentina had more than 400,000 people. Of 
these perhaps 30 percent were Indian. Ten percent were 
black and mulatto, either slaves or descendants of slaves 
who had been smuggled into the country through Buenos 
Aires, and there was a large element o f mestizos (white 
and Indian mixture). The whites were in the minority.
It was the great wave of European immigration after the 

mid-1800s that molded the present-day ethnic and racial 
character of Argentina. The Indians and mestizos were 
pushed aside or absorbed, and the blacks and mulattos 
disappeared, apparently also absorbed into the dominant 
Population. Mestizos from Chile, Bolivia, and Paraguay 
have grown numerous in bordering regions, but the urban 
areas remain largely white.

Almost half of the European immigrants in the late 19th 
and early 20th centuries were Italian and about one-third 
were Spanish. Substantial numbers also came from France, 
Poland, Russia, and Germany. In 1869 the foreign-bom 
made up 12 percent of the population; this had grown 
to about one-third by 1914, and in large cities foreigners 
outnumbered natives by as much as two to one. As im­
migration slowed later in the 20th Century, the proportion 
of foreign-bom Argentines dropped.

The Italian influence on Argentine culture became the 
most important of any immigrant group. Other major 
foreign influences have come from the Spanish and Polish 
groups. Smaller groups have also made notable contri- 
butions, however. English Capital and management, for 
example, built railroads and created the meat-processing 
industry; Germans established farm settlements and coop- 
eratives; the French contributed their viticultural expertise; 
and Japanese invested in business.
The children of immigrants were quick to identify them- 

selves as Argentines, so that the people were not divided 
into antagonistic ethnic groups. But Argentine society de­
veloped a serious division between the rural interior and 
the urban coast. Many rural people grew to resent the 
wealth, political power, and cultural afFectations of the 
portehos, the “people of the port,” in the Buenos Aires 
region, while many portenos looked upon residents of 
the interior as ignorant peasants. These divisions became 
deeply rooted in the politics o f the country.

Spanish is the national language, although in Argentina 
it is spoken in many accents and has absorbed many 
words from other languages, especially Italian. Numerous 
foreign languages and dialects can be heard, from Basque 
and Sicilian to Welsh and Gaelic. Toward the end of the 
19th Century an underworld language called lunfardo de-
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veloped in Buenos Aires. It was composed of words from 
many languages—among them Italian, Portuguese, Span­
ish, French, German, and African. Most of the Argentine 
people are adherents of Roman Catholicism, the offi­
cial state religion. Of the remainder about equally small 
percentages are Protestants and Jews. Roman Catholic 
influence is strongly reflected in government and society, 
and the religion is officially recognized in the Constitution, 
although freedom of worship is professed.
The population of Argentina has increased by more than 

17 times since 1,800,000 people were recorded there by 
the first census in 1869. This rapid growth began to de- 
cline after the early part of the 20th Century as both the 
birthrate and immigration began to drop off. By the late 
20th Century Argentina’s birthrate and growth rate were 
among South America’s lowest; the percentage of young 
people has declined proportionally. The nation’s popula­
tion density is also among the continent’s lowest, although 
certain areas are quite heavily populated, including the 
Humid Pampa, Mesopotamia, and parts of the eastern 
Northwest. The population is growing faster in urban 
areas—especially Buenos Aires—than in the rest of the 
country. More than four-fifths of the people live in urban 
areas, about a third in greater Buenos Aires alone.

THE ECONOMY
In the 60 years after the founding of the farming colony 
at Esperanza in 1856 the base of Argentine agriculture 
shifted from livestock to crops. The spread of wheat, corn 
(maize), and flax roughly conformed to the estancia region 
of the Pampa. Although agriculture there did not become 
as intensive as in North America, soils were good and land 
was abundant. Argentine industry became important when 
manufacturers (mostly foreign-dominated) developed food 
Products for export. The growth trend continued well into 
the 20th Century as Argentina became one of the most 
prosperous countries in Latin America. Meat and grain

were exported to the expanding markets of Europe in 
exchange for fuel and manufactured products.

In the early decades of the 20th Century Argentina be­
came the world’s leading exporter of corn, flax, and meat. 
Prosperity was curtailed, however, by World War I and the 
Great Depression of the 1930s, which considerably dam- 
aged the Argentine economy by reducing foreign trade. In 
response, successive governments over the next 40 years 
followed an import-substitution strategy designed to trans- 
form Argentina into a country self-sufficient in industry 
as well as agriculture. This was accomplished mainly by 
imposing high tariffs on imports, thereby sheltering Argen­
tine textile, leather, and home-appliance manufacturers 
from foreign competition. The government’s encourage- 
ment of industrial growth, however, diverted investment 
from agriculture, causing agricultural production to fall 
dramatically. Fruits, vegetables, oilseeds such as soybeans 
and sunflowers, and industrial crops such as sugarcane 
and cotton increased their share of total agricultural pro­
duction at the expense of the dominant grain crops.

By 1960 manufacturing contributed more to the coun­
try’s wealth than did agriculture. Argentina had become 
largely self-sufficient in consumer goods, but it also was 
more dependent than ever on imported fuel and heavy 
machinery. In response, the government invested heavily 
in such basic industries as petroleum, natural gas, steel, 
petrochemicals, and transport; it also invited investment 
by foreign Companies. By the mid-1970s Argentina was 
producing most of its own oil, steel, and automobiles and 
also was exporting a number of manufactured products. 
Manufacturing became the largest single component of 
the gross domestic product (GDP). The country also had 
become self-sufficient in fuel while remaining one o f the 
world’s major agricultural producers.

At the same time, growing government spending, large 
wage raises, and inefficiënt production created a chronic 
inflation that rose until, in the 1980s, it briefly exceeded 
an annual rate of 1,000 percent. Successive regimes tried 
to control inflation through various combinations of wage 
and price Controls, cuts in public spending, and restriction 
of the money supply. With the peso quickly losing value 
to inflation, a new currency, the peso argentino, was intro­
duced in 1983, only to be replaced by the austral in 1985.

The era of import Substitution ended in 1976, when an 
economic adjustment program lowered import barriers, 
liberalized restrictions on foreign borrowing, and gave the 
peso support against foreign currencies. These measures 
were intended to control inflation and increase efficiency 
by forcing competition upon the sheltered Argentine econ­
omy. Instead, they made imported products so cheap that 
many Argentine manufacturers could not compete with 
them. Between 1975 and 1981 manufacturing’s share of 
the GDP declined from about 32 to 25 percent.

The economic adjustment program brought about an- 
other difficult economic problem: a huge foreign debt. 
Within a decade, borrowing from foreign creditors for 
many state and private-sector industrial schemes had 
quintupled Argentina’s foreign debt. The overvalued peso 
made exports expensive, so that export earnings could not 
keep pace with the growing debt. Even as the government 
dismantled parts of the economic adjustment program, it 
had to address fundamental defects in Argentina’s econ­
omy. The country had agricultural and industrial sectors 
similar to those of developed countries, but they were 
considerably less efficiënt. And despite a high Standard of 
living by South American Standards, it had a foreign debt 
comparable to that of Third World countries.

Resources. Argentine industry is well served by the 
country’s abundance of energy resources. By the late 20th 
Century the country was self-sufficient in power, even to 
the degree that it could become a power exporter. The two 
main sources of power are petroleum and hydroelectricity. 
Petroleum deposits are scattered throughout the country. 
The basin around the Patagonian port of Comodoro Riva­
davia is estimated to hold some two-thirds of the country’s 
onshore reserves. Other deposits are located in Jujuy and 
Salta provinces, in Mendoza and Neuquén provinces, and 
at the tip of Patagonia and Tierra del Fuego.

While most óf the country’s power has traditionally been
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derived from petroleum, there has also been emphasis on 
the need to develop other energy resources. It has been es- 
timated that half of the country’s energy reserves lie in the 
potential of its rivers. Power from hydroelectric projects 
was increased by 10 times in the 1970s, and plans for the 
completion of more projects have been made. Such plans 
also involve the greater realization o f abundant natural gas 
supplies and the production of nuclear energy, the latter 
being an area in which Argentina, with several nuclear 
plants, is a Latin-American leader. The main natural gas 
fields are in the Northwest, near Campo Durän (Salta 
Province) and Mendoza, and in Patagonia, near Neuquén 
and Comodoro Rivadavia. Argentina mines some coal, 
but most of its needs are met by imports. The chief coal 
deposits are in southem Patagonia.

With the exception of oil and natural gas, exploitable 
mineral reserves are generally small and widely scattered. 
Reserves of iron ore, uranium, lead, zinc, silver, copper, 
manganese, and tungsten are worked. A wide range of 
nonmetallic minerals is found throughout the country. 
Salt deposits are located on the western and southwestern 
edges of the Pampa. Materials such as clay, limestone, 
granite, and marble supply the constmction industries.

Agriculture, forestry, and fishing. Argentina is one of 
the world’s major exporters of soybeans and wheat, äs well 
as meat. It is also one of the largest producers o f wool and 
wine, most of the wine being consumed domestically.

Wheat is Argentina’s largest crop in harvested land area, 
and it is the dominant crop in the cattle-raising southem 
Pampa of Buenos Aires and La Pampa provinces. Wheat 
and com dominate in the north. Planting of com began 
simultaneously with wheat in the northern Pampa. By 
the end of World War II, however, com production had 
been cut in half due to worldwide competition, and pro­
duction has only gradually increased since then. About 
half of the com produced is used for livestock feed. The 
total area of the Pampa planted in sorghum and soybeans 
has grown since 1960 to rank just behind that o f wheat 
and com. These crops serve primarily as livestock feed 
and are valuable for export. Another crop o f the northern 
Pampa is flax.

More than 90 percent of the country’s grape vines are 
planted in the Northwest provinces of Mendoza and San 
Juan; most of the crop is for wine making. Table grapes are 
a specialty in La Rioja. The warmer northern provinces of 
Tucumän, Salta, and Jujuy make up the sugarcane-grow- 
ing region of Argentina. The sugarcane provinces have also 
introduced citrus crops, because of the unreliable sugar 
market, and Salta and Jujuy grow tobacco. The best area 
for cotton growing lies mainly west of the Paranä River, 
between the Bermejo and Dulce rivers. Most o f the crop 
goes to the Argentine textile industry.

In Mesopotamia yerba maté is the most important prod­
uct o f Misiones Province, although since 1940 inroads 
have been made by tea farming and by the cultivation 
of tung trees, from which tung oil is derived. Citms has 
also become important. Farther south in Mesopotamia, 
in the truck-farming area that supports Buenos Aires, 
oranges, grapefruit, mandarins, and numerous vegetables 
are grown. The Negro River irrigation district in Patago­
nia has become one of Argentina’s major fruit-producing 
regions, particularly of apples and pears.

As the source of the country’s most valuable export Com­
modity, beef cattle dominate the Pampa. Estancieros have 
proved quick to adapt to changing markets, Switching 
breeds and supplementing alfalfa feed with grain sorghum 
in order to produce leaner meat. Most o f Argentina’s 
hogs are raised in the Pampa, principally for domestic 
consumption. The cool, moist area of the southeastem 
Pampa, between Buenos Aires and the city o f Mar del 
Plata, is an important dairy and sheep-raising district. 
Corrientes and Entre Rios remain important cattle-raising 
provinces, ranking just behind those of the Pampa. Chaco 
Province began as grazing ground for criollo cattle, but 
modern breeds seem inevitably to succumb to disease, so 
that the cattle economy there remains backward. Patago­
nia has at least half of the country’s sheep, most of which 
are sheared for their wool.

The forestry industry does not supply all of Argentina’s

needs. Most of the harvest goes to lumber, with smaller 
amounts to firewood and charcoal. In Mesopotamia the 
Paranä pine is harvested for lumber; there are also planta- 
tions of poplar and willow. The Northwest highlands pro­
duce pine and cedar, used for pulp and industry. The red 
quebracho of the Chaco region is valuable for its tannin, 
and the white quebracho is used for lumber and charcoal. 
Scattered stands of algarraba provide local firewood and 
cabinet wood in the Pampa.

The fishing industry is comparatively small, owing in 
part to the overwhelming preference among Argentines 
for beef in their diet. Most Coastal and deep-sea fishing is 
done in the Buenos Aires sector, from the Rio de la Plata 
to the Gulf of San Marias; the major ports are Mar del 
Plata and Bahia Bianca. Hake, squid, and shrimp make 
up a large part of the catch, about three-quarters of which 
is frozen or processed into oil and fish meal for export.

Industry. The product that initiated industrialization in 
Argentina was beef. This success was due in no small 
part to refrigeration techniques that, after 1876, made it 
possible to store and ship fresh meat. By the late 1920s 
frigorificos (meat-packing plants) were located in various 
parts of the country, several of them in the Buenos Aires 
area. Later, shipments proceeded from La Plata, Rosario, 
and Bahia Bianca. Frigorificos at the ports of Patagonia 
also came to serve the sheep ranches of that region.
The growth of beef production in Argentina gave rise to 

a host of associated industries, including those producing 
tinned beef, meat extracts, tallow, hides, and leather. The 
Chaco region supplies the necessary tannin, of which it is 
a major world producer. Argentina has been a consistent 
world leader in the export of hides. Leather processing 
occurs locally, and fine leather clothing can be obtained 
at retail outlets in the cities.

The Argentine grain milling industry has grown in cities 
that built huge storage silos. As production has increased, 
grain has become a significant export. Wheat flour pro­
duced in the mills that emerged in the silo areas is con­
sumed locally. Certain kinds of food industries based on 
wheat flour and various pastas have been attracted to the 
same sites along the Rio de la Plata littoral. Smaller but 
similar activities are emerging in the interior of Argentina, 
wherever grain production takes place. Textile production 
in Argentina also developed on the basis of agricultural 
products, namely wool and cotton. It is concentrated in 
the cities of the Pampa, where the labour needs can be 
met and where the largest markets are located.
Argentina’s refining industry has grown along the coast 

in Buenos Aires and nearby cities. Tankers and pipelines 
from Comodoro Rivadavia and Venezuela bring crude oil 
to this area. The refining industry has also found a base in 
the petroleum fields north and south of Mendoza, where 
petrochemical industries have emerged.

The steel industry in Argentina began in the 1940s 
and grew slowly during the following decades. The Zapla 
works in Jujuy, the integrated San Nicoläs de los Arroyos 
mill between Rosario and Buenos Aires, and the mill in 
Rosario produce most of the nation’s steel but fall short 
of supplying domestic demand. A developing automobile 
industry provides a market for Argentine steel producers.

The Argentine sugar industry of the Northwest is centred 
mainly in Tucumän, but a few mills also operate in Salta 
and Jujuy. The sugar mills fulfill domestic demand. Men­
doza in the same region is the nation’s centre for olive and 
olive oil production, as well as for wine bottling. Argentine 
wine shipments to other South American countries and to 
North America have become common, based on a steadily 
improving reputation among consumers. The Northwest 
is also a major area for cement production, and there is a 
developing aircraft industry at Cordoba.

Finance. Argentina’s financial System includes banks 
owned by the national government, by provincial and mu- 
nicipal authorities, and by private Companies. The Banco 
Central de la Repüblica Argentina is the naüon’s central 
bank; it issues currency, sets interest and exchange rates, 
and regulates the money supply by deciding the amount 
of reserve cash banks must hold.
Economic troubles beginning in the 1970s caused the 

near collapse of the country’s financial System. Inflation

Prolifer­
ation of 
frigorificos

Textile
production

i______ M__iine eciiiiai 
bank



Argentina 51

Major
trading
partners

Extension 
of the rail 
and road 
network

The
executive 
and the 
legislature

made savings deposits almost worthless; liberalized for- 
eign-investment laws and an overvalued peso encouraged 
excessive borrowing abroad; and defaulted loans caused 
many bankruptcies. To prevent complete collapse, the 
government took greater control of the private sector.

Trade. Argentine trade has always been oriented toward 
Europe and the United States. Following the colonial pe­
riod, the United Kingdom began acquiring its wheat and 
meat from the Pampa region. After World War II, Ar­
gentina attempted to raise beef and grain prices in order 
to rebuild lost sterling reserves, but the attempt failed. 
In addition, Britain’s trade was inclined toward those 
countries seeking consumer goods while, at the same time, 
Argentina was attempting to become self-sufficient in such 
needs. Trade with Britain diminished, falling especially 
after the Falkland Islands war in 1982. Since that war Con­
tinental European countries (particularly The Netherlands 
and West Germany) and the Soviet Union have become 
important trading partners of Argentina, although the 
United States remains the single most important market 
for the country’s exports. Brazil also ranks high in trade 
volume with Argentina. Agricultural products are Argenti­
na’s major exports, and its imports include nonelectrical 
and electrical machinery, Chemicals, and petroleum and 
petroleum products.

Transportation. During the Spanish colonial period, 
there were three principal overland transportation routes. 
The most important led from Buenos Aires to the wealthy 
mining centre in Peru via the northwestem route through 
Córdoba, Santiago del Estero, Tucumän, and Jujuy. A 
second route linked Buenos Aires with Chile westward 
to Villa Maria, San Luis, and Mendoza. The third route 
extended north from Buenos Aires to Santa Fe and Cor- 
rientes. These and less important side roads were used 
by mule drivers, horsemen, huge-wheeled oxcarts called 
carretas, and stagecoaches drawn by six to eight horses.

The transformation of this System did not occur by 
means of the modernization of roads but rather by the 
rapid introduction of rail lines during the period just after 
1857. British and other foreign Capital funded rail net- 
works that led from Buenos Aires in several directions. 
Road and rail construction continued from that time into 
the 20th Century, extending throughout the nation. By 
the late 20th Century, Argentina had the most extensive 
transportation System in Latin America. The largest share 
of surface freight is carried by road, with lesser amounts 
carried by river, pipeline, and railroad.
Small ships that carry passengers and freight have served 

the Coastal cities from Buenos Aires to Rio Galleges since 
the end of the 19th Century. The ocean shipping fleet, 
however, is not well developed, considering Argentina’s 
extensive export trade. Air transportation provides rapid 
travel to all regions of the nation. Every major city has a 
jet airport, and even small, remote centres like Ushuaia in 
Southern Patagonia have good service. The country’s most 
important air transport Company, Aerolineas Argentinas, 
was founded by the government in 1950 to handle do­
mestic and international traffic. International airports are 
located in most of the major cities, the most important 
being Ezeiza outside of Buenos Aires.

GOVERNMENT AND SOCIAL CONDITIONS

Government. Argentina is a federal union of 22 
provinces, one territory, and a federal capita!, the city of 
Buenos Aires. Federalism came to Argentina only after a 
long struggle between proponents of a central government 
and supporters of provincial interests. The Constitution of 
1853 was modeled after that of the United States, and, 
although altered a number of times, the document has 
sustained Argentina with at least a nominal form of re- 
publican, representative, and federal government.

Executive power resides in the office of the president, 
who is elected with a vice president to a six-year term. The 
president may not be reelected for consecutive terms. The 
president is commander in chief of the armed forces and 
appoints all civil, military, and federal judicial officers. 
Both the president and the vice president must profess Ro­
man Catholicism. The Argentine legislature, or National 
Congress, consists of two houses: a Senate, composed of

two representatives from each province and the federal 
Capital elected for nine-year terms; and the Chamber of 
Deputies, whose members are elected for four-year terms, 
with apportionment based on population. Each province 
has its own government, with executive, legislative, and ju­
dicial branches similar to those of the federal government. 

The Argentine judicial System is divided into federal and 
provincial courts. Supreme Court judges are appointed by 
the president with approval of the Senate. Federal judges 
are appointed constitutionally for life, but it has not been 
unusual for them to serve only as long as the administra- 
tion that appointed them.

The Argentine System of political parties has been volatile, 
particularly in the 20th Century, with numerous parties 
being formed, taking part in elections, and being dis- 
banded as new factions evolved. Among the major parties 
operating in Argentina are the Radical Civic Union, a 
centrist party with moderate leftist leanings; the National 
Justicialist Movement, the Peronist party (made up of 
followers o f former president Jüan Perón), divided into 
factions and made up largely of nationalists and labourers; 
and the Union of the Democratie Centre, a coalition of 
right-wing parties.

Education. Argentina has one of the better educated 
populations in Latin America, which is reflected in its 
large number o f schools and high literacy rate. Primary 
education is compulsory and free; secondary and higher 
education is offered in free public schools and in private 
schools subsidized by the state. Higher education in Ar­
gentina was seriously hampered by the censorship and 
other strictures o f the military government of 1976-83, 
but efforts to restore the system began after a civilian gov­
ernment was retumed to power. The National University 
of Córdoba, founded in 1613, is the nation’s oldest, and 
the University of Buenos Aires, founded in 1821, is its 
largest. Other major national universities are at Mendoza, 
La Plata, Rosario, and Tucumän. The National Technical 
University is located at Buenos Aires.

Health and welfare. An extensive system of hospitals 
and clinics in Argentina is run by national, provincial, and 
local authorities as well as by private organizations. Public 
health and sanitation Standards are particularly high in 
developed areas but can drop off considerably in some of 
the undeveloped areas. Diseases such as smallpox, cholera, 
yellow fever, and tuberculosis have been brought under 
control or eliminated.

Argentina’s social welfare services were developed on 
a large scale during the first presidency of Jüan Perón 
(1946-55). A social security system was set up to provide 
extensive benefits for all workers. Housing, however, has 
become a problem in cities because of the movement of 
workers from rural areas, especially during difficult eco­
nomie periods. This has produced new living quarters on 
the outskirts of urban zones that have been built hastily 
from corrugated iron and scraps of wood, cardboard, and 
other scavenged materials. These communities are called 
villas miserias, and, despite pressures from various direc­
tions, little has been done to improve their condition.

CULTURAL LIFE

Heritage and daily life. Because almost all Argentines 
are descendants of relatively recent immigrants from Eu­
rope, their culture has a more distinctly European Orienta­
tion than that of their fellow Latin Americans. The people 
of Buenos Aires, the portenos, often call their city the Paris 
of South America, and, with its culture and glamour, it 
probably earns that name. But there is another Argentina 
away from the Capital: this is the Argentina of the Pampa 
and the interior. The interior gave to all Argentines their 
Symbol o f national identity, the gaucho, who occupies a 
Position in South American lore similar to that of the 
cowboy in the United States. Scomed in his heyday of the 
18th and 19th centuries as a drinker and vagabond, this 
mestizo ranch hand rode the open rangeland of the huge 
estancias in pursuit o f wild horses and criollo cattle. Even- 
tually Argentines came to see him as a character whose 
solitary life in the open taught him self-reliance, courage, 
indifference to hardship, and love of the land, traits that 
represented the ideal of their national character.

Political
parties

Major
universities

The
gaucho



52 Argentina

The tango

Music,
painting,
and
sculpture

Another hybrid of the Old and New Worlds is the 
tango, which emerged from the poor immigrant quarters 
of Buenos Aires toward the end of the 19th Century and 
quickly became famous around the world as the Argen­
tine national dance. Influenced by the Spanish tango and, 
possibly, the Argentine milonga, it was originally a high- 
spirited local dance, but, popularized by such singers as 
Carlos Gardel, it became an elegant ballroom form danced 
to melancholy tunes.

The combination of Old and New World cultures is also 
seen in the Argentine diet. Southern European influences 
appear especially in the cities, where breakfast is often a 
light serving of rolls and coffee, and supper is taken, in the 
Spanish tradition, after nine o’clock at night. The Italian 
influence is seen in the popularity of pasta dishes. But the 
New World asserts itself in the Argentine passion for beef, 
which is overwhelmingly preferred to other meats and fish. 
Maté, the native tealike beverage brewed from yerba maté 
leaves, is populär in the countryside.

The arts. The fine arts of Argentina have always found 
their inspiration in Europe, particularly in France and 
Spain. In literature the Modernismo movement of the late 
19th Century and the Ultraismo o f the early 20th were 
both influenced by the French Symbolist and Parnassian 
poets. By composing verses of unconventional metre and 
by using unusual imagery and symbolism, such poets as 
Leopoldo Lugones and Jorge Luis Borges hoped to draw 
attention to the beauty of the Spanish language. Borges 
went on to become one of the most innovative novelists 
of Latin America. He prepared the way for experimental 
novelists of the later 20th Century.

Composers of the early 20th Century, such as Alberto 
Williams and Carlos López Buchardo, contributed to a 
nationalist revival in music by adapting folk and gaucho 
themes to classical forms. A generation later Alberto Gi- 
nastera and Juan Carlos Paz experimented with musical 
forms that were current throughout Europe and the Amer­
icas. Painters and sculptors studied in Italy and France and 
brought the academie, Impressionist, and Cubist styles to 
Argentina. Later artists were inspired by Mexican murals 
and by abstract and Pop art in the United States.

Recreation. The most populär sport is football (soccer), 
introduced by the British in the 19th Century; Argentine 
teams are generally among the best internationally and 
have won the World Cup. The British also brought polo, 
at which the equestrian-loving Argentines quickly excelled. 
There are excellent hiking and fishing areas in the Lake 
District of the Patagonian Andes, and skiërs travel to 
Andean resorts. In the summer months bathers pack the 
beaches at resorts, such as Mar del Plata.

Important civic holidays are the Anniversary of the Rev­
olution (May 25) and Independence Day (July 9). Christ­
mas is a national holiday. Regional festivals include the 
Fiesta del Milagro in Salta, commemorating the salvation 
of the city from an earthquake in September 1692, the 
celebration on July 6 of the founding of Córdoba, and the 
wine festival in Mendoza in March.

Press and broadcasting. The mass media in Argentina 
are well advanced among Latin American nations. All 
of the largest newspapers are published in Buenos Aires. 
The largest daily circulation is claimed by Clarin; two 
other large-circulation dailies, La Nation and La Prensa, 
founded in 1870 and 1869, respectively, have high reputa- 
tions in the Spanish-speaking world as well as among the 
international press. In the Capital various foreign-language 
papers serve the ethnic groups. The majority of the radio 
and television stations are privately operated. Throughout 
the country’s postwar history the broadcast media have 
periodically become agents of state propaganda, only to 
be retumed to some independence by succeeding admin- 
istrations. This process has also afflicted the press.

For Statistical data on the land and people of Argentina, 
see the Britannica World Data section in the b r it a n n ic a

WORLD DATA ANNUAL. (R.C.Ei./Ed.)

History
It has been estimated that the population living in the land 
area of what is now called Argentina before the arrival

of the Europeans totaled some 300,000. As in the rest of 
the New World, it was composed of Indians believed to 
have been descendants of Asians who, in prehistorie times, 
are thought to have migrated across the Bering Strait to 
the North American continent and who gradually spread 
across North, South, and Central America. The state of 
civilization of the Argentine Indian did not match those 
of the Aztec and the Maya and the empire-building Incas. 
Some of the tribes, such as those in the Chaco and Pata­
gonia, were nomadic hunters and fishers; but others, such 
as the Diaguitas of the Northwest and the Araucanians of 
the Pampa, developed a primitive agriculture, handicrafts, 
trade, and relatively sophisticated weaponry.

EARLY PERIOD
Discovery and settlement. It is well established that 

Amerigo Vespucci stimulated the Spanish search for a 
Southern strait, which led to the discovery both of the Rio 
de la Plata by Juan Diaz de Solls in 1516 and of the Strait 
of Magellan by Ferdinand Magellan in 1520. These two 
voyagers revealed the main outlines of the Atlantic coast 
of what is now Argentina. Sailing up the Plata, which he 
called the Mar Dulce, or Freshwater Sea, Solls, with a 
small party, landed and was ambushed by Indians. Solls 
and most of his followers were killed; several disappeared. 
The survivors of the expedition retumed to Spain.

The Rio de la Plata was not explored again until Magellan 
arrived in 1520 and Sebastian Cabot in 1526. The latter 
picked up two survivors of the Solls expedition, who told 
glowing tales of the wealth of the region. Cabot discovered 
the Paranä and Paraguay rivers and established the fort of 
Sancti Spiritus (the first Spanish settlement in the Plata 
basin). He also sent home reports of the presence of silver.

In 1528 Cabot met another expedition from Spain under 
Diego Garcla, commander of a ship from the Solls expe­
dition. Both Cabot and Garcla had been supposed to sail 
for the Moluccas but altered their courses, influenced by 
excited tales about an “enchanted City of the Caesars,” a 
variant of the Eldorado legend, which later incited many 
explorations and conquests in Argentina. While Cabot 
himself was preparing to search for the fabled city, a sur­
prise attack by the Indians in September 1529 wiped out 
his Sancti Spiritus base.

Inspired by the conquest of Peru and the threat from 
Portugal’s growing power in Brazil, Spain in 1535 sent an 
expedition under Pedro de Mendoza (equipped at his own 
expense) to settle the country. Mendoza was initially suc- 
cessful in founding Santa Maria del Buen Aire, or Buenos 
Aires (1536), but lack of food proved fatal. Discouraged 
by Indian attacks and mortally ill, Mendoza sailed for 
Spain in 1537, dying on the way.

In the same year a party from Buenos Aires under Juan 
de Ayolas and Domingo Martlnez de Irala, lieutenants 
of Mendoza, pushed a thousand miles up the Plata and 
Paraguay rivers. Ayolas was lost on an exploring expedi­
tion, but Irala founded Asuncion among the Guarani, a 
sedentary, agricultural people. In 1541 the few remaining 
inhabitants of Buenos Aires abandoned it and moved to 
Asuncion, which was the first permanent settlement in this 
area. In the next half-century Asunción played a major 
part in the conquest and settlement of northern Argentina. 
The main population of Argentina was concentrated here 
until the late 18th Century. Buenos Aires, reestablished 
in 1580 by Juan de Garay with settlers from Asuncion, 
was largely isolated from this northern area. Northern 
Argentina as well as Buenos Aires was settled mainly by 
the overflow from neighbouring Spanish colonies—Chile, 
Pem, and Paraguay (Asunción). There was little direct mi- 
gration from Spain, probably because the area lacked the 
attractions of Mexico, Peru, and other Spanish colonies—  
rieh mines, a large supply of tractable Indian labour, ac- 
cessibility, and the privilege of direct trade with Spain. 
Nevertheless, in the early communities a simple but vig- 
orous society developed on the basis o f Indian labour and 
the horses, cattle, and sheep imported by the Spaniards, as 
well as native products such as com and potatoes; some 
of the Indians worked as virtual serfs. Missions established 
by the Roman Catholic Church played a notable role in 
the colonizing process. Because few Spanish women were
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among the settlers, there was much intermarriage with 
the Indians.

Colonial period. Politically, Argentina was a divided 
and subordinate part of the Viceroyalty of Peru until 1776, 
but three of its cities—Tucumän, Córdoba, and Buenos 
Aires—successively achieved a kind of leadership in the 
area and thereby sowed the seed of community feeling that 
much later grew into the idea of Argentine national union.

Tucumän’s leadership lasted from the latter part of the 
16th through the 17th Century. Its political and ecclesiasti- 
cal jurisdiction extended over most of northern Argentina, 
including Córdoba. Tucumän also dominated the chief 
economic activity of supplying the rieh silver-mining area 
of Upper Peru (Bolivia) with foodstuffs and livestock in re­
turn for European manufactures and other goods brought 
from Spain. Under the same economic system Cordoba 
rose to leadership in the 17th and 18th centuries because 
the expansion of settlement gave the city a central location 
and because the University of Córdoba, founded in 1613, 
put the city in the intellectual forefront in Argentina and 
in Spanish America in general.

On the other hand, Buenos Aires, which rose to leader­
ship in the late 18th Century, symbolized three important 
reorientations of Argentine life from west to east. The first, 
economic, was the shift from trade with the now declining 
silver mines of Peru to direct transatlantic trade with Eu­
rope. Another reorientation, intellectual, resulted from the 
rise of interest in the new ideas of the European Enlight- 
enment, which found fertile soil in cosmopolitan Buenos 
Aires. The third reorientation, political, was brought about 
by Spain’s detaching its possessions in the Plata basin 
(modern Argentina, Uruguay, Paraguay, and southem Bo­
livia) from the Viceroyalty of Peru and erecting them into 
the new Viceroyalty of the Rio de la Plata, with Buenos 
Aires as its Capital (1776). Spain’s main purpose was to 
put its Plata dominions in a better defensive Position. The 
chief threat came from Brazil, which was growing rapidly 
in population, wealth, and military potential. For the first 
time the port of Buenos Aires was opened to transatlantic 
trade with Spain and, through Spain, with other countries. 
This resulted in a great increase in both legal trade and 
the already flourishing smuggling.

Independence. In Argentina, as in most o f Spanish 
America, the independence movement was precipitated 
mainly by Napoleon’s Intervention in Spain, beginning 
in 1808. The break began when Napoleon’s intervention 
plunged Spain into a civil war between two rival govem- 
ments. One was set up by Napoleon, who placed his own 
brother Joseph Bonaparte on the throne. The other was 
created by patriotic juntas in Spain in the name of the 
exiled Ferdinand VII and aided by the British. In most of 
Spanish America, however, while there was general sym- 
pathy with the regency, both claims were rejected, mainly 
on the ground that an interregnum existed and that under 
ancient principles of Spanish law the king’s dominions in 
America had the right to govem themselves pending the 
restoration of a lawful king.
This view was sustained in Argentina by the Creoles rather 

than by the “peninsular” Spaniards, and it was given effect 
by the Buenos Aires cabildo, or municipal council. This 
ancient Spanish Institution had existed in all the colonies 
since the 16th Century. Its powers were very limited, but 
it was the only organ that had given the colonists experi- 
ence in self-govemment. In emergencies it was converted 
into an “open” cabildo, a kind of town meeting, which 
included substantial members of the community. On May 
25, 1810, such an “open” cabildo in Buenos Aires set up 
an autonomous government to administer the Viceroyalty 
of La Plata in the name of Ferdinand VII, pending his 
restoration. When Ferdinand was restored in 1814, how­
ever, he promptly proved himself one of the worst kings 
Spain had ever had. Thereupon, an assembly representing 
most of the country met at San Miguel de Tucumän and, 
on July 9, 1816, declared the country independent under 
the name o f the United Provinces of the Rio de la Plata.

Several years of hard fighting followed before the Span­
ish royalists were defeated in northern Argentina. But 
they remained a threat from their base in Peru until it 
was liberated by Simón Bolivar in 1824. The Buenos

Aires government tried to maintain the integrity of the 
old viceroyalty of the Rio de la Plata, but the outly- 
ing portions, never effectively controlled, soon were lost: 
Paraguay in 1814, Bolivia in 1825, and Uruguay in 1828. 
The remaining territory, modern Argentina, was frequently 
disunited until 1860. The root cause of the trouble, the 
question of the relation of Buenos Aires to the rest of the 
country, was not settled until 1880, and, even after that, 
it continued to cause dissatisfaction.

EFFORTS TOWARD RECONSTRUCTION, 1820-29 

In 1820 there were only two political organizations that 
could claim more than strictly local and provincial follow- 
ings: the revolutionary government in Buenos Aires and 
the League o f Free Peoples (Liga de los Pueblos Libres) 
that had grown up along the Rio de la Plata and its 
tributaries under the leädership of José Gervasio Artigas. 
But both organizations collapsed simultaneously in that 
year, and Buenos Aires seemed on the verge of losing its 
Position as the seat o f national government. However, as 
the city regained its function as an intermediary between 
the nation and foreign govemments, it also regained its 
national prominence.

Dominance of Buenos Aires. In practically all of the
provinces, military leaders had assumed power. Each 
provincial political regime soon acquired its own character, 
according to the relative power held by military strongmen 
and by local political interests. This differentiation was 
not, however, cause for friction among the provinces; their 
cleavages were more directly attributable to economic and 
geographica! differences. Buenos Aires was able to make 
significant advances toward national leadership by pru- 
dently taking advantage of the interprovincial rivalries.

Within the Province of Buenos Aires itself, the regime 
of the so-called Party of Order (Partido del Orden) put 
into effect reform measures that were viewed with favour. 
Principal among them was the dismantling of the military 
apparatus that had remained from the war and the ded- 
ication of what remained to the defense of the frontier 
areas and plains against the Indian threat. This prudence 
on the part of the government in power won the support 
of the rural landowners as well as the urban businessmen, 
whose backing assured victory at the polls.

The political order that seemed to be taking hold in 
Buenos Aires, however, and in the country as a whole was 
achieved by setting aside, rather than resolving, certain 
fundamental difficulties. In particular, the institutional Or­
ganization of the country was not carried out, and nothing 
was done about the Banda Oriental (the east bank of the 
Uruguay River), which was occupied first by Portuguese 
and then by Brazilian troops. By 1824, both problems 
were becoming urgent. England was willing to recognize 
Argentine independence if a government was established 
that could act for the whole country. In the Banda Orien­
tal, a group of eastern patriots had taken over large sectors 
of the rural areas and agitated for their reincorporation 
into the United Provinces of the Rio de la Plata, forcing 
the Buenos Aires government to face the possibility of war 
with the Brazilian empire.

Presidency of Rivadavia. In the meantime an attempt 
was made to establish a national government through a 
constituent assembly that met in December 1824. Over- 
stepping its legal authority, the constituent assembly, in 
February 1826, created the office of president of the re- 
public and installed the norteno (“northemer”) Bernardino 
Rivadavia as its first occupant. Civil war flared up in 
the interior provinces, soon dominated by Jüan Facundo 
Quiroga—the caudillo from La Rioja who opposed cen- 
tralization. When the assembly finally drafted a national 
Constitution, the major portion of the country rejected it.

War against Brazil had begun in 1825. While the Argen­
tine forces were able to defeat the Brazilians on the pam- 
pas of Uruguay, the Brazilian navy blockaded the Rio de 
la Plata and succeeded in crippling Argentine commerce. 
Unable to end the war on favourable terms, Rivadavia 
resigned in July 1827, and the national government dis- 
solved. Leadership of the Province of Buenos Aires was 
given to a federalist, Col. Manuel Dorrego. Behind Dorrego 
there were local interest groups whose political spokesman
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was the great landowner Juan Manuel de Rosas, who had 
been named commander of the rural militia. Dorrego was 
prevailed upon to make peace with Brazil. In 1828 the dis- 
puted eastern province was constituted as the independent 
state of Uruguay; the territory that Rivadavia had consid- 
ered indispensable to the “national integrity” of Argentina 
was never to be recovered. In December 1828, troops 
retuming from the war overthrew Dorrego and installed 
Gen. Juan Lavalle in his place; Dorrego was executed.

While there was little resistance to the new govemor in 
the city of Buenos Aires, uprisings began quite promptly 
in the outlying areas of the province. In Santa Fe a Con­
vention of representatives from the provinces dominated 
by the federalists, under the leadership of Rosas, called 
upon the Govemor of Santa Fe to take steps against the 
Lavalle regime. Lavalle finally came to terms with Rosas, 
and they agreed to hold elections in Buenos Aires for a 
new provincial legislature. Under the compromise agree- 
ment, Rosas and Lavalle appointed a moderate federalist 
as governor of Buenos Aires, but political tensions were 
too great for this attempt at reconciliation. Rosas recon- 
vened the old legislature that Lavalle had disbanded when 
he came to power—a triumph for the most intransigent 
forces of federalism. The legislature unanimously elected 
Rosas governor on Dec. 5, 1829.

CONFEDERATION UNDER ROSAS, 1829-52

The regime of Rosas in Buenos Aires enjoyed far broader 
support than any of its predecessors. Special interest 
groups, landholders, and export-import merchants (along 
with the British diplomatic contingent that was identified 
with these interests) all feil behind the new govemor. Prac- 
tically all the influential sectors in the province identified 
Rosas’ triumph with their own best interests.

Domestic politics, 1829-35. The new govemor, how­
ever, saw clearly the ambiguities and dangers of such 
widespread support. He sought a political formula that 
would enable him to harness the energies of the various 
sectors to his own purposes. He found this formula in 
factionalism. By imposing an orthodox federalism, the ex­
act nature of which he alone wouid determine according 
to his own political objectives, Rosas would be assured 
of control over the masses and would be able to use this 
influence as a restraint on the economic and social elites, 
with whose interests Rosas fundamentally identified. This 
blueprint assigned to Rosas the role of permanent arbiter 
of a delicate and constantly threatened balance.

By 1832 the Opposition to federalism had disappeared 
throughout the country, and Rosas turned over the reins 
of the government of Buenos Aires to his legal successor, 
Gen. Juan Ramón Balcarce. Balcarce’s assumption of the 
office fanned sparks of dissidence among those who had 
pledged to uphold the principles o f federalism. Balcarce 
was overthrown, and his successor took office with a Cab­
inet composed of Rosas’ friends. They adopted policies 
that were designed to lead to normality. But it was nor- 
mality that Rosas feared, since it would have entailed the 
demobilization of his mass political following. The legis­
lature in Buenos Aires was induced to designate Rosas as 
governor of the province, but under conditions that Rosas 
himself successfully imposed: he was granted extraordinary 
resources, absolute public authority, and an extension of 
the governor’s term of office from three to five years.

Foreign policies. In the field öf international relations, 
Rosas’ policies also left no room for anything other than 
total success or total failure. International difficulties arose 
as extensions of domestic turmoil. At that time it was not 
clear to everyone that the neighbouring countries of Bo­
livia, Paraguay, and Uruguay were destined to be indepen­
dent States and not part of the federal grouping controlled 
by Buenos Aires. Gen. Andres Santa Cruz, who had es­
tablished a confederation of Peru and Bolivia, supported 
opponents of Rosas in Argentina. Rosas in turn supported 
the influential governor of the northern Province of Tu_ 
cumän, when that govemor decided to go to war against 
the forces of General Santa Cruz. In 1839 the war ended 
in victory for the northern Argentine forces, in part thanks 
to an alliance with Chile.

Rosas’ involvement in civil struggles in Uruguay proved

to be costly. It led to the first open friction with France, 
which sent warships to blockade Buenos Aires in 1838. 
This created dissension in the Coastal region, which had 
always depended heavily on export trade. Argentine polit­
ical exiles in Montevideo received French backing in their 
efforts to overthrow Rosas, and in the north a league of 
dissident provinces was formed.

This formidable coalition o f adversaries soon feil apart. 
Faced with other Problems, France abandoned its adven- 
ture in the Rio de la Plata area and left its local allies to 
fend for themselves against Rosas. At the same time, an 
army organized by Buenos Aires and commanded by the 
Uruguayan leader Manuel Oribe gained control of most 
of the Argentine interior. For the first time since 1820, 
troops from Buenos Aires had advanced as far as the 
Bolivian and Chilean frontiers. The hegemony of Buenos 
Aires under Rosas’ system of federalism was not to be 
challenged again. Oribe went on to conquer most of Uru­
guay, and his predominantly Argentine army began the 
siege of Montevideo in February 1843. The city was saved 
only through the Intervention of British warships, and in 
1845 an Anglo-French fleet blockaded Buenos Aires and 
a British fleet sailed up the Paranä River. Eventually the 
British and French withdrew their aid to Montevideo and 
made peace with Rosas.

The fact that Rosas was able to conduct a vigorous for­
eign policy for so many years was partly because of the 
weakness of Brazil, Argentina’s natural rival in the Rio 
de la Plata area, which had been involved in a civil war 
(1835-45) in Rio Grande do Sul. Once the rebellion had 
been put down, it was only a question of time until Brazil’s 
influence was again a factor in the Rio de la Plata region. 
This influence opposed Rosas. It worked in support of 
a rebellion by Gen. Justo José de Urquiza, govemor of 
the Province of Entre Rios. In 1851 Urquiza formed an 
alliance with Brazil and Umguay. The allies first forced 
Rosas’ troops to abandon the siege of Montevideo and 
then defeated his main army in the Battle of Caseros (Feb. 
3, 1852), just outside Buenos Aires. Rosas, abandoned by 
most of his troops as well as his political supporters, was 
taken to England, where he died in 1877.

Economic development, 1820-50. In the 30 years after 
1820, Argentina’s society and economy underwent con- 
siderable changes. Buenos Aires was the province best 
adapted to the new era of free trade based upon the ex­
port of cattle products in return for consumer goods from 
overseas. The interior provinces adjusted slowly, replacing 
their traditional markets in highland Pem with new ones in 
Chile, where a great expansion of the mining industry was 
taking place. The Coastal provinces fared better, although 
their livestock industry suffered from the effects of the 
civil war. For Santa Fe, the decade of the 1830s brought a 
return to moderate prosperity, and a similar trend began 
in Entre Rios and Corrientes provinces in the 1840s.

NATIONAL CONSOLIDATION, 1852—80

General Urquiza called a constitutional Convention that 
met in Santa Fe in 1852. Buenos Aires refused to partic- 
ipate, but the Convention adopted a Constitution for the 
whole country that went into effect on May 25, 1853. 
Buenos Aires refused to join the new confederation, the 
first elected president of which was Urquiza and the first 
Capital of which was Paranä. The dissidence was a serious 
financial handicap to the state, since Buenos Aires kept 
for itself all the revenues from customs duties on imports. 
In 1859 Urquiza incorporated Buenos Aires by armed 
force, but he had to agree to a constitutional revision that 
underscored the federal character of the government.

Before the unification took effect, however, Urquiza was 
succeeded in the presidency by Santiago Derqui. Another 
civil war broke out, but this time Buenos Aires defeated 
the forces led by Urquiza. The latter came to an under- 
standing with Gen. Bartolomé Mitre, governor of Buenos 
Aires. They agreed that Niitre would lead the country but 
that Urquiza would exercise authority over the provinces 
of Entre Rios and Corrientes. Derqui resigned, and Mitre 
was elected president in 1862 with Buenos Aires as the 
seat of government.

The authority of the new president (1862-68) was pro-

Growth 
of a cattle 
economy

Constitu­
tional 
convention 
o f 1852



Argentina 55

The Roca 
presidency

Economic
expansion

gressively weakened by Opposition within his own province 
of Buenos Aires. The pressures of this Opposition forced 
Mitre definitely toward intervention in the political strug- 
gles of Uruguay and thence into a war with Paraguay. 
From 1865 to 1870, a triple alliance of Argentina, Brazil, 
and Uruguay carried on a war to the death against 
Paraguay, employing modern weapons and tens of thou- 
sands of troops.

The war with Paraguay did not disrupt Argentina’s com­
merce, as other wars had. In the 1860s and 1870s foreign 
Capital and waves of European immigrants poured into the 
country. Railroads were built; alfalfa, barbed wire, better 
breeds of cattle and sheep, and finally the refrigeration of 
meat were introduced. The national armed force became 
one of the comerstones of the new centralized state.

But if the national state seemed to be taking shape with 
surprising vigour, the process never resulted in consolida- 
tion of the hegemony of the so-called liberal faction that 
had backed Mitre in 1861-62. Moreover, the army refused 
to uphold the policies of the President. One of Rosas’ 
nephews rallied the support of the military behind the 
presidential candidacy of Domingo Faustino Sarmiento, 
a native of San Juan. His victory was guaranteed by the 
influence of the military combined with the support of the 
liberal faction in Buenos Aires that opposed Mitre. The 
new president (1868-74) held office without a political 
party of his own. Credit from abroad brought a continuing 
prosperity that allowed Sarmiento to engage in a costly 
civil war to put down an uprising in Entre Rios.

Sarmiento was succeeded by his minister of justice, pub­
lic education, and worship, Nicolas Avellaneda (1874-80), 
a native of Tucumän, whose victory was a reaction against 
the hegemony of Buenos Aires. The new president faced 
serious financial difficulties engendered by the European 
economie crisis of 1873. When the extemal sources of Cap­
ital dried up, the country once again feit the consequences 
of Buenos Aires’ financial superiority. Avellaneda adopted 
a policy of austerity, and he undertook to reach an agree- 
ment with the declining forces of liberal nationalism.

Gen. Julio Argentino Roca, who was also from Tucumän 
and who had influence in Córdoba, became the next pres­
ident (1880-86). Roca had led a brilliant military career, 
during which he had brought the long cycle of Indian wars 
to a victorious close in 1879. This achievement, opening 
up the pampas to settlement, made Roca a political hero. 
His campaign for the presidency provoked a new rebellion 
in Buenos Aires, but the uprising was quickly put down. 
The perennial question of the city’s status was then settled 
by making it a federal territory and converting it into the 
national Capital; a new capita! for the Province of Buenos 
Aires was established at La Plata.

THE CONSERVATIVE REGIME, 1880-1916
The entire country was now dominated by the National 
Autonomist Party, which was composed of an alliance of 
the various groups supporting Roca. These included many 
of the big ranchers, as well as commercial and business 
interests who were more than happy with Roca’s formula 
of “peace and efficiënt administration.” Argentina’s eco­
nomie expansion in this period owed much to British Cap­
ital, which made possible the building of an extensive rail 
network linking the upriver provinces to Buenos Aires and 
the sea. Along with the growth of agriculture and ranch­
ing, there was also some expansion in other industries, 
but the impetus came from large-scale foreign investment. 
This was also an era of rapid growth in population, largely 
from immigration. Argentina’s population grew from less 
than 2,000,000 in 1869 to nearly 8,000,000 in 1914.

The crisis of 1890. The economie expansion led ulti- 
mately to inflation, accompanied by the issuance of too 
much paper currency and a crisis of confidence in the 
London Capital market. The financial crisis was followed 
by a political one. The government of Roca’s succes­
sor, Miguel Juärez Celman (1886-90), had been wary to 
launch a necessarily unpopulär anti-inflationary program. 
Discontent was growing, both within and outside the offi­
cial party ranks. In July a re volt erupted that had strong 
support from within the army, but it was defeated by 
loyal elements. Even so, Juärez Celman was forced to step

down in favour of the vice president, Carlos Pellegrini, a 
solid ally of Roca.

The rise of radicalism. The difficulties of the 1890s 
brought the rise of a new party, the Radical Civic Union, 
strongly opposed to the ruling regime and the compromise 
candidate, Luis Säenz Pena, accepted by Mitre and the 
more moderate opponents o f the Roca-Juärez Celman 
regime. In 1898 Roca retumed to the presidency for a 
second term (1898-1904) and began an attempt to bring 
the more moderate radicals effectively back into the loose 
alliance of local political groups, which after 1890 con- 
trolled the national government. The most intransigent 
radical factions, headed by Hipólito Irigoyen, who later 
became president twice, remained in Opposition.

While political Opposition was on the decrease, social 
unrest was becoming more widespread. Within the govern­
ment itself there was growing disarray. When Roca broke 
with Pellegrini, it was a final blow for the National Au­
tonomist Party, and Roca was barely able to avoid being 
succeeded in office by Pellegrini in 1904. The candidate he 
finally put into the presidency, Manuel Quintana (1904- 
06), was far from being one o f Roca’s staunchest support­
ers. Quintana was forced to quell a radical revolution in 
1905, and his death opened the way to the presidency 
for the Cordoban José Figueroa Alcorta (1906-10), who 
tumed immediately to the task of destroying Roca’s po­
litical machine. In 1910, Alcorta installed as his successor 
Roque Säenz Pena (1910—14), a brilliant politician who 
was fully prepared to construct a governing coalition on 
new foundations.

The course of Argentine politics in the final stages of 
Roca’s career had convinced many o f his most influential 
and militant followers that the country needed electoral 
reform, which was not seen as excessively dangerous since 
the Radical Opposition seemed to have limited support. 
In 1912, Säenz Pena had the Congress pass an electoral- 
reform law that called for a compulsory, secret ballot for 
all male citizens. His death in 1914 deprived the national 
leadership of its guiding force, and the electoral law he 
had authored opened the gates of power to the Radicals. 
The interim presidency o f Victorino de la Plaza (1914— 
16) was followed by that of the Radical leader Hipólito 
Irigoyen (1916-22). He was the first Argentine president 
who owed his victory to the populär vote rather than to 
selection by the incumbent president among the members 
of a mling oligarchy.

THE RADICAL REGIME, 1916-30

The Radical front was a coalition of heterogeneous social 
groups, which made it difficult to put through economie 
and social reforms without upsetting the front’s equilib- 
rium. Not surprisingly, Irigoyen preferred to concentrate 
on curing the political ills he had inherited from the con- 
servative regime. The most urgent measure had to do with 
political patronage, which had been used by the conserva- 
tives to keep their candidates in office. Patronage had to 
be put to the service of the new party in power, and, thus, 
the Radical machine made itself virtually unbeatable at 
the polls in almost every province.

In other fields the Radical administration also showed 
concern for expanding its political base. Irigoyen achieved 
substantial rapport with the more moderate labour 
unions—a rapport expressed in a generally pro-labour pol­
icy. That policy had to be tempered after violent clashes 
occurred in the Capital city during the general strike of 
January 1919, after which the military aligned itself with 
conservative interest groups. His administration supported 
organizations and movements among tenant farmers and 
also put through a university-reform plan.

Irigoyen’s influence was a deciding factor in the election 
of his successor, Marcelo T. de Alvear (1922-28), who 
represented a safe choice. He, however, was not content 
with the restrictions that Irigoyen imposed upon him and 
became the reluctant leader of a conservative wing hostile 
to Irigoyen. In the elections of 1928, Irigoyen ran for a 
second term and was elected by a populär vote margin of 
two to one, establishing him as head of his party.

If Irigoyen was scarcely a revolutionist, his victory over 
the economie, social, and political elites of the country
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had nonetheless earned him their strong enmity. His po­
litical machine, while an excellent mechanism for securing 
power, proved to be incapable o f governing; its inadequa- 
cies were starkly revealed in the crisis of 1929, precipitated 
by the army, which expelled Irigoyen from office on Sept. 
6, 1930. This marked the end of the constitutional conti- 
nuity that had lasted for 68 years and also the end of the 
long period o f economic expansion based on the export of 
raw materials, which had doubled between 1913 and 1928.

Behind the continuing upward trend lay a shift in eco­
nomic power to foreign merchants and processors at the 
expense o f the Argentine landowning dass. Before 1914, 
these foreign interests had been concentrated mainly in the 
grain-growing sector; after 1920 they moved into the cattle- 
raising industry. Private investment still came mainly 
from Great Britain, which was also the main market for 
Argentine exports. The United States provided industrial 
and transportation equipment and was the govemment’s 
main source of credit, but it had erected tariff and other 
barriers to the importation of Argentine goods, prompting 
Irigoyen to adopt an anti-U.S. and pro-British line.

THE CONSERVATIVE RESTORATION, 1930-43

The military coup that expelled Irigoyen installed Gen. 
José Félix Uriburu in the presidency (1930-32). A descen­
dent of an old northern lamily, the conservative Uriburu 
leaned toward the Fascist ideas of the 1930s. His influ­
ence with the army, however, was not as great as that 
of Gen. Augustin Pedro Justo, a former minister of war 
under Alvear, who favoured a conservative reorientation 
of the country within constitutional limitations. The Rad­
icals had been reorganized under the leadership of Alvear 
and had won an unexpected victory in trial elections held 
in the Province o f Buenos Aires in April 1931. But the 
Radicals, under stringent restrictions, boycotted the na­
tional election o f 1931. General Justo, with the backing 
of a coalition o f conservatives, anti-Alvear Radicals, and 
independent Socialists and with only the limited use of 
electoral fraud, was elected by a large majority.

The new president (1932-38) faced a difficult economic 
Situation. The Roca-Runciman Agreement with Great 
Britain (1933) guaranteed Argentina a fixed share in the 
British market for meat and ruled out tariffs on British 
cereal imports. In retum, Argentina agreed to certain stip- 
ulations with regard to trade, currency exchange, and the 
preservation of Britain’s commercial interests in the coun­
try. The treaty sharpened doubts of Argentines conceming 
the economic relationship between Argentina and Britain. 
Other unpopulär reforms included a restructuring of the 
monetary system and the establishment of agencies to con­
trol exports. After 1935 the economic climate improved.

The election o f 1937, in which the government retained 
its power, was marked by fraud and violence. The next 
president, Roberto M. Ortiz (1938-40), returned to more 
proper electoral procedures, calling for federal Interven­
tion in the province of Buenos Aires, where a corrupt 
conservative machine had been in control. Ortiz’ poor 
health obliged him to resign, and his successor, Ramón S. 
Castillo (1940-43), restored the conservative coalition to 
power, gaining the support o f General Justo.

At the outbreak o f World War II, Argentina declared 
its neutrality and remained neutral even after the United 
States entered the conflict in 1941. This issue united all the 
Opposition groups, and Castillo imposed a state of siege. 
In January 1943 a stabilizing influence disappeared with 
the death of General Justo. President Castillo feil from 
power in June 1943 in a coup led by his own minister of 
war, Gen. Pedro P. Ramirez.

THE PERÓN ERA, 1943-55
Transition period. The military government faced sever­

al urgent and difficult Problems. Neutrality was advocated 
by some, and a choice between the restoration of a repre-
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tary dictatorship was also required. Gen. Arturo Rawson 
was made president but resigned after two days when his 
anti-conservative stance and his advocacy of the United 
Nations won no military support.

General Ramirez replaced Rawson as president (1943-

44); neutrality was maintained, and Opposition from all 
political groups (except the nationalist right wing and 
the Fascist sympathizers) increased. Press censorship and 
the dissolution of political parties reflected emergent au- 
thoritarianism. Under pressure from the United States, 
the regime broke off diplomatic relations with Germany. 
This deed was not favoured by the military officers, and 
Ramirez turned the presidency over to Gen. Edelmiro J. 
Farrell (1944-46). But international pressures grew, and 
to avert min Argentina had to face the return to represen- 
tative democracy.

The search for a solution ended in the rise of Col. Juan 
Perón to the office of president. Since October 1943, when 
he had secured the minor job o f mnning the labour depart- 
ment, Perón had been building a political empire based in 
the labour unions. He helped the unions win favourable 
settlements from employers; he pushed through a welfare 
program that provided vacations, retirement benefits, and 
severance pay. By 1945 he was also vice president and 
minister of war. His changes included giving autonomy to 
universities, reconstmcting political parties (including the 
Communist Party, prohibited since 1936), and declaring 
war on Germany, thereby making it possible for Argentina 
to enter the United Nations. But with the retum of polit­
ical freedom came renewed Opposition, culminating in a 
mass demonstration in Buenos Aires in September 1945. 
Emergency measures were enacted, Perón’s military sup­
port gave way, and on October 9 he was removed from 
office and arrested. Neither the political nor the military 
Opposition, however, could agree on what to do. Perón’s 
adherents in the unions organized a strike that found en- 
thusiastic support among the people. He was released on 
October 17, and his foes were forced to resign.

Perón in power. Perón campaigned for the presidency 
in the elections of 1946. He organized a Labour Party 
that was resisted by all of the old parties and by the major 
vested-interest groups. His victory, though narrow, gave 
him control of both houses of Congress and all the provin­
cial govemorships. Perón’s political strategy and tactics 
were authoritarian and personalistic. Education and the 
courts were politically purified; a state o f internal war was 
declared, to allow an expansion of executive authority; 
revenues were redistributed in favour of the workers; pub­
lic services were nationalized; and urban and industrial 
areas were given preferential treatment over their rural 
counterparts.

Until 1949 Perón’s economie policies were successful, 
largely because of the prosperity of exporters during and 
just after the war. As inflation increased and terms of trade 
worsened, however, it became difficult to finance imports 
of vital raw materials. The constitutional reform of 1949 
allowed Perón to be reelected in 1951; his government 
took on a more conservative hue, hastened by the death 
of the President’s wife, Eva Perón, in July 1952. She had 
been a powerful political figure in her own right, bur- 
nishing the regime’s image of populär democracy. After 
1952 Perón incurred the increasing hostility of the church 
and the students. His efforts to eliminate the influence of 
the church provoked disaffection in the officer corps, and 
in September 1955 he was overthrown by Gen. Eduardo 
Lonardi with support from the Córdoba garrison.

ATTEMPTS TO RESTORE CONSTITUTIONALISM, 1955-66

General Lonardi was acting president, but he soon gave 
way to Gen. Pedro Eugenio Aramburu, who became pres­
ident in November 1955. The new administration (1955— 
58) was a military dictatorship seeking to restore constitu­
tional government. Taking a fiercely anti-Peronista stance, 
it dissolved Perón’s old party and placed the labour unions 
under state administration. The Peronistas wielded consid- 
erable influence on the factions that were competing for 
power and in 1958 supported Arturo Frondizi, a radical 
leader who promised to readmit them to political life in 
return for their support. Frondizi won the presidency and 
majorities in both houses of Congress.

The new president (1958-62) showed a keen interest in 
reviving the flow of foreign investment. A currency deval- 
uation that favoured exporters and foreign investors, how­
ever, had adverse effects on the middle and lower classes.

Rise of 
Perón

Influence 
of Eva 
Perón
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The campaign against inflation brought restrictions on 
credit, increasing the difficulties of industry, and Frondizi 
had to use the military to uphold his unpopulär policies.

In March 1962 the reorganized Peronistas gained control 
of important districts, among them the province of Buenos 
Aires. The armed forces withdrew support from Frondizi, 
dissolved Congress, and set up a government in the name 
of José Maria Guido, president pro tempore of the Senate. 
Guido’s 18-month administration was one of confusion 
as two military factions fought for control. The Colorados 
(Reds) sought a dictatorship that would deal strongly with 
the Peronistas and extreme leftists. The Azules (Blues), 
who prevailed, favoured a constitutional government by a 
coalition including the Peronistas, though the latter were 
to be confined to a weaker role than that indicated by 
their voting strength.

The elections of July 1963 resulted in victory for Ar- 
turo Illia, the candidate o f the People’s Radical Civic 
Union. President Illia (1963-66) inherited Frondizi’s eco­
nomic problems, although the drastic reorientation of the 
economy had begun to show signs of success. Illia tried 
without success to split the resurgent Peronistas, who now 
controlled the labour unions, from their exiled leader. An- 

Ongania tagonized, the Peronistas supported a coup in June 1966 
takes that brought to power Gen. Juan Carlos Ongama, a for-
power mer Azules leader and commander in chief of the army.

GOVERNMENT BY THE ARMED FORCES 

Adalbert Krieger Vasena, minister of economy and labour, 
strove for economic stability through yet another cur­
rency devaluation and also undertook programs in electric 
power, steel, roads, and housing. In May 1969, distur- 
bances and riots in the cities of Corrientes, Rosario, 
and particularly Córdoba rose out of student and labour 
conflicts; these incidents, later known as the Cordobazo, 
were identified as resentment toward Krieger Vasena’s 
economic policies. Krieger Vasena was removed, but the 
Ongania administration was unable to agree on an al­
ternative economic policy, and the Cordobazo decisively 
affected the political climate. Underground activities were 
organized by a Trotskyite group, the People’s Revolu­
tionär Army (Ejército Revolucionario del Pueblo; ERP), 
and by Peronista groups. In 1970 one of these Peronista 
organizations, the Montoneros, besides decimating the 
moderate Peronista union leadership, captured and killed 
former president Aramburu, who had been organizing a 
movement for a retum to constitutional rule. The armed 
forces overthrew the Ongama government in June 1970. 
Gen. Roberto Marcelo Levingston replaced Ongama; but 
the retum of inflation and his political ambitions caused 
his overthrow, and he was replaced in March 1971 by 
Gen. Alejandro Agustin Lanusse.

Perón supported the Peronista underground but also used 
other means in a new bid for power. He maintained a 
formal alliance with the Frondizi followers, but the cor­
nerstone of his strategy was an understanding with the 
largest non-Peronista party, the Radicals. Mindful of the 
vested interests, he purged his economic proposals of any 
motives that could alarm the propertied classes. The mil­
itary government prevented Perón’s own candidacy but 
could not stop the electoral victory of the Peronista coali­
tion, the Justicialist Liberation Front (Frente Justicialista 
de Liberation), in March 1973.

THE RETURN OF PERONISM

The newly elected president, Héctor J. Cämpora, took of­
fice in May 1973. Under his administration the Peronista 
left wing acquired considerable influence. The final return 
of Perón in June was the occasion of a battle between 
right and left. The union leadership and Perón’s private 
secretary, José López Rega (appointed minister of social 
welfare by Cämpora), launched a violent antileftist cam­
paign that had the discreet support of Perón himself. In 
July Cämpora resigned, and new elections were called. An 
interim president, Raül Lastiri, began a purge of leftist 
influences in the government.

Perón’s second presidency. Perón was elected president 
on a ticket that included his wife, Maria Estela (called Isa- 
bel) Martinez de Perón, as vice president and took office

in October 1973 He continued the campaign against the 
left, and in May 1974 the victims of the purge acknowl- Split in the 
edged the break with their leader and passed into (still Peronista 
legal) Opposition. Underground activities again became ev- ranks 
ident, and a right-wing organization, the Argentine Anti­
communist Alliance (Alianza Anticomunista Argentina;
AAA), suspected by many to be close to the police and 
intelligence branches o f the administration, began to take 
a heavy toll of political, student, and union leaders.

Perón’s economie policies after May 1973 combined 
monetary stabilization and rigid control o f prices and 
wages with a gradual redistribution o f income in fävour 
of wage eamers and a limitation on profits o f the agrarian 
exporters. By 1974, however, the world petroleum crisis 
caused Europe to reduce its substantial imports of Argen­
tine meat, and the balance o f payments suffered.

Perón’s legacy. When Perón died on July 1, 1974, he 
left to his widow, who succeeded him, a deeply compro- 
mised inheritance. The transition of power was smooth, 
however, and President Martinez de Perón, in close al­
liance with López Rega, became even more inflexibly 
oriented toward the right. Violence reached new heights.
López Rega, who used the rightist crusade to consolidate 
his power base, favoured labour and army leaders who 
were committed to support him. This course created hos- 
tility among union, political, and military leaders. In the 
autumn of 1975 a drastic devaluation and a steep drop 
in real wages were proposed. Martinez de Perón was per- 
suaded to dismiss López Rega, but the unrest deepened.
In December there was an uprising by the air force, and 
on March 24, 1976, military officers deposed the President 
and took over the government. (T.H.D./Ed.)

THE RETURN OF MILITARY GOVERNMENT

The Videla regime. A three-man military junta filled 
the presidency five days after the coup with Lieut. Gen.
Jorge Rafaél Videla, who served two consecutive terms 
in office (1976-81). During Videla’s regime the economy 
showed some improvement. Inflation dropped from about 
600 percent in 1976 to 138 percent in 1982—still the 
highest in the world for that year. The balance of foreign 
trade also improved. This economie relief, however, was 
accompanied by continued political violence. Thousands 
of citizens were killed or imprisoned or disappeared. The 
Argentine government, which maintained that it was fight­
ing a civil war, was subject to much criticism at home and 
abroad for civil rights violations.

Viola and Galtieri. Videla was succeeded on March 29,
1981, by Gen. Roberto Eduardo Viola, who pursued a 
policy of moderation. On Dec. 21, 1981, the government 
announced that Viola was stepping down for reasons of 
health; he was succeeded the next day by Lieut. Gen.
Leopoldo Galtieri. Galtieri was occupied by an economy
aga in  o n  th e  d o w n sw in g , b y  in crea sed  c iv il O p p osition  to
military rule, and by Argentina’s claims to islands in the
Atlantic. The government had refused to accept a decision
of the International Court of Justice in 1977 awarding
the three Beagle Channel islands to Chile. The matter
again went into negotiation, under Vatican auspices from
1979, and was resolved in 1984 when Chile was awarded
sovereignty of the islands. In February 1982 Argentina
increased pressure on the United Kingdom to relinquish
the Falkland Islands. With populär support at home, Ar- Falkland
gentine troops landed on the Falklands and South Georgia Islands war
island on April 2 and overcame the U.K. Royal Marines
stationed at Port Stanley. For the next three weeks, while
a British naval force sailed to the Falklands, negotiations
between the two belligerents failed to reach a solution.
British forces retook South Georgia on April 30, and the 
Argentine military govemor surrendered the Falklands to 
them on June 14.

Galtieri resigned as commander in chief of the army and 
president on June 17, 1982. Maj. Gen. Reynaldo Bignone 
was installed as president on July 1. The members of the 
junta representing the air force and the navy resigned in 
protest over Bignone’s appointment, but the junta was 
reconstituted on September 10. Under Bignone, political 
parties were allowed to résumé activities, and general 
elections were announced. The Peronista party delayed
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choosing a presidential candidate and thus lost ground to 
the Radical Civic Union, led by Raül Alfonsin, a civilian 
lawyer; Alfonsin won the election on Oct. 30, 1983, and 
the Radicals gained the majority in the National Congress, 
followed by the Peronistas.

Alfonsin’s democracy. Soon after his inauguration on 
Dec. 10, 1983, Alfonsin, in a reversal of legislation passed 
under Bignone, announced plans to prosecute several 
members o f the former military government, including the 
former presidents Videla, Viola, and Galtieri. He also re- 
pealed a law granting amnesty to those accused of crimes 
and human rights violations during what came to be called 
the “dirty war.” Hundreds of military personnel were 
ordered to stand trial. In the trial of nine former junta 
members in 1985, five were convicted, including Videla 
and Viola. Although Galtieri was acquitted in that trial, 
he was convicted in 1986, along with two other officers, 
of incompetency in the Falkland Islands war. Rebellions 
broke out within the armed forces in protest over the 
prosecutions but most o f the armed forces stayed loyal. 
Massive rallies voiced approval of Alfonsin’s democracy, 
and support poured in from the international community.

Alfonsin launched an austerity program, the Austral Plan, 
which adopted a new currency (the austral) and invoked 
wage and price Controls and currency devaluations. The 
measures initially brought a generally downward trend 
to inflation and restored the confidence of international 
bankers, who allowed Argentina to refinance and resched- 
ule its foreign debts, the growth of which had reached crisis 
proportions. The inflation rate began to rise again, how­
ever, reaching almost 388 percent at the end of 1988, and 
the austral began a steady decline against the U.S. dollar. 
The worsening state of the economy and the Alfonsin gov- 
emment’s inability to handle it contributed to the defeat 
of the Radical presidential candidate, Eduardo Angeloz, 
in May 1989. (Alfonsin was constitutionally ineligible to 
succeed himself.) Carlos Saül Menem, a Peronista, led 

Election of his party to victory in the presidential and congressional 
Vlenem elections. Throughout his campaign Menem had openly 

cultivated an image recalling his party’s founder, and it 
was his appeal to the poor and working classes, the tradi­
tional supporters of Peronism, that clinched his victory.

With the economy crumbling around him, Alfonsin re­
signed five months early, and Menem officially took over 
on July 8. Menem’s plan was a free-market economy, 
with lower tariffs based on a wage-price pact between 
labour, business, and government and the privatization öf 
inefficiënt govemment-owned Companies. To help carry it 
out, he enlisted the aid o f former top-level executives from 
Bunge y Bom, one o f Argentina’s leading corporations.

The continuing discontent of the military over wages, 
equipment, and the trials o f those of their number ac­
cused o f human rights violations during the dirty war had 
manifested itself in more rebellions in the last months of 
Alfonsin’s tenure. After a bloody attack at La Tablada 
barracks outside Buenos Aires, Alfonsin initiated a huge 
military investment program. Menem in turn sought to 
quell the military’s discontent and to win their support 
in a time o f economie emergency by pardoning those ac­
cused of human rights violations, a move that was strongly 
criticized. Former president Galtieri was also pardoned. In 
October, Argentina and Great Britain formally agreed to 
end the hostilities that began with the Falklands war, and 
they reestablished consular ties. (Ed.)

For later developments in the history of Argentina, see 
the Britannica Book o f the Year section in the britannica
WORLD DATA ANNUAL.

For coverage o f related topics in the Macropcedia and 
Micropcedia, see the Propcedia, sections 951, 964, 966, and 
974, and the Index.
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Early years 
and back­
ground

Aristotle and Aristotelianism

Aristotle, more than any other thinker, determined 
the orientation and the content of Western intellec­
tual history. He was the author of a philosophical 

and scientific system that through the centuries became the 
support and vehicle for both medieval Christian and Is- 
lämic Scholastic thought: until the end of the 17th Century 
Western culture was Aristotelian. And even after the intel­
lectual revolutions of centuries to follow Aristotelian con- 
cepts and ideas remained embedded in Western thinking.

Aristotle’s intellectual range was vast, covering most of 
the Sciences and many of the arts. He worked in physics, 
chemistry, biology, zoology, and botany; in psychology, 
political theory, and ethics; in logic and metaphysics; in 
history, literary theory, and rhetoric. His greatest achieve- 
ments were in two unrelated areas: he invented the study 
of formal logic, devising for it a finished system, known as 
Aristotelian syllogistic, that for centuries was regarded as 
the sum of logic; and he pioneered the study of zoology, 
both observational and theoretical, in which his work was 
not surpassed until the 19th Century.

Even though Aristotle’s zoology is now out-of-date and 
his thought in the other natural Sciences has long been left

behind, his importance as a scientist is unparalleled. But 
it is now of purely historical importance: he, like other 
scientists of the past, is not read by his successors. As a 
philosopher Aristotle is equally outstanding. And here he 
remains more than a museum piece. Although his syllo­
gistic is now recognized to be only a small part of formal 
logic, his writings in ethical and political theory as well 
as in metaphysics and in the philosophy of Science are 
read and argued over by modern philosophers. Aristotle’s 
historical importance is second to none, and his work 
remains a powerful component in current philosophical 
debate.

This article deals with the man, his achievements, and the 
Aristotelian tradition. For treatment o f Aristotelianism in 
the füll context of Western philosophy, see ph ilo so ph y ,
THE HISTORY OF WESTERN, and  PHILOSOPHICAL SCHOOLS 
AND DOCTRINES.

For coverage of related topics in the Macropcedia and 
Micropcedia, see the Propcedia, Part Ten, Division V, es­
pecially Section 51.
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THE LIFE OF ARISTOTLE
Aristotle was born in the summer of 384 bc in the small 
Greek township of Stagira (or Stagirus, or Stageirus), on 
the Chalcidic peninsula of Macedonia, in northem Greece. 
(For this reason Aristotle is also known as the “Stagirite.”) 
His father, Nicomachus, was court physician to Amyntas 
III, king of Macedonia, father of Philip II, and grandfather 
of Alexander the Great. As a doctor’s son, Aristotle was 
heir to a scientific tradition some 200 years old. The case 
histories contained in the Epidemics of Hippocrates, the 
father of Greek medicine, may have introduced him at an 
early age to the concepts and practices of Greek medicine 
and biology. As a physician, Nicomachus was a member 
of the guild of the Asclepiads, the so-called sons of Ascle- 
pius, the legendary founder and god of medicine.

Because medicine was a traditional occupation in certain 
families, being handed down from father to son, Aristotle 
in all likelihood learned at home the fundamentals of that 
practical skill he was afterward to display in his biological 
researches. Had he been a medical student he would have 
undergone a rigorous and varied training: he would have 
studied the role in therapy of diet, drugs, and exercise; he 
would have learned how to check the flow of blood, apply 
bandages, fit splints to broken limbs, reset dislocations, 
and make poultices of flour, oil, and wine. Such, at least, 
were the skills of the trained physician of his time. It is not 
known for certain that Aristotle actually acquired these 
skills; it is known that medicine and its history were later 
studied in the Lyceum, Aristotle’s own institute in Athens, 
and that later, in a snobbish vein, he considered a man

sufficiently educated if he knew the theory of medicine 
without having gained experience practicing it.

This early connection with medicine and with the rough- 
living Macedonian court largely explains both the predom- 
inantly biological cast of Aristotle’s philosophical thought 
and the intense dislike of princes and courts to which he 
more than once gave expression.

First period: in the Academy at Athens. While Aristotle 
was still a youth, his father died, and the young man 
became a ward o f Proxenus, probably a relative of his 
father. He was sent to the Academy of Plato at Athens in 
367 and remained there for 20 years. These years formed 
the first of three main periods in Aristotle’s intellectual 
development, years dominated by the formative influence 
of Plato and his colleagues in the Academy. Aristotle 
doubtless interested himself in the whole range of the 
Academy’s activities. It is known that he devoted some 
time to the study o f rhetoric, and he wrote and spoke 
for the Academy in its battles against the rival school 
of Isocrates.

After Plato’s death in 348/347 his nephew Speusippus was 
named as head of the Academy. Aristotle shortly thereafter 
left Athens—in disgust, it is sometimes claimed, at not be­
ing appointed Plato’s successor. This interpretation of his 
motive, however, lacks foundation, for evidence suggests 
that he was ineligible to be the school’s head because of 
his status as a resident alien who could not hold property 
legally. It is more likely that his departure from Athens 
may have been linked with an anti-Macedonian feeling 
that arose in Athens after Philip had sacked the Greek city-
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Aristotle, marble bust with a restored nose, Roman copy of a Greek 
original, last quarter of the 4th Century BC. In the Kunsthistorisches 
Museum, Vienna.
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state of Olynthus in 348. Aristotle’s 12-year absence from 
Athens nevertheless indicates that he valued more the cir­
cle of friends who accompanied him on his travels—chief 
among them Theophrastus of Eresus, his pupil, colleague, 
and eventual successor as head of the Lyceum—than he 
did his membership in the Platonic Academy.

Second period: his travels. With him went another 
Academy member of note, Xenocrates of Chalcedon, 
whose lethargy became the target of Plato’s ridicule. Plato 
reportedly contrasted it with Aristotle’s more energetic 
manner: “The one needs a spur, the other a bridle . . . .  
See what an ass I am training to compete with what a 
horse.” The distinctive characters of the two men, how­
ever, seem to have integrated well in establishing a new 
academy on the Asian side of the Aegean at the newly 
built town of Assus.

At Assus, Hermeias of Atameus, a Greek soldier of for- 
tune, had first acquired fiscal and then political control of 
northwestern Asia Minor, as a vassal of Persian overlords. 
After a visit to the Athenian Academy he invited two of 
Plato’s graduates to set up a small branch to help spread 
Greek rule as well as Greek philosophy to Asian soil. Aris­
totle came to this new intellectual centre. To this period 
may belong the first 12 chapters of Book 7 of Aristotle’s 
Politics. There he sketches the connection between phi­
losophy and politics, namely, that the highest purpose of 
a city-state (polis) is to secure the conditions in which 
those who are capable of it can live the philosophical life. 
Such a life, however, lies only within the capacity of the 
Greeks, whose superiority qualifies them to employ the 
non-Greek tribal peoples as serfs or slaves for the perfor­
mance of all menial labour. Thus, citizenship and service 
in the armed forces are considered to be the exclusive 
rights and duties of the Greeks. Aristotle’s espousal of 
an enlightened oligarchy, nonetheless, actually constituted 
an advance over the political concepts flourishing at the 
time and it should be viewed in its context as a positive 
development in the establishment of the noble civilization 
created by the Greeks.
At about the same time, Aristotle composed the work, 

now lost, On Kingship, in which he clearly distinguishes 
the function of the philosopher from that of the king. He 
alters Plato’s dictum—for the better, it is said—by teach­
ing that it is

. . .  not merely unnecessary for a king to be a philosopher, 
but even a disadvantage. Rather a king should take the ad- 
vice o f true philosophers. Then he would fill his reign with 
good deeds, not with good words.

Aristotle thus strove to assure the independent role of the 
philosopher.

Aristotle was on good terms with his patron, Hermeias, 
and married his niece, Pythias. She bore Aristotle a daugh-

ter, whom he called by her mother’s name. In the Politics,
Aristotle prescribed the ideal ages for marriage— 37 for 
the husband and 18 for the wife. Because Aristotle was 
himself 37 at this time, it is tempting to guess that Pythias 
was 18. It is also possible that their own marital relations 
are reflected in his further, somewhat cryptic, Observation:
“As for adultery, let it be held disgraceful for any man 
or woman to be found in any way unfaithful once they 
are married and call each other husband and wife.” In his 
will Aristotle ordered that “Wherever they bury me, there 
the bones of Pythias shall be laid, in accordance with her 
own instructions.” Pythias did not live long, however; and 
after her death Aristotle chose another companion, Her- 
pyllis (whether concubine or wife is uncertain), by whom 
he then had a son, Nicomachus. She outlived Aristotle, 
and he made ample and considerate Provision for her in 
his will “in recognition of the steady affection she has 
shown me.”

After three years at the young Assus Academy, Aristot­
le moved to the nearby island of Lesbos and settled in 
Mytilene, the Capital city. With his friend Theophrastus, a Mytilene 
native of that island, he established a philosophical circle 
patterned after the Athenian Academy. There his centre 
of interest shifted to biology, in which he undertook pio- 
neering investigations. (The landlocked lagoon of Pyrrha 
in the centre of Lesbos has been identified as one of his 
favourite haunts.) He appears to have feit it necessary to 
justify this new attention to biology by rejecting the argu- 
ments that had classed it as an inferior, unattractive study.
In his biological researches he focused on a new type of 
causation, namely teleological. Teleological causation has 
to do with the aim, or end, of nature, a type that is distinct 
from mechanical causation but one that is, nonetheless, 
operative in the inorganic sphere. According to Aristot­
le, natural organisms—plants and animals—have natural 
ends or goals, and their structure and development can 
only be fully explained when these goals are understood.
To admit the existence of such ends, or aims, in nature is 
to argue teleologically (Greek telos, “an end”) or to admit 
the idea of a final cause (Latin finis, “end”). Teleology, 
and theory in general, is important in Aristotie’s biology; 
but it is always, in principle at least, subordinate to Ob­
servation. Thus, confessing his ignorance of the mode of 
generation of bees, Aristotle wrote in his treatise On the 
Generation o f Animals:

The facts have not yet been sufficiently established. If ever 
they are, then credit must be given to Observation rather 
than to theories, and to theories only insofar as they are 
confirmed by the observed facts.

Associated with his researches into plant and animal life 
were his reflections on the relation of the soul to the body.
As revealed by his tract On the Soul, Aristotle distanced 
himself from the Platonic conception of the soul as an 
independently existing substance that is only temporarily 
resident in the body. With greater emphasis on the positive 
value of material existence, he suggested instead that the 
soul is the vital principle essentially united with the body 
to form the individual person. With some acknowledg- 
ment to Plato, he then proceeded to define the soul as the 
form of the body and the body as the matter of the soul.

In late 343 or early 342 Aristotle, at about the age of 42, 
was invited by Philip II of Macedon to his Capital at Pella 
to tutor his 13-year-old son, Alexander. As the leading in- Alexander 
tellectual figure in Greece, Aristotle was commissioned to the Great 
prepare Alexander for his future role as a military leader.
As it tumed out, Alexander was to dominate the Greek 
world and defend it against the Persian Empire. Using 
the model of the epic Greek hero, as in Homer’s Iliad,
Aristotle attempted to form Alexander as an embodiment 
of the classical valour of an Ajax or Achilles enlightened 
by the latest achievement of Greek civilization, philoso­
phy. With his firm conviction of the superiority of Greeks 
over foreigners, he instructed Alexander to dominate the 
barbarians— i.e., non-Greeks—and to hold them in ser- 
vility by refraining from any physical intermixture with 
them. Despite this advice, however, Alexander later be­
came committed to intermarriage; he chose a wife from 
the Persian nobility and forced his high-ranking officers 
(and encouraged his troops) to do likewise.
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In other ways too the influence that Aristotle had on 
Alexander was negligible. Although later, on his retum 
to Athens, Aristotle enjoyed considerable political and 
economic support from the Macedonians and perhaps 
received assistance in the Organization of his biologi­
cal researches, it is not likely—as some have held—that 
Alexander collected and dispatched to Aristotle specimens 
of rare animals from Persia and India; in fact, Alexander’s 
first Penetration of the valley of the Indus did not occur 
until 328/327, less than six years before Aristotle’s death. 
Indeed, the relation between the two was embittered by 
the execution of Aristotle’s nephew, the historian Callis- 
thenes of Olynthus, who was charged with treason while 
accompanying Alexander to Persia early in 328 in order 
to write a chronicle of the campaign. It has even been 
reported that Alexander meditated revenge on Aristotle 
himself because he was a blood relative of the victim. 
But Alexander was diverted by his preoccupation with the 
invasion of India. Clearly, in matters of political ideology, 
a gulf separated Aristotle and Alexander. Aristotle showed 
no awareness of the fundamental changes that Alexander’s 
conquests were bringing to the Greek world; indeed, he 
was opposed in principle to Alexander’s imperial policy 
because it diminished the importance of the city-state. On 
the other hand, Alexander gratified his tutor by rebuilding 
the town of Stagira, Aristotle’s birthplace, which Philip II 
had destroyed earlier.

After three years at the Macedonian court, Aristotle 
withdrew and returned to his paternal property at Sta­
gira (c. 339). There he continued the associations of his 
philosophical circle, which still included Theophrastus and 
other pupils of Plato.

Third period: founding and directing of the Lyceum.
Aristotle remained in Stagira until 335, when, nearing 50 
years of age, he once again returned to Athens. At this 

Athens: the time the presidency of the Academy became vacant by 
Lyceum the death of Speusippus, and Xenocrates of Chalcedon, 

his old associate in biological research, was elected to the 
post. Although Aristotle appears never to have wholly sev- 
ered his links with the Academy, he nonetheless opened, 
in 335, a rival institution in the Lyceum, a gymnasium 
attached to the temple of Apollo Lyceus, situated in a 
grove just outside Athens. The place had for some time 
been frequented by other teachers—Plato even mentions 
it as having been one of Socrates’ haunts—and the name 
of the temple came to be applied to Aristotle’s school in 
particular. But it was probably only after Aristotle’s death 
that the school, under Theophrastus, acquired extensive 
property. From the fact that his instruction was given in 
the peripatos, or covered walkway, of the gymnasium, the 
school has derived its name of Peripatetic. Informal as 
the school may have been under Aristotle, it was very 
important to him because, by coordinating the work of 
a number of scholars, he was able for the next 12 years 
to organize it as a centre for speculation and research in 
every field of inquiry and to give lectures on a wide range 
of scientific and philosophical questions. The chief differ- 
ence between the new school and the Academy was that 
the scientific interests o f the Platonists centred on mathe- 
matics whereas the main contributions of the Lyceum lay 
in biology and history.
On the death of Alexander the Great in 323 a brief but 

vigorous anti-Macedonian agitation broke out in Athens. 
Aristotle, who had long-standing Macedonian Connections 
and was a friend o f Antipater, the Macedonian regent of 
Athens, feit himself in danger. He therefore left Athens 
and withdrew to his mother’s estates in Chalcis on the is­
land of Euboea. There he died in the following year from a 

Death stomach illness at the age of 62 or 63. It was reported that 
he abandoned Athens in order to save the Athenians from 
sinning twice against philosophy (referring to Socrates as 
the earlier victim).

PERSONALITY, CHARACTER, AND PHILOSOPHICAL STANCE
The features of Aristotle, familiär from busts and en- 
gravings, appear handsome and refined. An ancient tradi­
tion, possibly from an unfriendly source, says, however, 
that Aristotle had spindleshanks and small eyes and 
that he spoke with a lisp. In compensation for these

physical defects, he was notably well dressed. His cloak 
and sandals were of the best quality and he sported 
rings. Presumably he was rieh, with large family hold­
ings at Stagira. One use that he made of his money 
was to collect books. Plato, with a touch of contempt 
for Aristotle’s devotion to reading and perhaps not with­
out some envy of his affluence, called him “the reader.”
Aristotle was an intellectual but not devoid of passion.
A story is told of Plato giving a reading of his Phaedo, 
a purported record of Socrates’ last day. The dialogue 
is moving and solemn. As Plato was reading, however, 
his audience gradually melted away. In the end, Aristotle 
alone was left. Probably fictitious, the aneedote was in- 
vented to express a truth: Aristotle was, in fact, spellbound 
by the Socratic doctrine of immortality as expounded by 
Plato. It not only interested him intellectually but also 
absorbed him emotionally. His earliest works, dialogues 
written when he was still a member of the Academy (now 
lost except for some fragments), were in part concerned 
with thoughts of the next world and the worthlessness of 
this one.

The aneedotes related of him reveal him as a kindly, af- 
fectionate character, and they show barely any trace of the 
self-importance that some scholars think they can detect 
in his works. His will, which has been preserved, exhibits 
the same kindly traits; he makes references to his happy 
family life and takes solicitous care of his children, as well 
as his servants.

This personal happiness is reflected in On Philosophy, 
perhaps the last of his strictly literary works. After writing 
this work, which he completed in around 348, he devoted 
his energies to research, teaching, and the writing of more 
technical treatises. The greatness of On Philosophy, which 
survives only in fragments, is evident in its influence on 
the thought of later antiquity; perhaps more than any 
other single work it established philosophy as a profession.
In the extant part, Aristotle defines the specific role of the
philosopher. Dividing the historical development of civi- Concept of
lization into five main stages, Aristotle sees the emergence philosophy
of philosophy as its culmination. First, men are compelled
to devote themselves to the creation of the necessities
because without them they could not survive. Next come
the arts that refine life and then the discovery of the art
of politics, the prerequisite of the good life as Aristotle
conceived it. To these necessities and refinements of life
is added the knowledge of their proper use in the fourth
stage. Only with the emergence of the well-regulated state
comes the leisure for intellectual adventure, used at first
for the study of the material causes of existing things.
Finally comes the shift from natural to divine philosophy, 
when the mind lifts itself above the material world and 
grasps the formal and final causes of things, realizing the 
intelligible aspect o f reality and the purpose that informs 
all change.

This divine philosophy gave its attention to the astral 
gods. Aristotle had experienced in Athens the long intel­
lectual struggle to discover perfect order in the heavens.
He had learned that perfection was not to be confined 
to the mathematical abstractions, to which Plato had at 
first directed the attention of his pupils, but had come 
to recognize that the visible heavens themselves could be 
accepted as the embodiment of the divine. With the dec- 
laration of this intimacy between the deities and the work 
of their hands in the material universe, Aristotle issued his 
manifesto, which is an optimistic affirmation of the val- 
ues of this world; simultaneously he rejected the Platonic 
doctrine that the soul is imprisoned in the body and in 
need of struggling free from the bonds of matter. It was 
by this stroke that Aristotle established his own identity in 
the history of thought.

WRITINGS
Aristotle’s writings fall into two groups: the first consists 
of works published by Aristotle but now lost; the second 
of works not published by Aristotle and, in fact, not 
intended for publication but collected and preserved by 
others. In the first group are included (1) the writings that 
Aristotle himself termed “exoteric,” or populär—that is, 
those written in dialogue or other current literary forms
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and meant for the general reading public—and (2) those 
that he termed “hypomnematic,” or notes to aid the 
memory, and collections of materials for further work. 
Of these, only fragments are extant. Finally, the writ­
ings that generally have survived, termed “acroamatic,” 
or treatises (logoi, methodoi, pragmateiai), were meant 
for use in Aristotle’s school and were written in a con- 
cise and individualistic style. In later antiquity Aristotle’s 
writings filled several hundred rolls; today the surviving 
30 works fill some 2,000 printed pages. Three ancient 
catalogs list a total of more than 170 separate works by 
Aristotle, a figure corroborated by references and lists of 
titles in the extant treatises as well as by a number of 
citations and paraphrases in early commentators. Cicero 
must have been alluding to Aristotle’s populär dialogues 
when he described in the Academica “the suave style of 
Aristotle . . . . A river of gold.” The extant works contain 
several passages of polished prose, but for the most part 
their style is clipped.

Lost works published by Aristotle. The lost populär 
works include poetry and letters as well as essays and 
dialogues in the Platonic manner. Several problems have 
confronted scholars in their attempts to reconstitute these 
lost populär works. The lost dialogues, for example, ap- 
pear to diverge widely from the doctrines of the surviving 
treatises. Indeed, they appear to outdo Plato in his own 
teaching. Thus, what is known of Aristotle’s dialogue 
Eudemus, or On the Soul, compares the relation of the 
soul to the body with an unnatural union, like that of 
the torture that the Tyrrhenian pirates inflicted on their 
prisoners by binding each of them to a corpse. Inasmuch 
as Aristotle in his extant treatises criticized his Platonist 
friends for making soul and body enemies, Alexander of 
Aphrodisias, an authoritative Aristotelian commentator of 
the late 2nd Century a d , raised the question whether he 
expressed “two truths,” one “exoteric” for public con- 
sumption, the other “esoterie” and reserved for his stu- 
dents in the Lyceum. The present consensus of scholars 
is that Aristotle’s populär writings generally derived from 
the early stage of his intellectual development during his 
time in Plato’s Academy: they represent not his “public” 
but his juvenile thoughts.

Chief among the lost works are: Eudemus, in the tradi­
tion of Plato’s Phaedo; On Philosophy, a type of philo­
sophical program containing themes to be developed later 
in his Metaphysics; the Protrepticus, or exhortation to the 
life of philosophy; Gryllus, or On Rhetoric; On Justice, 
expressing nascent themes of his Politics; and On Ideas, 
which criticizes Plato’s theory of Forms.

Extant works. The works that have been preserved de- 
rive from manuscripts left by Aristotle on his death; many 
of them were probably used by him as lecture notes. These 
are the “esoterie” writings of a concentrated, academie 
nature intended for the ears of the initiates. From classi- 
cal antiquity romanticized accounts circulated of the way 
these manuscripts were preserved; e.g., in Plutarch’s Sulla, 
chapter 26; and in Strabo’s Geography 13:54. According 
to these versions, Aristotle’s and Theophrastus’ notes had 
been bequeathed to an old colleague, Neleus of Scepsis, 
whose heirs apparently were not interested in the contents 
but, in order to prevent them from being confiscated for 
the library of the kings of Pergamum, hid them in a cellar 
in Scepsis. Long afterward, in the Ist Century bc, the 
descendants sold them to Apellicon of Teos, a philoso­
pher, who brought them back to Athens. When Athens 
was conquered by Sulla in 86 bc, he appropriated the 
books and sent them to Rome, where they were purchased 
by Tyrannion the grammarian. The manuscripts suffered 
further maltreatment, first at the hands of copyists, then 
through subjective restoration of worm-eaten passages and 
systematic ordering irrespective of actual chronology, un­
til Andronicus of Rhodes, the last head of the Lyceum, 
acquired the copies and edited and published them about 
60 bc.

The story is improbable. It is difficult to imagine that 
the Lyceum would have allowed the manuscripts of its 
founder to have been so carelessly looked after. And it is 
now known that the “esoterie” writings were not wholly 
ignored in the two centuries after Theophrastus’ death. It

is true, nevertheless, that the Andronicus edition is the 
first publication of Aristotle’s works, even if the story 
of the edition’s appearance was spread by Andronicus to 
emphasize its novelty. The form, titles, and order of Aris­
totle’s texts that are studied today were given to them by 
Andronicus almost three centuries after the philosopher’s 
death, and the long history of commentary upon them 
began at this stage.

These facts have affected the interpretation of Aristotle. 
The books of Aristotle that are known today were, in 
effect, never edited by him. Thus, for example, Aristotle 
is not the author of the work called Metaphysics; rather, 
he wrote a dozen little treatises: on the theory of causes 
in the history of philosophy, on the chief philosophical 
Problems, on the multiplicity of meanings of certain key 
philosophical terms, on act and potency, on being and 
essence, on the philosophy of mathematics, and on God. 
Those that the editors thought worth collecting were given 
the title Metaphysics; i.e., the tract that is to be read 
after the Physics. It is not surprising, then, that the Meta­
physics and the other works of Aristotle sometimes seem 
to lack unity or any clear progression of thought, that 
they are sometimes repetitious and at times even con- 
tradictory. The texts furthermore suggest that students or 
subsequent members of the Lyceum even revised Aristo­
tle’s expressions. It is probable that Aristotle would never 
have released the work. Andronicus, assisted by previous 
editors, imposed a logical and didactic order upon all the 
writings, undoubtedly influenced by Aristotle’s own em- 
phasis on logic as the propaedeutic (preparatory study) of 
all understanding. By ignoring the chronological order of 
the treatises and by grouping dissertations from different 
periods under the same title, the editors fashioned the 
Aristotelian corpus into a systematic whole. It is quite 
likely that Aristotle himself had never thought of his writ­
ings in this way.
Aristotle’s treatises reveal the philosopher at work. He 

defines the problem he is to deal with, assesses the views of 
his predecessors, formulates his own preliminary opinion, 
considers whether there is a need to modify it in the light 
of difficulties and objections, rehearses the arguments for 
different points of view—always searching, in short, for the 
most adequate solution or resolution of his problem. The 
reader, therefore, sees Aristotle at work, not dogmatically 
propounding a doctrine but often laboriously developing 
a perspective or an insight that emerges from difficulties, 
contradictions, and paradoxes. Not surprisingly, few syllo- 
gisms appear in Aristotle’s treatises; the reader, however, 
should perceive in them a structure that Aristotle himself 
terms “dialectical”; i.e., in the manner of a dialogue by an 
exchange of arguments for and against.

THEORIES OF THE EVOLUTION OF ARISTOTLE’S THOUGHT 
From the conclusions o f Alexander of Aphrodisias in the 
latter part of the 2nd Century, a distinction was established 
between the doctrine expressed in Aristotle’s treatises (the 
technical writings that have come down to the present) 
and the populär Platonizing dialogues (the “exoteric” 
works surviving only in fragments). The orthodox view 
for 17 centuries was that the treatises were the sources for 
Aristotle’s genuine thought; Valentin Rose, a 19th-century 
German scholar, proposed that all of the lost dialogues 
are spurious because their doctrine was inconsistent with 
that of the treatises. The underlying assumption was that a 
man of such strict and systematic mind as Aristotle would 
maintain strict constancy and never abandon opinions 
once formed.

Jaeger’s developmental theory and rejoinders. In the
first half of the 20th Century a developmental theory of 
Aristotle’s thought was submitted by Thomas Case, an 
English scholar, and elaborated in detail by Werner Jaeger, 
a German historian of Greek philosophy, in his Studien 
zur Entstehungsgeschichte der Metaphysik des Aristoteles 
(1912; “Studies in the History of the Origin of Aristotle’s 
Metaphysics”) and later in his Aristoteles: Grundlegung 
einer Geschichte seiner Entwicklung (1923; Aristotle: Fun­
damentals o f the History o f His Development). Employing 
a historicogenetic methodology, Jaeger announced that 
the greater part of Aristotle’s lost works represented his
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thought while he was still at the Academy and under the 
immediate influence of Plato: the preponderance of such 
themes as the immortality of the soul, disdain for the 
material world, the doctrine of the “recollection” of Ideäs, 
the supremacy of wisdom, asceticism, and the existence 
of God were recognizably Platonic. These dialogues ad- 
dressed a wide audience and were presented in an elegant 
literary style that fascinated classical authors. According to 
Jaeger, Aristotle gradually distanced himself from Plato’s 
Position, even during his time at the Academy—rejecting 
certain Platonic arguments, adopting contrary positions, 
continually evolving from Platonic Idealism to a marked 
empiricism.

In response to this evolutionary theory, critics have noted 
that the analysis of Aristotle’s works generates complex 
Problems, as observed above in the account of the forma- 
tion of the text o f his existing writings. The works edited 
by Andronicus of Rhodes are compilations of texts from 
different periods. Thus, the Metaphysics covers almost the 
entire career of Aristotle, as does the Politics. Often within 
the same chapter, even in a single paragraph, one discems 
elements from different stages of Aristotle’s thought: his 
early phase at the Academy, his maturity, his period of 
travel away from Athens, and his Lyceum experience, 
which purportedly was divided between morning sessions 
with his best students and afternoon meetings with a wider 
audience from Athens. Given all this, there are serious 
obstacles in the way of discussing the chronology of the 
treatises: it becomes extremely difficult to put a date on a 
work that was revised and modified in various ways dur­
ing a considerable portion of Aristotle’s intellectual career.

One of Jaeger’s main assumptions, moreover, is ques- 
tionable. He supposes that Aristotle only agreed with Plato 
during his early years at the Academy or, at the latest, 
until the close of the first Athenian period (347 bc). This 
assumption, however, is arbitrary and cannot be corrobo- 
rated by the evidence.

One could conceivably defend the converse: that Aristot­
le, in a self-assured youth, could have strongly challenged 
Plato but, having subsequently become conscious of the 
more profound significance of his master’s philosophical 
Postulates, did not hesitate to integrate with his own 
thought one or more Platonic theses. Indeed, in one of 
the logical treatises, Topics, considered one of Aristotle’s 
early works because it reflects discussions at the Academy, 
and in the Eudemian Ethics, the first version of Aris­
totle’s course on ethics, there are strongly anti-Platonic 
views expressed.

Jaeger’s theory is most plausible with regard to Aris­
totle’s psychology, as demonstrated by Francois Nuyens, 
a Dutch historian of philosophy, in 1939. He held that 
in his early period, represented by the Eudemus and the 
Protrepticus, Aristotle began as a Platonist, describing the 
soul as a separate substance in an unnatural relationship 
with the body; next, in an intermediate stage, he described 
the body as the instrument of the soul, whose function is 
analogous to that of a pilot steering a ship; finally, in the 
tract On the Soul, he advanced more clearly the concept 
of a substantial unity of body and soul by making the soul 
the form, or actuality, of a natural body.

Other authorities on Aristotle have observed that such 
a linear transition in his thought occurs rarely among 
his writings. Even in the works on psychology, moreover, 
Aristotle’s concern for metaphysical thought does not end 
with his intermediate biological phase but continues and 
extends even into his empirical stage at the Lyceum. 
Such a simultaneous preoccupation with both scientific 
and philosophical thought is further manifested in the 
sequence of books in the Metaphysics.

At the other extreme is the hypothesis of the German 
scholar Josef Zürcher, in Aristoteles Werke und Geist 
(1952; “The Works and Spirit of Aristotle”), who asserted 
that Aristotle’s own thought always remained Platonic 
and that all of the characteristically Peripatetic philosophy 
came from his disciple and successor, Theophrastus, who 
is the true author of about three-quarters of the existing 
Aristotelian treatises. According to this theory, there never 
existed a young Aristotle and an elder Aristotle in terms 
of any development of his thought: there was simply a

Platonic Aristotle and an anti-Platonic Theophrastus, an 
empiricist. This eccentric theory has found no followers. 
In reaction to it, the Swedish scholar Ingemar Düring 
suggested in 1966 that Aristotle never really subscribed to 
the Platonic theory o f transcendent Forms, or Ideas, but 
maintained lifelong and coexistent interests in empirical 
investigation and metaphysical speculation; for Düring, as 
for Zürcher, there is no need to postulate any fundamental 
change or development in Aristotle’s thought.

Recent analyses of Aristotle’s development and system- 
atizing. Aristotelian scholars have generally concluded 
that a basis exists for a theory of evolution in his thought 
but that the determination of the chronology and the 
degree of change presents a difficult set of Problems. It is 
quite possible to agree with Jaeger that during Aristotle’s 
first years at the Academy he acknowledged Plato’s teach­
ing on Ideas, and that he later rejected the theory. It is 
another matter, however, to suggest that in his later years 
he renounced such Platonically influenced doctrines as the 
immortality of the soul or the conception of a religious 
philosophy concluding in an ultimate being termed God. 
Increased attention to data of the senses in subsequent 
phases of his life, moreover, is not a sufficiënt argument 
for the emergence o f an empiricist Aristotle, who could 
not but oppose a spiritualist and idealist Plato. It is true 
that Aristotle later criticized the doctrine of Ideas as inad­
equate and contradictory. But he continued, nevertheless, 
to recognize the effectiveness of metaphysical thought in 
arriving at the concept of a transcendent, nonmaterial, and 
subsistent intellect as the necessary explanation for the 
fact that anything exists. The consensus of modern com­
mentators thus suggests that not every aspect of Platonic 
idealism was rejected by Aristotle as his appreciation of 
empirical knowledge and of the dynamic aspects of matter 
grew. Rather, alongside his experimental work in biology 
and physics was his continued insistence on the crucial 
differences between perception and thought, between ac- 
cidental characteristics and the essential natures of things.

The inconsistencies, contrasts, and varying degrees of 
emphasis on different modes of thought throughout the 
Aristotelian corpus are not adequately explained either by 
positing intervening editors and copyists or simply by dif­
ferent stages in Aristotle’s thought. He clearly attempted 
in all of the treatises to relate his own views to the whole 
history of thought before his time. On many occasions 
he was concerned, at the same point in the development 
of his thinking, to state different views seen as alternative 
possibilities. Often his method was deliberately aporetic; 
that is to say, he raised difficulties that he knew had to be 
faced but for which he supplied no immediate or defini­
tive Solutions. Left by Plato with a vast body of problems, 
Aristotle conscientiously pursued the ideal of correcting 
and complementing the intellectual tradition bequeathed 
to him. To this end he often followed parallel but distinct 
paths of investigation. His method was exploratory, and 
he used it on whatever fertile soil he was free to work. 
Only relatively late in life was he able to unify his results 
with any degree of success. The philosophy of Aristotle 
does not unfold simply by deducing consequences from 
assumed principles. Rather, it starts from aporiai, from 
puzzles or problems, and it proceeds by piecemeal, tenta- 
tive, and multiform attempts at Solutions. The end result 
that Aristotle in his optimistic moments hoped to achieve 
was indeed a fixed body of knowledge, systematically or­
dernd and deductively demonstrated. But his method of 
inquiry was not deductive, and the finished system re­
mained an aspiration rather than an accomplishment.

Aporetic 
nature of 
Aristotle’s 
thought

SYNOPSES OF THE ARISTOTELIAN CORPUS
Works on logic. The term logic was not invented by 

Aristotle but goes back to Xenocrates of the Academy. 
Aristotle, however, attributed extensive significance to lan­
guage {logos) and to the rules of discourse; thus he em- 
phasized that language is distinctive of the human species, 
and he defined man as a rational animal, which in the 
Greek also means an animal possessing a language or 
speech or word.

In Aristotle’s view, the purpose of language is to express 
the feelings and experiences of the soul, and consequently
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Contents 
of the
Organon

Anti- 
Platonic 
evolution 
of logic

words are signs, or symbols, o f thoughts and other mental 
phenomena.

The logical treatises of Aristotle make up the collection 
known as the Organon (“tooi”). This title was adopted 
by later commentators, who, in accordance with the well- 
established Peripatetic tradition, regarded logic as an in­
strument for doing philosophy. In Aristotle’s preferred 
view logic was not included in the Classification of the 
Sciences at all, but it was treated as a preliminary to the 
study of each and every branch of knowledge. Aristot­
le’s own name for logic was “analytics.” The term logic, 
however, is employed in a somewhat restricted sense in 
Aristotle’s own writings; e.g., in the Topics I, 14. And 
there is some evidence that it was beginning to be used as 
the equivalent of dialectic or analytics almost immediately 
after Aristotle’s death.

The Organon contains the following treatises: the Cat­
egorie s, On Interpretation, Prior Analytics, Posterior An­
alytics, Topics, and the Sophistical Refutations. The ar­
rangement within the collection is meant to be systematic 
rather than chronological. Indeed, the original chronologi- 
cal order can hardly be determined now with any certainty 
because Aristotle, or other editors, apparently used later 
insertions to supplement the original treatises. In a possi- 
ble sequence of their composition, the Categories, Topics, 
and the Sophistical Refutations are listed earlier than On 
Interpretation, and this work, in turn, is earlier than the 
Prior Analytics and the Posterior Analytics. The chapters 
on modal logic in the Prior Analytics are probably the 
last that Aristotle added to the body of the Organon. 
Apart from the Organon, the fourth book of the Meta­
physics could be described as a logical work inasmuch as 
it is centrally concemed with certain general principles of 
thought (the principle of noncontradiction, the law of the 
excluded middle).
In the Categories, Aristotle distinguished expressions that 

exhibit propositional unity from expressions that do not; 
that is, he distinguished between a simple term and a 
composite statement that relates a subject to a predicate. 
This notion of propositional unity can be traced back to 
Plato, but the treatment of simple expressions was Aristot­
le’s innovation. He considered simple expressions neither 
true nor false and held that they may signify things in one 
or another of the following categories: substance, quantity, 
quality, relation, place, time, position, state, action, and 
affection. It is by no means clear whether this Classification 
is to be regarded as primarily ontological (conceming the 
nature of reality) or as primarily verbal— i.e., whether it 
is about actual things or about words and expressions; the 
same ambiguity has been characteristic of practically every 
other scheme of categories suggested since Aristotle’s time.

As a part of a theory of reality Aristotle later used the cat­
egories to criticize Plato’s theory of Forms. For Aristotle, 
Plato was involved in a confusion between the category of 
substance and the other categories when, for example, he 
attributed substantiality, or concrete existence, to qualities 
such as beauty or wisdom. In chapter 5 of the Categories, 
Aristotle distinguishes within the category of substance 
between “primary substance” and “secondary substance.” 
Primary substances are particular men, particular horses, 
particular stones, etc., and secondary substances are the 
species and genera to which the individuals belong. There 
Aristotle treated genus and species as substances of a de­
rived kind. In the Metaphysics, however, species and forms 
appear to be substances of a primary kind. Aristotle’s 
view, it must be said, is far from clear—some scholars see 
the Metaphysics as a return to a more Platonic conception 
of ontology.

On Interpretation begins with a brief but influential dis- 
cussion of the simple parts of sentences, such as “names” 
and “verbs”; it then considers complete sentences of vari­
ous kinds and examines the logical relationships (contrari- 
ety, contradiction, implication) holding among them. The 
work also contains a pioneering account of “modal” sen­
tences (“It is possible th at. . . ”; “It is necessary that. . . ”) 
and a celebrated discussion of “future contingents.” (If it 
is already true that there will be a sea battle tomorrow, 
then how can the battle be considered a contingent event? 
For if the truth is already determined, surely the battle

is fixed and necessary? Aristotle’s answer to this is that 
certain types of sentences about the future are neither 
true nor false.)

The Topics appears to have been intended as a manual 
for participants in contests that involved argumentation. 
For the most part this treatise consists of suggestions about 
how to look for an argument that will either establish 
or refute a given thesis; thus it elucidates general logical 
laws or rules.

The Sophistical Refutations exposes forms o f reasoning 
that appear valid on the surface but are in fact fallacious. 
Examples of fallacious arguments are “begging the ques- 
tion,” or circular argument {e.g., a “proof” that the soul 
continues to exist after death because it is immortal); the 
“fallacy of the consequent,” or arguing from a consequent 
to its condition (e.g., if a man is a drunkard he becomes 
destitute; Peter is destitute: therefore Peter is a drunkard); 
and the “fallacy of the irrelevant conclusion,” wherein, 
instead of proving the fact in dispute, the arguer seeks to 
gain his point by diverting attention to some extraneous 
fact.

The main achievement of the Prior Analytics is the devel­
opment of the logical system now known as Aristotelian 
syllogistic. A syllogism is a form of argument consisting of 
three propositions (two premises and a conclusion). The 
stock example of a valid syllogism is the following:

Every Greek is a man.
Every man is mortal.

Every Greek is mortal.

Both premises are either affirmative or negative and con- 
tain two terms (the subject and the predicate) together with 
a sign of “quantity” (“every,” “some,” “no”). In addition, 
the propositions are either “assertoric” or “apodeictic” or 
“problematic”—they express the idea that something is or 
must or can be the case. “Every man must be rational” is 
apodeictic and affirmative; it is universal in quantity (“ev­
ery”); its subject term is “man” and its predicate is “being 
rational.” The Prior Analytics examines, with astonishing 
rigour and sophistication, the various possible forms of 
syllogistic argument.

In the Posterior Analytics Aristotle seeks to apply his 
logical theory to scientific and epistemological ends. He 
discusses the proper structure of scientific knowledge, 
urging that each Science must depend on a set of first 
principles, or axioms, that are necessarily true and directly 
knowable. The truths, or theorems, that together consti- 
tute a Science are to be deduced from its axioms, which 
both necessitate and explain them. Aristotle came to hope 
that all these scientific deductions could be formulated by 
way of apodeictic syllogisms. For this reason much of the 
second book of the Posterior Analytics is devoted to the 
theory of “definition,” for Aristotle thought that the most 
important axioms of any Science would be definitions of 
its proper subject matter. Among the various axioms of 
geometry, for example, there would be a definition of the 
triangle—an account of what a triangle really is or of the 
essence of a triangle.

Works on the philosophy of nature. In his treatise 
Physics Aristotle deals with natural bodies in general, or 
with all that is corporeal; special kinds o f material bodies 
are discussed in his other physical works, such as On the 
Heavens or the Meteorology. The first book of the Physics 
is concerned with the intrinsic, constitutive elements of a 
natural body, those that he called “matter” and “form”;
i.e., the substratum that persists through change and the 
feature whose acquisition determines the nature of change. 
The second book treats mainly the different types of 
cause studied by the physicist, the material and the formal 
causes just mentioned, and the final and efficiënt causes, 
or the goal for the saké of which and the agent by means 
of which anything comes into being. Books 3 through 7 
deal with movement, or motion, and the notions implied 
in it—such as space, position, and time, their magnitudes 
and continuity. The subject of Book 8 is the first mover, 
which, though not itself a natural body, is the cause of 
all movement in natural bodies; its necessary attributes— 
such as immovability and etemalness—are also examined.

Whatever the virtues or defects, clarity or obscurity,
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of Aristotle’s physical treatises, they assume that the 
distinction between physics and metaphysics (the “first 
philosophy,” or the Science of being as being) is valid. 
Although the conception of a continuous scale of nature 
from inorganic substances to biological and psychologi- 
cal phenomena is basic in all of his Science, explanation 
does not consist in running uniformly up the hierarchy 
of beings to God nor in reducing all functioning to some 
material organ. The Sciences of Aristotle are based on a 
multiple system of Classification, not on a simple scheme 
of mutually exclusive and independently existent genera 
and species. The very distinction of causes in existing and 
mutable things permits the differentiation of the subject 
matters of the natural Sciences.

The general principles discussed in the Physics are ap­
plied to the uni verse as a whole in On the Heavens 
(where Aristotle argues that the world is spatially finite 
but temporally etemal) and to the inanimate parts of the 
universe in On Generation and Corruption and the Meteo- 
rology. The former treatise discusses, in general terms, the 
four “elements” of the Aristotelian system (earth, air, fire, 
water) and their interrelations; Aristotle pays particular at­
tention to the question of elemental change, whereby one 
element can alter and become another. The Meteorology 
deals with what, from a modern point of view, is a miscel- 
lany of topics—astronomy (e.g., cornets), geography (e.g., 
rivers), chemistry (e.g., buming), as well as meteorology 
(e.g., rainbows). In addition to the general principles of 
physics and the theory of the elements, Aristotle relies on 
a further postulate: he supposes that “exhalations,” some 
moist and some dry (steam and smoke), are constantly 
given off by the earth, and he attempts to explain the var­
ious phenomena he investigates in terms of the Operation 
of these exhalations.

The principles of the Physics are also evident in Aris­
totle’s biological and zoological writings. The largest of 
these, the History o f Animals (a better translation of the 
Greek title would be Inquiry into Animals) consists in the 
main of descriptions of different animal species. Some of 
these descriptions—notably those of the crustaceans—are 
remarkable for their detail and accuracy. Some scholars 
regard the History as no more than a repository of raw 
data, collected for scientific scrutiny but not yet ordered 
or systematized. Others, however, think that Aristotle is 
concemed with constructing a biological taxonomy that 
divides the animal world into genera and species. The 
truth probably lies somewhere between these two views. 
There is neither a fully fledged Aristotelian taxonomy nor 
a fixed System of genera and species, but the material 
in the History is not simply an unorganized heap—the 
subject matter of the work is intelligently and significantly 
arranged.

However that may be, the Parts o f Animals and the Gen­
eration o f Animals, although they too present a quantity of 
empirical data, are primarily scientific and explanatory in 
intention. Aristotle is concemed with the nature and the 
function o f the various animal organs and other “parts”; 
he wants not merely to describe and list them, but to 
“explain” them, both by reference to similarities across 
different animal species and also—and more strikingly— 
by reference to their functions within the animal’s bodily 
system and behaviour. It is here that Aristotle’s insistence 
on teleological explanation is most apparent: “nature,” he 
says, “does nothing in vain,” and although he does not, 
strictly speaking, hold that all features of animate beings 
have a functional explanation (the colour of eyes, for ex­
ample, is accidental), such explanations are pervasive and 
are the mark of good Science. The Generation o f Animals 
considers specifically the problems of reproduction and 
growth. What contributions do male and female parents 
make to the embryo? What characteristics are inherited, 
and from whom, and how? How do embryos grow and 
develop, and how in particular do they acquire the differ­
ent faculties that together constitute their souls? In this, 
Aristotle’s most mature scientific work, the virtues and 
the vices of his method are most plainly to be seen: he 
is usually modest, careful, exact; he advances theoretical 
explanations, but he does not let theory prejudice Observa­
tion; he attempts to produce a genuinely scientific work.

On the other hand, the limitations of his knowledge—and 
of his means of acquiring new knowledge—are evident; 
and at least some of his theoretical concepts are crude 
and inadequate.

The biological works also include two short essays dis- 
cussing animal locomotion entitled the Movement o f 
Animals and the Progression o f Animals. Here Aristotle 
attempts—not wholly successfully—to combine a rigor- 
ously mechanical account of animal motion, considered 
in terms of the physiology of the body and the nature of 
the medium, with a psychological discussion of the men­
tal antecedents (perception, thought, desire) that explain 
animal behaviour.

Works on psychology. The relation between the active 
principle and the passive continuüm (or between form 
and matter) that is operational in sentient and intellec­
tual life is examined in On the Soul. After exploring the 
concept and the conditions of life, Aristotle relates the 
function of matter and form (body and soul) in human 
life to all of life’s biological and psychological phenomena 
while rejecting Platonic transcendentalist and pre-Socratic 
materialist theories on the nature of the soul. The soul, as 
the form of the organic body, consists o f an ordered set of 
faculties; these are, in hierarchical order, the nutritive, the 
perceptual, and the intellectual faculties. The nutritive fac- 
ulty is common to all living things and is responsible for 
growth and nutrition; the perceptual faculty is common 
to all animals and is responsible for, among other things, 
sight, hearing, smell, and locomotion; and the intellec­
tual faculty is peculiar to humans. Aristotle gives detailed 
accounts of the modes of perception (in addition to the 
five senses and their objects he postulates the existence 
of a “common sense” that unites their deliverances) and 
a notoriously difficult account of thought (which distin- 
guishes an “active” from a “passive” intellect). The work 
also contains a discussion of animal movement and of its 
preconditions—of imagination and of desire.

In the Parva Naturalia, the medieval designation for a 
collection of short treatises on natural functions, the ar­
gument of On the Soul is supplemented by a sequence of 
treatises on sense and the sensible, memory and reminis- 
cence, sleeping and waking, prophecy in sleep, the length 
and brevity o f life, youth and old age, life and death, 
and respiration.

Works on metaphysics. The study of metaphysics, the 
function and content of which have generated neither 
conviction nor consensus of opinion on the scope of its 
subject matter, is—together with the syllogism and the 
differentiation of kinds of premises—an innovation of 
Aristotle. In his Metaphysics the doctrines that Aristotle 
sometimes refers to as “wisdom” and sometimes as “first 
philosophy” or even as “theology” are developed. Its task 
is that o f describing the most general or abstract features of 
reality and the principles that have universal validity. In a 
famous (and misleading) phrase, he describes metaphysics 
as the study of “being qua being.” By that he means that 
metaphysics studies whatever must be true of all existent 
things just insofar as they exist, that it studies the general 
conditions which any existing thing must satisfy.

Book 1 of the Metaphysics discusses in a preparatory 
way the problem of causal explanation. Aristotle gives 
a survey of the forms of explanation used or discussed 
by his predecessors, and discovers that his own theory 
of “four causes” represents the truth toward which they 
were struggling. This survey is one of the most important 
sources for information about the pre-Socratics and also 
about certain aspects of Plato’s philosophy. Book 2 is a 
short essay on the principles of Science, and Book 3 sets 
out a long series of metaphysical puzzles, or aporiai. The 
puzzles receive a preliminary discussion: most, but not all, 
of them are dealt with at greater length in later parts of 
the Metaphysics.

Book 4 explains Aristotle’s conception of “first philoso­
phy” as the general study of the conditions of existence, 
and it contains a defense of the principle of noncontradic- 
tion (“not both P  and not-P”) and the law of the excluded 
middle (“either P  or not-P”). Book 5, sometimes called 
Aristotle’s philosophical lexicon, is devoted to ambiguous 
philosophical terms: Aristotle analyzes and distinguishes
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the different usages of some 40 key words. Book 6 returns 
to the issues of Book 4.

Books 7-9 form a unit. These central books are among 
the most difficult that Aristotle ever wrote, and they defy 
summary. The question to which they address themselves 
is this: What is substance? What are the fundamental con- 
stituents of the world, the things that enjoy an indepen­
dent existence and can be known and defined? Aristotle’s 
discussion is tortuous. It turns on the ideas of matter and 
form, of substance and essence, of change and genera- 
tion, of actuality and potentiality. Aristotle’s conclusion, it 
seems, is that substances are, in some sense, forms. They 
are not abstract Platonic Forms, but concrete, particular 
forms. They are the things designated by such phrases as 
“this man,” “that horse,” or “this oak tree.”

Book 10 is a self-contained essay on “oneness”—on 
unity, continuity, identity, and related concepts. Book 11, 
which simply summarizes parts of the Physics and earlier 
parts of the Metaphysics, is generally regarded as spurious. 
Book 12 gives Aristotle’s “theology”: he asks how many 
causes must be posited to explain the world and arrivés 
eventually at the conception of God, or of the first, or un- 
moved, mover. Aristotle’s God, however, is not a personal 
God interested in the affairs of this world. Instead he is 
pure intelligence and as such completely indifferent to the 
vicissitudes of the world (as is implied in the concept of 
unmoved mover). In addition, the concept of first mover 
is not to be understood in a temporal sense. The first 
mover is not the creator of the world—indeed, Aristotle 
thought that the world was not created at all but had been 
in existence for all etemity—but the fountainhead of all 
motion. In that sense he is the ultimate cause of every- 
thing that happens in the world. Finally, Books 13 and 
14 contain a long discussion—mostly critical and directed 
against Plato—of the nature of mathematical objects.

Works on ethics and politics. In emphasizing the cru- 
cial differences in the purposes of the theoretical and 
practical Sciences, Aristotle indicates that the practical dis- 

sfature of ciplines, unlike the theoretical, are for the sake of doing
;thics as a or making something and not for the sake of contem-
jractical plating, defining, or knowing it. Thus, at the start o f his
icience Nicomachean Ethics he explains how the practical Sciences

are incapable of the exactness o f the theoretical Sciences, 
for their subject matters are not limited to things that 
are amenable to precise definition, but involve habits and 
skills, which can be acquired and lost, and associations 
and institutions, which in their changes affect the accom- 
plishment of political actions and the practicability of 
moral ends. And however precise biological or psycholog­
ical definitions may be, man varies as moral agent and as 
Citizen according to environmental determination, educa- 
tional background, and the influences of family, economic 
Position, social dass, means of livelihood, and even the 
associations of his leisure.

Relating ethics to politics, Aristotle set out to demonstrate 
that problems of morality as they affect the individual 
cannot be separated from each other or from problems 
of political association. The Ethics and Politics therefore 
do not develop separate Sciences or independent subject 
matters but rather supplement each other by treating a 
common field according to different aspects.

Although he treated moral problems in terms o f the po- 
tentialities of individual men, the ability to practice and 
actualize these potentialities is dependent upon political 
circumstances. Therefore, in the first chapters of Book 1 
of the Ethics, Aristotle begins by introducing moral eon- 
siderations into the broad context of political philosophy, 
and he ends by retuming, in the concluding Book 10, 
from the examination of happiness and the contemplative 
life to a shrewd statement of the contribution of law to 
moral questions, which forms the transition from ethics 
to politics.

Aristotle’s approach to ethics is teleological; that is, he 
discusses ethics not in terms o f moral absolutes but in 
terms o f what is conducive to man’s good. This approach 
leads him to examine various kinds of good and to arrivé at 
the identification of the highest good with the attainment 
of happiness. After careful discussion of the problematic 
concept of happiness, Aristotle arrivés at a definition of

happiness as activity of the soul in accordance with virtue.
Aristotle distinguishes moral virtues and intellectual 

virtues, which are determined, respectively, by the irra­
tional and the rational powers of the soul. Man, however, 
does not possess these virtues at birth but comes endowed 
with the capacity, or disposition, for developing them in 
the course of time. For example, a child begins by fol­
lowing his parents’ injunction to teil the truth without 
initially realizing the moral excellence of his action; yet 
eventually the habit of veracity becomes an ingrained part 
of his moral character. Aristotle then differentiates virtue 
from vice, arriving at the definition of virtue as a “mean,” 
or middle disposition, between the vicious extremes of 
excess and deficiency; courage, a virtue, for example, is 
the mean between cowardice and rashness.

Aristotle concludes his discussion by defining the highest 
happiness open to man. Because happiness is an activity Happiness 
in accordance with virtue, it follows that the highest hap- as virtuous 
piness should be in accordance with man’s highest virtue. activity 
And that, according to Aristotle, is the activity which 
distinguishes man from the other animals, namely the 
activity of reason or activity in accordance with reason.
Thus in its ideal form happiness tums out to consist in a 
life of intellectual contemplation. Aristotle, on the other 
hand, also concedes that the political life (activity in ac­
cordance with moral virtue) can bring happiness, albeit 
“in a secondary degree.”
The Politics takes up the problems of human action and 

association as they bear on the ends of communal life en- 
compassed in living well. But the choice of political ends 
requires a complex examination of possible criteria capa- 
ble of application to the vast diversity of men and human 
conditions. Grounding his argument on the premise that 
man is “naturally” a political animal, Aristotle develops 
the theory of the state, distinguishes various kinds of Con­
stitution, and considers the best state for the particular 
circumstances, character, and conditions of the citizens.
Aristotle also discusses the nature and causes of political 
instability and revolution. The last two books of the Poli­
tics—part of an unfinished description of the ideal state— 
are iargeiy concemed with education.

Works on art and rhetoric. Aristotle analyzes rhetoric in 
terms of its end, or final, cause, which is persuasion. Like 
dialectic it is not a Science, and therefore it has no specific 
subject matter, no single method, and no proper set of 
principles. It is simply the faculty, or power, of observing 
in any given case the available means of persuasion. Ac­
cording to Aristotle, there are three modes of persuasion 
that a speaker may exercise: the persuasive power of his 
own character, the excitation of desired emotions in the 
audience, and proof or apparent proof.

In the Poetics Aristotle’s analysis of poetry provides 
for careful isolation of the specific character of poetry.
In comparing poetry to history, he States that poetry is 
more Philosophie than history and thus of greater intrinsic 
worth. The difference is attributable not to form—history 
written in metre is still history—but to the fact that the 
historian deals with Singulars (i.e., with specific events 
and specific personages). The poet, on the other hand, 
creates types and situations that, while imitating nature, 
are, nonetheless, akin to universals; that is, the poet de- 
scribes what is possible as though it were both likely and 
necessary. Yet Aristotle also permits the analogy of poetry 
to oratory as well as the consideration of the moral, po­
litical, and educational effects of both. Tragedy, however, 
which is the only kind of poetry analyzed in the extant 
portions of Aristotle’s work, is defined in terms of its 
form, not in terms of its purpose, as a kind of imitation Nature 
rather than as a mode of persuasion or excitation. Thus, of tragic 
in the famous definition of the sixth chapter, it imitates a poetry 
serious action o f great magnitude in a dramatic form and 
accomplishes the purification (katharsis) of the emotions 
of pity and fear.

Using this definition as the basis for the discussion of po­
etry, Aristotle considered poetic art in terms of the charac- 
teristics and interrelations of the six parts, or components, 
of tragedy: plot, character, and thought (the objects of 
imitation); diction and melody (the means of imitation); 
and spectacle (the manner of imitation).
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Interrela- 
tionship 
of all 
Aristotle’s 
writings

The last four chapters of the Poetics retum to more 
general questions of value and to final causes by means of 
detailed comparisons of tragedy with comparable poetic 
works and specifically with epic.

ON READING ARISTOTLE
Goethe compared Aristotle’s philosophy to a pyramid ris- 
ing on high in regulär form from a broad base on the Earth. 
Because each part of Aristotle’s philosophy contributes to 
the understanding of other parts, it is generally true of 
his works—even more than those of most philosophers— 
that they cannot be read initially with a sure and well- 
grounded understanding but they must be reread for the 
sake of perceiving the primary conceptual and method- 
ological relationships. Faced with the mass of materials 
that constitute the imposing body of his works, the reader 
might best start with the treatment of those problems that 
are relevant, interesting, or important to him. Aristotle 
himself often reiterated the Suggestion that the inquirer 
concentrate first on sense experience as something that 
is better known to him and attend only afterward to 
the essential concepts of things in the effort to organize 
knowledge and constitute the principles of the particular 
Sciences. Indeed, he frequently distinguished the process 
of inquiry and discovery from that of demonstration and 
proof.

Aristotle’s thought can be said to be known in two ways:
(1) as remnants of his doctrines constituting the speech 
of Western culture, in the tradition of Western thought, 
and in the history of its Sciences; and (2) as it is known 
from the attentive study of his writings. What Aristotle 
discovered in his intellectual inquiries and what he said 
can be most feadily intelligible to someone of Western 
culture in the modified form in which it still constitutes 
part of that thought and conviction. It may be suggested, 
therefore, that Aristotle be read for the first time in an 
order the reverse of that in which his works have tradition- 
ally been arranged and that his conclusions and analyses 
be examined before inquiring about his principles. It is 
true, for example, that what Aristotle said concerning the 
poetic and rhetorical arts is more complex in manner 
of analysis and more difficult in systematic construction 
than what modern writers might say on such subjects; but 
it, nonetheless, still approximates more nearly to Contem­
porary thought in this area than do his works on physics 
and metaphysics. And, for the same reason, his moral and 
political theory led him, in the course of its development, 
to many distinctions and statements that a modern reader 
would be disposed to accept or to reject without too 
lengthy critical discussion.

Once the manner of Aristotle’s analysis is more firmly 
grasped and better appreciated, the reader can proceed to 
take up his logical works in the Organon and his investiga- 
tions of space, time, and motion in the Physics. Through 
later consultation with the more complex thought in the 
Metaphysics and in On the Soul, he can review the ear­
lier tentative conclusions made in the study of ethics and 
literary theory in the light of the deeper insights, acute 
distinctions, and strength of argument thus acquired.

When a student approaches Aristotle’s conclusions in 
the light of his principles, allowing the text to illuminate 
his own experiences, Aristotle can then be appreciated 
not only for his expression of a philosophy but also as 
a help in the cultivation of the mind. And this is a task 
to which Aristotle himself thought all men should devote 
themselves and to which his philosophy remains a unique 
contribution. (A.H.Ao./Ed.)

ASSESSMENT AND NATURE OF ARISTOTELIANISM
The extent to which Aristotelian thought has become a 
component of civilization can hardly be overestimated. 
To begin, there are certain words that have become in­
dispensable for the articulate communication of thoughts, 
experiences, and problems. Some words still carry their 
Greek form, whereas others have become established in 
their more important meanings as Latin equivalents of 
Aristotle’s own words. The centuries-long impact of Aris­
totelian schooling lies at the root of the establishment 
of the following vocabulary: “subject” and “predicate”

in grammar and logic; “form” (information, transform) 
and “matter” as expressing the two correlative aspects of 
something that has acquired or acquires something eise 
that is possibly essential to it; “energy” as the active power 
inherent in a thing; “potential” for what is latent but can 
be released; “substance” and “essence,” “quantity” and 
“quality,” “accidental,” “relation,” “cause” (and the many 
meanings of “because” corresponding to the four causes), 
“genus” and “species” (general, special), “individual,” “in- 
divisible” (atomic)—these constitute only a small sample 
of terms that still carry the mark of Aristotle’s philosophy.

Beyond language, features that cumulatively or sever- 
ally characterize Aristotelianism include, in philosophical 
methodology, a critical approach to previous, Contempo­
rary, or hypothetical doctrines; the raising and discussing 
of doctrinal difficulties; the use of deductive reasoning pro- 
ceeding from self-evident principles or discovered general 
truths; and syllogistic forms of demonstrative or persua- 
sive arguments.
In epistemology, or the theory of knowledge, Aristotelian­

ism includes a concentration on knowledge either acces- 
sible by natural means or accountable for by reason; an 
inductive, analytical empiricism, or stress on experience, 
in the study of nature—-including the study of men, their 
behaviour and organizations—leading from the percep­
tion of contingent individual occurrences to the discovery 
of permanent, universal patterns; and the primacy o f the 
universal, that which is expressed by common or general 
terms.

In metaphysics, or the theory of Being, Aristotelianism 
involves belief in the primacy of the individual in the 
realm of existence; in the applicability to reality o f a 
certain set of explanatory concepts (e.g., 10 categories; 
genus-species-individual, matter-form, potentiality-actu- 
ality, essential-accidental; the four material elements and 
their basic qualities; and the four causes—formal, mate­
rial, efficiënt, and final); in the soul as the inseparable 
form of each living body in the vegetable and animal 
kingdoms; in activity as the essence of things; and in the 
primacy of speculative over practical activity.

In the philosophy of nature, Aristotelianism denotes an 
optimistic position concerning nature’s aims and its econ­
omy; believing in the perfection and in the eternity o f the 
heavenly, geocentric spheres, perceiving them as driven by 
intelligent movers, as carrying in their circular movements 
the stars, the Sun, the planets, and the Moon, and as also 
influencing the sublunary world; and holding that light 
bodies rise naturally away from the centre of the Earth, 
while heavy bodies move naturally toward it with a speed 
related to their weight.

In aesthetics, ethics, and politics, Aristotelian thought 
holds that poetry is an imitation of what is possible in real 
life; that tragedy, by imitation of a serious action cast in 
dramatic form, achieves purification (katharsis) through 
fear and pity; that virtue is a middle between extremes; 
that man’s happiness consists primarily in intellectual ac­
tivity and secondarily in the exercise of the virtues; and 
that the state is a self-sufficient society, necessary for men 
to achieve happiness.

HISTORY OF ARISTOTELIANISM
Continuity of the Aristotelian tradition. Since Aristot­

le’s death there have been, without interruption until the 
present, schools and individuals who have cultivated the 
study of his works and fully or partly adopted and ex- 
pounded his doctrines and methods. They have interpreted 
or misinterpreted, approved or condemned, and reshaped 
or utterly transformed them. The languages in which this 
interest was most forcibly expressed have changed in turn 
and over time from Greek to Latin; to Syriac, Arabic, 
and Hebrew; to Italian, French, English, and German. 
The main centres in which it appeared have been as far 
apart as Greece, North Africa, and Rome in the ancient 
world; Persia and Spain, Sicily and the British Isles in the 
Middle Ages; and Germany and North America in more 
recent times.
The main strand of the Aristotelian tradition has been 

the Greek line, which lasted 2,000 years, mainly in the 
area along the eastern Mediterranean Sea, and branched
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off at various stages between the 4th and 15th centuries, 
giving rise to (or strengthening) other traditions. The 
Latin branch originated in Rome in the 4th Century and 
acquired a new impulse, probably from Athens, in the 
early 6th Century. From these beginnings it was revived 
in the 9th Century and again in the 12th, at which time a 
second and even stronger Aristotelian wave emerged from 
Constantinople, to be followed by a third, via the western 
Arabic schools, from Spain; and both branches spread to 
Italy, France, and the British Isles. The final direct con- 
tribution from the Greek to the Latin tradition came to 
Italy, once more from or through Constantinople, in the 
15th Century.
Shortly after the beginning of Latin Aristotelianism cer­

tain Armenian and Syrian members of the Greek schools 
of Athens and Alexandria in Egypt introduced Aristotelian 
teachings into their schools. The Armenian tradition was 
still alive in the 19th Century in such places as Madras and 
Venice; and the Syrian tradition, which never completely 
disappeared, was still powerful in the 14th Century, after 
having given birth, in the 9th and 10th centuries, to an 
Arabic tradition. Arabic Aristotelianism was the product 
of Syrians, Persians, Turks, Jews, and Arabs who wrote 
and taught in their own countries as well as in Africa and 
Spain until the 12th Century. Much of it and of what the 
Jews produced in Hebrew in the following two centuries 
passed into the Latin tradition between 1130 and 1550. 
Thus, all of the varied heritage that had derived ultimately 
from the Greek line and had been vastly enriched by other 
cultures came to be collected, through the Latin branch, 
by modern Western philosophical movements.

The Greek tradition. Early development. For some 
decades after his death Aristotle’s own school, the Peri- 
patos or Lyceum, remained, in a truly Aristotelian spirit, 
a centre for critical research—not for the dogmatic accep- 
tance of a closed system. Aristotle’s immediate successor, 
Theophrastus, independently elaborated his master’s meta­
physics and psychology and added to his study of nature 
(botany and mineralogy) and logic (theory of proposi­
tions and hypothetical syllogisms). Various members of 
the Lyceum coordinated Aristotelian thought with other 
current schools of philosophy. Thus Aristoxenus joined 
Aristotelian and Pythagorean doctrines; Critolaus united 
Aristotle’s theory of the influence of the heavens on the 
world with the Stoic theory of providence; and Clearchus 
of Soli combined Plato’s views on the human soul with 
Aristotle’s.

Outside the Lyceum, the Stoic school was partly follow­
ing Aristotle in its interest in formal logic, the theory of 
meaning, and use of the categories (e.g., substance, qual- 
ity, relation). It was Aristotelian also in its empiricism, as 
well as in its concentration on nature, in several aspects of 
natural Science, and in its belief that man is intrinsically a 
social being. The Skeptics sometimes relied on Aristotelian 
forms of argument to prove their systematic doubts. Even 
Epicurus, who may have fought against Aristotle’s early 
theology and psychology and ignored his mature philos­
ophy, was, nonetheless, near him in his doctrine of the 
will and in his conception of friendship and the pursuit 
of knowledge as the high aims that give satisfaction and 
pleasure to man.
Although relatively little was known of Aristotle’s “eso­

terie” works until the Ist Century bc, his more populär, 
literary, and Platonizing writings influenced eclectics such 
as Panaetius and his pupil Poseidonius; and this influence 
continued, helped by the Roman philosopher and lawyer 
Cicero, well into the 4th and 5th centuries a d . Upon it 
was based the tendency to establish a harmony between 
the thought of Plato and Aristotle—a feature that recurred 
through the whole history of Aristotelianism—and per­
haps the ascription to Aristotle of the De mundo (“On 
the Uni verse”), a cosmological treatise o f the Ist Century 
bc, which found favour with all of the different traditions 
until the 16th Century.

In the Ist Century bc Aristotle’s “esoterie” writings were 
organized into a corpus and critically edited by Androni­
cus of Rhodes and other scholars. The edition was used 
by Nicholas of Damascus, a historian and philosopher, in 
an attempt to expound Aristotle’s system. This may be

viewed as the beginning o f a new era of a scholarly and 
Scholastic Aristotelianism in which Aristotle had to be 
taken as the basis for the acquisition of true knowledge 
in a number of fields. Individual works began to be com- 
mented and lectured upon; organized philosophical stud­
ies began to have as their introduction Aristotle’s works 
on logic, especially the Categories. Thus the pattern was 
set for the next 17 centuries. Almost pure Aristotelian­
ism, based on the “esoterie” works, lived on until the 4th 
Century. Many scholars—the most eminent of them being 
Alexander of Aphrodisias, who from ad  195 held the Athe­
nian chair of Aristotelian studies created by the Roman 
emperor Marcus Aurelius—provided the works on logic, 
ethics, metaphysics, natural philosophy, and psychology 
with detailed and penetrating commentaries meant for the 
specialist. The interpretation of Aristotle was for many 
generations molded by these scholars. Others—the greatest 
being Themistius, a professor in Constantinople in about 
ad  350—practically rewrote many of Aristotle’s treatises 
in a more modern language and more readable style.

This new, scholarly Aristotelianism had established it­
self sufficiently as the philosophical and methodological 
frame of leaming for it to be adopted, at least in part, 
by most men of culture—including Ptolemy, the greatest 
astronomer of antiquity, and Galen, the most eminent 
medical scientist.

Relationship to Neoplatonism. Aristotle’s works were 
adopted by the systematic builders of Neoplatonism in the 
3rd Century a d . Plotinus, the school’s chief representative, 
followed Aristotle wherever he found a possibility of agree- 
ment or development, as he did in Aristotle’s theory of 
the intellect. And Plotinus’ pupil Porphyry, the first great 
harmonizer of Plato and Aristotle, provided the field of 
logic with a short introduction (Isagoge). The Isagoge, in 
fact, is only concemed with a simple and rather mechan- 
ical treatment of five concepts that had been much used 
by Aristotle. These were the concepts of genus, or kind 
(as animal is the genus, or kind, under which Socrates 
falls); species, or sort (Socrates is a man); differentia, or 
distinguishing characteristic (rationality distinguishes men 
from other members of the genus animal); property (being 
capable of laughter was said to be a “property” of men 
inasmuch as all and only men are capable of laughter); 
and accident, or characteristic in general (as it might be 
an accident of Socrates to be pale). This introduction soon 
became an integral part of the Organon (the logical works 
of Aristotle) and thus acquired undeserved Aristotelian 
authority in all schools for more than 1,500 years. From 
that time on, Aristotelianism became indissolubly tied up 
with Neoplatonism.

Neoplatonism dominated the school of Athens, where, 
apart from logic, Aristotle’s writings were destined to be 
studied mainly as a basis for philosophical disputations— 
disputations in which the Platonic view was usually vic- 
torious. Scholars like Ammonius—a pupil of Proclus, the 
most accomplished systematizer of Neoplatonism, head of 
the Athenian school in the mid-5th Century, and himself 
extremely well-versed in Aristotle—found Alexandria a 
considerably more attractive place for Aristotelian studies, 
in that it was tolerant of many views. There pagans and 
Christians coexisted and cooperated, and from there they 
carried Aristotelian leaming to a number o f other schools: 
Simplicius, a pupil of Ammonius who was inclined to Pla- 
tonism, took it back to Athens and—when Justinian closed 
that pagan school in 529—to Persia; Sergius, a physician 
and Nestorian priest, carried it to the Christian schools of 
Syria; and Stephanus of Alexandria took it to Constantino­
ple. The schools of Alexandria and Athens produced from 
about a d  475 to 545 the most intensive collection of 
Aristotelian commentaries, by scholars like Ammonius, 
philosophers of Science like Simplicius, and philosopher- 
theologians like Philoponus (see also pla to n ism ).

Before the 5th Century, Christian theology had been af- 
fected only marginally and indirectly by Aristotle. The 
elementary study of Aristotelian logic had proved indis­
pensable for a disciplined training of theologians, and some 
of the concepts from Aristotle’s Physics and Metaphysics 
that entered into the elaboration of this logic became 
equally essential for the rational formulation of points of
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dogma. The aforementioned five terms of Porphyry and 
the 10 categories of Aristotle were used or implied in the 
mystical theology of Pseudo-Dionysius (an unidentified 
5th-century Christian Neoplatonist), which was to become 
one of the principal components of Christian speculation 
in the Greek, Oriental, and Latin schools. Descriptions 
of God and distinctions between the three Persons of 
the Trinity came to include, in an increasingly technical 
sense, the Aristotelian terms substance, essence, accident, 
form and matter, species and nature, quality, quantity, 
and property; these terms were not always used in a purely 
Aristotelian sense, however. In this way, as well as through 
the purely philosophical schools, Aristotelianism entered 
the first Greek Scholasticism of St. John of Damascus, an 
8th-century doctor o f the church.
From the By zantine renaissance to the 15th Century. 

The Byzantine scholarly renaissance in the 9th Century 
included a revival o f interest in Aristotle: the old books 
were rediscovered and reedited (the oldest manuscripts 
still existing today belong to this time). Photius, patriarch 
of Constantinople and a leading figure in that renaissance, 
included in his encyclopaedic works summaries of the 
elements of Aristotelian logic. More extensive scholarly 
activity resulted from the reestablishment of the Academy 
in Constantinople in the 1 Ith and 12th centuries under 
the successive leadership of such men as Michael Psellus, 
an encyclopaedic philosopher; his student John Italus; 
Michael, the archbishop of Ephesus; and Eustratius, the 
metropolitan o f Nicaea. At the Academy teaching and 
exegetical work went hand in hand; debates on the supe­
riority of Plato or Aristotle and attacks on philosophy by 
the religious schools did not seriously weaken these activ­
ities. There was perhaps not much that was new in the 
understanding or the development of Aristotle’s doctrine; 
but logic was no longer the only focal point of Aristotelian 
studies. Indeed, they covered, more widely than had been 
done in Alexandria, practically the whole corpus, includ­
ing some work on Aristotle’s political theory, on his ethics, 
and on his biology. In addition, there were philosophical 
debates similar to those taking place in the Latin schools; 
they were based on texts of Aristotle and treated such 
issues as the theory of universals and the logical structure 
of language.

In the 13th and 14th centuries popularization and system- 
atization—in an encyclopaedic or philosophical form— 
took the upper hand in the work of Nicephorus Blemmy- 
des, George Pachymeres, and Theodore Metochites. At a 
time when Greek thought was being strongly influenced 
by the Latin tradition, especially by the work of Thomas 
Aquinas, the traditional debate on Plato and Aristotle took 
new forms. Aristotelianism appeared in the teaching of 
Barlaam the Calabrian, who sought to Champion rational- 
ism in faith; this was combated from a Platonic point of 
view by Nicephorus Gregoras. In the 15th Century, when 
Greeks were becoming part of the Italian philosophical 
scene, Aristotelian rationalism was strongly defended by 
the upholders of Christian theology against such men as 
George Gemistus Plethon, who proposed a new univer­
sal religiosity tinged with an admiration for Plato and 
paganism. The victory in this intellectual battle went to 
the moderates like John Bessarion, Plethon’s influential 
pupil, who, though he preferred Plato, admired Aristotle, 
translated his Metaphysics, and collected manuscripts of 
his works; he converted from the Greek (i.e., the Greek 
Orthodox) church to the Latin (i.e., what is now called 
the Roman Catholic) church, in which latter communion 
he became a Cardinal.

The early Latin tradition. The echoes of Aristotle’s early 
writings in Cicero, a few signs of his indirect influence 
on other writers, and a more considerable contribution to 
post-Aristotelian logic in Apuleius, a Platonic philosopher 
who flourished in the 2nd Century a d , are indications of 
the general cultural intercourse in this area between Latins 
and Greeks. The presence of Plotinus and Porphyry in 
Rome in the 3rd and early 4th centuries probably started 
the more serious interest in Aristotle there, of which the 
first results were, perhaps, Victorinus’ adaptations in Latin 
of Porphyry’s Isagoge and Aristotle’s Categories. Logic 
was still the only part of Aristotle that had entered Latin

culture when Themistius’ teaching attracted the attention 
of Roman pagan circles in the 4th Century.

Again, only the logical works of Aristotle, together with 
some extracts from Greek commentaries on them, seem 
to have reached the hands of Boethius, a Roman scholar 
and statesman of the early 6th Century, when he was at- 
tempting to transmit to the Latins as much as he could of 
Greek leaming. He translated these works and elaborated 
on the commentaries and on some other later texts of 
logic that are partly based on Aristotle. He acted primar­
ily as a conduit, and some scholars are not prepared to 
ascribe to him interpretations and plans contained in the 
Latin works that bear his name. Even the plan of com- 
menting on “as much of Aristotle as would come into his 
hands” and showing that Aristotle and Plato agreed was 
the traditional approach going back at least to Porphyry. 
Nothing remains to show where Boethius himself stood in 
judging Aristotle and the several parts o f his philosophy. 
The same observations probably hold true with regard to 
Boethius’ various theological treatises, in which the Aris­
totelian concepts that helped to organize the theology of 
the Trinity were unmistakably taken over from similar 
Greek treatises. A disproportionate value, however, was 
later attached to Boethius’ own original contribution in 
both logic and theology; simply the fact that his name 
was connected with these texts made people in the Mid­
dle Ages ascribe to him the primary responsibility for 
their contents.

The Syriac, Arabic, and Jewish traditions. The in­
creased sense of linguistic and national identity and the 
religious movements of the 5th and 6th centuries such as 
Nestorianism (a heterodox doctrine that so stressed the 
distinction between the divine and human natures of Jesus 
Christ as to suggest that they belonged to two persons) and 
Monophysitism (a heterodox doctrine asserting that there 
is only one nature in Jesus Christ) led to the foundation 
of Syriac centres of studies in the Persian and Byzantine 
empires, especially at Edessa (now Urfa, Tur.) and An- 
tioch. Proba and Sergius of Resaina were among those 
who contributed, through translations of the basic logical 
texts and commentaries on them, to the establishment of 
Aristotelian studies in these centres. At the time of the 
Arabic invasion of the Byzantine and Säsänian empires 
around 640, and for several generations afterward, these 
centres continued to grow in importance. Most notable 
was the great school of Kinnesrin, which was represented 
by such men as Severus Sebokht, who wrote on Aris­
totle’s syllogisms; Jacob, bishop of Edessa, a theologian, 
grammarian, and translator; and Georgius, bishop of the 
Arabs, author of a commentary on the Organon. Interest 
remained, however, mainly confined to logic and its ap- 
plication to theology.

The Syrian Christians formed the philosophical and sci­
entific intelligentsia when in the 9th Century al-Ma’mün, 
the seventh 'Abbäsid caliph, organized the Arabic centre 
of leaming of the new Islämic empire in Baghdad. By then 
the Syrian scholars had acquired and translated most of 
Aristotle’s works. They also then translated them into Ara­
bic, both from the Syriac and directly from the Greek, and 
added many texts of commentators on Aristotle. In this 
way Hunayn ibn Ishäq, his son Ishäq, Abü Bishr Mattä ibn 
Yünus, Yahyä ibn 'Adï, and many other Syrians provided 
the basis for a brilliant philosophical activity in Arabic. 
The Syrians retained their own independent culture; as 
late as the 13th Century their language was used by the 
converted Jew Bar Hebraeus, “Son of the Hebrew” (also 
known as Gregorius or Abü al-Faraj), an encyclopaedist, 
philosopher, and theologian, who expounded all the works 
of Aristotle in his Kethabhä dhë-hëwath hekhmethä (Book 
of the Cream of Wisdom), elaborating many sections on 
the basis of the Greek and Arabic Aristotelians.

In the 9th Century the Arab al-Kindl was the first notable 
scholar to use the Arabic language in a general introduc­
tion of mainly Aristotelian philosophy. In the following 
Century the Turkish Muslim al-Färäbl produced a more 
specialized study in which he commented upon and ex­
pounded the books of logic and attempted to establish 
the relationship between philosophy and Isläm. It was 
through the writings of Avicenna and Averroës, however,
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that Aristotle’s thought became an integral part of lay 
Arabic culture.

Early in the 1 Ith Century, the Arab Avicenna (Ibn Slnä) 
made Aristotle’s philosophy the foundation of an original 
system of his own. For this he also found inspiration in 
a group of Plotinian texts that had been translated into 
Arabic under the title “Theology of Aristotle.” Aristotle 
became, in Avicenna’s hands, a much more systematic and 
coherent thinker than he really had intended to be; prob­
lems and Solutions that were, at best, hinted at by Aristotle 
(e.g., the distinction between essence and existence or the 
relation between possible and necessary existence) were 
among the distinctive marks of Avicenna’s own work.

For the Spanish Arab Averroës (Ibn Rushd) in the 12th 
Century, Aristotle was “the measure and model offered 
by nature to show the ultimate perfection of man.” Ele 
held that philosophy, specifically Aristotelian philosophy, 
was and taught truth; revelation or revealed religion was 
a debased philosophy for the simple. Averroës dissected 
Aristotle’s works, analyzing and reconstructing them with 
a fine scholarly and philosophical sense and an incredi- 
ble wealth of information derived from previous Greek 
and Arabic philosophers. He elicited doctrines that are 
not easily apparent and made them in some cases more 
compelling than the texts themselves might allow, but he 
rareiy forced his own views onto Aristotle without at least 
finding some support in the texts themselves. The doc­
trines concerning the mortality of the individual soul, the 
eternity of the world, and the existence of a single Mind 
for the whole human race to the exclusion of individual 
minds were key doctrines for Averroës; they had some 
basis—but not much-—in the thought of Aristotle.

Until the 13th Century, Jewish Aristotelianism developed 
within the Arabic culture of North Africa, Mesopotamia, 
and Spain. This work was carried out in the Arabic lan­
guage and distinguished itself for its almost constant con­
cern with the relation between philosophy and Judaism. 
Many Aristotelian concepts were considered and discussed 
by Isaac ben Solomon Israeli, a 10th-century Neoplatonist, 
in his Kitäb al-hudüd (“Book of Definitions”) and Kitäb 
ai-us\uqusät (“Book of the Elements”). Form and matter 
were the basis of the metaphysical structure of the Neo- 
platonic system of Solomon ibn Gabirol, an 1 lth-century 
poet and philosopher known as Avicebron. A fully con- 
scious plan of inserting Aristotle—or at least the Aristotle 
of al-Färäbl and Avicenna—into the intellectual and spiri­
tual life of Judaism was carried out by Abraham ibn Daud 
of Toledo in the mid-12th Century. Moses Maimonides o f  
Córdoba found a way of reconciling the claims of empiri­
cal knowledge with those of revelation, which places him 
into clear contrast with his Contemporary Spaniard Aver­
roës, and in so doing he provided a Jewish anticipation of 
Thomas Aquinas’ Christian compromise. His proofs for 
the existence of God and his acceptance of a theory of 
creation from eternity were typical of his approach. From 
the 13th Century on ward philosophical works, particu­
larly those of Averroës on Aristotle, were being translated 
into Hebrew; a vast Hebrew literature of “super-commen- 
taries” (those on the works of Aristotle as commented on 
by Averroës) appeared, and independent works were also 
produced, notably by Levi ben Gershom (Gersonides), 
who was faithful to both Maimonides and Averroës. Soon 
after, however, the more orthodox tradition based upon 
the Bible and the Talmud prevailed. Aristotelian works 
by Jews and Hebrew versions of Averroës, translated into 
Latin, contributed their share to the Italian philosophical 
movement of the 16th Century (see also ju d a ism : Jewish 
philosophy).

The later Latin tradition. The discovery o f Aristotle’s 
works in the Latin West. Before 1115 only the very short 
Categories and On Interpretation were known in Latin, 
and these two works circulated, from about 800, in a 
version by Boethius. By 1278 practically the whole of the 
Aristotelian corpus existed in translations from the Greek, 
and much of it had a wide circulation. Apart from three 
other works of logic in translations done by Boethius, 
which reappeared in about 1115, this Wholesale discovery 
was the result of cultural contacts with Constantinople and 
a few other Greek centres and the personal initiative of a

few scholars. Most notable and first of these was James 
of Venice, who was in Constantinople and translated the 
Posterior Analytics, Physics, On the Soul, Metaphysics, 
and several minor texts before or around 1150; other 
scholars translated anew or for the first time works on 
ethics, natural philosophy, and logic before 1200. With 
higher Standards of linguistic scholarship, Robert Grosse- 
teste, about 1240, revised and completed the translation 
of the Nicomachean Ethics and translated On the Heavens 
for the first time from the Greek.
The Flemish translator William of Moerbeke, active be­

tween about 1255 and 1278, completed the Latin Aris­
totelian corpus; he was the first to translate the Politics 
and Poetics and to give a full and reliable translation of 
the books on animals; he also translated anew some books 
of natural philosophy, and he revised several of the older 
translations. About half of the works were also translated 
from the Arabic, mainly in Toledo by Gérard of Cremona 
and Michael Scot, between 1165 and 1230. With two or 
three exceptions, these translations came after those from 
the Greek; all had a much more limited circulation and 
influence. A considerable contribution to the knowledge of 
Aristotle came from the translations of the ancient com­
mentaries; nearly all of these were made from the Greek.

The view that Aristotle came to be known in Latin by 
way of the Arabic scholars must be understood as true 
only in the sense that a number of Aristotelian doctrines— 
partly transformed in the process—spread in Latin circles 
from the works of such men as al-Färäbi, Avicenna, and 
Albumazar before the texts of Aristotle were accessible or 
had been properly interpreted. Further, there is little truth 
in a view that in the Latin world in the Middle Ages 
Aristotle was seen in a Neoplatonic light because Plotinian 
and Proclan texts translated from the Arabic—namely the 
Theologia Aristotelis (“Theology of Aristotle”) and the 
Liber de causis (“Book of Causes”)—were ascribed to him.

From the 9th through the mid-13th Century. The study 
of Porphyry’s Isagoge, of Aristotle’s Categories and On 
Interpretation, and of theological texts containing Aris­
totelian elements formed the basis, from the 9th Cen­
tury onward, of logica! methodoiogy (dialectic) in a wide 
number of fields. When applied to problems concerning 
the Trinity or the Eucharist, or in general to problems 
concerning individuality and universality of concepts and 
things, dialectic was perceived as a powerful instrument for 
clarifying faith or—on the opposite side—for endangering 
it. For Abelard, the first great Aristotelian of the Middle 
Ages, dialectic was an essential method for analysis and 
the discovery of truth. As part of his study, he produced 
an illuminating account of the linguistic, mental, and ob- 
jective aspects of universals on the basis of Aristotelian 
doctrines. Soon thereafter, new developments of Aristot­
le’s theory of language and logic took place, partly as a 
result of the recently acquired knowledge of his Sophistical 
Refutations.

At the same time, in the later 12th Century and during the 
beginning of the 13th Century, Aristotle’s physics, cosmol- 
ogy, and metaphysics began to attract attention through 
the Latin texts both öf Arabic works on Science and phi­
losophy and of Aristotle’s own works, and did so mainly 
among scientists öf the famous medical school at Salemo 
and among the English philosophers. Around 1190 Alfred 
of Sareshel used the new texts in his treatise De motu 
cordis (“On the Movement of the Heart”). Between 1210 
and 1235 Robert Grosseteste commented on Aristotle’s 
Physics and drew on various aspects o f Aristotle’s natural 
philosophy for his own scientific and philosophical trea­
tises, and around 1245 Roger Bacon commented on the 
Physics and part of the Metaphysics. It would be wrong, 
however, to try to find in this scholarship the origin 
of modern experimental Science, which is rather to be 
found in the study of ancient and more recent mechanics, 
medicine, and technology or in original inventiveness.

The introduction of the new Aristotle met with diffi­
culties in Paris. The impact o f non-Christian Aristotelian 
and Arabic philosophy engendered fears, doubts, and sus- 
picions. Although the masters at Paris were free to teach 
Aristotle’s logic, which was value free, and although no ob- 
stacle was put in the way of lecturing on any of Aristotle’s
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works at the universities of Oxford and Toulouse, in the 
first part of the 13th Century the ecclesiastical authorities 
at Paris imposed a ban on lectures relating to the physics, 
the metaphysics, and the psychology of Aristotle and his 
commentators. While this ban succeeded in slowing down 
some activities it also quickened reactions and aroused 
strong curiosity; the very demand for some kind of cen- 
sorship of the works led to more intimate study of them. 
Certainly by the 1240s the prohibition against teaching 
Aristotle had become a dead letter at Paris, as can be seen 
from the fact that Roger Bacon was then commenting on 
the “dangerous” Physics and Metaphysics. Shortly there- 
after, before 1255, all of Aristotle’s philosophical treatises 
then known had become a required part of the Parisian 
Master of Arts curriculum, and, around the same time, Al­
bertus Magnus—committed though he was, as a Domini- 
can friar, to safeguarding the purity of faith and dogma— 
made Aristotle’s works an indissoluble part of philosoph­
ical and scientific literature in the Latin world. Albertus 
Magnus announced it as his intention to make all of 
Aristotle’s natural philosophy “intelligible to the Latins.” 
His vast encyclopaedia of secular knowledge and wisdom 
consisted of an analytical exposition of Aristotle’s thought 
combined with all the information and interpretations that 
Albertus had gathered from other, mainly Arabic, sources 
or that he had gained as the product of his own extensive 
research and speculation. Faced with the danger of being 
accused of following Aristotle against church dogma, he 
asserted: “I expound, I do not endorse, Aristotle.”
The approach of Albertus’ pupil, Thomas Aquinas, to 

Aristotle was that of a scholar. He wrote numerous de- 
tailed commentaries on a variety of Aristotle’s works, 
including the Physics, Metaphysics, Ethics, and Politics; 
he analyzed the structure of every section of most works; 
he tried to discover their Organization and to follow the 
arguments; and he was careful to obtain the best texts 
and to get from them the genuine meaning. Above all, 
Thomas Aquinas drew heavily on Aristotle’s thought in 
composing his own masterwork, the Summa theologiae. 
He respected Aristotle’s authoritativeness and credited him 
with reasonableness, even when that was not explicitly 
justified. Sometimes he drew inferences that went beyond 
Aristotle’s own conclusions, and he allowed himself con- 
siderable freedom whenever Aristotle had left loose ends 
in his attempts to solve difficulties. At these points he 
often went his own way, without ascribing the new steps 
to Aristotle but without feeling that he was going against 
him. Compromises followed; for example, he stepped be­
yond Aristotle when he argued that the individual soul, 
although remaining essentially and indissolubly the form 
of the individual body, is separable from it and immortal. 
Aristotle’s account was stretched almost to the breaking 
point but it was not transformed. Beyond that point 
Thomas Aquinas was not a Christian Aristotle but a man 
of faith and dogma; he divorced himself from Aristotle 
when necessary and approached closer to St. Augustine, 
to the Neoplatonists, or to Avicenna.

F r o m  th e  l a t e  1 3 th  C e n tu r y  th r o u g h  th e  1 5 th  C en tu ry . 
The suspicion that reading Aristotle might lead to heresy 
became stronger when the closer study of his texts and of 
Averroës’ interpretations enhanced the admiration for The 
Philosopher and increased the following of The Commen­
tator, as these two thinkers were known respectively. Siger 
de Brabant was the most redoubtable of many Averroistic 
Aristotelians. What came to be called Averroism was in 
fact a tendency to accept genuine or consistent Aristotelian 
tenets, particularly those concerning the etemity of the 
world, the unity of the intellect, and the ability of humans 
to achieve happiness on earth. Ecclesiastical condemna- 
tions o f propositions considered false or dangerous and 
threats against the holders of doctrines implied by these 
propositions gave a more definite status to the Averroists, 
although many propositions condemned at Paris and Ox­
ford in 1270 and 1277 had nothing to do with Aristotle 
and little with Averroës. The effect of the condemnations 
soon became visible: it took the form of a Separation be­
tween the teaching of “philosophy” in the faculty of arts 
and the teaching of “truth” in the faculty of theology. This 
Separation became rigid, with the ambiguous result that

two “truths”—truth of coherence in philosophical contexts 
and revealed truth—were thought to coexist.

At the tum of the Century, however, Dante’s powerful 
poetical vision could still merge the Averroists’ Aristotle, 
who claimed that natural truths were self-sufficient, and 
Thomas Aquinas’ Aristotle, who endorsed many of the 
truths of faith. For Dante, as for Averroës, Aristotle was 
the embodiment of total human knowledge—“the mas­
ter of them that know.” A remarkable index of Dante’s 
commitment to Aristotelianism is the fact that he placed 
Siger de Brabant, by that time condemned for his Aris­
totelian heresy, in Paradise. In Aristotle’s Nicomachean 
Ethics Dante found moral guidance (he even said that this 
work “showed man his true happiness”), and in Aristotle’s 
scientific books he found the key to understanding the 
workings of nature. In some aspects o f Averroës’ theory 
of a universal human Intellect combined with the Stoic- 
Aristotelian principle that all men are by nature citizens 
of one city, he found the basis o f the Empire, seeing it as 
the one polity (civilitas) for the whole human race.

The 14th Century was no less Aristotelian than the 13th. 
Some scholars have indeed claimed that Aristotelianism 
collapsed, but such an assertion does not take into account 
the non-Aristotelian components o f previous philosophies 
and the permanent acceptance of Aristotelian doctrines in 
the new ones. Form, matter, causality, and the idea of 
a universe in which events occurred with regularity but 
were not necessitated provided the Aristotelian frame of 
the system of Duns Scotus. The nominalism (or “termin- 
ism”) of William of Ockham, an English Franciscan, his 
rejection of “useless entities,” his metaphysics of a world 
of individual self-contained things, and his conceptualism 
gave neat, though extreme, expression to Aristotle’s theory 
of language, the economy o f nature, and the primacy of 
individuals in existence and of universals in intellectual 
knowledge. He followed Aristotle closely in his views on 
the scientific coordination of notions. He was more faith- 
ful to Aristotle than either Thomas Aquinas or Averroës 
when he said that Aristotle did not give a clear lead on 
the question of the immortality of the soul. The vari­
ous schools of Scholastic philosophy—Thomism, Scotism, 
Ockhamism—that asserted themselves in the 14th Cen­
tury and that lived on had a common Aristotelian basis, 
but they had different ways of interpreting it (see also
PHILOSOPHICAL SCHOOLS AND DOCTRINES, MAJOR WEST­
ERN: Scholasticism; c h r ist ia n ity : Christian philosophy).
Averroistic Aristotelianism flourished in this Century in 

connection with, or independently of, the other trends. 
The Italian medical faculties at Bologna and Padua were 
lively centres of logical and philosophical studies; for ex­
ample, Peter of Abano, a professor of medicine at Padua 
who had been trained at Paris, pushed Aristotle’s cosmol- 
ogy to the brink o f determinism in human affairs and 
used his logic to suggest that Christ’s death was only 
apparent. Political Science, which had been a field for 
lofty speculations or restrained exercises in the analysis 
and exposition of texts, became important for those who 
practiced politics and those who wanted to satisfy, under 
the aegis of Aristotle’s doctrine, the potentialities of hu­
man beings for happiness. John of Paris wanted France to 
be self-sufficient, self-controlling, and without interference 
from the pope; John o f Jandun, a successor of Siger de 
Brabant, upheld Aristotle’s Politics in all its worldliness; 
and Marsilius of Padua, John of Jandun’s friend in Paris, 
followed Aristotle in his insistence that government had 
no supematural origins but arose naturally from the needs 
of the govemed and that priests should be considered in 
the same way as members of a guild in a city, without 
special privileges.

Perhaps with less attachment to the details of Aristotle’s 
doctrines and with a keen critical sense, the Mertonians, 
a group of logician-philosophers based in Merton College, 
Oxford (e.g., Thomas Bradwardine, William of Heytes- 
bury), and encyclopaedists, scientists, and philosophers in 
France (e.g., Jean Buridan and Nicholas Oresme) made la- 
borious efforts to express Science wholly in terms of math- 
ematics, to quantify changes in quality, and to determine 
the nature of continuity in movement and the acceleration 
and speed of falling bodies. Their starting points were the
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Physics and the other texts of Aristotle. In a similar (al­
most mathematical) spirit, many of the same men carried 
logic even further than Ockham had done into the fields 
of logical calculus, paradoxes, and sophisms. Thus one 
may say that Aristotle was not abandoned but expanded.

Modern developments. From the Renaissance to the 
18th Century. In the 15th Century Italy became the focal 
point at which various forms of Aristotelianism converged. 
Certain links between Italian universities and religious 
schools and the University of Paris had already flourished 
for a long time. In the late 14th Century Paolo Nicoletti 
(Paulus Venetus) returned from Oxford to Padua after 
having absorbed the new logic and physics of the Merto- 
nians and the radical nominalism of Ockham and after 
having increased his acquaintance with the French Aver­
roistic trend; works by the Englishmen and by Paolo were 
textbooks in Italian universities for many generations. At 
the end of the Century a number of Spanish and Italian 
Jews were passing on, in Latin, still more texts of Averroës 
on Aristotle, as well as the Jews’ own recent contributions 
to Aristotelian learning.

A more spectacular contribution of books, linguistic and 
didactic competence, and stimulating debates came with 
an influx of Greek scholars into the Western sphere. 
They were attracted by the humanists’ craving for classi- 
cal learning, the theological discussions between Orthodox 
and Roman Catholic leaders, and the relative freedom 
offered by the Republic of Venice and by Florence to 
those who were taking refuge from Turkish domination. 
Many manuscripts were taken to Italy, and many were 
transcribed in Italy by the Greeks, who also taught the 
Greek language to the Italian scholars. An editorial mas- 
terpiece by Aldus Manutius, an early printer, publisher, 
and editor, at the end of the 15th Century made accessible 
to many almost the complete Greek corpus of Aristotle’s 
works. A great number of Greek and Latin scholars—such 
as Bessarion, John Argyropoulos, Leonardo Bruni, and 
Lorenzo Valla—produced new translations of those texts; 
others translated many works on Aristotle previously un- 
known in Latin.

As soon as printing had been established (that is to say, 
by the late 15th Century), editorial activity was directed 
to the production of many complete as well as partial 
editions of the Latin versions of Aristotle and Averroës in 
both their older and newer versions from the Greek, the 
Arabic, and the Hebrew. At the universities of Padua and 
Bologna and at Ferrara and Venice, Averroists such as 
Agostino Nifo and Nicoletto Vernia and independent In­
terpreters such as Pietro Pomponazzi were dominating the 
philosophical scene. For Pomponazzi, Aristotle, whether 
right or wrong, had to be studied directly by way of his 
own works and not by way of his interpreters; yet he did 
not think that Aristotle had a monopoly on knowledge, 
and for this reason his mistakes concerning facts needed 
to be exposed.

There were others who followed Aristotle in his vast 
scientific achievements or searched his works for a clearer 
formulation of scientific methods. It was this scientific 
spirit that kept alive the interest in Aristotle’s method- 
ology and in his philosophy of nature down to the time, 
in the 17th Century, when William Harvey, the English 
physician who discovered the circulation of the blood, was 
lecturing on Aristotle’s books on animals and Galileo was 
writing on Science and logic.

In a less apparent form, Aristotelianism, still strongly 
entrenched in most European schools, continued to have 
its effect on the most modern philosophers. The method- 
ology of Francis Bacon, English philosopher, scientist, 
and statesman, grew out o f it, and his basic metaphysi­
cal concepts were borrowed from Aristotle, although he 
was critical of the distorted version of Aristotelianism in 
the academie circles of his day. The Polish astronomer 
Copemicus was still attached to the perfection of circular 
movements. Gottfried Wilhelm Leibniz, the German Ra­
tionalist and mathematician, not only admired Aristotle’s 
logic but also built his own metaphysics of individu- 
als (“monads”) around the theory of matter and form. 
Like Aristotle, political theorists such as Jean Bodin in 
France carried on their inquiries into the nature o f the

state by studying existing organizations and their natural 
backgrounds.

In the literary field, Aristotle’s Poetics, practically un- 
known until 1500, was now read and analyzed in both 
the Greek and Latin versions; its doctrines were compared 
and partly made to harmonize with the then-prevailing 
views of the ancient Roman poet Horace, and Aristotle’s 
view that art imitates nature prevailed for many over the 
conflicting theory that stressed the creativity of the poet. 
The doctrine of the unities of action, place, and time— 
though actually a later development resulting from forced 
interpretations of Aristotle— mied over the work of many 
writers of tragedies (e.g., Gian Giorgio Trissino in Italy, 
Jean Racine and Pierre Corneille in France, and, to a 
certain extent, Goethe in Germany). Many critics (includ­
ing the English critics from Sir Philip Sidney to Matthew 
Arnold) accepted those mies, although few English poets— 
the great exception was John Milton-—welcomed them. 
A lesser influence was exercised by Aristotle’s Rhetoric 
outside the field of systematic theory.

Scholasticism in these centuries belonged to the history of 
Aristotelianism. All over western and central Europe and 
also in Spanish America the continuance of Scholasticism 
ensured that higher education remained generally within 
an Aristotelian framework. Remarkable work was pro­
duced by Scholastics in the fields of commentaries and of 
detailed interpretation; Pedro de Fonseca, the “Portuguese 
Aristotle,” in the 16th Century and Sylvester Maums, au- 
thor of short but pithy commentaries on all of Aristotle’s 
works, in Rome in the 17th are noteworthy examples. 
Insofar as the different Scholasticisms were living and 
interesting philosophical movements, however, they had 
more to do with newer philosophies than with Aristotle.
Martin Luther’s rebellion against Rome, on the other 

hand, involved a rebellion against Scholastic philoso­
phy and its distorted Aristotelian stmeture, although not 
against Aristotle. In fact, when Luther’s follower Philipp 
Melanchthon undertook to reorganize the curriculum for 
higher education, a more genuine, humanistic Aristotle 
emerged as the great master o f philosophy, independent of 
theology. Once again, as in the early 13th Century in Paris, 
Aristotle took pride of place, particularly in the realms of 
logic and ethics, and to a lesser extent in metaphysics and 
natural philosophy.

The anti-Aristotelianism of the 16th to 18th Century 
touched only a small part o f the real Aristotle. Partly it 
was a reaction against Scholasticism, as though this had 
faithfully represented Aristotle’s own philosophy. Thus, 
Aristotle was wrongly accused of extreme formalism, irre- 
sponsible use of syllogisms consisting of empty or irrele­
vant concepts, a multiplication of pseudo-real entities, and 
the application of “scientific” methods to facts that could 
be vouched for only by faith. For other critics the whole of 
Aristotle’s canon stood condemned because of his unsatis- 
factory account of local movement and the consequences 
it had in the areas of mechanics, dynamics, cosmology, 
and astronomy. His downfall in the 17th Century was 
the result, above all, of his failure to create, in the 4th 
Century b c , a language that allowed him to describe the 
forms of things and events (i.e., their knowable aspects) in 
mathematical formulas and of his failure to lay sufficiënt 
stress, in his philosophy of experience, on the need for 
experiments.

The 19th and 20th centuries. The anti-Aristotelian 
movement was countered mainly by historical and philo- 
logical scholarship. As Friedrich Adolf Trendelenburg, a 
German philosopher, saw it, Aristotle’s personality and 
works must be known as exactly as possible because he 
provides the indispensable historical basis of any serious 
philosophy. Such a type of study had declined after the 
great achievements of the 16th Century. After the work 
done between the first new leamed edition of the col­
lected Greek texts of Aristotle by J.G. Buhle (1791-93) 
and a vast collection of all documentary material in the 
Aristoteles-Archiv at Berlin (which began in 1965), there 
is little, if anything, that remains to be discovered con­
cerning the original and deteriorated forms of Aristotle’s 
traditional corpus. A monumental edition sponsored by 
the Prussian Academy from 1831 to 1870 became the ba-
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sis for almost innumerable critical editions of individual 
works. A rieh crop of fragments, which were identified 
and edited in the last centuries, brought to light previously 
almost unknown aspects of Aristotle’s early activity. And 
in 1890 a papyrus was discovered in Egypt that contained 
most of the otherwise lost Constitution o f Athens. Euro­
pean and American academies have sponsored the editing 
of ancient and medieval commentaries and translations in 
Greek, Latin, Arabic, and Hebrew. Historical, philological, 
and philosophical exegesis has explored in great detail the 
contents and background of most of Aristotle’s writings. 
Translations of all the works into English, German, and 
French and of many of them into most of the other 
European languages as well as into Hebrew, Arabic, and 
Japanese have made Aristotle widely accessible. Historians 
of ideas have investigated Aristotle’s relationship to Plato 
and to the Greece of his day, his influence in following 
ages, and his own philosophical development.

Philosophical Aristotelianism has been mainly confined 
to the German schools established by Trendelenburg and 
Franz Brentano. Trendelenburg was concemed to effect a 
revaluation of Aristotle’s metaphysics in the face of Ger­
man idealism; he had a measure of influence in the United 
States on such thinkers as Felix Adler, George Sylvester 
Morris, and John Dewey. Aristotle’s theories of being and 
knowledge formed the point of departure for Brentano’s 
“descriptive psychology” and his doctrine of human ex­
perience, and they also contributed to Edmund Husserl’s 
phenomenology. Outside Germany, J.-G.-F.-L. Ravaisson- 
Mollien, a spiritualist philosopher, and Sir David Ross, 
editor and translator of Aristotle’s works, acknowledged a 
debt to Aristotle, respectively, for their metaphysics and 
ethics; and the reestablishment of Thomas Aquinas, by 
Pope Leo XIII in 1879, as the great doctor of the church 
increased the interest in Aristotle and in his influence on 
the history of Christian thought. Contemporary philoso­
phy in the Anglo-Saxon world is often associated with 
a keen interest in Aristotle (nor is he entirely neglected 
in other philosophical traditions), and the name of the 
Aristotelian Society (London) reflects the view that good 
philosophy must be practiced in the spirit of Aristotle.

(L.M.-P./Ed.)

MAJOR WORKS
logic: These six works are known collectively as the

Organon: Katêgoriai (Categories); Peri hermëneias (Latin trans., 
De Interpretatione; Eng. trans., On Interpretation); Analytika 
protera (Prior Analytics)', Analytika hystera (Posterior Analyt­
ics)', Topika (Topics)', and Peri sophistikön elegchön (Sophistical 
Refutations).

NATURAL PHILOSOPHY AND NATURAL SCIENCE: Physikë
(Physics); Peri ouranou (On the Heavens); Peri geneseos kai 
phthoras (On Generation and Corruption; On Coming to Be 
and Passing Away); Meteörologika (Meteorology); Peri kosmou 
(spurious; Latin trans., De mundo; Eng. trans., On the Uni- 
verse); Peri ta zöa historiai (History o f Animals); Peri zöön 
moriön (Parts of Animals); Peri zöön kinëseös (Movement of  
Animals); Peri poreias zöön (Progression of Animals); Peri 
zöön geneseos (Generation of Animals); and the works collec­
tively known as the Parva Naturalia: Peri aisthëseös (On the 
Senses and Their Objects; On Sense and Sensible Objects); Peri 
mnëmës kai anamnëseös (On Memory and Recollection); Peri 
hypnou kai egrëgorseös (On Sleep and Waking); Peri enypniön 
(On Dreams); Peri tës kath hypnon mantikës (On Divination in 
Sleep; On Prophecy in Sleep); Peri makrobiotëtos kai brachy- 
biotëtos (On Length and Short ness of Life); Peri neotëtos kai 
gërös (On Youth and Old Age); Peri zöës kai thanatou (On Life 
and Death); Peri anapnoës (On Respiration); and Peri pneu- 
matos (spurious; On Breath).

psychology: Peri psychës (Latin trans., De anima; Eng.
trans., On the Soul).

m etaphysics: Ta meta ta physika (Metaphysics).
ethics and  politics: Ëthika Nikomacheia (Nichomachean

Ethics); Ëthika Eudëmeia (Eudemian Ethics); Ethika megala 
(spurious; Latin and Eng. trans., Magna moralia); Peri aretön 
kai kakiön (spurious; On Virtues and Vices); Politika (Politics); 
Oikonomika (spurious; Economics); and Athënaiön politeia (in­
complete; Constitution of Athens).

aesthetics and  literature: Technë rhëtorikë (Rhetoric);
Rhëtorikë pros Alexandron (spurious; Rhetoric to Alexander); 
and Peri poiëtikës (incomplete; Poetics).

other  works: These remain in the corpus but are be-
lieved by scholars to be falsely attributed to Aristotle: Peri 
chrömatön (On Colours); Peri akoustön (On Things Heard);

Physiognömonika (Physiognomonics); Peri phytön (On Plants); 
Peri thaumasiön akousmatön (On Marvellous Things Heard); 
Mëchanika (Mechanics); Problëmata (Problems); Peri atomön 
grammön (On Indivisible Lines); Anemön theseis kai prosëgo- 
riai (The Situations and Names o f Winds); and Peri Melissou, 
peri Xenophanous, peri Gorgiou (On Melissus, Xenophanes, 
Gorgias).

texts: The Standard edition o f  the Greek text is the Berlin
Academy edition, Aristotelis Opera, ed. by Immanuel Bekker, 5 
vol. (1831-70, reissued 5 vol. in 4, 1960-61); and the Standard 
edition o f  the fragments is Aristotelis qui Ferebantur Librorum 
Fragmenta, ed. by Valentin Rose (1870, reissued 1967). For 
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editions, notably by the volumes o f  the Teubner series, the 
Oxford Classical Text series, the Loeb Classical Library series 
(with English translations), and the Budé series (with French 
translations). The medieval Latin translations o f  Aristotle are 
being printed in Aristoteles Latinus, ed. by L. Minio-Paluello 
(1939- ); see also Aristotelis opera cum Averrois commen- 
tariis, 9 vol. in 11 (1562-74, reissued 1962). In addition there 
is much useful information o f  a textual nature in the early 
Greek commentaries, the most important o f  which have been 
published in Commentaris in Aristotelem Graeca, 23 vol. in 
46 (1882-1909). An in valuable aid to the study o f  Aristotle is 
Hermann Bonitz, Index Aristotelicus (1870, reprinted 1955). 

recomm ended  editions: Numerous English translations o f  
the major treatises are available. The Standard complete edi­
tion is Jonathan Barnes (ed.), The Complete Works of Aristotle: 
The Revised Oxford Translation, 2 vol. (1984). O f the many 
editions o f and commentaries on individual works, the follow­
ing may be mentioned: J.L. Ackrill (trans.), Categories, and De 
Interpretatione (1963, reprinted 1978); W.D. Ross (ed.), Prior 
and Posterior Analytics (1949, reprinted 1957); Jonathan Barnes 
(trans.), Aristotle’s Posterior Analytics (1976); W.D. Ross (ed.), 
Physics (1950, reprinted 1977); W. Charlton (trans.), Aristotle’s 
Physics: Books 1 & 2 (1970); Edward Hussey (trans.), Aristotle’s 
Physics, Books III and IV  (1983); Harold H. Joachim (ed.), 
Aristotle on Coming-to-Be and Passing-Away (De Generatione 
et Corruptione) (1922, reprinted 1982); C.J.F. Williams (trans.), 
Aristotle’s De Generatione et Corruptione (1982); R.D. Hicks 
(trans.), De Anima (1907, reprinted 1976); W.D. Ross (ed.), 
Parva Naturalia (1955, reprinted 1970); G.R.T. Ross (trans.), 
De Sensu and De Memoria (1906, reprinted 1973); Richard 
Sorabji, Aristotle on Memory (1972); D.M. Balme (trans.), 
Aristotle’s De Partibus Animalium I; and, De Generatione Ani- 
malium I  (1972); Martha Craven Nussbaum (ed. and trans.), 
Aristotle’s De Motu Animalium  (1978); W.D. Ross (ed.), Meta­
physics, 2nd ed. (1928); Christopher Kirwan (trans.), Aristotle’s 
Metaphysics (1971), Books 4-6; Myles Burnyeat (ed.), Notes 
on Book Zeta of Aristotle’s Metaphysics (1979), and Notes on 
Books Eta and Theta of Aristotle’s Metaphysics (1984); Julia 
Annas (trans.), Arjstotle’s Metaphysics (1976), Books 13-14;
J.A. Stewart, Notes on the Nichomachean Ethics of Aristotle 
(1892, reprinted 1973); Michael Woods (trans.), Aristotle’s Eu­
demian Ethics: Books I, II, and VIII (1982); W.L. Newman 
(ed.), The Politics o f Aristotle, 4 vol. (1887-1902, reprinted 
1973); Richard Robinson (trans.), Politics, Books III and IV  
(1962); Edward Meredith Cope (ed.), The Rhetoric of Aristotle, 
3 vol. (1877, reprinted 1973); D.W. Lucas (ed.), Poetics (1968, 
reprinted 1980); P.J. Rhodes (trans.), The Athenian Constitu­
tion (1984); and Ingemar Düring (ed.), Protrepticus: An Attempt 
at Reconstruction (1961).
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German, 1923), which advances a theory o f  the development 
o f Aristotle’s thought; and harold  cherniss, Aristotle’s Crit- 
icism of Plato and the Academy (1944, reissued 1962), which 
discusses, in a uniformly critical spirit, Aristotle’s knowledge 
and assessment o f  Plato’s work.

Most o f  the scholarly work done on Aristotle appears in 
articles rather than in books. There is a useful anthology: jon ­
athan  BARNES, MALCOLM SCHOFIELD, and RICHARD SORABJI
(eds.), Articles on Aristotle, 4 vol. (1975-79). The proceedings 
o f the triennial Symposium Aristotelicum contain some o f the 
most up-to-date work.
Life: For all aspects o f  Aristotle’s life, see ingem ar  Dü rin g ,
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Aristotle in the Ancient Biographical Tradition (1957); for his 
writings, see paul  m ora u x , Les Listes anciennes des ouvrages 
d ’Aristote (1951); for the history o f  the Lyceum, see john  
Patrick  lynch , Aristotle’s School: A Study of a Greek Educa- 
tional Institution (1972); and paul m oraux , Der Aristotelismus 
bei den Griechen: Von Andronikos bis Alexander von Aphro­
disias, 2 vol. (1973-84).

Thought: (Logic)'. On Aristotle’s formal syllogistic the clas­
sic study is jan  lukasiew icz, Aristotle’s Syllogistic from the 
Standpoint of Modern Formal Logic, 2nd ed. enlarged (1957, 
reprinted 1967); and the Standard work is Gü n ther  patzig , 
Aristotle’s Theory of the Syllogism: A Logico-Philological Study 
of Book “A ” of the 'Prior Analytics” (1969; originally published 
in German, 2nd ed. 1963). A less formal account can be found 
in ernest k a pp, Greek Foundations of Traditional Logic (1942, 
reissued 1967). See also jon a th an  lear , Aristotle and Logical 
Theory (1980); and, for the Topics, the introduction to jacques 
brunschwig (trans.), Topiques (1967). On the development of 
Aristotle’s ideas in logic, see Friedrich  solmsen, Die Entwick­
lung der aristotelischen Logik und Rhetorik (1929, reprinted 
1975). For Aristotle’s modal logic, see storrs mccall, Aristot­
le’s Modal Syllogisms (1963); and for less formal treatments 
o f his ideas about modality, see jaakko  h intikka , Time & 
Necessity: Studies in Aristotle’s Theory of Modality (1973); and 
sarah w aterlow , Passage and Possibility: A Study of Aristot­
le’s Modal Concepts (1982). On the connection between Aris­
totle’s logic and his scientific methodology, see j .m . le blond, 
Logique et méthode chez Aristote: étude sur la recherche des 
principes dans la physique aristotélicinne, 2nd ed. (1970).

(Theory of Science): The Standard introduction to the Physics
is Auguste MANSioN, Introduction ä la physique aristotélici- 
enne, 2nd rev. ed. (1946); see also Friedrich  solmsen, Aris­
totle’s System of the Physical World: A Comparison with His 
Predecessors (1960, reprinted 1970). Among the most stimulat- 
ing recent studies are w olfgang  w ieland , Die aristotelische 
Physik; 2nd rev. ed. (1970); Richard  sorabji, Necessity, Cause, 
and Blame: Perspectives on Aristotle’s Theory (1980), and Time, 
Creation, and the Continuüm: Theories in Antiquity and the 
Early Middle Ages (1983); and sarah waterlow , Nature, 
Change, and Agency in Aristotle’s uPhysics” (1982).
(Biology): It is still w orth Consulting d’arcy w entworth

Thompson , On Aristotle as a Biologist (1913); the best recent 
study is Pierre PELLEGRiN, La Classifcation des animaux chez 
Aristote: statut de la biologie et unité de l ’aristotélisme (1982).

(Psychology): franz brentano, The Psychology of Aristotle:
In Particular His Doctrine of the Active Intellect (1977; origi­
nally published in German, 1867), remains one o f  the most 
valuable works in this area. The Standard study o f  the devel­
opment o f Aristotle’s views on the soul is fran^ ois nuyens, 
L ’Évolution de la psychologie d ’Aristote (1948, reissued 1973). 
Among more recent works are edw in  hartm an , Substance, 
Body, and Soul: Aristotelian Investigations (1977); and david 
Charles, Aristotle’s Philosophy of Action (1984).

(Metaphysics): There are two large and comprehensive vol­
umes: Joseph Owens, The Doctrine of Being in the Aristotelian 
Metaphysics: A Study in the Greek Background of Medieval 
Thought, 3rd ed. rev. (1978); and pierre aubenque, Le Pro­
bleme de l ’être chez Aristote: essai sur la problèmatique aris- 
totélicienne, 4th ed. (1977). There is a helpful brief introduction 
in g .e.m . anscombe and p .t . g ea ch , Three Philosophers (1961, 
reprinted 1963). On special aspects o f the metaphysics, see 
franz brentano , On the Several Senses of Being in Aristotle 
(1975, reprinted 1981; originally published in German, 1862); 
r .m . dancy , Sense and Contradiction: A Study in Aristotle 
(1975); suzanne m ansion , Le Jugement d ’existence chez Aris­
tote, 2nd ed. rev. (1976); and a .c . lloyd , Form and Universal 
in Aristotle (1981).

(Ethics): w .f .r . h a rd ie , Aristotle’s Ethical Theory, 2nd ed.
(1980), pro vides a helpful companion. Some o f the best recent 
work is collected in amélie oksenberg rorty  (ed.), Essays on 
Aristotle’s “Ethics” (1980). See also stephen  r .l. clark , Aristot­
le’s Man: Speculations upon Aristotelian Anthropology (1975), 
reprinted 1983); james j . w alsh , Aristotle’s Conception of 
Moral Weakness (1963); joh n  m . cooper , Reason and Human 
Good in Aristotle (1975); a n thony  kenny , The Aristotelian 
Ethics: A Study of the Relationship Between the Eudemian and 
Nicomachean Ethics of Aristotle (1978), and Aristotle’s Theory 
of the Will (1979); and troels engberg-pedersen , Aristotle’s 
Theory of Moral Insight (1983, reprinted 1985).
(Politics): The Standard discussion is ernest barker, The

Political Thought o f Plato and Aristotle (1906, reissued 1959); 
see also r.g . mulgan, Aristotle’s Political Theory: An Intro­
duction for Students of Political Theory (1977). On Aristotle’s 
historical interests, see george huxley, On Aristotle and Greek 
Society: An Essay (1979).

(Rhetoric): william  m .a . g r im a ld i, Studies in the Philoso­
phy of Aristotle’s Rhetoric (1972). On the psychological aspects

o f rhetoric, see w.w. fortenbaugh, Aristotle on Emotion: 
A Contribution to Philosophical Psychology, Rhetoric, Poetics, 
Politics, and Ethics (1975).

(Poetics): john jones, On Aristotle and Greek Tragedy ( 1962, 
reissued 1980); and richard janko, Aristotle on Comedy: To- 
wards a Reconstruction o f “Poetics” II (1984).

Aristotelianism. Aristotelianism as covered in general histo­
ries: Extensive treatment o f  Aristotelianism is included in the 
fundamental history o f  philosophy by Friedrich ueberweg, A 
History of Philosophy, from Thales to the Present Time, 2 vol. 
(1872-74, reprinted 1972; originally published in German, 4th 
ed., 3 vol., 1871-73), with a vast bibliography. Useful histories 
o f philosophy, general or partial, are frederick c. copleston, 
A History of Philosophy, 9 vol. (1946-74); meyrick h. carré, 
Phases of Thought in England (1949, reprinted 1972), which is 
particularly good on Aristotelianism; john herman randall, 
The Career of Philosophy, 2 vol. (1962-65, reissued 1970), 
imaginative and stimulating; and étienne gilson, History of 
Christian Philosophy in the Middle Ages (1955, reissued 1980), a 
personal interpretation, with documentation and bibliography.
Aristotelianism in various periods or cultures: ingemar dü- 

ring, “Von Aristoteles bis Leibniz: Einige Hauptlinien in 
der Geschichte des Aristotelismus,” Antike und Abendland, 
4:118-154 (1954), mostly on Greek and medieval Aristotelian­
ism; lorenzo minio-paluello, Opuscula: The Latin Aristotle 
(1972), a collection o f  articles and essays concerning the Latin 
transmission of Aristotle’s works; and richard mckeon, “Aris- 
toteliämsm in Wcstern Chn stianity, ” in john Thomas mcneill, 
matthew spinka, and harold R. wiLLOUGHBY (eds.), Environ­
mental Factors in Christian History, pp. 206-231 (1939, reis­
sued 1970). On Boethius, see henry chadwick, Boethius: The 
Consolation of Music, Logic, Theology, and Philosophy (1981); 
and Margaret GiBSON (ed.), Boethius: His Life, Thought, and 
Influence (1981). (On Greek Aristotelianism): eduard zeller, 
Die Philosophie der Griechen, vol. 2, Sokrates, Plato, Aris­
toteles (1846), and vol. 3, parts 1-2, Die nacharistotelische 
Philosophie (1852), parts o f  which have been translated from 
various editions: Aristotle and the Earlier Peripatetics, trans, by 
B.F.c. cosTELLOE and j.h . muirhead (1897); and A History of 
Eclecticism in Greek Philosophy, trans, by s.f. alleyne (1883), 
fundamental for the first eight centuries; paul moraux, D ’Aris­
tote ä Bessarion: trois exposés sur l ’histoire et la transmission 
de l ’aristotélisme grec (1970); “Rückblick: Der Peripatos in 
vorchristlicher Zeit,” in fritz r. wehrli (ed.), Die Schule des 
Aristoteles, vol. 10, pp. 93-128 (1959); klaus oehler, “Aris­
totle in Byzantium,” Greek, Roman, and Byzantine Studies, 
5(2): 133-146 (Summer 1964); and basile tatakis, La Philoso­
phie byzantine, 2nd ed. (1959), an extensive survey, with a 
rieh bibliography. (On Latin Aristotelianism): Fernand van 
steenberghen, Aristotle in the West: The Origins o f Latin 
Aristotelianism, 2nd ed. (1970; originally published in French, 
1946), a scholarly survey o f  Contemporary studies; richard 
j. LEMAY, Abu Mdshar and Latin Aristotelianism in the 
Twelfth Century: The Recovery of Aristotle’s “Natural Philoso­
phy” Through Arabic Astrology (1962), important contributions; 
D.A. callus, “Introduction o f  Aristotelian Learning to Ox­
ford,” Proceedings o f the British Academy, 29:229-281 (1943), 
original, fundamental research; paul moraux et a i, Aristote 
et Saint Thomas d ’Aquin (1957), which includes some o f the 
most reliable studies on the subject; m.-d . chenu, La Théolo­
gie comme Science au XIIP siècle, 3rd ed. rev. (1957, reissued 
1969), on the interplay o f  Aristotelian methodology and dogma; 
and hastings rashdall, The Universities o f Europe in the 
Middle Ages, new ed., 3 vol. (1936, reissued 1969), basic for 
Aristotelianism in the schools. (On Syriac, Arabic, and Jewish 
Aristotelianism): anton baumstark, Geschichte der syrischen 
Literatur mit Ausschluss der christlich-palästinensischen Texte 
(1922, reprinted 1968), with exhaustive factual information 
and a bibliography; anton baumstark (ed.), Aristoteles bei 
den Syrern vom 5. bis 8. Jahrhundert: Syrische Texte (1900, 
reprinted 1975), specialized research and texts; t.j. de boer, 
The History of Philosophy in Islam  (1903, reprinted 1983; 
originally published in German, 1901); carl brockelmann, 
Geschichte der arabischen Litteratur, 2 vol. (1898-1902), ex­
haustive factual information and bibliography; f.e. peters, 
Aristoteles Arabus: The Oriental Translations and Commen­
taries of the Aristotelian Corpus (1968), from Syriac and 
Arabic; r. walzer, “Aristütälls,” in The Encyclopaedia of Is­
lam, new ed., vol. 1, pp. 630-633, and related articles; isaac 
husik, A History o f Mediaeval Jewish Philosophy (1916, reis­
sued 1974); Georges VAJDA, Introduction ä la pensée juive du 
Moyen Age (1947), limited in scope, with a good bibliography; 
Harry A. WOLFSON, “Revised Plan for the Publication of a 
Corpus Commentariorum Averrois in Aristotelem Speculum , 
38(1):88—104 (January 1963), complete lists o f  Arabic, Latin, 
and Hebrew texts o f  Averroës’ commentaries, and Crescas’ 
Critique of Aristotle: Problems of Aristotle’s “Physics” in Jewish 
and Arabic Philosophy (1929, reprinted 1971); and “Aristot-
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le,” in Encyclopaedia Judaica, vol. 3, col. 445-449 (1971), 
and related articles. {On Renaissance and later Aristotelianism): 
paul oskar kristeller , Renaissance Philosophy and the Medi- 
aeval Tradition (1966), a brilliant survey, with bibliography, and 
Studies in Renaissance Thought and Letters (1956, reprinted 
1969), many relevant essays; bruno n ardi, Saggi sull’Aris- 
totelismo padovano dal secolo XIV al XVI (1958), one o f  several 
fundamental works by this author; peter petersen , Geschichte 
der aristotelischen Philosophie in protestantischen Deutschland 
(1921, reprinted 1964), and Die Philosophie Friedrich Adolf 
Trendelenburgs: ein Beitrag zur Geschichte des Aristoteles im 
19. Jahrhundert (1913); and Charles b. schmitt, Aristotle and 
the Renaissance (1983).
Aristotelianism in various areas or disciplines: {On logic):

William  KNEALE and m artha  KNEALE, The Development of 
Logic (1962, reprinted 1984), an objective assessment o f the 
Aristotelian and non-Aristotelian elements in the history o f  
logic; and i.m . bochenski, A History of Formal Logic, 2nd 
ed. (1970; originally published in German, 1956), technical, 
with much bibliography. {On Science): george sarton, In­
troduction to the History of Science, 3 vol. in 5 (1927-48, 
reprinted 1975), fundamental, with extensive information and 
bibliography; rené taton  (ed.), A General History of the Sci­
ences, 4 vol. (1963-66; originally published in French, 1957- 
64); ALASTAiR c. CROMBIE, Robert Grosseteste and the Origins 
of Experimental Science, 1100-1700 (1953, reissued 1971), 
which upholds the view o f Aristotelian impact on experimental

method; Anneliese m aier , Studien zur Naturphilosophie der 
Spätscholastik, 5 vol. (1949-58), fundamental research; and 
Alexandre  KOYRÉ, Galileo Studies (1978; originally published 
in French, 1939), indispensable for a proper evaluation o f anti- 
Aristotelianism. {On politics): george  h . sabine, A History of 
Political Theory, 4th ed. rev. by Thomas landon  thorson 
(1973); Alexander  passerin d ’entrêves, The Medieval Con­
tribution to Political Thought: Thomas Aquinas, Marsilius of 
Padua, Richard Hooker (1939, reprinted 1959); Georges de la- 
g a rd e , La Naissance de Vesprit laïque au déclin du Moyen Age, 
3rd ed., 5 vol. (1956-70), fundamental for the 14th Century; and 
horst DREiTZEL, Protestantischer Aristotelismus und absoluter 
Staat: Die “Politica” des Henning Arnisaeus (ca. 1575-1636) 
(1970), excellent, with an extensive bibliography on German 
Aristotelianism. {Poetics and rhetoric): bernard  Weinberg , A 
History of Literary Criticism in the Italian Renaissance, 2 vol. 
(1961, reprinted 1974), containing good surveys concerning 
Aristotle; lane cooper , The Poetics of Aristotle: Its Meaning 
and Influence (1923, reissued 1972); m arvin  t . herrick , The 
Fusion of Horatian and Aristotelian Literary Criticism, 1531- 
1555 (1946), and The Poetics of Aristotle in England (1930, 
reprinted 1976), indispensable complements to Cooper’s book; 
and Charles s. baldw in , Renaissance Literary Theory and 
Practice: Classicism in the Rhetoric and Poetic of Italy, France, 
and England, 1400-1600 (1939, reissued 1959), useful for both 
poetics and rhetoric.

(A.H.Ao./L.M.-P./Ed.)

Arithmetic

A rithmetic (a term derived from the Greek word 
arithmos, “number”) refers generally to the ele- 
mentary aspects of the theory of numbers, arts of 

mensuration (measurement), and numerical computation 
(that is, the processes of addition, subtraction, multiplica- 
tion, division, raising to powers, and extraction of roots). 
As is often the case, however, such meaning, has not been 
uniform in mathematical usage. An eminent German 
mathematician, Carl Friedrich Gauss, in Disquisitiones 
Arithmeticae (1801), and certain Contemporary mathe- 
maticians have used the term to include some aspects 
of number theory that are considerably more advanced. 
The reader interested in the latter is referred to n u m ­
ber th e o r y .

This article is divided into the following sections:

Fundamental definitions and laws 75 
Theory o f  divisors 76 

Fundamental theory 77 
Rational numbers 77 
Irrational numbers 77 
Complex numbers 78 

Number Systems and notation 79 
Arithmetic calculation with decimals 80 

Addition and subtraction 80 
Multiplication 80 
Division 81 
Divisibility rules 81 
Evolution 82 
Cube and higher roots 82 

Logarithms 82 
Basic principles 82 
Common logarithms 83 
Natural logarithms 83 
History o f logarithms 83 
The calculation o f  logarithms 84 
Logarithm tables 84

FUNDAMENTAL DEFINITIONS AND LAWS
In a collection (or set) of 1, 2, 3, or, generally, n objects (or 
elements), the act of determining the number of objects 
present is called counting. For an empty set, no object is 
present, and the count yields the number 0. The numbers 
n thus obtained are called natural numbers; there are 
some mathematicians who include 0 among the natural 
numbers, whereas there are others who do not include it.

If nx and n2 are the numbers of objects in the two sets 
S { and S2 respectively, then those objects in *S\ and S2 
may possibly be paired in such a way that each pair con­
tains one object from Sx and one from S2 and no object 
from either set remains unpaired. The two numbers nx,n 2 
would then be said to be equal; that is, n{ =  n2. The two 
sets, in such a case, are said to be equivalent. The concept 
of equivalent sets is basic to the foundations of mod­
ern mathematics and has been introduced into primary 
education, notably as part of the “new math” that has 
been alternately acclaimed and decried since it appeared 
in the 1960s. The theory of sets is discussed in the article
SET THEORY.
Taking the two sets S x and S2 together to form a new 

set S3, it is clear that S3 contains nx +  n2 — n3 objects. The 
number n3 is called the sum of w„ n2; and each of the 
latter is called a Summand. The Operation of forming the 
sum is called addition, the Symbol +  being read as “plus.”

From the definition of counting it is evident that two 
fundamental laws hold for the Operation of addition (see 
Box, laws 1 and 2), in which the order of the summands 
can be changed and the order of the Operation of addi­
tion can be changed, when applied to three summands, 
without affecting the sum. These are called the laws of

Figure 1: Page from a first grade workbook typical of “new 
math” might state: “Draw connecting lines from triangles in 
the first set to triangles in the second set. Are the two sets 
equivalent in number?”

Equivalent
sets
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commutativity and associativity for addition. To dispel 
any notion that these laws are trivially self-evident, it is 
notable that the first of these, for example, does not hold 
for the addition of ordinary (finite) rotations. If a closed 
book that is thin in comparison with its page size is lying 
flat on a table in an orientation ready to be read, and 
if a denotes a rotation of the book through 90° about a 
horizontal axis fixed at the upper edge of the book, and b 
denotes a similar subsequent rotation about a vertical axis, 
then adding the rotations a +  b, in this order, will readily 
be found to lead to a final position of the book in which 
the latter is vertical, upside-down, and with the “thin” 
dimension facing the reader. Performing the sum b +  a, 
on the other hand, will cause the book’s thin dimension to 
rest on the table, the front cover facing toward (or away 
from) the reader. Hence, in this case, a +  b is clearly not 
equal to b +  a.

If there exists a natural number k such that a =  b +  k, 
it is said that a is greater than b (written a >  b), and that 
b is less than a (written b < a ) .  If a and b are any two 
natural numbers, then it is the case that either a =  b or 
a >  b or a <  b.

From  the above laws it is evident that a repeated sum  
such as 5 +  5 +  5 is independent o f  the way in w hich the 
sum m ands are grouped and is written 3 X 5 .  Thus, a sec­
ond binary Operation called m ultip lication  is defined. The 
num ber 5 is called the m ultiplicand, the num ber 3, which  
denotes the num ber o f  sum m ands, is called the m ultiplier, 
and the result 3 X 5 is called the product. T he Symbol X 
o f  this Operation is read “tim es.” If such letters as a and 
b are used to denote the num bers, the product a X b is 
often written a • b or sim ply ab.

If three rows of five dots each are written, as illustrated 
below,

It is clear that the total number of dots in the array is 
3 X 5 ,  or 15. This same number of dots can evidently be 
written in five rows of three dots each, whence 5 X 3 = 1 5 .  
The argument is general, leading to the law (see 3) that 
the order of the multiplicands does not affect the prod­
uct, called the commutative law of multiplication. Here 
again, it is notable that this law does not apply to all 
mathematical entities. Indeed, much of the mathematical 
formulation of modern physics, for example, depends cru- 
cially on the fact that some entities do not commute.

By the use of a three-dimensional array of dots, it 
becomes evident that the order of multiplication when 
applied to three numbers does not affect the product 
(see 4). Such a law is called the associative law of multi­
plication. If the 15 dots written above have separated into 
two sets, namely,

then the first set consists of three columns of three dots 
each, or 3 X 3 dots; the second set consists of two columns 
of three dots each, or 2 X 3 dots; the sum (3 X 3) +  (2 X 3) 
consists of 3 +  2 =  5 columns of three dots each, or 
(3 +  2) X 3 dots. In general, one may prove that the mul­
tiplication of a sum by a number is the same as the sum 
of two appropriate products. Such a law (see 5) is called 
the distributive law.

Subtraction has not been introduced for the simple rea­
son that it can be defined as the inverse of addition. Thus, 
the difference a — b of two numbers a and b is defined 
as a solution x  of the equation b +  x  =  a. If a number 
system is restricted to the natural numbers, differences 
need not always exist, but if they do, the five laws of 
arithmetic, as already discussed, can be used to prove that 
they are unique. Furthermore, the laws of operations of 
addition and multiplication can be extended to apply to 
differences. The natural numbers (including zero) can be 
extended to include the solution of 1 +  x  =  0, that is, the 
number — 1, as well as all products of the form —1 Xn, 
in which n is a natural number. The extended collection

(1) The commutative law of addition: a +  b = b +  a

(2) The associative law of addition: a +  (b +  c) =  {a +b) + c

(3) The commutative law of multiplication: ab = ba

(4) The associative law of multiplication: a(bc) =  (ab)c

(5) The distributive law: (a +  b)c =  ac + bc

(6) aman = am + n

(7) {am)n = amn

(8) ambm = (ab)m

(9) am an — am ~n m >  n

of numbers is called the integers, of which the positive 
integers are the same as the natural numbers (excluding 
zero). The numbers that are newly introduced in this way 
are called negative integers.

Just as a repeated sum a +  a +  • • • +  a o ï k  summands 
is written ka, so a repeated product a X a X  • • • X a o ï k  
factors is written ak. The number k  is called the exponent, 
and a the base of the power ak.

The fundamental laws (see 6-8) of exponents follow 
easily from the definitions, and other laws (see 9) are 
immediate consequences of the fundamental ones. The 
first five laws are often called the five fundamental laws 
of arithmetic.

THEORY OF DIVISORS
At this point an interesting development occurs, for, so 
long as only additions and/or multiplications are per- 
formed with integers, the resulting numbers are invariably 
themselves integers; that is, numbers of the same kind as 
their antecedents. This characteristic changes drastically, 
however, as soon as division is introduced. Performing di- 
vision leads to results, called quotients or fractions, which 
surprisingly include numbers of a new kind, namely, ra- 
tionals that are not integers. These, though arising from 
the combination of integers, patently constitute a distinct 
extension of the natural-number and integer concepts as 
defined above. By means o f the application of the division 
Operation, the domain of the natural numbers becomes 
extended and enriched immeasurably beyond the integers 
(see below Rational numbers).

The preceding illustrates, simply but clearly, one of the 
proclivities that are often associated with mathematical 
thought: relatively simple concepts (such as integers), ini- 
tially based on very concrete operations (for example, 
counting), are found to be capable of assuming novel 
meanings, and potential uses, extending far beyond the 
limits of the concept as originally defined. A similar exten­
sion of basic concepts, with even more powerful results, 
will be found with the introduction of irrationals (see be­
low Irrational numbers).

A second example of this is presented by the following: 
Under the primitive definition, with k equal to either 
zero or a fraction, ak would, at first sight, appear to be 
utterly devoid of meaning. Clarification is needed before 
writing a repeated product of either zero factors or a frac- 
tional number of factors. Yet, limiting attention to the 
case k =  0 here (k =  fraction will be considered below), 
a little reflection shows that a° can, in fact, assume a 
perfectly precise meaning, coupled with an additional and 
quite extraordinary property. Since the result of dividing 
any (nonzero) number by itself is unity, it follows that 
am +  am =  am~m =  a° =  1. Not only can the definition of 
ak be extended to include the case k =  0, but the ensu- 
ing result also possesses the noteworthy property that it 
is independent of the particular (nonzero) value of the 
base a. A similar argument may be given to show that 
ak is a meaningful expression even when k is negative,

Extension 
of classes 
of numbers
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G auss’s
contribu­
tion

nam ely, crk =  1 / a k. T he original concept o f  exponent is 
thus broadened to  a great extent.

Fundamental theory. If  three positive integers a, b, and  
c are in  the relation ab =  c, it is said that a and b are 
divisors or factors o f  c, or that a divides c (written a | c), 
and b divides c. T he num ber c is said to  be a m ultiple o f  
a and a m ultip le o f  b.

T he num ber 1 is called the unit, and it is clear that 1 
is a d ivisor o f  every positive integer. If  c can be expressed  
as a product ab in  w hich a and b are positive integers 
each greater than 1, then  c is called com posite. A  positive 
integer neither 1 nor com p osite  is called a prim e. Thus, 
2, 3, 5, 7, 11, 13, 17, 19, • • • are prim e numbers. Euclid  
proved that the num ber o f  prim e num bers is infinite (.E le ­
m e n t s , book  IX , proposition  20).

T he fundam ental theorem  o f  arithm etic was proved by 
G auss in  his Disquisitiones Arithmeticae. It States that 
every com p osite  num ber can be expressed as a product 
o f  prim e num bers and that, save for the order in which  
the factors are written, this representation is unique. This 
theorem  foliow s rather directly from  a theorem  o f  Euclid  
(Elements, book  VII, proposition  30) to the effect that i f  a 
prim e divides a product, it d ivides one o f  its factors, and  
the fundam ental theorem  is therefore som etim es credited  
to Euclid.

For every finite set ax, a2, * • • , ak o f  positive integers, 
there exists a largest integer d  that divides each o f  these 
num bers, called their greatest com m on  divisor (g c d ). If  
d =  1, the num bers are said to  be relatively prime. There 
also exists a sm allest positive integer m that is a m ultiple  
o f  each o f  the num bers. T his is called their least com m on  
m ultiple (l c m ).

If Pi> P 2 > * * ' , Ph are the distinct prim es that divide all 
o f  the num bers ax, a2, • • • , ak, and i f  et is the sm allest 
exponent to w hich /?, occurs in any o f  them , then (see 10) 
the product o f  the powers form ed with typical num ber p t 
as base and as exponent is the g c d  o f  ax, a2, • • • , ak. 
If P u  P 2 , ' ' * , Pi are the distinct prim es that divide any  
one or m ore o f  the num bers ax, a2, • • • , ak, and if  n, 
is the largest exponent to w hich pl occurs in any o f  them , 
then (see 11) the product o f  the powers formed with typi­
cal num ber p t as base and n t as exponent is the lc m  o f ax, 
a2, • • • , ak. A n exam ple (see 12) is easily constructed. 
W hen on ly  tw o num bers are involved, the g c d  and the 
lc m  com b ine to give the sam e product as the product o f  
the original num bers.

If a and b are tw o positive integers, a >  b, by m eans o f  
the d iv ision  algorithm  tw o integers q and r can be deter­
m ined such that (see 13) a is the sum  o f  q numbers o f  
m agnitude b plus a num ber r that is less than b.

T he num ber q is called the partial quotiënt (the quotiënt 
if  T  — 0), and r is called the rem ainder. The g c d  o f  a and

( 10) d = p e1i p p  . . . p *hh

( 1 1 ) m —  p ^ ip p  . . . pnt

( 1 2 ) a 1 =  233 15374 a2=  2 13373(1 l)2
d = 2 13 1l 3 m =  23335374(H )2

(13) a =  bq +  r 0 ^  r <  b

( 1 4 ) 544 =  4(119) +  6 8  1 1 9 =  1(68) 4 - 51
6 8 =  1(51) +  17 51 =  3(17)

(15) <L= k£.
d  kd

(16) a =  — ka b__lb_—lb.
d  kd  m ’ e le m

( 1 7 ) a ^ =  ka , lb _ k a ± l b
d e  m ~ m  m

b is equal to  the g c d  o f  b and r. If the division algorithm  
is applied successively, a rem ainder 0 m ust ultim ately ap­
pear. T he last positive rem ainder is the g c d  o f  a and b.
T hus, i f  ö  =  544, Z? =  119, a sim ple calculation (see 14) 
show s that the g c d  o f  544 and 119 is 17. This process 
is know n as the Euclidean algorithm . By m eans o f  it, the 
g c d  can be obtained w ithout first factoring the num bers 
a and b in to  prim e factors.

Rational numbers. From  a less abstract point o f  view, 
the n otion  o f  d iv ision , or fraction, m ay also be considered  
to  arise as follows: i f  the tim e duration o f  a given process 
is required to  be know n to  an accuracy o f  better than  
1 hour, the num ber o f  m inutes m ay be specified; or, i f  
the hour is to  be retained as the fundam ental unit, each  
m inute m ay be represented by or by V ó o .

In general, the fractional unit 1 / d  is defined by the prop­
erty d X ( \ / d ) =  1. T he num ber a X ( \ / d )  is written a / d  
and is called a co m m o n  fraction. It m ay be considered as C om m on  
the q uotiën t o f  a  d ivided by d . The num ber d  is called the fraction  
d enom inator (it determ ines the fractional unit or d enom - 
ination), and a  is called the num erator (it enum erates the 
num ber o f  fractional units that are taken). The num erator 
and d enom inator together are called the term s o f  the frac­
tion. A positive fraction a / d  is said to be proper i f  a  <  d ;  
otherw ise it is im proper.

T he num erator and denom inator o f  a fraction are not 
unique, since for every positive integer k, the num erator  
and d enom inator o f  a fraction can each sim ultaneously be 
m ultip lied  by the integer k w ithout altering the fractional 
value (see 15). T hus, every fraction can be written as the  
q uotiën t o f  tw o relatively prim e integers. In this form it is 
said to  be in low est terms.

T he integers and fractions constitute what are called the  
rational num bers. T he five fundam ental laws stated earlier 
with regard to  the positive integers can be generalized to  
apply to  all rational numbers.
Adding and subtracting fractions. From  the definition  

o f  fraction it follow s that the sum  (or difference) o f  tw o  
fractions having the sam e denom inator is another fraction  
w ith this denom inator, the num erator o f  which is the  
sum  (or difference) o f  the num erators o f  the given frac­
tions. T w o fractions having different denom inators m ay  
be added or subtracted by first reducing them  to fractions 
with the sam e denom inator. Thus, to add a/d  and b/e 
the l c m  m o f  d  and e, often called the least co m m o n  
denom inator o f  the fractions, is determ ined. It follow s  
that there exist num bers k and / such that m ~  k d =  le, 
and both  fractions can be written (see 16) w ith co m m o n  
denom inator m , so that their sum  or difference (see 17) is 
obtained by the sim ple Operation o f  adding or subtracting 
the num erators only.

Multiplying and dividing fractions. The product o f  tw o  
fractions (see 18) is a fraction the num erator o f  w hich is 
the product o f  the num erators o f  the factors, and the de­
nom inator o f  w hich is the product o f  the denom inators o f  
the factors. T he quotiënt o f  tw o fractions (see 19) is equal 
to the product o f  the d ividend by the divisor inverted; that 
is, the divisor with its term s interchanged.

Theory o f rationals. A m ethod o f  introducing the p os­
itive rational num bers that is free from intu ition  (that is, 
with all logical steps included) was given by a G erm an  
m athem atician , Ernst Steinitz, in 1910. In considering the  
set o f  all num ber pairs {a, d ), (b, e), • • • in w hich a, 
b, d, e, • • • are positive integers, the equals relation (a, 
d )  — (b, e) is defined to m ean that ae =  bd, and the tw o  
operations +  and X are defined so that the sum  o f  a pair 
(see 20) is a pair and the product o f  a pair (see 21) is a 
pair. It can be proved that, i f  these sum s and products are 
properly specified, the fundam ental laws (see 1-5) hold  
for these pairs, and that the pairs o f  the type (a , 1) are 
abstractly identical w ith the positive integers a. M oreover, 
dX( a ,  d) =  a, so that the pair {a, d) is abstractly identical 
with the fraction a/d.

Irrational numbers. It was know n to  the Pythagoreans 
that, given a straight line segm ent a and a unit segm ent u, 
it is not alw ays possible to find a fractional unit such that 
both a and u are m ultiples o f  it. Thus, the hypotenuse  
o f  an isosceles right triangle the sides o f  w hich are taken  
as the unit u m ust by the Pythagorean theorem  have a
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(18) IIX

(19) a . b a x  e _  ae 
d  e d  b db

(20) (a , d )  +  (b , e) =  (ae  +  b d 9 de)

(21) (a, d )  x (b , e) =  {ab, de)

(22) a < a < b  a — b <  e

(23) y j{ \^ 2  \/3 )/V 5 ~

(24) 3/l  25 3/l  25(12)
V 18 S  18(12) '

__ 3f5HÏ2) 5
V 63 6

(25)

(26) n ƒ m,/— mit/—
d V f l =  Va

(27) m /— m,----
( W  =  w

(28) mnr—— m,—-—
v  akn =  \ /ak

(29) •fa  V “
V * v T

(30) a ° =  1 a~n =  —
an

(31) \ f n { \ fh )  — a 1lnb lln —. ( a b y i n ^f / f f h

(32) -y/'ßk_ßk/m __ ßkn/mn. mn,—---
=  W ”

length the square o f  w hich is 2. But there exists no rational 
num ber the square o f  which is 2.

rndoxus’ Eudoxus o f  Cnidus, a Contemporary o f  Plato, established  
ontribu- the technique necessary to extend num bers beyond the
ion  rationals. H is contribution, one o f  the m ost im portant in

the history o f  m athem atics, was included  in Euclid’s E le ­
m e n ts ,  B ook V and elsewhere, and then lay dorm ant until 
the m odern period o f  growth in m athem atical analysis in 
G erm any in the 19th Century.

It is custornary to assum e on  an intu itive basis that, cor- 
responding to every line segm ent and every unit length, 
there exists a num ber (called a positive real num ber) that 
represents the length o f  the line segm ent. N ot all such 
num bers are rational, but every one can be approxim ated  
arbitrarily closely by a rational num ber. That is, i f  a  is 
real and 8 is any positive rational num ber no m atter how  
sm all, it is possible to find tw o positive rational numbers 
a  and b  w ithin 8 distance from  each other such that (see
22) a  is betw een them . In problem s in m ensuration, ir­
rational num bers are usually replaced by suitable rational 
approxim ations.

A rigorous developm ent o f  the irrational num bers is 
beyond the scope o f  arithm etic. T hey are m ost satisfac- 
torily introduced by m eans o f  D edek ind  cuts, as intro­
duced by the G erm an m athem atician  Richard D edekind, 
or sequences o f  rationals, as introduced by E udoxus and 
developed by the G erm an m athem atician  G eorg Cantor. 
These m ethods are discussed in the theory o f  functions o f  
a real variable (see a n a l y s is : R e a l  a n a l y s i s ).

The em ploym ent o f  irrational num bers greatly increases 
the scope and usefulness o f  arithm etic. For instance, if  n 

The is any w hole num ber and a  is any positive real number,
y m b o l there exists a unique positive real num ber nf a  called the
V n th  root o f  a , w hose n th  pow er is a . T he root sym bol

V is a conventionalized  r  for radix, or root. The term  
evolution  is som etim es applied to the process o f  finding a 
rational approxim ation to an n th  root.

S u r d s .  A num ber (see 23) that is obtainable from  ratio­
nal num bers by a finite num ber o f  additions, m ultiplica- 
tions, d ivisions, and root extractions is called a surd. An  
irrational num ber o f  the form  nf a  in w hich a  is rational 
is called a pure surd o f  index n. For n =  2, it is called a 
quadratic surd or square root and is written sim ply f a .  A  
surd that is not pure is called m ixed.

A pure surd o f  index n  m ay be reduced to  a rational 
m ultiple o f  the n th  root o f  a positive integer no prim e 
factor o f  w hich occurs to an exponent as high as n. Such  
a surd is in low est term s. T hus consider V 125/18. Since 
18 =  2(32), it b ecom es a perfect cube upon  m ultiplication  
by 2 2(3) =  12. T hen (see 24) the cube root o f  125/18 can  
be expressed as a rational m ultip le o f  the cube root o f  12.

Tw o surds that can be written as rational m ultip les o f  
the sam e surd are called sim ilar. T heir sum  is sim ilar to  
each o f  them , its rational coëfficiënt being the sum  o f  the 
rational coefficients o f  the sum m ands.

P r o p e r t i e s  o f  s u r d s .  T he elem entary properties o f  surds 
are readily provable (see 2 5 -2 9 )  and guide one in calcu- 
lating products o f  roots (see 25), roots o f  roots (see 26), 
powers o f  roots (see 27), roots o f  pow ers (see 28), and  
roots o f  fractions (see 29).

The theory o f  surds can be m uch  sim plified  by the in­
troduction o f  negative and fractional exponents, in which  
(see 30) the zeroth pow er o f  a num ber is unity, the neg­
ative power o f  a num ber is the reciprocal o f  the num ber, 
and a fractional pow er is expressed as a surd.

It can readily be show n that the fundam ental laws o f  
exponents, together w ith  the properties o f  the rational 
fractions, are equivalent to  the elem entary properties (see 
2 5 -2 8 ) o f  surds. E xem plary verification (see 31, 32) is 
not difficult.

Com plex numbers. Early m athem aticians were led to  
consider purely form al situations involv ing  square roots 
o f  negative num bers.

Thus, H eron o f  A lexandria ( c . a d  100) obtained the 
quantity V—63, and G irolam o Cardan (1545) wrote 
40 =  (5 4- V— 15)(5 — V—15). These num bers were consid ­
ered to be quite m eaningless, and the term  im aginary was 
applied to them . T hey have since becom e indispensable in  
several branches o f  m odern m athem atics and have appli- 
cations in m echanics and electricity.

In 1832 G auss proposed the term  com plex  for num bers 
o f  the form a  +  b i  w here a  and b  are real and / is defined  
as V—T. The m odern developm ent o f  com plex num bers 
began with the discovery o f  a geom etrie interpretation  
for them . This was indistinctly  set forth by John W al­
lis (1685) and in com pletely  satisfactory form  by Caspar 
W essel (1799).

W essel’s work received no attention, and the geom etrie 
Interpretation was rediscovered by Jean Robert Argand  
(1806) and again by G auss (1831). It is frequently called  
the Argand diagram (Figure 2).
Just as the real num bers represent poin ts on a line, the 

com plex num bers can be put in to  correspondence with  
the points on a plane. The m ultip les o f  / are called purely 
im aginary num bers and are plotted as poin ts on the im ag­
inary axis perpendicular to the axis o f  reals at the O -point. 
Then the num ber a  +  b i  corresponds to the point P  where

Figure 2: The complex number.

Argand
diagram
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OP  is the d iagonal o f  the rectangle w hose sides are a and  
b i. If a  +  b i  is m ultip lied  by — 1, its corresponding line or 
vector OP  is rotated through 180°. Similarly, if  a + b i  is 
m ultiplied  by i, its vector is rotated through 90°. Thus, 
tw o successive m ultip lications by i produce the sam e effect 
as one m ultip lication  by — 1, so that in this sense /- =  — 1.

T he first satisfactory introduction o f  the com plex num ­
bers was given by Sir W illiam  Rowan H am ilton in 1835, 
although G auss afterward stated that the sam e idea had 
occurred to  him  in 1831.  (C.C.MacD.)

NUMBER SYSTEMS AND NOTATION
Just as in language, where infinitely m any words can be 
com posed  o f  but a sm all variety o f  different characters, so 
also in arithm etic are num bers, infinitely m any o f  them , 
com posed  o f  but a sm all variety o f  numerals. The devising  
o f  a schem e w hereby an infinitude o f  things can be repre- 
sented by m eans o f  but a sm all num ber o f  sym bols must 
be ranked am ong the m ost im portant achievem ents o f the  
hum an intellect, for w ithout it an advanced developm ent 
o f  either language or arithm etic is unim aginable. The key 
ideas are two: the positional principle (to be described 
below ) and the Symbol zero. “The idea is so sim ple,” 

Argand w ro teth e  18 t h - 19th-century m athem atician Pierre-Sim on, 
diagram m arquis de Laplace, speaking o f  the positional principle, 

“that this very sim plicity is the reason for our not being 
sufficiently aware how  m uch adm iration it deserves.” Sim ­
ilarly, the in ven tion , probably by the H indus, o f  the digit 
zero has been described as one o f  the greatest im portance 
in the history o f  m athem atics. H indu literature gives evi- 
dence that the zero may have been known before the birth 
o f  Christ, but no inscription has been found with such a 
Symbol before the 9th Century.

A pplied to the construction o f  numbers, the positional 
principle operates thus: the sequence o f  digits • • * s r q p  
is defined to  signify a num ber the m agnitude o f  which is a 
sum  o f  products involving powers o f  a num ber a  (see 33), 
in which a  is called the base or radix; that is, the position  
o f  each o f  the coefficients p , q, r, s, • • • is associated, 
in reverse order to  the representation s rq p , with the ze­
ro th, first, second, third, • • • powers o f  the base a. The  
num ber o f  d istinct num erals required in this notation is 
readily seen to be a.

(33) p  X a° + q  X a 1 + r  x d1 + 5 x a3 + • • •

(34) px  1 +  qx 10 +  rx 100 + s x 1 0 0 0 +  • • •

Each num eral, w hen part o f  a number, can therefore be 
said to have tw o values: an intrinsic value, which is sim ­
ply that signified by the isolated sym bol itself; and a local 
value, w hich is that possessed by virtue o f  its position, or 
location, w ithin  the sequence o f  digits used to express the  
given num ber.

System s are called binary, ternary, quaternary, quinary, 
senary, septenary, octenary (or octal), nonary, denary (or 
decim al), undenary, duodenary, hexadecim al, vigesim al, 
and sexagesim al, corresponding to values o f  a  — 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 16, 20, and 60, respectively. 
The pair system , in which the counting goes “one, two, 
two and one, tw o twos, tw o and two and o n e ,” etc., is 
found am ong the ethnologically  oldest tribes o f  Australia, 
in m any Papuan languages o f  Torres Strait and the adja- 
cent coast o f  N ew  G uinea, am ong som e African Pygmies, 
and in various South A m erican tribes. Other tribes o f  
Tierra del Fuego and the South American continent use 
num ber Systems with bases three and four. The quinary 
scale, or num ber system  with base five, is very old but 
in pure form seem s to be used at present only by speak­
ers o f  Saraveca, a South A m erican Arawakan language; 
elsewhere it is com bined  with the decim al or the viges­
imal system , where the base is 20. Similarly, the pure 
base six scale seem s to occur only sparsely in Northwest 
Africa and is otherw ise com bined  with the duodecim al, or 
base 12, system .

In the course o f  history the decim al system finally over-

shadow ed all others, and it is now  found in all nations o f  
high culture on the entire globe, except those o f  M exico  
and Central Am erica, where the num ber 20 was used in 
astronom y and thus becam e firmly entrenched. Never- 
theless, there are still m any vestiges o f  other Systems in 
nations o f  high culture, chiefly in com m ercial and d o­
m estic units, where change always m eets the resistance 
o f  tradition. Thus, 12 occurs as the num ber o f  inches 
in a foot, pence in a shilling, m onths in a year, ounces  
in a pound (troy or apothecaries’), and twice 12 hours 
in a day; and both dozen and gross m easure by 12s. In 
English the base 20 occurs chiefly in the score (“Four 
score and seven years ago . . . ”); in French it survives 
in the word q u a tr e - v in g ts  (“four tw enties”) for 80; other 
tracés are found in pre-English Celtic, G aelic, D anish, and 
W elsh.

The Babylonians developed (2 0 0 0 -3 0 0 0  bc) a positional T he num - 
system  with base 6 0 — a sexagesim al system . W ith such a ber zero  
large base it w ould be awkward to have unrelated nam es 
for the digits 0, 1, • • • , 59, so a sim ple grouping system  
to base 10 was used for these num bers. For exam ple, the 
num ber 258 ,458  is written in Figure 3 as it w ould have 
appeared in Babylon. T he base 60 still occurs in m easure- 
m ent o f  tim e and angles.

258,458 = (60)* + 11(60)* + 47(60) + 38

-  V  < V <  <

Figure 3: The number 258,458 expressed in the sexagesimal 
system of the Babylonians and in cuneiform.

In addition to being som ew hat cum bersom e because o f  
the large base chosen, the Babylonian system  suffered un­
til very late from the lack o f  a zero sym bol; the resulting  
am biguities may well have bothered the Babylonians as 
m uch as later translators.

In the course o f  early Spanish exped itions into Y ucatan  
it was discovered that the M ayans, at an early but still 
undated tim e, had a w ell-developed positional system , 
com plete with zero. It seem s to have been used primar­
ily for the calendar rather than for com m ercial or other 
com putation; this is reflected in the fact that although the 
base is 20, the third digit from the end does not signify  
m ultiples o f  2 0 2 but o f  18 X 20, thus giving their year a 
sim ple num ber o f  days. The digits 0, 1, • * , 19 are, as
in the Babylonian, form ed by a sim ple grouping system , 
in this case to base 5; the groups were written vertically, 
as in Figure 4.

The earliest num erals o f  w hich there is definite record 
were sim ple straight marks for the sm all num bers, with  
som e special form for 10. T hese sym bols appear in Egypt

Figure 4: The Mayan vigesimal number system (see text).

as early as c. 3400 bc and in M esopotam ia as early as c. 
3000 bc. These dates long precede the first known inscrip- 
tions containing num erals in India (c 300 bc), in China  
(3rd Century bc), and in Crete (c. 1200 bc). Som e ancient 
sym bols for 1 and 10 are given in Figure 5. This special
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one ten

Egyptian hieroglyphic, c. 3400 b c i n
Egyptian hieratic, c. 3400 b c I A
Cretan inscriptions, c . 1 2 0 0 bc 1 - r . '

Sumerian and later, c. 3000 b c V
Figure 5: Some ancient symbols for 1 and 10.

position occupied by 10 sterns from the number of human 
fingers, of course, and is still evident in modern usage not 
only in the logical structure of the decimal system but in 
the English names for the numbers. Thus, eleven comes 
from Old English éndleofan, literally meaning “[ten and] 
one left [over],” and twelve from twelf, meaning “two left”; 
the endings -teen and -ty both refer to 10, of course, and 
hundred comes originally from a pre-Greek term meaning 
“ten times [ten].”

In the decimal system the above number • • • srqp has 
a value expressed as a sum of products involving powers 
of 10 (see 34). The ten numerals 1 , 2 , *  • • 8, 9, 0 are 
the only distinct symbols needed here. (These symbols, 
which originated in large part in India and were widely 
disseminated by the Arabs, are in several instances stylized 
forms of the initial characters of the words employed to 
denote the appropriate numbers. They are called Hindu- 
Arabic numerals.) This notation is capable of being ex- 
panded to include the representation of fractional parts 
of numbers by means of placing a point (decimal point 
when a =  10) immediately to the right of the coëfficiënt 
associated with a°. Thus, O.uvw • • • represents the sum 
of products, each term of which includes a negative power 
of a (see 35).

With the advent of electronic high-speed computers, the 
choice a =  2 and, hence, binary arithmetic have become 
of great practical importance, though, as has been men- 
tioned above, the binary (or pair) system has been used 
in tribal, nontechnical cultures. The fundamental reason 
for the new importance is the basic mode of Operation 
of computing machines, in which an electric current 
pulse, or the direction of magnetization of an element, 
has one of two values. The numerals used in the binary 

iinary system are 1 and 0. As an example, the magnitude of
umbers the number N2 =  100111 to the base 2 (indicated by the

subscript on N) is 1 X 2° +  1 X 21 +  1 X 22 +  0 X 23 +  0 
X 24 +  1 X 25, which in decimal notation becomes 
N l0 =  1 +  2 +  4 +  0 +  0 +  32 =  39. It is apparent that the 
binary system’s use of only two distinct symbols is partly 
offset by the requirement of many more digits (6 in N2, as 
compared with only 2 in JV10 in the above example). Öctal 
and hexadecimal modes also find frequent application in 
electronic computing devices.

In octal notation the above N l0 =  39 is readily seen to be­
come N8 =  47 because 7 X 8° +  4 X 81 =  7 X 1 +  32 =  39 
(in decimal notation). (D.E.S./W.J.LeV.)

ARITHM ETIC CALCULA TIO N  W ITH DECIMALS
Addition and subtraction. Numbers in decimal notation 

can easily be added by adding the coefficients of corre­
sponding powers of 10 and then adjusting, by the process 
known as carrying, the coefficients that exceed 9. A typical 
example (see 36) would be the addition of the numbers 
47.65, 5.473, and 649.8. One first adds coefficients of 
equal powers o f 10; e.g., one adds 5 and 7 to obtain 12 as 
a coëfficiënt of 10~2. After adjustment of the coefficients 
(see 37), this sum becomes 702.923.

The process of addition is commonly carried out as 
follows (see 38): Beginning at the right, the sum of the 
coefficients of 10-3, which is 3, is written below the answer 
line; the sum of the coefficients of 10 2 is 12, the digit 
2 being placed to the left of the 3 in the sum; however,

the 10 becomes a 1 in the preceding position and may be 
placed at the top of the column of coefficients of 10_l, etc. 
In practice the carrying is usually performed mentally.

Subtraction is performed by reversing the above proce­
dure. Thus, to subtract 170.8 from 563.142 (see 39), for 
example, the smaller number is placed under the larger, 
with the respective decimal points aligned vertically. Again, 
starting from the right, since 0.8 =  0.800, 0 subtracted 
from 2 leaves 2 (which is written below the line), and 0 
from 4 leaves 4; but since 8 exceeds 1, a unit is borrowed 
from the unit’s place (which changes the 3 to 2), and thus 
the 1 in the tenth’s place becomes 11; then 8 subtracted 
from 11 leaves 3, 0 from 2 leaves 2, and so forth.

Another way of performing subtractions consists in find- 
ing the number, digit by digit, that, when added to the 
second, yields the first as sum.

Multiplication. Multiplication of decimal numbers is 
based upon the distributive law. Thus, the multiplication 
(see 40) of 25.78 by 7 is accomplished as a sum of four 
products, each involving 7 as a factor.

By a process known as short multiplication, this may 
be carried out as follows (see 41): Since 7 X 8  =  56, the
6 is written below the answer line, starting at the right, 
and the 5 is placed above the 7 in the multiplicand; then
7 X 7 =  49, to which is added the 5 that was carried,

(35) N = 0 + ux a~l + vx c/“2+ \\'X a~3+ • • •

(36) 47.65
5.473

649.8
Sum calculated as follow s:

4 (1 0 )+  7 +  6 (1 0 -0  +  5(10 -2)
5 +  4 ( 1 0 - 0 +  7(10 -2) +  3(10-3) 

6( 102) +  4 (1 0 )+  9 +  8 (1 0 -0  

6(102) +  8(10) +  21 +  18(10 0 +  12(10 -2) +  3(10 3)

(37) 7( 102) +  0( 10) +  2 +  9( 10- 0  +
+  2( IO"2) +  3( 1 0 0  =  702.923

(38) 121 1
47.65

5.473
649.8  
702.923

(39) 563.142  
- 1 7 0 .8

392.342

(40) 25.78 x 7 =  20 x 7 +  5 x 7 +  .7 x 7 +  .08 x 7
=  1 4 0 +  35 +  4 .9  +  .5 6 =  180.46

(41) 45 5 
25.78

_____ 1_
180.46

(42) 25.78
45.7  

18 046  
128 90  

1 031 2 
1178 .14 6
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making 54; the 4 is written in the answer, the 5 being 
carried as before. The numbers written above the top line 
are usually carried mentally.

If the multiplier has more than one digit, long multipli­
cation is used (see 42). This process also is based upon the 
distributive law. The first partial product is 18.046, which 
was obtained by multiplying 25.78 by .7 by short multipli­
cation. The second partial product is 25.78 X 5 =  128.90; 
the third is 25.78 X 40 =  1,031.2. The product is the sum 
of these partial products. It is customary to ignore the 
decimal point in these partial products but to indent each 
partial product one more place than the partial product 
above it. In the product as many digits are pointed off

(43) 4 615
7)53 149 

7 592

(44) 53,149
7

7,592y

(45) 621) 83 742 (134
62 1 
21 64 
18 63 
3 012 
2 484 

528

(46) 83,742 =  621 x  134 + 528

(47) 621) 83 742 (134
21 64 

3 012 
528

(48) 83-742 528
621 621

(49) 621) 83 742 (134.8502
21 64 

3 012 
528 0 

31 20 
1 500 

258

(50) 83742.0000^  134 85Q2
621

(51) 83742 =  83714 2 =  134.8502
621 6.21

(52) 15 78.42(39.72
9

69 6 78 
6 21

787 57 42 
55 09

7942 2 33 00 
1 58 84

74 16

from the right as the sum of the number of digits to 
the right of the decimal point in the multiplicand and 
the number of digits to the right of the decimal point in 
the multiplier.

Division. If a  and b are two whole numbers, a >  b, 
there exist two whole numbers q and r such that (see 13) a 
is written as a sum of two terms, one involving q and one 
involving r. The process of finding these numbers can be 
carried out by the processes called long and short division.

If b <  10, say b =  l , short division may be used (see 43). 
Then, if a =  53,149, starting at the left, since 5 <  7 and 
considering the first two digits, 53, the largest multiple of 7 
that is less than or equal to 53 is 49 =  7 X 7. The 7 is writ­
ten below the 3, and the remainder, 53 — 49 =  4, above 
the 3. This remainder with the next digit in the dividend 
is 41; the largest multiple o f 7 < 41 is 35 =  7 X 5. The 5 
is written below the 1, and the remainder, 41 — 35 =  6, 
above the 1. The last remainder is 5. Usually the remain- 
ders are carried mentally.

It is notable that this process involves guessing the largest 
multiple of the divisor that is less than a certain number, 
but only a few guesses are ever required and no practical 
difficulty is encountered.

Because 53,149 =  7,592 X 7 +  5, one may write (see 44) 
the ratio of 53,149 and 7 so that 7,592 is the partial 
quotiënt and 5 is the remainder.

If the divisor exceeds 10, long division is preferable (see 
45). To divide 83,742 by 621, the 1 is written as the 
first digit of the quotiënt and 621 X 1 is subtracted from 
837 since the largest multiple of 621 < 837 is 621 X 1. 
Actually what is done is to subtract 621 X 100 from 83,- 
742, leaving a remainder of 21,642. Since only the 2,164 
will be used in the next step, the final 2 of the dividend 
need not be brought down yet. The largest multiple of 
621 < 2,164 is 621 X 3 =  1,863, and the remainder is 301. 
Now the final 2 must be brought down to make 3,012. 
The largest multiple of 621 < 3,012 is 621 X 4 =  2,484, 
and the remainder is 528.
Thus, the dividend (see 46) is the sum of a product and 

a remainder.
The preceding method may be considerably abbreviated 

by mentally subtracting the partial product as it is formed 
(see 47). Again, the resultant quotiënt may be expressed as 
the sum of an integer and a proper fraction (see 48). If it is 
desired to express the result as a decimal fraction, carried 
to a given number of decimal places, the above process is 
merely continued (see 49). Any two decimal numbers may 
be divided in this manner. The number of digits to the 
right of the decimal point in the quotiënt is equal to the 
number of such digits in the dividend, diminished by the 
number of such digits in the divisor, with care being taken 
to add to the dividend all the 0’s that are brought down. 
Thus, in the present example (49) the proper fraction (see
50) is replaced by a decimal fraction. An alternative and 
exceptionally clear and simple method for determining 
the position of the decimal point in the quotiënt is (see
51) to divide both numerator and denominator by an 
appropriate power of 10; i.e., expressing the divisor as a 
number lying between 0 and 10, which renders it obvious 
that the quotiënt lies between 100 and 1,000.

Divisibility rules. In both theoretical and practical arith­
metic, it is often important to factor a natural number; 
i.e., to decompose it into numbers that, when multiplied 
together, will yield the given number as product.

The following tests for divisibility are therefore given. A 
composite number is divisible

by 2 if it is even {i.e., if it ends in 0, 2, 4, 6, or 8);
by 3 if the sum of its digits is divisible by 3;
by 4 if the number formed by its last two digits is di­

visible by 4;
by 5 if it ends in 0 or 5;
by 6 if it is even and the sum of its digits is divisible 

by 3;
by 8 if the number formed by its last 3 digits is divisible 

by 8
by 9 if the sum of its digits is divisible by 9;
by 10 if it ends with 0;
by 11 if the difference between the sum of its digits in 

the odd places and that of the digits in the even 
places is either 0 or divisible by 11.

Binary
numbers
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Similar rules are easily devised with respect to other di- 
visors by means of appropriate combinations of the rules 
given above. For example, if a number is to be divisible 
by 132, say, then it must satisfy the test for divisibility by 
factors of 132—that is, by 3, by 4, and by 11, respectively; 
i.e., 3 X 4 X  11 =  132.

(53) (a +  b)3 — a3 =  (3 a2 +  3 ab +  b2)b

(54)____________ 279 463.000(65.38- 
_________216

10 800 
900 

25

63 463 

58 62511725
1 267 500 

5 850 
9

4 838 000 

3 820 0771 273 359
127 922 700 

156 720 
64

1 017 923 000

128 079 484 1 024 635 872

Evolution. An algorithm for the determination of the 
square root of a decimal number, such as 1,578.42, is 
carried out as follows (see 52): Starting at the deci­
mal point, the number is separated into periods of two 
digits each. The leftmost period is 15, and the largest 
square < 15 is 9 =  32. The 3 is written at the right and 
the remainder 15 — 9 =  6 is brought down. The next pe­
riod 78 is brought down beside the 6, giving 678. The 
3 is doubled and the result, 6, written at the left. By 
trial it is found that 9 is the largest digit, such that 
69 X 9 =  621 < 678. The 9 is written after the 3 in the 
answer, and the difference, 57, is brought down, followed 
by the next period, 42. The partial answer 39 is dou­
bled and the result, 78, written at the left under the 69. 
By trial it is found that 787 X 7 =  5,509 < 5,742 while 
7 8 8 X 8 > 5 , 7 4 2 .  The next digit in the answer is there­
fore 7. The process is continued until the desired degree 
of accuracy is attained. In the present example (see 52) 
the last remainder, 7,416, exceeds half of the last trial 
divisor, 7,942, so that 3 is a better approximation than 
2 for the last digit. In fact, 39.732 =  1,5 7 8.47 29, but 
39.722=  1,577.6784.
The above process is based upon the relation 

(a 4- b)2 =  a2 +  (2a +  b)b. In each step the part of the 
square root already obtained is a; the part remaining to be 
found is b. In the example (see 52), (a +  b)2 =  1,578.42, 
a =  30. Then lab  +  b2 =  678.42. In order to determine the 
largest integer n in b, one must find the largest integer n 
(namely 9), such that (2a +  n)n < 678.42. The trial divisor 
is 2a +  n =  69. In the next step a =  39, la b  +  b2 =  57.42, 
etc.

Cube and higher roots. The cube root of a number 
may be calculated by a similar algorithm based upon the 
relation (see 53) that expresses the difference of two cubes 
as a product involving a quadratic as a factor. Thus, it is 
possible to find the approximate cube root of 279,463 by 
proceeding as in the example (see 54). This last remainder 
is too large but much closer than the remainder resulting 
from using 7 as the last digit.

A fourth root is obtained as the square root of the square 
root. Fifth and higher roots can be obtained by an algo­
rithm similar to those just given, based upon the expansion 
of (a 4- b)n by the binomial theorem. The method is cum- 
bersome and seldom used, for the method of logarithms 
is easy and rapid. The fifth root of a can also be quickly 
found by solving the equation x5 — =  0 by Newton’s or
Horner’s method. (C.C.MacD.)

LOGARITHMS
Basic principles. Logarithm s were invented  in the early 

17th Century to  speed up calculations, and they were basic 
in num erical work for m ore than 300 years. T he perfection  
o f  the desk calculating m ach ine in the late 19th Century 
and the electronic com puter in the 20th has m ade them  
obsolete for large-scale com putation.

The Operation and nature of logarithms can be seen from 
a table characteristic of logarithms (see 55) that identifies 
with the number V2 the logarithm —1, with the number 
1 the logarithm 0, with the number 2 the logarithm 1, 
with the number 4 the logarithm 2, and so forth. Here, 
the constant 2 raised to any logarithmic power gives the 
corresponding number. A table of this type can be used 
for multiplication (and division)—the logarithms of the 
numbers to be multiplied are selected from the table and 
added, and the number corresponding to the answer is the 
result of the multiplication. For example, two numbers 
are taken from the first row and multiplied together; say, 
2 X 8 =  16. The corresponding values in the second row 
are 1, 3, and 4; hence, when 2 is taken to the 4th power, 
16 is yielded.
The reason for this is that numbers in the first row are 

the number 2 to the power of the corresponding number 
in the second. Thus Vs =  2-3, 1=2° ,  8 =  23. In the iden- 
tity 32 =  25 the number 2 is called the base. The exponent 
5 is the logarithm of 32 to the base 2 and is written 
5 =  log2 32. More generally, the two equations have the 
same meaning; the first serves to define the second. By this 
definition y  is the logarithm of x  to the base b if and only

(22) f i  * i  1 2 4 8 16 32 64
1-3 - 2 - 1 0  1 2 3 4 5 6

if x  =  by. The number x  is also called the antilogarithm of 
y  to the base b.

It is evidently easy to find logarithms of numbers that 
are simple powers of the base, and there are quite efficiënt 
methods for calculating logarithms of all numbers to as 
many decimal places as desired.

Multiplication of any numbers m and n can be accom- 
plished by adding their logarithms; i.e., the logarithm of 
the product is the sum of the logarithms (see 56). Division 
of numbers can also be accomplished by subtracting the 
logarithms: the logarithm of the quotiënt is the difference 
of the logarithms (see 57). This is not all; powers and roots 
can also be found with logarithms. For example, the cube 
of 4 is 64 (i.e., 43 =  64), and from the table the logarithms

(23) log,, m n  =  log„ m  +  log„ n

(24) log„ ( m l  n )  =  log„ m  — log6 n

(25) log6(«p) =  p  log6 n

(26) log„ ’?/ « = - l o g 6 n

(27) log* V n  =  i  log,, n

r b x - b y = b x + y

(28) \ b x l b y = b x y

{ ( b x )P  =  b ^ x

(29)
( m = b x , log b m  =  x

In  =  b y, logö n ~ y

(30) m n  =  b x b y  =  b x +  y

(31) ^ / b * = b x l v

Method of 
square root
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'2 -41  x  10
(65) ] logio 24 ■ 1 = lo g 10(2 • 41 x  10)

=  1°g.o2 ' 41 + log 1# 10

(66) y  =  log6 x

(67) ,
e ~ l + h + h + h + '

.

n\

(68) -f x \ogbx =  \ \ o g be

(69) -d r 1 — logv =  -
ax x

(70) 1
v*2 y ’

loge(l + x) - x ~ y  +  ̂
i
-+ • ‘ •

(71) log6J:=log(rïlo g  ba

(72) 1log,0A =  loge.v log11|£'

of 4 and 64 are 2 and 6. Because 6 =  3 • 2, the logarithm 
of 43 can be found by multiplying the logarithm of 4 by 3. 
Study of the table will verify that the logarithm of a power 
can be found by multiplying the logarithm of the number 
by the index p  of the power (see 58). Because logarithms 
transform multiplication into addition, division into sub­
traction, and the taking of powers into multiplication, it 
might be guessed that they would transform the taking of 
square roots into division. This is the case, for example, 
in computing the square root of 16, its logarithm (which 
is 4) is divided by 2. The result is 2, which is the log­
arithm of 4, as expected. In general, the logarithm of a 
root is the logarithm of the number divided by the index 
q of the root (see 59). Because nxß =  2yfn, square roots are 
given in the logarithmic form as one-half the logarithm of 
the number for which the square root is taken to be cal- 
culated (see 60). Logarithms work this way because they 
are exponents; and exponents are added for multiplying, 
subtracted for dividing, multiplied to take a power, and 
divided to take a root. These ideas may be expressed as 
laws of exponents (see 61).
The exponents in these equations can be thought of as 

logarithms. For example, a variable may be expressed as 
a power of a base (see 62), and another variable may be 
expressed as a power of the same base. Their product (see 
63) is similarly expressible in terms of a sum. Therefore, 
logbmn =  log/,ra +  loghn, the relationship for the addition 
of logarithms (see 64).
Common logarithms. The most convenient tables for 

numerical calculations are those in which the logarithms 
Use of are to the base 10. These are called common logarithms. 
logarithms They have the advantage that a table of logarithms of 
for multi- numbers between one and 10 can be used to hnd the 
plication logarithms of all other numbers. For example, from ta­

bles, logio 2.41 is 0.38202 (this means that 10° 38202 is 2.41; 
fractional powers of 10 can be found and tabulated; see 
below). The logarithm of 24.1 can then be found because
24.1 is expressible as a number between two and three 
times 10 (see 65). Because log10 10=  1, the logarithm of
24.1 is 1.38202. Thus each common logarithm has two 
parts, an integer and a decimal less than one. The integral 
part is called the characteristic and is determined by the 
position of the decimal point in the number. Thus the log 
of 241.0 is 2.38202 and its characteristic is 2; for 2.41 the 
characteristic is 0, for 0.241 it is — 1, and for 0.00241 it is 
—3. The decimal part of a common logarithm is called the 
mantissa and is found from a table of logarithms by disre- 
garding the position of the decimal point in the number.
When the characteristic is negative it cannot be written 

with the minus sign in front of the mantissa without 
causing confusion. For example, the log of 0.00241 has

a mantissa of 0.38202 and characteristic of —3. It cannot 
be written —3.38202 because it is, in fact, —3 +  0.38202 
(not —[3 +  0.38202]). It is customary to write it in the 
form 3.8202.

Natural logarithms. The logarithmic function, in alge­
bra, is defined by the relationship that identifies y  with 
the logarithm of x  (see 66). The problem of finding its 
derivative involves the problem of finding the limit of an 
expression of the form (1 +  t)l/t, as t approaches infinity. 
This limit is an irrational number e given by the infinite 
series that sums the reciprocals of factorials (see 67), in 
which a factorial is a product of consecutive integers be­
ginning with 1 and ending with the integer whose factorial 
is being taken. The number e has a value approximated 
by 2.71828, given here to five decimal places. This result 
leads to the equation that expresses the derivative of the 
logarithm to an arbitrary base (see 68). If logarithms to the 
base e are used, the equation simplifies to the form basic 
to calculus, expressing the derivative of the logarithm of x  
as the reciprocal of x  (see 69).

Logarithms to the base e are sometimes called natural 
logarithms. They are less useful for computation than 
common logarithms but are used in calculation, frequently 
by means of the series for the logarithm of 1 +  x  (see 
70): natural logarithms can be computed to any required 
degree of accuracy by evaluating a sufficiënt number of 
terms of the series. Common logarithms can then be ob­
tained by a change of base using the formula that converts 
from one logarithmic base to another through the Opera­
tion of multiplication of logarithms (see 71); this follows 
from the law of exponents. Thus a common logarithm 
of x  is found by the equation that identifies it with the 
natural logarithm times a constant (see 72). (Ed.)

History of logarithms. The invention of logarithms was 
foreshadowed by the comparison of arithmetic and geo­
metrie series. In the simple table used above, the top line 
is a geometrie series and the bottom line is an arithmetic 
series. The first table based on this concept was published 
in 1620 in Prague by Joost Bürgi. The comparison be­
tween the two series was not based on any explicit use of 
the exponential notation; this was a later development.

John Napier, the Scottish mathematician, published his 
discovery of logarithms in 1614. His purpose was to assist 
in the multiplication of quantities that were then called 
sines. The whole sine was the value of the side of a right 
angled triangle with a large hypotenuse, say 107 units long. 
His definition was given in terms of relative rates.

The logarithme, therefore, o f  any sine is a number very neerely 
expressing the line which increased equally in the meene time 
whiles the line o f the whole sine decreased proportionally into 
that sine, both motions being equal timed and the beginning 
equally shift.

In modern terminology, L is the logarithm and X  the
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sine. (In modern notation X  would be r sin (p.) Thus, with 
modern techniques derivatives can be used (see 73). At 
t =  0, X — r (cp =  90°), and, since the motion is “equally 
swift” at the beginning, a =  br. Furthermore, the function 
L  is known to have certain values at specific points (see 
74). Thus in terms of present logarithms to the base e  the 
function L  can be expressed in terms of natural logarithms 
(see 75). Napier’s value of r was 107. This expression does 
not have the expected property for L(XY), but the relation­
ship involving products and division (see 76) does apply.
In Cooperation with the English mathematician Henry 

Briggs, Napier did adjust his logarithms into the form in 
which it is usually found. For the modern Naperian log­
arithm (i.e., the logarithm to the base e) the comparison 
would be between points moving on two straight lines, 
marked in units of length, the L  point moving uniformly 
from minus infinity to plus infinity, the X  point moving 
on a half line from zero to infinity at a speed proportional 
to the distance from zero. Furthermore, L  is zero when X 
is one and their speed is equal at this point. The essence of 
Napier’s discovery is that this constitutes a generalization 
of the relation between the arithmetic and geometrie series; 
i.e., multiplication and raising to a power of the values of 
the X  point correspond to addition and multiplication of

d i
the values of the L  point. In modern terminology, ~ r  =  k0t
dX  dX

=  k0X  correspond to -̂ -  =  X, X — eL, L =  \oge(X).

From the point of view of the user it is better to limit 
the L  and X  motion by the requirement that L — 1 at 
X  =  10 in addition to the condition that X  =  1 at L =  0. 
This produces the common logarithms to the base 10.

These are sometimes known as Briggsian logarithms: the 
natural logarithms are known as Naperian logarithms.

The calculation of logarithms. The treatment above dif- 
fers from that of Napier in that the word “exactly” is 
applicable rather than “very neerely.” This obscures the 
ingenious procedure used for calculating the early loga­
rithms, in which powers of numbers such as 1.00001 were 
used so that multiplication was minimized and replaced 
by addition. Thus, X  =  (1.00001)", L =  n /105 corresponds 
approximately to L =  log(,X, or the natural logarithm. To 
obtain the Briggs or base 10 table, the calculation would 
be continued until X  exceeded 10 and then the L  scale 
adjusted so that at X =  10, L  =  1.

In addition to the discrete series procedure, Napier and 
Briggs suggested the calculation of logarithms by extract- 
ing roots of 10; i.e., log VTÖ =  0.5, log 101/4 =  0.25. This 
permits the n computation of the previous paragraph to be 
shortened, for the Briggs logarithm can be adjusted for by 
taking L  =  0.25 for X  =  101/4. Power series were not used 
in the initial construction of the tables. The power series 
for log(l +  x) and e x were only available in the 18th Cen­
tury and rigorously established in the early 19th Century.

Logarithm tables. Napier died in 1617. Briggs pub­
lished a table of logarithms to 14 places of numbers from 
1 to 20,000 and from 90,000 to 100,000 in 1624. Adriaan

Vlacq published a 10-place table for values from 1 to 100,- 
000 in 1628, adding the 70,000 values. Both Briggs and 
Vlacq engaged in setting up log trigonometrie tables. Such 
early tables were either to Vioo of a degree or to a minute 
of arc. In the 18th Century tables were published for 10- 
second intervals, which were convenient for seven-place 
tables. In general, finer intervals are required for logarith­
mic functions in which the logarithm is taken of smaller 
numbers; for example, in the calculation of the functions 
log sin x and log tan x. The related functions modified by 
division by x  in the argument of the logarithm (see 77) 
are easily calculated by series for small values of x.

The availability of logarithms greatly influenced the form 
of plane and spherical trigonometry. Convenient formulas 
are ones in which the operations that depend on loga­
rithms are done all at once. The recourse to the tables then 
consists of only two steps. One is obtaining logarithms, the 
other obtaining antilogs. The procedures of trigonometry 
were recast to produce such formulas. (F.J.M.)
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advanced studies: carl farber, A r ith m e tik  (1911); carl f. 
gauss, D is q u is itio n e s  A r ith m e tic a e , 2nd ed. (1870; Eng. trans. 
1966); gottlob frege, D ie  G ru n d la g en  d e r  A r i th m e tik  (1884; 
Eng. trans., F o u n d a tio n s  o f  A r ith m e tic , 1968); felix klein, E l­
e m e n ta r m a th e m a tik  v o m  h öh eren  S ta n d p u n k te . 3rd ed.. vol. 1 
(1924; Eng. trans., E le m e n ta r y  M a th e m a tic s  f r o m  an  A d v a n c e d  
S ta n d p o in t, vol. 1, A rith m e tic , A lgebra , A n a ly s is , 1932, reprinted 
1968); jean-pierre serre, C o u rs  d ’A r i th m e tiq u e  (1970). Don­
ald greenspan, A r ith m e tic  A p p lie d  M a th e m a tic s  (1980), is a 
demonstration of sophisticated arithmetic techniques; robert 
l. hershey, H o w  to  T h in k  w ith  N u m b e r s  (1982), is an analysis 
of consumer applications o f arithmetic; a. ibn i. al-uqlidisi, 
A rith m e tic  o f  a l-U q lid is i, trans, by a.s. saidan (1978), is the 
story of Hindu-Arabic arithmetic; William j. hemmer, A rith ­
m e tic  b y  E x a m p le  (1979), is a developed presentation on the 
elementary level; peter hilton and jean pedersen, F ea r  N o  
M o re: A n  A d u lt A p p ro a c h  to  M a th e m a tic s  (1983), shows sophis­
ticated applications o f elementary material; Sandra preis and 
george cocKS, A rith m e tic , 2nd ed. (1980), is a programmed 
text that can be successfully used for self-instruction; stephen p. 
Richards, A N u m b e r  f o r  Y o u r  T h ou gh ts: F a c ts  a n d  S p e c u la tio n s  
A b o u t N u m b e rs  f r o m  E u c lid  to  th e  L a te s t  C o m p u te r s  ( 1982), is a 
lucid explanation of number theory for a wide range o f readers.

(C.C.MacD./D.E.S./W.J.LeV.)
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Art Conservation

C onservation, including maintenance and preserva- 
tion (protection from damage or deterioration), and 
restoration have become an increasingly important 

aspect of the work not only of museums but also of 
civic authorities and all those concemed with works of 
art, whether artists, collectors, or gallerygoers. Technical 
advances of the 20th Century have made possible safer 
methods of cleaning and repairing objects. Art restoration 
has become an important tooi of research, and it enables 
the viewer to appreciate the original intention of the artist. 

This article is divided into the following sections:

Architecture 85
Effects o f economic and social change 
Role o f the law
Techniques o f building Conservation 

Paintings 88 
Easel paintings 
Wall paintings
Paintings on paper and ivory 

Sculpture 90 
Decorative arts 91 

Furniture 
Stained glass 
Textiles 
Ceramics 

Bibliography 92

ARCHITECTURE
The Conservation and restoration of older architecture is 
an increasing modern preoccupation. The earliest build­
ings that have survived generally tend to be those that 
received religious veneration. When these structures were 
no longer venerated, they disappeared like other buildings. 
Even the famed ancient Egyptian Sphinx at Giza lay for 
centuries under the sand, and it was not until the early 
19th Century that the Forum of ancient Rome was uncov- 
ered and explored.

Medieval builders treated the work of their forebears 
with a healthy lack of awe. Every new Gothic chapel or 
chantry and virtually every stage in the development of a 
single Gothic cathedral followed the style of its own day. 
With the Renaissance in Europe grew a new respect for 
classical antiquity and a new interest in its architectural

Albrecht Dürerplatz, Nürnberg, (left) after bombing in 1945 and (right)

and Restoration
forms. By the end o f the 18th Century a knowledge of ar- 
chaeology had become an accepted accomplishment of the 
educated man. Architectural design itself became a matter 
of “correctness.” Old buildings everywhere began to be 
“restored” to the style of periods especially favoured. The 
French architect and writer E.-E. Viollet-le-Duc brilliantly 
restored the Sainte-Chapelle (1840-67) and the cathedral 
of Notre-Dame de Paris (1845-64). The ancient walls of 
Carcassonne in France and of Windsor Castle in England 
were not only repaired but also largely rebuilt.

With the spread o f the Industrial Revolution and the 
increasing reliance on mechanical processes, the labour of 
hands became more costly, and the value of craftsman- 
ship gained a new significance. Old buildings, which often 
exhibited the personal touches of master craftsmen, began 
to command a new respect, and the English art critic 
John Ruskin (1819-1900) was even able to assert that 
“the greatest glory of a building is its age.” In 1877 the 
pioneers of the Conservation movement, led by the En­
glish artist and writer William Morris (1834-96), founded 
the Society for the Protection of Ancient Buildings (spa b ). 
Nicknamed Anti-Scrape, the society vehemently opposed 
the indiscriminate refacing of old stonework and the “con- 
jectural restorations” still so fashionable, such as the new 
west front of St. Albans Cathedral in England (1880-83). 
The movement gathered force, and in the 20th Century 
groups throughout the world now devote their efforts to 
architectural Conservation.

An added local impetus has been given by national pride; 
in countries like Poland, postwar reconstruction became 
the symbol of national resurgence. Almost every civilized 
country is increasingly conscious of its heritage of an­
cient buildings, while cultural bodies such as the United 
Nations Educational, Scientific and Cultural Organization 
have lent to the Conservation movement a powerful inter­
national impetus.

Effects of economic and social change. The develop­
ment of architecture can be read as a sensitive index of 
social change. The economic climate and social preoccu- 
pations of each age have combined to generate its own 
architecture and its own towns. Almost every decade of 
new building displays its own peculiar characteristics and 
modifies by constant adaptation the buildings and towns 
of yesterday. But the urban environment is society’s invest­
ment in its future, and the cycle of renewal is continuous,

By courtesy of the Denkmalsarchiv, Hauptamt für Hochbauwesen, Nürnberg

after reconstruction.
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if often slow. Thus, the problems of building maintenance 
and renewal are complicated by long-term economic and 
social change.
Today the most marked trends are still those that brought 

about the Conservation movement itself. First is the accel- 
erated pace of physical growth. Old buildings have become 
not only relatively rarer but often virtually irreplaceable 
in terms of labour and craftsmanship and sometimes of 
materials. In many cases, old buildings give to a locality 
much of its special character and identity, as, for example, 
in those English country villages where thatched roofs still 
predominate. Another and rarer asset is a sheer and in- 
trinsic merit of architectural form. And alongside all these 
is the tangible evidence that any old building provides 
for its community of a kind of social and environmental 
continuity—a reassuring reference point in a constantly 
changing world.

Under the increasing pressure of population, the value of 
urban land climbs steeply, with some curious effects on old 
buildings. Increased demand brings increased values and, 
at first, better prospects o f repair and maintenance. But as 
values rise higher, the older building must also justify itself 
in terms of economic efficiency. All over the world, the 
town houses of the 19th Century and earlier serve with var- 
ied grace in the 20th Century as centres of modern industry 
and commerce. Their fabric is subjected to new strains, 
and their room shapes and capacity may become incom- 
patible with new and changed demands. There comes a 
point at which the old building on a valuable town site 
can compete no longer with redevelopment. Then it is 
quickly overtaken, and financial subsidy is powerless. The 
old building in a deteriorating neighbourhood is at the 
same time likely to be in no better a Situation. Its mainte­
nance may become no longer worthwhile, condemning it 
to early death by neglect. The destructive effects of both 
over- and undervalue are clearly displayed side by side in 
a fine Georgian city like Dublin or in once-distinguished 
neighbourhoods like Bloomsbury in London or the Marais 
in Paris. The most successful neighbourhood Conservation 
occurs where values have been held in pace with the archi 
tectural capacity of a community, as at Bath in England, 
or in the Georgetown section of Washington, D.C.
Another social change is the rapid increase in mobility. 

The automobile brought better roads and an incentive to 
use them. Old city centres, after centuries of essentially 
domestic life, began to be abandoned in favour of ring 
upon ring of suburbs. This peripheral accretion of cities is 
allied with their central decay as communities. As a uni­
versal result, the twice-daily thrombosis of the highways 
urges on a constant process of road widening, in which 
many an intervening historie area has been completely 
eroded away.

Role of the law. In all Conservation of architecture, the 
first effective step is to decide and define what buildings 
or sites are worthy of protection. For most countries this 
has involved a systematic process of inventory and survey. 
In Great Britain, for example, the Royal Commission on 
Historical Monuments (r c h m ) was set up in 1908, and 
the Civic Amenities Act of 1967 enabled local planning 
authorities to define special areas for “conservation and 
enhancement.” In France, the Commission des Secteurs 
Sauvegardés was set up in 1962 under Andre Malraux, 
minister for cultural affairs, to pursue an active program 
for public protection of historie areas. In the United 
States, the Historie American Buildings Survey was de- 
signed to assemble a national archive of historie American 
architecture.

Criteria for conservation are rarely well defined. Archi­
tectural merit clearly must rank highly—especially in the 
case of any building that authentically exemplifies its pe­
riod. Historical associations, such as the birthplace of a 
famous person, are less easily rated. One pernicious effect 
of all selection is the way in which it is the most outstand- 
ing example of any period, rather than the truly typical, 
that in the end remains to represent it. Another is that 
defects as well as merits may be kept warm under the 
same blanket. This is particularly so in the larger groups 
of buildings that are coming to be recognized as worthy 
of conservation.

Once defined, a building’s next defense is in specific legal 
powers for its protection. These may be of varied degree 
and effectiveness. The most obvious form of legislation 
is the restriction against demolition. A higher degree of 
legal sophistication occurs in powers for the annexation 
of property and its maintenance by the state. Covenanted 
rights and restrictions are a variant of this principle. Next 
in the scale of effectiveness comes positive encouragement 
to owners by means of grants, bringing a public share and 
interest in the work of repair. In this way, actual legal 
rights over private property may be confined to a min­
imum while finance is encouraged from private pockets. 
Probably the most effective ultimate defense is selective 
protection, exercised as a regulär part of everyday town- 
and country-planning control.

Negative legislation itself varies in degree. In Italy it is 
possible to insist upon the return even of certain pictures 
or chattels illegally dispersed from a building where these 
are adjudged to be of sufficiënt national importance. But 
negative powers are inherently weak. They convey no 
control over the philistine or intransigent owner and, at 
best, can only slow down neglect and demolition, whether 
deliberate or otherwise.

The national acquisition of buildings for conservation in 
Britain has been carried out chiefly under the Ancient 
Monuments Consolidation and Amendment Act of 1913, 
by which suitable unoccupied properties can be “taken 
into guardianship.” A much more rigorous application of 
the principle is sometimes possible in the United States, 
whereby the owners of whole groups of buildings held to be 
of sufficiënt distinction can in fact be legally dispossessed. 
These erstwhile owners may then be allowed to remain 
in residence on condition of the repair and rehabilitation 
of their buildings to a specified Standard. In this way, 
whole areas of buildings, such as Society Hill in Philadel­
phia, have been taken over, concentrated redevelopment 
by high-rise apartments being permitted in selected inner 
locations, while old buildings with frontage are restored in 
period styles.
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United States, at Williamsburg, Virginia. This 170-acre 
town, the colonial Capital of Virginia from 1699 to 1780, 
has attracted the most expensive restoration program ever 
undertaken. Commenced in 1926, the project is dedicated 
to the purpose “that the future may learn from the past.” 
Careful and scholarly restoration has been completed on 
more than 500 buildings. Environmental management is 
of a high order. Tourist automobile traffic is excluded 
from the restored area in season, when a free bus service 
is provided. The emphasis is frankly educational. The en- 
terprise not only owns its buildings but also staffs them, 
its employees wearing correct period costume.

One of the most dramatic rescue operations has been 
in Egypt, where the ancient temples (c. 1250 bc) of Abu 
Simbel were threatened with destruction by the rising wa­
ters of the Aswän High Dam. They were sawed into giant 
blocks and successfully reassembled 200 feet (60 metres) 
above the original site. This act o f preservation was the 
result of intensive international negotiation and expertise.

Another variant on public ownership may be found in 
acquisition by a private body, such as the National Trust 
in Great Britain. Founded in 1895, this property-owning 
body opens to the public several hundred of its properties. 
The trust receives no direct government subsidy and relies 
upon careful economie management, although certain le­
gal preferences operate in its favour. In the United States 
the National Trust for Historie Preservation operates in a 
similar way.

Among bodies devoted to grant aid, the Historie Build­
ings and Monuments Commission for England (as suc­
cessor to the Historie Buildings Council) disburses grants 
within a modest annual budget, largely to help building 
owners penalized by heavy estate duties. These grants are 
administered to encourage owners to take a pride in their 
own buildings. The Commission is also responsible for 
the management o f more than 400 monuments in the 
nation’s care.

A pioneer training program in architectural conservation 
has been established by the Faculty of Architecture of

Williams­
burg,
Virginia
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Rome University. Of six months’ duration, the course 
provides specialist training in conservation for architects 
of all nationalities. In many countries, comparable courses 
are now available to meet the need for suitably qualified 
and experienced architects.

Techniques of building conservation. The first requisite 
in conserving any building is a sensitive assessment of its 
history and merits. Every building has its own biography. 
The Parthenon in Athens, originally built (447 to 432 bc) 
as a temple, subsequently served as a Christian church, 
a mosque, and a powder magazine before it became one 
of the world’s greatest attractions for the tourist and art 
lover. A knowledge of the whole life of a building brings 
an essential understanding of its features and its problems.

Next, the conservator needs a thorough, measured sur­
vey. Generally, this is prepared by hand, with tape and 
rod and level. Modern measuring techniques, including 
photogrammetry and stereophotogrammetry, are also used 
and are quick and remarkably accurate.

Assessing Third, the architect or surveyor analyzes the structural 
the stability of the subject and its living pattern of movement,
structure’s No structure is permanently still. Subsoil expands and 
soundness shrinks, thrust moves against thrust, and materials move 

with heat and wind. Forceful exercises, like English bell 
ringing, have an even greater effect on a building’s stabil­
ity. Clay soil is the worst: the building protects the ground 
underneath but not around; and, with every downpour, a 
wall on saturated clay may vary the lean of the building. 
Many ancient buildings had piled foundations—at Win­
chester, the cathedral was supported on oak piles, which 
rotted over the centuries. In order to underpin the struc­
ture, a diver worked for months in the waterlogged soil. 
Framed structures can move a great deal. The skeleton of 
a timber-framed medieval house can be extremely crooked 
without losing strength, if it is well triangulated and its 
joints are sound. A wall is theoretically safe until it leans 
far enough to develop tension on one side, yet even then 
it may be stiffened by structural cross-walls. Generally, the 
old, evenly spread load will be stable, and any new point 
load or thrust will be suspect. The surveyors may check 
the observations over a period; e.g., by measurement with 
plumb lines or by simple “tell-tales” (marking devices) set 
across a crack, or now by electronic measuring devices of 
remarkable accuracy.
The surveyor lastly tests all services, especially electrical 

wiring, with its risk of fire; gas lines, with their perils of 
seepage and explosion; and plumbing, with its danger of 
leaks. These services are frequently redesigned and simpli- 
fied as well as improved. Lightning conductors and fire- 
fighting equipment are an important part of the protection 
of any ancient building.

The conservator must analyze the good points and bad 
points of the building, in the context of its current and 
future use, and define remedies in terms of their relative 
urgency. He can then prepare a balanced and phased con­
servation plan, related to the available budget.

Remedying The first remedial task is to stabilize and consolidate the 
building structure. Ideally, this is best done by restraining, or tying, 
defects the point of active thrust and then by replacing, splinting, 

or in some way giving fresh heart to any failing or defec- 
tive member. Adding heavy weights such as buttresses can 
do more harm than good. A load can frequently be spread 
more widely or more evenly. A structure can, in effect, be 
corseted by inserting (for example, around a tower) a con- 
tinuous beam or ring of concrete. This can be done even 
in delicate masonry and, as in underpinning, by removing 
alternate sections of a wall, threading in reinforcement, 
and casting successive sets of concrete stitches, which unite 
into one strengthening beam. Sometimes a metal rod or 
tie-bar may be inserted along a direct line of thrust or 
weakness, linking structural elements in need of support.

After structural movement, the next serious adversary in 
building conservation is damp. Not only of itself but also 
allied with almost every other trouble, damp accelerates 
decay. Weather may be penetrating through whole sur­
faces, such as porous brickwork, or finding its way through 
cracks or defects in the roofing. Especially vulnerable are 
gutters or any part of the rainwater-collecting system. Wet 
weakens walling, rots timbers, and spoils finishes. The

remedy may involve renewing roof finishes. It may en- 
tail inserting a continuous moisture banier, perhaps in a 
modern material such as stout polyethylene. In this case, 
special care is needed to avoid future damage by concen- 
trating more trouble at any possible defect. Techniques of 
waterproofing wet walls include the insertion of high-cap- 
illary tubes, designed to draw the moisture to themselves 
and to expel it, and also the injection of silicone or latex 
and similar water-repellent Solutions into the heart o f the 
walling. Simple methods are best. The traditional ditch, 
or dry area, drained if necessary, disposes of the water 
before it reaches the wall. Double or cavity walls, with air 
between them, are another defense against damp.

Again, dampness compounds decay, and the first atten­
tion should be to protective features such as copings. Both 
in stonework and in brickwork, much harm can be caused 
by damp, especially when allied with an overly hard mor- 
tar jointing. This traps moisture along the lines o f the 
joints, bringing any harmful salts to the surface, where 
they crystallize and damage the facing. Mortar jointing 
should always be softer than the brick or stone of a wall.

Much decay is the result of poor construction. Defects 
are almost always accelerated by the simple contravention 
of good building practice. In walling, a typical cause of 
structural instability is a double-skin construction with 
rough rubble between in which, by uneven loading, one 
skin has been caused to bulge and to release loose material 
in the core of the wall. Once on the move, this rapidly 
gains momentum as a live wedge, forcing apart its two 
faces. The conservator will insert temporary support, then 
remedy any uneven loading and rebuild the affected area.
In some cases, after loose material is washed out, the 
unseen cavities can be grouted up, either by gravity or at 
high pressure, thus strengthening a wall without disturbing 
the facing stonework.

The roof is a building’s first defense. It must be impervi- 
ous and collect water clear of a building. Roof finishes are 
commonly either of unit materials such as tiles, slates, or 
stone, or of boarding covered in sheet metal, such as lead.
The failure of unit materials is usually caused by decay of 
fixings. Iron nails are especially destructive and are best 
replaced by nonferrous materials, such as copper. The bat- 
tens that carry the tiles or slates have a longer lifespan but 
also need periodic renewal. Leadwork failure is usually the 
result of sheer age. This material has a very long life but, 
if used in sheets of excessive size, has a tendency to buckle 
and creep as a result of expansion—especially in sunshine. 
Leadwork can readily be recast or can be repaired by lead 
burning a new patch to the original lead. Soldering is less 
reliable and tends to crack away.

The chief enemies of timber are the natural predators 
of the forest—fungi and wood-boring insects. The most 
voracious fungus that attacks building timbers is dry rot 
(Merulius lacrymans). This can spread along infected wood 
to sound timber, carrying its own moisture supply. It ex- 
tracts cellulose, which forms the chief part of plant cells, 
and leaves behind a tindery and useless Shell. Stagnant 
air and warmth accelerate its spread. Eradication must 
be thorough, or the trouble will rapidly reestablish itself.
Modern fungicides are highly effective.

Wood-boring insects include the furniture and death- 
watch beetles. From eggs laid in cracks, the larvae tunnel 
into timber and damage it before emerging as beetles to 
lay more eggs. The deathwatch beetle inhabits mostly the 
outer sapwood of oak, when wet or softened by rot. The 
furniture beetle lives mostly in deal, especially when sappy 
or damp. Both can be eradicated with modern pesticides.

Regular maintenance is the key to building conservation;
William Morris called this practice “daily care.” A build- “Daily 
ing’s life can be long, human tenancy relatively short. Yet care” 
the cumulative effect of neglect can be desperately dam- 
aging. Conversely, a sensitive awareness of a building’s 
needs, with regulär attention to them, will extend its life 
and promote its long enjoyment. The successful conser­
vator identifies himself with a building’s life, its structure 
and demands, with the special needs of an occupant, and 
with the skills of today’s craftsmen. In this spirit, he can 
hand on to the future the best of the past.

( D . W . I . )
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PAINTINGS
The conservator of paintings aims above all at “true con­
servation,” the preservation of the objects in conditions 
that, as far as possible, will arrest material decay and delay 
as long as possible the moment when restoration is needed. 
The correct choice of conditions of display and storage 
is, therefore, of the first importance. Ideally, each type of 
painting requires its own special conditions for maximum 
safety, depending on the original technique and materials 
used to compose it. Broadly speaking, most paintings can 
be divided into (1) easel paintings, on either canvas or a 
solid support, usually wood; (2) wall, or mural, paintings; 
and (3) painting on paper and ivory.

Easel paintings. More or less portable paintings on 
canvas or panel are called easel paintings. Basically, they 
consist of the support (the canvas or panel); the ground, 
ordinarily a white or tinted pigment or inert substance 
mixed with either glue or oil; the paint layer itself, which 
may be complex in structure; and, finally, the surface 
coating, usually a varnish, to protect the paint and modify 
its appearance aesthetically. These four layers have many 
variants but must be constantly borne in mind when con- 
sidering the problems of conservation.

Paintings on wood. Wood-panel supports were used al­
most universally in European art before about 1450, when 
canvas began to gain ground. Wood has the disadvantage 
of swelling and shrinking across the grain with variations 
in the relative humidity of the atmosphere. In northern 
temperate climates, variations in humidity can be consid- 
erable. In England, for example, the seasonal Variation in 
a museum that is centrally heated in the winter can be 
from 25 percent in midwinter to 90 percent in summer. 
Although paint has a certain elasticity, it cannot usually 
take up much movement and generally cracks in a net- 
work referred to as craquelure. In Continental landmasses, 
such as the United States, the average relative humidity 
in dry zones may be consistently low, so that European 
paintings with wooden supports air-seasoned to a higher 
humidity may suffer considerably. In both Europe and 
the United States the effect of an unsuitable environment 
of low or changing relative humidity and the restraining 
effect of the paint layer often produces a permanent bow- 
ing of the panel, which is convex at the front surface. To 
counteract both the shrinkage and the bowing (especial­
ly the latter), restorers in the past placed wooden strips 
called battens or more complex structures across the back 
of the panel as constraints. This solution, however, often 
led to severe distortion of the front surface and Cracking 
of the whole panel in lines along the wood grain. Exten­
sive damage to the paint sometimes occurs, and drastic 
restoration is needed. In terms of preservation, the ideal 
solution is a form of air conditioning in which the relative 
humidity is maintained as nearly constant as possible at 
what is generally agreed to be the most reasonable level; 
i.e., about 55 percent.
When warping and cracking have already occurred or 

when the latter seems likely as a result of the mistaken 
application of secondary supports, such as cross-battens, 
expert restoration treatment is required. In principle, this 
consists of removing the cross-battens and applying a rein­
forcement to the back that imposes a uniform but gentler 
constraint over the whole surface. It is normal in the 20th 
Century to accept as inevitable some permanent convex 
curvature. The adhesives used and the composition of the 
new secondary support take many forms. One consists in 
backing the panel with strips of a very light, open-textured 
wood (balsa), using as a cement a mixture of beeswax, a 
natural resin, such as dammar, and an inert filier. This 
thermoplastic cement, which is applied as a hot, creamy 
liquid, solidifies without contraction. The epoxy resins, 
which also harden without contraction, have been used as 
well and have the additional advantage of not requiring 
heat. The material and cement used are chosen according 
to the nature of the original panel. Some restorers reduce 
the strength of the original panel, before applying the 
secondary support, by reducing its thickness. This prac­
tice is not universally approved. Occasionally, when the 
panel is badly worm-eaten or severely cracked, it has to 
be removed from the paint and ground altogether in the

process known as transfer. This is accomplished by pasting 
a substantial support of paper and, possibly, canvas to the 
front surface and then gently gouging away the wood on 
the back. An entirely new, inert support of balsa wood or 
compressed board is then cemented to the back and the 
facing removed.

Paintings on canvas. A canvas support expands and 
contracts with variations in relative humidity, but the ef­
fect is not as drastic as with wood. Canvas, however, will 
deteriorate with age and acid conditions. In many cases, 
parts of the paint and ground will lift from the surface, a 
condition described as flaking, blistering, or scaling. In the 
case of paintings on canvas, the process of transfer is al­
most never performed. Instead, the canvas is reinforced at 
the back by attaching a new canvas to the old. This lining 
process (almost always referred to as relining) can be done 
in two ways. The traditional method consists of ironing 
the new canvas to the old, using as adhesive a warm, 
fluid mixture of animal glue and a farinaceous paste, 
sometimes with the addition of a small Proportion of plas- 
ticizer. This method is still used, especially in Italy. It has 
the advantage that the heat and moisture help to Hatten 
raised paint (“cupping”) and local deformations and tears 
in the canvas. Another method, introduced after the mid- 
19th Century, uses the thermoplastic wax-resin mixture 
mentioned above, omitting the filier. Originally done with 
heated irons as is the glue-paste method, it gained in pop- 
ularity by the introduction, around 1950, of the so-called 
vacuum hot-table. The canvases are coated with molten 
adhesive (at about 160° F [70° C]), which is allowed to 
solidify, and then joined together on an electrically heated 
platen. They are then covered with a membrane enabling 
the space between to be evacuated with a pump through 
holes in the table. Adhesion occurs on cooling. Though the 
wax protects the canvas from deterioration, the vacuum 
pressure sometimes makes the texture of the canvas more 
apparent. Also, wax penetrating the canvas occasionally 
darkens thin or porous paint layers. To overcome these 
defects, “heat-seal” adhesives were introduced in the late 
1960s. Formulations containing synthetic resins, includ­
ing polyvinyl acetate, and, increasingly, an ethylene-vinyl 
acetate copolymer, are applied in solution or dispersion 
to the surfaces and, after drying, are adhered on the hot 
table. More recently, cold-setting polymer dispersions in 
water have been introduced using a “cold-table,” from 
which the water is removed through spaced perforations 
with a powerful downdraft of air. Pressure-sensitive adhe­
sives also are being evaluated.

Paintings have occasionally in the past been transferred 
from wood to canvas by a variant of the treatments de­
scribed above. The reverse of this— i.e., attaching a paint­
ing on canvas to a stable rigid support (a process known as 
marouflage)—is still sometimes done for various reasons. 

The ground (i.e., the inert paint layer covering the sup­
port below the painting itself) can ordinarily be regarded 
for conservation purposes as part of the painting layers. 
Occasionally, when the ground is composed of glue and 
an inert substance such as whiting or gypsum, the glue 
may deteriorate and the ground lose its adhesion to either 
the support or the paint layers. In extreme cases, with 
wood-panel supports, a complete transfer is required, in 
which not only the support but also the ground must be 
removed. The restorer has a brief opportunity of seeing 
the painting or at least its lowest layers in reverse before 
applying a new ground and support.

The paint layers themselves are subject to a number of 
maladies as a result of natural decay, faulty original tech­
nique, unsuitable conditions, ill treatment, and improper 
earlier restorations. It must be remembered that, whereas 
housepaint usually has to be renewed every few years, the 
paint of easel paintings is required to survive indefinitely 
and may be already 600 years old. The most prevalent 
defect, as mentioned above, is flaking, or scaling, where, 
in local areas of paint, small particles become partly or 
wholly detached from the support. If the loss is not total, 
the paint can be secured, according to circumstances, with 
a dilute gelatin adhesive, the wax-resin adhesive, or a 
synthetic polymer. The paint is usually pressed firmly into 
place with an electrically heated spatula. For easel paint-
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“The Magdalen Reading,” oil painting by Rogier van der Weyden (1399/1400-64). In the 
National Gallery, London. Cleaning and restoration in 1956 (right) revealed that the painting 
was a fragment from an altarpiece, not a complete painting as it had appeared (left).
By courtesy of the trustees of the National Gallery, London

ings the binder for the coloured pigments is usually egg 
yolk, oil, or, occasionally, glue. The first type of method, 
called egg-tempera painting, was universal before the mid- 
15th Century, when oil painting began to be used in- 
creasingly. The condition of egg-tempera paintings where 
damage has not been caused by deterioration of support or 
ground is usually good. The condition of oil paintings is 
often less satisfactory. Sometimes the original technique of 
the artist is at fault, and this becomes increasingly so from 
the 18th Century onward. Too much oil may have been 
used, leading to ineradicable wrinkling, or superimposed 
layers may have dried at different rates, producing a wide 
craquelure as a result of unequal shrinkage. An enhanced 
version of the latter occurred increasingly, as the 19th 
Century progressed, by the use of a brown pigment called 
bitumen. Bituminous paints never dried completely, pro­
ducing a surface effect resembling crocodile skin. These 
defects cannot be cured and can be visually ameliorated 
only by judicious retouching.
The most notable defect arising from poor Conservation 

is the fading or changing of the pigments by excessive 
light. Although this is more evident with thin-layer paint­
ings, such as watercolours, it is also visible in oil paintings. 
The palette of the earlier painters was, in general, stable 
to light; however, some of the pigments used, notably the 
lakes, which consisted of vegetable dyestuffs mordanted 
onto translucent inert materials, often faded easily. A 
transparent green, copper resinate, much used from the 
15th to the 18th Century, became a deep chocolate brown 
after prolonged exposure to light. After the discovery of 
synthetic dyestuffs in 1856, a further series of pigments 
was created, some of which were later discovered to fade 
rapidly. Unfortunately, it is impossible to restore the orig­
inal colour, and in this case Conservation, in its true 
sense of arresting decay, is important; i.e., to limit the 
light to the lowest possible level consistent with adequate 
viewing—in practice about 15 lumens per square foot (15 
footcandles; 150 lux).

Almost every painting of any degree of antiquity will 
have losses and damages, and a painting of earlier than the 
19th Century in perfect condition will usually be an object 
of special interest. Before a more conscientious approach 
to restoration became general in the mid-20th Century, ar- 
eas that had a number of small losses were often—indeed, 
generally—entirely repainted. It was considered normal in 
any case to repaint not only losses or gravely damaged 
areas but also a wide area of surrounding original paint,

often with materials that have visibly darkened or faded 
with time. Large areas with significant detail missing were 
repainted inventively in what was supposed to be the 
style of the original artist. It is customary nowadays to 
repaint only the actual missing areas, matching carefully 
the artist’s technique and paint texture. In some cases, 
as with skies in which areas have been worn away by 
injudicious cleaning, very little repainting is done at all. 
Some restorers adopt various methods of inpainting in 
which the surrounding original paint is not imitated. The 
inpainting is done in a colour or with a texture that is 
intended to eliminate the shock of seeing a completely 
lost area without actually deceiving the observer. The aim 
in inpainting is always to use pigments and mediums that 
do not change with time. Egg tempera has been preferred, 
though it is difficult to use, and various stable, modern 
resins are employed in place of or in addition to tem­
pera. Exact imitation of the original entails close study of 
the painter’s technique, especially the multilayer methods, 
since the successive layers, being partly translucent, con- 
tribute to the final visual effect. Minute details of texture, 
brushstrokes, and craquelure must also be simulated.

This work of inpainting ordinarily has to be done after 
the top layer, or the varnish, has been removed. Because 
all varnishes before about 1930 and many since have un- 
dergone changes in colour and transparency, they partially 
obscure the appearance of the original paint and, there- 
fore, must be taken off.

While the use of varnish was partly to protect the paint 
from accidental damage and abrasion, its main purpose 
was to improve the appearance. Oil paint, over the course 
of time, changes chemically by oxidation and polymeriza- 
tion and becomes harder and more brittle. A remarkable 
range of injurious cleaning agents, including sand and 
caustic alkali, is known to have been used for cleaning the 
surface of the paint in the past. As a consequence, some of 
the hardened oil medium is lost, and the painting becomes 
matte, or without lustre, and lifeless. A varnish, visually 
at least, revives it, and if a varnish itself becomes matte 
a further coat of varnish revives the former varnish coat, 
and so on. Unfortunately, the varnishes used consisted of 
hard resins, such as copal, or, more often, soft resins, such 
as mastic and dammar. These become yellow, brittle, and 
slightly opaque and also less soluble in harmless solvents. 
Occasionally, as in London’s National Gallery in the mid- 
19th Century, lead driers were added to the varnish to 
quench the bloom, a blue haze that covered the varnish as

Inpainting

Vamishing
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a consequence of the prevalent coal smoke combined with 
a high and variable humidity. This varnish, known as the 
“Gallery Varnish,” yellowed even more rapidly than the 
resins alone. The removal o f these disfiguring natural-resin 
varnishes from paintings is an Operation that must be 
carried out with great skill to avoid damaging the original 
paint. The work of restorers in removing varnish (usually 
described as cleaning) has been the subject of occasional 
vehement public criticism from 1850 onward.
When the varnish is in good condition but covered with 

grime the restorer may, after close inspection, clean the 
surface with aqueous Solutions of nonionic detergents or 
mild solvents. This should never be attempted by an am­
ateur. Varnish is almost invariably removed by means of 
a solvent mixture of which the active ingrediënt is often 
one of the lower alcohols. The solvent is sparingly applied 
with a cotton-wool swab. Choice of solvent mixture and 
mode of application has always depended on the skill and 
experience of the restorer, but modern scientific theory 
has clarified the procedures. For revarnishing, the natural 
resins such as dammar, although excellent in application 
and appearance, have mostly been abandoned in favour 
of synthetics. They are chosen for Chemical stability with 
regard to light and the atmosphere so that they can even- 
tuaily be removed by safe solvents and will not rapidly dis- 
colour nor physically deteriorate. Acrylic Copolymers and 
polycyclohexanones have been the most commonly used 
since the 1960s. Research continues, however, in order to 
find the “ideal” varnish, combining ease of application, 
Chemical stability, and an acceptable aesthetic quality.

Wall paintings. From the point of view of Conserva­
tion, the different types of wall painting have a number of 
features in common, though the techniques of restoration 
required for each inevitably differ in detail. Among the 
wall painting techniques is buon fresco, or true fresco, 
in which pigments mixed with water are painted onto a 
freshly prepared layer of damp lime piaster. Fresco secco 
is a method, often used in conjunction with buon fresco, 
in which a mixture of pigment and egg tempera is painted 
onto the dry piaster or is used as a retouching or enhance- 
ment of a dried buon fresco painting. Wall paintings are 
also executed with pigments mixed in oil applied either 
to a prepared dry piaster wall or on canvas, which is then 
fixed to the wall.

As far as pure conservation is concerned, there are two 
outstanding factors. The first, which applies to all methods 
of wall painting and especially to aqueous, or water-based, 
mediums, is the exclusion of damp. This can attack the 
painting from several sources. One source is damp rising 
through the walls of a building; this first affects the bot- 
tom of the wall painting and then spreads upward. This 
is prevented by inserting a metallic or resinous damp 
course. New damp courses in old buildings are often pro- 
hibitively expensive, in which case a possible amelioration 
is to dig out exterior soil to a depth of at least six inches 
below the interior floor. The second source of damp is 
from the outside wall. It is important at least to avoid 
treating the painting with a water-impermeable material, 
such as wax or silicates, so that the damp can penetrate 
freely without meeting a barrier at the inner surface. The 
third source is condensation on the inner surface, which is 
particularly prevalent in churches that are heated only on 
weekends. More continuous and uniform heat is the solu- 
tion, provided that the air is not dried out so rapidly that 
efflorescence, the formation o f a powdery surface, occurs. 
The fourth and most easily remedied source, though often 
neglected, is from leaking roofs and clogged drainpipes. 

The second important hazard is more insidious. It affects 
solely those murals painted on lime mortar, which in­
evitably, by the action o f air, becomes calcium carbonate. 
Since 1900, with the increasing use of motor vehicles and 
of fuel-burning industries, the percentage of sulfur dioxide 
in the atmosphere has greatly increased. In the presence 
of moisture the calcium carbonate is changed to calcium 
sulfate, whose volume is almost twice that of the original 
carbonate of the mural. As a result, disintegration in some 
areas of a mural can be rapid. In Italy this sort of dis­
integration has greatly increased and has made necessary 
the development of drastic though highly expert meth­

ods of transfer of frescoes from the original walls. These 
range from the method of strappo to that o f stacco. While 
in practice they are not always clearly distinguishable, 
strappo, the more usual method, consists in gluing canvas 
firmly to the surface of the fresco, followed by pulling and 
easing away with long spatulas a thin layer of the pias­
ter that contains the pigment particles o f the fresco. The 
bond between the facing and the fresco must be stronger 
than the internal cohesion of the piaster. Excess piaster 
is removed, revealing the fresco in reverse. This is then 
fixed to a rigid support with synthetic resins, using inert 
substances mixed with resins as an intermediate layer to 
simulate optically the original underlying piaster. In the 
stacco method, a thicker layer of piaster is removed with 
the fresco and is smoothed flat on its back surface before 
sticking the rigid composite layer to a board. Where possi­
ble, consolidation without detachment is performed. The 
removal of previous repaintings and overlying whitewash 
is often the most tedious part of the work.
In humid, temperate climates, such as England’s, limewa- 

ter is usually used as a consolidant. Earlier consolidations, 
often of wax or natural resins, are not only difficult to 
remove but also have frequently accelerated deterioration. 
In dry parts of the world, synthetic resins such as polyvinyl 
acetate have been used with success as consolidants.

Paintings on paper and ivory. Environmental conserva­
tion for these objects, which are ordinarily painted in an 
aqueous medium, consists in maintaining a stable relative 
humidity in the region of 50-60 percent. At lower hu- 
midities, both paper and ivory (the latter often used as a 
thin layer for portrait miniatures) tend to shrink, and the 
former becomes more brittle. The thin ivory of miniatures, 
which often tends to crack, may crack along the grain 
if constrained under conditions o f varying humidity. At 
higher humidities, there is a possibility, especially when 
Ventilation is poor, of mold growth, which can occur above 
about 68 percent relative humidity. Watercolour paintings 
are particularly vulnerable to light, which ideally should 
not exceed 5-10 lumens per square foot (5-10 footcan- 
dles, 50-100 lux). Some pigments fade rapidly, whereas 
others do not alter, and there is inevitably not only a loss 
of colour but also a distortion of the artist’s intention. It 
should be noted that a warm light, as from an ordinary 
incandescent lamp, is less damaging in general than an 
equal amount of daylight or light from a fluorescent lamp. 
Daylight should preferably be avoided. The ultraviolet 
component should, in any event, be removed. Ultraviolet 
filters are available for Windows and fluorescent tubes.

Restoration of paintings on paper has many detailed 
variations. After removal of the material on which the 
paintings are mounted, local brown stains, usually known 
as foxing, are sometimes reduced. The painting is fresh- 
ened by washing gently in water with or without a little 
neutral detergent (which should not be of the household 
variety). Often a watercolour painting will resist washing 
without loss of colour, but it is generally advisable merely 
to damp the back before proceeding to reduce the stains 
locally with an oxidizing bleach. A mild form of bleaching 
agent known as chloramine-T is sometimes used. Other, 
stronger oxidizing bleaches can be used subsequently, but 
there are various disadvantages. Stains other than the 
characteristic foxing must be identified and the specific 
solvents used. Japanese prints may be treated similarly, 
though with even more care, since some colours (notably, 
a range of mauves) must never be damped. Portrait minia­
tures on ivory require expert treatment, and it is even 
possible to damage them irrevocably in removing them 
from their lockets.

The conservation of fine prints is dealt with in the article 
PRINTMAKING. (N.S.B.)

SCULPTURE
Until the mid-1960s, painting conservators led the whole 
field of conservation with their technical expertise and 
experience. Today that imbalance has shifted, and it is in 
the field of sculpture conservation that many of the most 
complex and exciting technical developments are taking 
place. This change can be attributed partly to the growing 
international concern with the problems o f stone decay
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and partly to the rapid development of more sophisticated 
synthetic resins for use in repair.

The realization that the heritage of stone sculpture and 
buildings might not remain in a recognizable form for 
more than another 50 years has stimulated an interest in 
the conservation of sculpture that would not have occurred 
were the Problems merely confined to museum collec- 
tions. New pressures also are being exerted on museums. 
As the main centres of conservation expertise, they are 
called upon to lend their aid to the organizations dealing 
with these Problems in cathedrals, churches, and historie 
houses. They also act as places of refuge for endangered 
sculptures. The scale of the problem (the rapid increase 
in pollution worldwide and the vast number of sculptures 
involved) has caused the profession of sculpture conserva­
tion to develop rapidly. Although it has been possible to 
borrow from painting conservation many surface cleaning 
techniques for use on terra-cotta, piaster, and polychrome 
wood sculpture, very few of these techniques are suitable 
for marble and limestone, with their particular suscepti- 
bility to damage from water and soluble salt migration.

The main Problems facing the stone conservator are 
stabilization, consolidation, and further protection against 
pollutant gases and soluble salts. Stone is extraordinarily 
unstable in the modern environment. Once it has been 
attacked by pollutant gases, such as sulfur dioxide, or 
migrating salts, such as nitrates or Chlorides, it is difficult 
to return the stone to a stable condition, even when it is 
placed in a museum environment. Although some tem- 
porary stability may be achieved by putting a damaged 
sculpture in a temperature- and humidity-controlled glass 
case, it is commonly found that degradation will continue 
and, in certain instances, even accelerate.

The mechanism by which soluble salts cause damage in 
stone and marble is complex, but the broad effect can be 
simply characterized. These salts, which can be derived 
from pollutant gases, a marine climate, or natural ground 
salts, dissolve in water and seep through the pores of the 
stone. The water may derive from the ground, from the 
atmosphere, or from oversaturation of the stone by inap- 
propriate water-washing. As the salts move to the drier 
air at the surface of the stone, they begin to crystallize 
either on the surface (efflorescence) or beneath the sur­
face (subflorescence). It is this crystallization and resultant 
expansion of the salts that breaks open the pores of the 
stone and creates the damage.

To have any hope of halting this activity, the stone 
conservator must interfere with the deep structure of the 
stone, sealing it against moisture movement and strength- 
ening it against salt damage to the pore structure. Prob- 
ably the most populär means of stabilizing stone is the 
introduction of a consolidant. In the past, consolidants 
such as wax and shellac have been tried. These do not 
penetrate deeply into the stone and often aggravate the 
Problem. Various synthetic resins, such as acrylics, epox- 
ies, polyesters, and silicones, have been used with greater 
success. By far the most successful, however, have been 
the alkoxy-silanes. These have several distinct advantages 
over other consolidants. They penetrate deeply into the 
stone (two to three inches in some limestones), and they 
deposit a hard, almost indestructible network of silica in 
the pore structure of the stone, which Waterproofs and 
strengthens it.

There are many forms of alkoxy-silanes in use and 
many ways of applying them. The commonest methods 
are simple brushing, spraying, and vaeuum impregnation. 
Of these, the first is the most controllable and delicate 
approach, while the last is the least controllable and most 
potentially dangerous.

The full treatment of a sculpture must, of course, in- 
clude cleaning. Any consolidation treatment or attempt to 
remove salts from stone must be carefully integrated with 
an appropriate cleaning System. In the past, the most com­
mon way to clean and desalinate stone was to immerse it 
in a tank of water for a period of weeks or months. This 
process can cause considerable damage because it loosens 
friable stone and pigment from the stone surface. A bet- 
ter method was developed in the 1960s, by which a clay 
poultice (magnesium silicate and deionized water) is used

to suspend a thin layer of water over the surface of the 
sculpture, like a cosmetic mudpack, sucking out both dirt 
and salts. This treatment minimizes the contact with water 
and also does less harm to the fragile surface of the sculp­
ture. The use of sophisticated tools and techniques such as 
ultrasonic dental descalers and abrasion by air-blasted mi­
croscopie glass beads helps to give the conservator much 
greater control over the cleaning process. Lasers were first 
used for removing pollution deposits from stone in 1970. 
Improved laser technology, decreasing cost, and the con­
current development of fibre opties suggests that it may 
soon be possible to produce a flexible precision tooi that 
is capable of removing dirt and other encrustations from 
the surface of sculpture by vaporization, without harming 
the stone itself.

The other main advance in sculpture conservation has 
been the growing use of the binocular microscope. When 
the surface of a sculpture is examined under a surgi- 
cal microscope of from 10 X to 40 X magnification, the 
immense damage that can be inflicted on sculpture by 
indiscriminate cleaning becomes strikingly apparent. Tiny 
fragments of original pigment often remain on sculptures 
that to the naked eye appear completely unpainted. From 
these pinpricks of paint, technicians can determine the ex­
act composition of ancient sculptural pigments and their 
binding mediums. (J.H.L.)

DECORATIVE ARTS
Furniture. Apart from physical damage, effects o f wood- 

worm, and failure of glued joints, deterioration of furni­
ture today is mainly attributable to the dry air (i.e., low 
relative humidity) of centrally heated rooms in winter. 
In the past, the air in houses was not much different 
from that of the cabinetmaker’s workshop. Dry condi- 
tions, however, cause the carcass wood to warp and split, 
joints to loosen, and surface decorations such as veneer 
to detach. Further damage can be eliminated by humidity 
control (within 50-60 percent relative humidity) the year 
round; a simpler alternative is the use of humidifiers in 
winter. Furniture should not be situated close to either 
humidifiers or sources of heat.

Restoration of fine furniture requires a range of skills 
similar to those o f the original cabinetmaker, coupled with 
restraint and judgment with regard to the integrity o f the 
object. Replacements required for mechanical or aesthetic 
reasons are preferably of matching material finished to 
simulate the original patina. Replacement of worm-eaten 
wood can now often be avoided by impregnation o f the 
damaged original with resin, usually an epoxy. For live 
woodworms there are proprietary liquid pesticides, al­
though care must be exercised during application to avoid 
damaging original finishes. A gas chamber using, for ex- 
ample, methyl bromide or a mixture containing ethylene 
oxide is more effective. Repair requiring specialized skills 
may be needed for a range of materials. These include tor­
toiseshell, ivory, pewter, mother-of-pearl, and the materials 
of upholstery. Oriental lacquer presents unsolved Prob­
lems that are still the subject of international discussion.

Stained glass. Stained glass Windows may include 
pieces of coloured glass, uncoloured glass to which a thin 
coloured layer has been applied (flashed glass), and, in ex- 
amples from the 15th Century and later, uncoloured glass 
with a painted and fired design of coloured enamel. Dete­
rioration other than physical damage results mainly from 
rain and condensation and consists o f overall corrosion 
on both sides and pitting, generally on the outside only. 
Susceptibility to corrosion varies with glass composition. 
The corrosion layer darkens the glass, but its removal is 
a matter of some controversy. A variety of methods of 
local abrasion may be employed. Missing pieces can be 
replaced with new coloured glass and glass enamelled and 
fired in accord with the design. Original glass from which 
enamel has flaked owing to imperfect firing cannot be 
refired and has to be retouched with a cold-setting paint. 
The tendency of the enamel to flake makes the simplest 
Operation—grime removal by washing—a matter for par­
ticular care. Breaks, formerly mended with so-called strap 
leads, are now fixed with epoxy resins. Sometimes badly 
broken pieces are dry-plated with cover glasses, the pieces
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Greek black-figure vase from Orvieto destroyed during the flood of 1966 in Florence, shown 
(left to right) before, during, and after restoration.
By courtesy of the Soprintendenza alle Antichita d'Etruria, Florence

being inserted together in to  the leading. At the Cologne  
cathedral w orkshop, all the pieces are plated, using a clear 
resin adhesive. D eterioration o f  leading m akes releading 
necessary every Century or so.

Organic surface coatings have been used for protection 
from the weather, but opinion is turning toward isothermal 
glazing, in which the window is replaced with plain glass, 
and the stained glass panel is hung inside with a narrow 
gap between the two, open to the interior atmosphere.

Textiles. Environmental requirements for textile preser- 
vation are similar to those for paintings on paper, but 
neglect of textiles is in general more damaging. Fading is 
a serious problem, but light also weakens the fibres of the 
material, especially silk. Gaseous air pollution is harmful, 
and soiling from airborne grime leads to the need for 
washing, which is best avoided. Where washing is neces­
sary, nonionic detergent formulations are used, never or- 
dinary commercial detergents. Dry cleaning with selected 
solvents may be substituted in particular cases. Handling 
and storage of fragile textiles require special care: loose 
wrapping with acid-free tissue paper; storage containers 
ventilated to avoid local humidity buildup; folding with 
sharp edges avoided; for tapestries, rolling with weft (de­
sign weave) along the axis; and so forth. New acquisitions 
and stored material require inspection for insect infesta- 
tion. The feasibility of insect poisons and repellents in 
textile preservation remains uncertain.

Restoration of valuable textiles, generally by means of 
skilled needlework, does not normally involve the replace- 
ment of worn or decayed materials. When this has to be 
done for structural reasons informed judgment is required. 
Material that is so decayed that it cannot be reinforced 
by stitching to a backing material may require an adhe­
sive bond. After decades of discussion over the use of 
synthetics, research now points to hydrolyzed starch (an 
old Japanese recipe) or, when use of water is inadvisable, 
methylcellulose in an organic solvent.

Ceramics. Ceramic restoration, generally of breakages 
and losses, sometimes has to begin with the often difficult 
removal of material from old repairs, and the reduction 
of ingrained dirt and stains. Rivets and dowels (from a 
former method of repair) are always removed. Choice of 
adhesive depends on type of object and probable degrees 
of stress; epoxy and polyester resins and polyvinyl acetate 
emulsions are among those used. For hard-bodied ceram­
ics, missing portions or decorative details may be replaced 
with a suitably bodied and pigmented epoxy. A propri- 
etary piaster filier is preferable for earthenware. Sticking 
and filling operations require skill to secure an exact fit 
and a perfect surface. Retouching, with brush or spray, 
is equally exacting; medium and pigments must be light- 
stable and the hardened coating physically durable. In mu­
seum practice the extension of the retouching to nearby 
original surfaces is avoided and only cold-setting media 
are used. Heat-curing risks damage to original glazes.
The apparently simple process of washing ceramics should 

in fact be carried out with care. Porous and soft-paste ce­
ramics should not be immersed but cleaned with swabs of 
cotton-wool dampened with lukewarm water and, if nec­

essary, a sm all am ount o f  n on ion ic  detergent. Hard-paste 
ceram ics m ay be sim ilarly cleaned but can be im m ersed  
unless there is gold decoration (w hich m ust be cleaned  
with special care) or m etal m ounts, w hich should never 
be wetted. Biscuit ware w ith ingrained dirt requires expert 
treatment. (N.S.B.)
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Arthropods

Arthropoda is the largest phylum in the animal king- 
dom and includes such familiär forms as lobsters, 
crabs, Spiders, insects, centipedes, and millipedes. 

About 84 percent of the known species of animals are 
members of this phylum, and they are very diverse in 
structure, in life-styles, and in types of habitat.

The distinguishing feature of arthropods is the presence 
of a skeletal covering composed of chitin (a complex sugar) 
bound to protein. This nonliving exoskeleton is secreted 
by the underlying epidermis (which corresponds to the 
skin of other animals). The body is usually segmented, and 
the Segments bear paired, jointed appendages, from which 
the name arthropod (“jointed feet”) is derived. More than
879,000 arthropod species have been described, of which 
about 86 percent are insects. This number, however, may 
be only a fraction of the total. Based on the number of 
undescribed species collected from the treetops of tropicai 
forests, zoologists have estimated the total number of in­
sect species alone to be as high as 10,000,000. The 30,000 
described species o f mites, another group of arthropods, 
may also represent only a fraction of the existing number. 

The phylum Arthropoda may be divided into four sub- 
phyla: Trilobita, Chelicerata, Crustacea, and Uniramia. 
The subphylum Trilobita contains only the trilobites, 
which were the dominant arthropods in the early Pa- 
leozoic seas (570,000,000 to 225,000,000 years ago) but 
became extinct during the Permian Period (280,000,000 
to 225,000,000 years ago), at the end of the Paleozoic Era.

Most members of the subphylum Chelicerata belong to 
the dass Arachnida, containing the spiders, scorpions, 
ticks, and mites. They are largely terrestrial arthropods, 
living beneath stones and logs, in leaf mold, and in Veg­
etation, but there are some aquatic mites that live in 
fresh water and in the sea. There are also many parasitic 
mites. Two small classes of chelicerates, the Merostomata, 
containing the horseshoe crabs, and the Pycnogonida, 
containing the sea spiders, are entirely marine. The mero- 
stomes are an ancient group and probably gave rise to 
the arachnids. Indeed, the earliest known fossil scorpions 
were aquatic.

The subphylum Crustacea contains mostly marine arthro­
pods though many of its members, such as the crayfish, 
have invaded fresh water, and one group, the pill bugs 
(sow bugs) has become terrestrial, living beneath stones 
and logs and in leaf mold. In the sea, large crustaceans 
such as crabs and shrimps are common bottom-dwelling 
arthropods. Many minute species of crustaceans are an 
important component of the Zooplankton (floating or 
weakly swimming animals) and serve as food for other 
invertebrates, fishes, and even whales.

Uniramia is the largest of the arthropod subphyla. It con­
tains not only the dass Insecta but also four closely related 
classes of long-bodied arthropods collectively known as 
myriapods: dass Chilopoda (centipedes); dass Symphyla 
(symphylans); dass Diplopoda (millipedes); and dass Pau- 
ropoda (pauropods). They are mostly terrestrial and, in 
contrast to the other arthropod subphyla, the uniramians 
are believed to have had a terrestrial origin. Centipedes, 
symphylans, millipedes, and pauropods live beneath stones 
and logs and in leaf mold; insects are found in all types of 
terrestrial habitats and some have invaded fresh water. The 
sea has remained the domain of the crustaceans, however, 
and only at its very edges are insects found.

This article discusses the arthropods as a group; for spe­
cific information on the most significant subphyla and 
classes of arthropods, see the Macropcedia articles crus­
ta cea n s; a r a c h n id s ; and insects; see also the Micro- 
pcedia article m y r ia po d .

For coverage of related topics in the Macropcedia and 
Micropcedia, see the Propcedia, section 313.

The article is divided into the following sections:
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GENERAL FEATURES
Size range. Representative groups o f arthropods are 

shown in Figure 1. Most arthropods are small animals. 
Only aquatic forms are able to attain substantial sizes, 
because their bodies are supported in part by the sur­
rounding water. The extinct chelicerate Eurypterida, for 
example, reached a length of 1.8 metres (5.9 feet), and 
some modern Spider crabs may weigh up to 6.4 kilograms 
(14 pounds) and span 3.8 metres. Terrestrial arthropods 
do not grow very large. The largest insects and spiders do 
not weigh more than 100 grams (0.22 pound). The beetle 
Goliathus regius measures 15 centimetres (5.9 inches) in 
length and 10 centimetres in width, while the butterfly 
Ornithoptera victoriae of the Solomon Islands has a wing 
span exceeding 30 centimetres. One o f the longest insects 
is the phasmid (walkingstick) Pharmacia serratipes, which 
reaches a length of 33 centimetres. The smallest arthro­
pods include some parasitic wasps, beetles o f the family 
Ptiliidae, and mites that are less than 0.25 millimetre (0.01 
inch) in length, despite their complex structures.

Distribution and abundance. Arthropods are found in 
almost all of the habitats that cover the Earth’s surface. 
Many crustaceans live in the sea at depths exceeding 4,000 
metres, while the insect collembolans and jumping spiders 
have been found on Mount Everest at heights exceeding 
6,700 metres. Collembolans and the oribatid mites are 
among the permanent inhabitants o f Antarctica. Brine 
shrimp are found in some saltwater lakes, and beetles, 
mites, and various crustaceans have been taken from hot 
springs. Minute crustaceans inhabit underground waters 
in many parts of the world, and deserts support a large 
arthropod fauna, especially insects and arachnids.

The numbers and diversity of arthropod insect pests are 
enormous. A bag filled with leaf mold from a forest floor, 
for example, will contain hundreds o f arthropods, in- 
cluding mites, spiders, false scorpions, myriapods, a great 
variety of insects, and crustacean pill bugs. In the spring 
a temporary pool often teems with minute crustaceans. 
Planktonic copepods, which range in length from less 
than 0.5 millimetre to at least 10 millimetres, can reach 
densities of 30,000 individuals per cubic metre in surface 
waters of productive oceans, as around the Antarctic.

Importance. Arthropods are of great direct and indirect 
importance to humans. The larger crustaceans—shrimps, 
lobsters, and crabs—are used as food throughout the 
world. Small planktonic crustaceans, such as copepods, 
water fleas, and krill, are a major link in the food chain 
between the photosynthetic phytoplankton and the larger 
camivores, such as many fish and whales. Although many 
species of insects and mites attack food crops and timber,

Terrestrial
arthropods

Insect pests
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Figure 1: R epresentative arthropod groups.
From Invertebrate Zoology, 5th ed. (Figures 12-13A, 14-81B, 14-13A, 13-50A, 13-56, 13-41A,
13-1, 15-1A, 16-16C, and 16-17B (left) by R.D. Barnes, copyright © 1987 by Saunders 
College Publishing, a division of Holt, Rinehart and Winston, Inc., reprinted by permission 
of the publisher, after (Phacops) W. Sturmer and J. Berstrom, "New Discoveries on 
Trilobites by X -Ra ys," Palaeontologische Zeitschrift (1973), vol. 47Vfc, Schweizerbartsche 
Verlagsbuchhandlung; (pill bug) F.C. Paulmier in W .G. Van Name, "The American Land and 
Freshwater Isopod Crustaceans," American Museum Bulletin (1936), American Museum of 
Natural History, New York City; (copepod) Matthes in A. Kaestner, Invertebrate Zoology, vol.
3, Crustacea, copyright ©  1970 John Wiley & Sons, Inc., reprinted by permission of John 
Wiley & Sons, Inc.; (mite) E.W. Baker and G .W . Wharton, An Introduction to Acarology (1952), 
Macmillan Publishing Co.; (sea spider) G .-O . Sars and (horseshoe crab) J. Van der Hoeven 
from L. Fage, "C lasse des Merostomaces," in P. Grasse (ed.), Traite de Zoologie, vol. 6 (1949), 
Masson et Cie, Paris; (pseudoscorpion) M. Beier in P. Weygoldt, Biology of Pseudoscorpions 
(1969), Harvard University Press, Cambridge, Mass.; (centipede) R.E. Snodgrass; (collembolan) 
Willem; (dragonfly) Kennedy in H.H. Ross, A Textbook of Entomology, 3rd ed., copyright ©
1965 John Wiley & Sons, Inc., reprinted by permission of John Wiley & Sons, Inc.

arthropods are of enormous benefit to human agricul- 
ture. Approximately two-thirds of all flowering plants 
(angiosperms) are pollinated by insects, and soil and leaf- 
mold arthropods, which include insects, mites, myriapods, 
and some crustaceans (pill bugs), play an important role 
in the formation of humus from decomposed leaf lit- 
ter and wood.

The stings and bites of arthropods may be irritating or 
painful, but very few inject dangerous toxins. Medically, 
arthropods are more significant as carriers of diseases such 
as malaria, yellow fever, dengue fever, and elephantia- 
sis (via mosquitos), African sleeping sickness (via tsetse 
flies), typhus fever (via lice), bubonic plague (via fleas), 
and Rocky Mountain spotted fever and Lyme disease (via 
ticks). Many diseases of domesticated animals are also 
transmitted by arthropods.

FORM AND FUNCTION
The exoskeleton and molting. The success of arthro­

pods derives in large part from the evolution of their 
unique, nonliving, organic exoskeleton (Figure 2), which 
not only functions in support but also provides protection 
and, with the muscle System, contributes to locomotion.
The exoskeleton is composed of a thin, outer protein 
layer, the epicuticle, and a thick, inner, chitin-protein 
layer, the procuticle. In most terrestrial arthropods, such 
as insecft and spiders, the epicuticle contains waxes that 
aid in reducing evaporative water loss. The procuticle con- Epicuticle 
sists of an outer exocuticle and an inner endocuticle. In and 
the exocuticle there is cross-bonding of the chitin-protein procuticle 
chains (tanning), which provides additional strength to the 
skeletal material. The hardness of various parts of the exo­
skeleton in different arthropods is related to the thickness 
and degree of tanning of the exocuticle. In crustaceans, 
additional rigidity is achieved by having the exoskeleton 
impregnated with varying amounts of calcium carbonate.

The formation o f an exoskeleton required the simulta- 
neous solution of two functional Problems in the evolution 
of arthropods: If the animal is encased in a rigid covering, 
how can it grow and how can it move? The problem of 
growth is solved in arthropods by molting, or ecdysis, the 
periodic shedding of the old exoskeleton (Figure 3). The 
underlying cells release enzymes that digest the base of the 
old exoskeleton (much of the endocuticle) and then secrete 
a new exoskeleton beneath the old one. At the time of 
actual shedding, the old skeleton splits along specific lines 
characteristic of the group, and the animal pulls out of the 
old skeleton as from a suit of clothes. The old skeleton is 
usually abandoned but in some species is eaten. The new 
exoskeleton, which is soft and flexible, is then stretched 
by localized, elevated blood pressure augmented by the 
intake of water or air. Hardening occurs by Stretching 
and especially by tanning within a number of hours of 
molting. In crustaceans, calcium carbonate is deposited 
into the new procuticle. (Soft-shell crabs are simply newly 
molted crabs.) Additional endocuticle may be added to 
the exoskeleton for some days or weeks following molting.

Molting is under hormonal control, and there is a long 
preparatory phase that precedes the process. The Steroid 
hormone ecdysone, secreted by specific endocrine cen- 
tres and circulated in the blood, is the direct initiator 
of molting. The timing, however, is controlled by other 
hormones and commonly by environmental factors. The Instars 
interval between molts is called an instar. Because of the 
frequency of molts, instars are short early in life but grow 
longer with increasing age. Some arthropods, such as most 
spiders and insects, stop molting when they reach sexual 
maturity; others, like lobsters and crabs, molt throughout 
their lives. Most of the larger spiders of temperate regions, 
for example, molt about 10 times before reaching sexual 
maturity. As a result of molting, the length and volume of 
an arthropod display steplike increases over the life span, 
but internal tissue growth is continual as in other animals.
Loss of a limb is a common hazard in the life of many 

arthropods. Indeed, some arthropods, such as crabs, are 
capable of amputating an appendage if it is seized by a 
predator. The limb is then regenerated from a small, nip- 
plelike rudiment formed at the site of the lost limb. The 
new limb develops beneath the old exoskeleton during the 
premolt period and then appears when the animal molts.

Muscles, appendages, and locomotion. The problem 
that a rigid external covering imposes on movement has 
been solved by having the exoskeleton divided into plates 
over the body and through a series of cylinders around the 
appendages. At the junction, or joints, between the plates 
and cylinders the exoskeleton is thin and flexible because 
it lacks the exocuticle and because it is folded. The folds 
provide additional surface area as the joints are bent. The 
arthropod’s exoskeleton is therefore somewhat analogous 
to the armour encasing a medieval knight.

Most arthropods move by means of their segmental ap­
pendages, and the exoskeleton and the muscles, which 
attach to the inside of the skeleton, act together as a lever 
System, as is also true in vertebrates. The external skele­
ton of arthropods is a highly efficiënt System for small 
animals. The exoskeleton provides a large surface area for
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Figure 2: Diagrammatic section through the arthropod 
integument.
From Invertebrate Zoology, 5th ed. (Figure 12-3> by R.D. Barnes, copyright ©  1987 by 
Saunders College Publishing, a division of Holt, Rinehart and Winston, Inc., reprinted by 
permission of the publisher, after R.H. Hackman in M. Florkin and B.T. Scheer (eds ), Chemical Zoology, vol. 6 (1971), Academie Press

the attachment of muscles and, in addition to functioning 
in support and movement, also provides protection from 
the extemal environment. The cylindrical design resists 
bending, and only a relatively small amount of skeletal 
material need be invested in thickness to prevent buckling. 
The extemal skeleton imposes limits on the maximum 
size of an arthropod, especially in those that live on land. 
The largest arthropods live in the sea, where they gain 
considerable support from the buoyance of seawater. On 
land, an excessive amount of skeleton would be required 
to support a large bulk and, in addition, the new soft 
skeleton might collapse following a molt.

Appendages of arthropods have been adapted for all 
types of locomotion—walking, pushing, mnning, swim- 
ming, and burrowing. In most arthropods the legs move 
altemately on the two sides of the body; i.e., when one 
leg is in a power stroke, its mate on the opposite side of 
the body is in the recovery stroke (the same is tme o f  
mammals when walking). The legs in front or back are a 
little ahead or behind in the movement sequence. Because 
of the lateral Position of the legs, the body of an arthropod 
tends to hang between them. Leg interference and trank 
wobble tend to be Problems in an animal with a long 
trank and many legs, such as a millipede or centipede. 
Most arthropods have evolved more compact bodies and a 
smaller number of legs. The number of pairs of legs used 
in walking is not more than seven (crustacean pill bugs), 
four or five (shrimps and crabs), four (arachnids), and 
three (insects). This reduces the problem of mechanical 
interference. When a ghost crab, for example, is running 
rapidly across a beach or dune, only the second, third, 
and fourth pairs of the five pairs of legs (counting the 
claws) are employed. Leg interference is further reduced 
in most arthropods by varying limb length and placement. 
For example, in Scutigera, the centipede commonly seen 
in houses, the legs increase in length from front to back 
and thus pass over or under one another in stepping. The 
tendency for the trunk to wobble has been reduced in 
some centipedes by having overlapping dorsal plates and 
in millipedes by having pairs of Segments fused to form 
double segments. Many arthropods are capable of walking 
on vertical surfaces. Some simply grip minute surface ir- 
regularities with the claws at the end of the legs. Others, 
such as certain spiders and flies, have an array of special- 
ized gripping hairs at the ends of the legs.
Insect wings are not segmental appendages as are the legs. 

The paired wings arise as lateral folds of the integument, 
one pair above each of the last two pairs of legs. Each wing 
thus consists o f an upper and lower sheet of exoskeleton 
closely applied to each other. The two skeletal sheets are 
separated at various places, forming tubular supporting 
veins. Unlike the wings of an airplane, the wings of insects 
are flat plates, and lift is obtained by changing the angle 
at which the front margin of the wing meets the oncom-

ing air stream. The evolution of flight is one of several 
adaptations that have enabled insects to become the most 
diverse and populous group of terrestrial animals.

A burrowing habit has evolved in some insects, such as 
mole crickets and ants, but the largest burrowers are crus­
taceans. Mole crabs and box crabs are rapid burrowers in 
soft marine sands, and various species of mantis shrimps, 
mud shrimps, and snapping shrimps create elaborate bur- 
rows below the bottom surface. Crustaceans also include 
the largest number of arthropod tube dwellers, surpassed 
only by certain marine worms (polychaetes). Most of the 
tube-dwelling crustaceans are amphipods. Their tubes are 
usually composed of sand or mud particles secreted to- 
gether and attached to bottom objects; there are, however, 
some amphipods that carry their tubes with them like a 
portable house.

Digestive System and feeding. Arthropods exhibit every 
type of feeding mode. They include camivores, herbi- 
vores, detritus feeders, filter feeders, and parasites, and 
there are specializations within these major categories. 
Typically, paired appendages around the mouth are used 
for collecting and handling food and are usually special- 
ized in accordance with the particular diet of the animal. 
For example, the insect family Aphididae has mouthparts 
adapted for piercing Vegetation and sucking out plant 
juices. The crustacean fiddler crabs, which emerge from 
burrows on sand flats at low tide, scoop up the surface 
sand with their small claws (only one in the male) and 
place the sand within their mouthparts, where it is sifted 
with fine hairs. The organic material is consumed, and the 
mineral material is ejected as a small “spitball.” Where 
there is a large population of crabs, ejected material may 
cover the surface of a flat by the end of the low-tide period. 
The crustacean mole crabs, or sand crabs, of surf beaches 
use their antennae to filter plankton from the receding 
waves after reburying themselves. Planktonic crustacean 
copepods only a few millimetres long can collect up to 
several hundred thousand diatoms every 24 hours with 
certain appendages (maxillae) near the mouth. A number 
of camivorous arthropods, notably spiders, pseudoscorpi- 
ons, and centipedes, capture prey with poison, which is 
usually delivered with a pair of appendages; scorpions use 
a single stinger at the tip of the tail. In spiders, the poison 
is introduced through a pair of fangs (chelicerae) flanking 
the mouth, and in centipedes the poison claws lie beneath 
the head. Few of these species have a venom that is fatal 
to humans (see the Micropcedia: m y ria po d ).

The front and back parts of the digestive tract (foregut 
and hindgut) are lined with the same skeletal material that 
is found on the outside of the body and that is molted with 
the rest of the skeleton. Only the relatively small middle 
section (midgut) lacks a chitinous lining. The digestive 
tract varies greatly in structure, depending upon the diet

From Invertebrate Zoology, 5th ed. (Figure 12-4A-D) by R.D. Barnes, copyright ©  1987 by 
Saunders College Publishing, a division of Holt, Rinehart and Winston, Inc., reprinted by 

permission of the publisher, modified from M. Locke in J. Bereiter-Hahn, A .G . Matoltsy, and 
K.S. Richards (eds.), Biology of the Integument (1984), Springer-Verlag, Berlin

Figure 3: Molting in an arthropod.
(A) The  exoskeleton and underlying hypoderm is between 
molts. (B) The  hypoderm is separates, and the molting fluid 
and a new epicuticle are secreted. (C ) The  old cuticle is 
digested and a new procuticle is secreted. (D) Ju s t before 
molting, the animal is encased in new and old skeleton.
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and feeding mode of the animal. In general, however, the 
midgut region is the principal site of enzyme production 
and absorption of digested food. The enzymes may pass 
forward into the front part o f the gut and even outside 
into the body o f the prey, in the case of spiders.

Respiratory System. Aquatic arthropods (crustaceans 
and the chelicerate horseshoe crabs) possess gills for respi 
ration. Although they vary in structure and location, the 
gills are always outgrowths of the integument (skin) and 
are therefore covered by the exoskeleton, which is thin 
in this area and not a barrier to the exchange of gases. 
Terrestrial arthropods possess tracheae and book lungs as 

Tracheae respiratory organs. Tracheae are a System of tiny tubes that
permit passage of gases into the interior of the body. In 
some arthropods the tracheal tubes are bathed by blood, 
but in insects the minute terminal endings (tracheoles) are 
embedded in the tissues, even within muscle cells. The 
tracheal tubes (but not the tracheoles) are molted along 
with the rest of the exoskeleton. Tracheae are a unique 
arthropod invention and undoubtedly evolved numerous 
times in the phylum, for they are found in myriapods, in­
sects, and arachnids. Tracheal Systems are highly efficiënt 
for these small, terrestrial animals. The small, external 
openings (spiracles) reduce water loss, the chitinous lining 
prevents collapse, and the small size of the arthropod 
and consequent short length o f the tubule eliminates the 
need for moving gases in and out by active Ventilation 
(diffusion usually being sufficiënt). Book lungs are chitin- 
lined internal pockets containing many blood-filled plates 
over which air circulates. Most spiders possess tracheae 
and book lungs, but large spiders (such as tarantulas) and 
scorpions possess book lungs alone.

Circulatory System. Arthropods possess an open circu- 
latory System consisting of a dorsal heart and a System 
of arteries that may be very limited (as in insects) or ex­
tensive (as in crabs). The arteries deliver blood into tissue 

Hemocoels spaces (hemocoels), from which it eventually drains back 
to a large pericardial sinus surrounding the heart. A vary- 
ing number of paired openings (ostia) are located along 
the length of the heart and permit blood to flow in when 
the valves are open. When the heart is contracting, closed 
valves prohibit the blood from flowing back and force 
it into the arteries of the tissues, from which it flows to 
other hemocoels. In the larger crustaceans, the blood then 
passes through the gills (where it becomes oxygenated) on 
its return to the heart. The blood of large arachnids and 
crustaceans contains the blue, oxygen-carrying pigment 
hemocyanin; insects lack a respiratory pigment since the 
tracheal System delivers oxygen directly to the tissues. A 
few insect larvae and some small crustaceans have blood 
containing hemoglobin.

Excretory System and water balance. Crustaceans and 
arachnids possess paired excretory organs (maxillary, an- 
tennal, or coxal glands) that open at the bases o f certain 
appendages. Myriapods, insects, and some arachnids, such 
as spiders and mites, possess another type of excretory 
organ, Malpighian tubules, which open into the intestine. 
Thus in these animals both excretory and digestive wastes 
exit from the anus.

Water loss through evaporation is a major problem for 
animals that live on land, especially small ones like arthro­
pods, and an array of defenses against desiccation have 
evolved. Both arachnids and insects possess waxy Com­
pounds in the epicuticle, the outer layer of the exoskeleton, 
which greatly reduce evaporative water loss. Arthropods 
that lack a waxy epicuticle, such as the pill bugs, and 
very small arthropods, such as mites, pseudoscorpions, 
and collembolans, live in leaf mold and soil, beneath logs, 
under stones, and in other areas where the danger of des­
iccation is reduced. The waxes in the epicuticle not only 
reduce water loss but can also act as a water repellent, 
reducing the danger o f submersion in droplets o f rain or 
dew. This resistance to wetting enables aquatic insects, 
such as beetles, to carry below the surface a film of air, 
which can then be used in respiration. It also contributes 
to the ability of water striders to move over the surface of 
water without breaking through the surface film.

Both insects and spiders eliminate their nitrogenous 
wastes as compounds insoluble in water (uric acid, gua-

nine), thereby not requiring that water be excreted. Insects 
share with birds and mammals the ability to produce a 
urine that is saltier than the blood, which is of great value 
in conserving water because it permits the production of 
a concentrated urine.

Nervous System and organs of Sensation. The arthro­
pod nervous System consists of a dorsal brain and a 
ventral, ganglionated longitudinal nerve cord (primitively 
paired) from which lateral nerves extend in each segment.
The System is similar to that of annelid worms, from 
which arthropods may have evolved. The neuromuscular 
Organization of arthropods is quite different from that of 
vertebrates, in which one neuron supplies a number of 
muscle cells, together forming a functional motor unit.
The small size of the muscles prohibits such an Organiza­
tion in arthropods. Instead, the state of contraction of an 
arthropod muscle is determined by which o f several differ­
ent types of neurons supplying one muscle cell are fired.

The sense organs (sensilla) on the body surface involve 
some specialization of the exoskeleton barrier. The sensory 
nerve endings are lodged in cuticular hairs (setae), peglike 
projections, cones, pits, or slits, which may occur in large 
numbers on antennae, mouthparts, joints, and leg tips.
Changes in the tension of the surrounding cuticle stimu- 
late the nerve endings. For example, the legs of spiders 
and scorpions possess slits in the exoskeleton that are cov­
ered by a thin membrane to which a neuronal receptor is 
attached below. Tension changes in the exoskeleton cause 
slight movements in the cuticular membrane and stimu- 
late the receptors. Slits of varying length may be grouped 
together like the strings of a harp. Slit sense organs en- 
able spiders to detect web vibrations produced by trapped 
insects, and they permit scorpions to detect ground vi­
brations produced by approaching prey. Chemoreceptive 
sensilla (taste and smell) have holes in the cuticle permit- 
ting the Chemical substances being monitored to enter.

Most arthropods possess eyes, but in most species they Eyes 
function only to detect the intensity of light and the di- 
rection of the light source. The ability to detect objects 
is more restricted. Among arthropods the greatest visual 
acuity is found in the predaceous mantis shrimp, some 
crabs, and many insects, all of which possess compound 
eyes. Compound eyes are effective in detecting motion.
The eight eyes of spiders are not of the compound type, 
but in the case of the cursorial (hunting) wolf spiders 
and jumping spiders they are effective in locating and 
tracking prey.

Reproductive System and life cycle. With few excep- 
tions, the sexes are separate in arthropods; i.e., there are 
both male and female individuals. The paired sex organs, 
or gonads, of each sex are connected directly to ducts that 
open onto the ventral surface of the trank, the precise 
location depending upon the arthropod group.

In arthropods, sperm are commonly transferred to the 
female within sealed packets known as spermatophores. Spermato- 
In this method of transfer the sperm are not diluted by phores 
the surrounding medium, in the case of aquatic forms, 
nor do they suffer from rapid desiccation on land. Among 
some arachnids, such as scorpions, pseudoscorpions, and 
some mites, the stalked spermatophore is deposited on the 
ground. Either the female is attracted to the spermatophore 
chemically or the deposition of the spermatophore occurs 
during the course of a nuptial dance, and the male af­
terward maneuvers the female into a Position in which 
she can take up the spermatophore within her genital 
opening. Centipedes also utilize spermatophores with an 
accompanying courtship behaviour. Among insects there 
are some primitive wingless groups, such as collembolans 
and thysanurans, in which the spermatophore is deposited 
on the ground, but in most insects the spermatophores 
are placed directly into the female genital opening by the 
male during copulation. Many arthropods transfer free 
sperm rather than spermatophores. These include many 
crustaceans, millipedes, some insects (such as dipterans 
and hemipterans), spiders, and some mites.
Arthropod eggs are usually rieh in yolk, but in all groups 

there are species whose eggs have little yolk. Some spe- 
cialized methods of reproduction found among certain 
arthropods include the development of unfertilized eggs
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(parthenogenesis), the birth of living young (viviparity), 
and the formation of several embryos from a single fertil- 
ized egg (polyembryony).

The eggs o f many crustaceans hatch into larvae which 
have fewer segments than the adult. The earliest larval 
hatching stage is a minute nauplius larva, which possesses 
only the first three pairs o f appendages. Additional Seg­
ments and appendages then appear at regulär intervals 
with molting. There are several advantages of larval stages 
in the development of aquatic animals: Currents disperse 
the larvae, enabling some to settle in different locations 
from the parents; because many larvae are capable of 
feeding, less yolk is required in the egg; and, moreover, 
planktonic larvae do not compete with benthic adults.

In most chelicerates and insects, almost all of the seg­
ments are present at hatching, although in insects the body 
form may differ from that o f the adult. Primitive insects, 
such as collembolans, have the adult form on hatching. 
Many insects, such as grasshoppers, crickets, and true 
bugs, hatch as nymphs, which superficially resemble the 
adult but lack wings. They gradually acquire these adult 
features during the nymphal instars. Other insects, such 
as beetles, butterflies, moths, flies, and wasps, hatch as 
larvae (grubs, Caterpillars, maggots) that differ markedly 
from the adult. The larvae inhabit different environments 
and eat different foods than the adults. In these insects a 
pupal stage with metamorphosis bridges the gap between 
the larva and the adult form.

Myriapods have the general body form of the adult on 
hatching though they may lack some of the segments. 
Most millipedes hatch with only seven trunk segments. 
Some centipedes hatch with all of the adult trunk seg­
ments, but others have fewer than the adult.

The young of most arachnids are similar to the adult. 
The female scorpion gives birth to her young, which im- 
mediately climb onto her back. Female wolf spiders also 
carry their young, and prior to hatching they carry the 
white egg case attached to the posterior spinnerets. Unlike 
other arachnids, mites and ticks hatch as six-legged larvae, 
which acquire the fourth pair of legs at a later molt.

EVOLUTION AND PALEONTOLOGY
The arthropods share many features with the phylum An- 
nelida. Both are segmented, and members of the annelid 
dass Polychaeta have a pair of appendages on each seg­
ment. The plan of the nervous System in arthropods is 
very similar to that of annelids, and the basic plan in both 
groups shows a tubulär, dorsal heart, which is then lost 
or modified in some. Annelids possess a coelom, which in 
arthropods is present only in the embryo. Its absence is 
probably related to the evolution of the exoskeleton and 
to the change in the mode of locomotion.

The first fossil arthropods appear in the Cambrian Period 
(570,000,000 to 500,000,000 years ago) and are repre- 
sented by trilobites, merostomes, and crustaceans. Also 
present are some enigmatic arthropods that do not fit into 
any of the existing subphyla. The earliest terrestrial arach- 
nid is from the Devonian Period (395,000,000 to 345,- 
000,000 years ago), but it does not belong to any living 
order. Though a myriapod-like fossil has been found from 
the Devonian Period, it is not until the Carboniferous 
Period (345,000,000 to 280,000,000 years ago) that there 
is a good record of centipedes, millipedes, and insects.

Most zoologists recognize the trilobites, chelicerates, crus­
taceans, and uniramians as four major lines of arthropod 
evolution, but there is little agreement as to how these 
lines are related to one another or, indeed, if they had 
independent evolutionary origins from the annelids. The 
Uniramia takes its name from the proposition that the ap­
pendages of these arthropods are primitively unbranched. 
This idea is not accepted by all zoologists, especially some 
entomologists.

CLASSIFICATION
Distinguishing taxonomie features. Modification, spe- 

cialization, number, and appearance of body segments 
and appendages (especially anterior ones such as antennae 
and mouthparts) are important criteria in distinguishing 
arthropod classes. Other structural features of taxonomie

importance include location of the gonopores, structure of 
the head, and adaptations o f the respiratory and excretory 
Systems. In the Classification below, the group marked with 
a dagger ( f ) is wholly extinct and known only from fossils.

Annotated Classification.
PHYLUM ARTHROPODA

Bilaterally symmetrical invertebrates with jointed exoskeleton 
covering body and appendages; cilia absent; body segmented, 
though Segmentation commonly reduced as a result of fusion; 
appendages typically specialized for different functions; coelom 
greatly reduced; nervous System consists of dorsal brain and a 
double or single (fused) ventral nerve cord; eggs typically rieh 
in yolk; development highly modified. 
f  Subphylum Trilobita (trilobites)

Extinct; head (or cephalon) composed o f  5 segments bearing 
a pair o f  antennae and com pound eyes; oval, flattened body 
composed o f  cephalon, thorax, and pygidium, each segmented; 
dorsal surface m olded longitudinally into 3 lobes; each segment 
bears a pair o f  similar, branched appendages; marine; Cam­
brian Period to the end o f  the Paleozoic Era; more than 4,000 
fossil species known.
Subphylum Chelicerata

Body divided into prosoma (cephalothorax) and opisthosoma 
(abdomen); no antennae; first pair o f  appendages consists o f  
chelicerae flanking the mouth; in most chelicerates the other 
prosomal appendages are a pair o f  pedipalps and four pairs o f  
legs.

Class Merostomata
Large marine chelicerates with book gills on the underside 

o f  the opisthosoma; prosoma covered by a dorsal carapace; 
opisthosoma bears a long terminal spine; 2 orders, Xiphosura 
(horseshoe crabs, 4 species) and Eurypterida (Gigantostraca), 
which is extinct and includes 200 fossil species from the 
Paleozoic Era.

dass Arachnida (scorpions, spiders, ticks, mites)
Chiefly terrestrial; book lungs and/or tracheae as gas exchange 

organs; opisthosoma (abdomen) segmented or unsegmented 
externally and broadly or narrowly joined to the prosoma; 
prosomal appendages consist o f  1 pair o f  chelicerae, 1 pair 
o f  pedipalps, and 4 pairs o f  legs; gonopore always on the 
lower side o f  second abdominal segment; about 70,750 species; 
0.25 mm-18 cm.

dass Pycnogonida (sea spiders)
Marine; narrow trunk o f  4 to 6 segments; greatly reduced 

abdomen; cephalon (head) with proboscis bearing a pair o f  che­
licerae, palpi, and egg-carrying legs; usually 4 pairs o f  walking 
legs attached to lateral projections o f  the trunk; tubercle with 4 
eyes located dorsally between the first pair o f legs; no gas respi­
ratory organs; com monly found crawling over sessile animals, 
such as hydroids and bryozoans; about 1,000 described species;
1 m m -10 cm.
Subphylum Crustacea

Chiefly aquatic; head bearing 2 pairs o f  antennae, a pair o f  
mandibles, and 2 pairs o f  maxillae; trunk highly variable but 
commonly covered in part or entirely by a posteriorly directed 
fold o f  the head (carapace); paired appendages biramous, often 
with 1 branch lost; 2 stalked or stalkless compound eyes present 
in most; when present, gas exchange organs are gills; mostly 
marine, but many freshwater species; some isopods terrestrial;
44,000 described species in up to 10 classes.
Suphylum Uniramia

Chiefly terrestrial; segmental appendages primitively un­
branched; head appendages comprise a pair o f  antennae, a 
pair o f  mandibles, and 1 or 2 pairs o f  maxillae; trunk and 
appendages variable; respiratory organs are tracheae.

dass Chilopoda (centipedes)
Elongate; many trunk segments, each with 1 pair o f legs; 2 

pairs o f  maxillae covered by a large pair o f  poison claws repre- 
senting the first pair o f  trunk appendages; eyes, i f  present, are 
simple ocelli; gonopore on last segment; 5 mm to almost 30 
cm; about 2,500 living species.

Class Symphyla
Mouthparts consist o f  a pair o f  mandibles and 2 pairs o f  max­

illae; 12 leg-bearing trunk segments; terminal segment carries a 
pair o f  spinnerets; gonopore on fourth segment; 1-8 mm; about 
160 living species.

Class Diplopoda (millipedes)
Elongate; trunk containing many diplosegments, each bearing

2 pairs o f  legs and spiracles; single pair o f  maxillae fused to 
form a flattened plate (gnathochilarium); first 4 trunk segments 
not diplosegments, and third bears the gonopores; simple eyes 
(ocelli) present or absent; 2 m m -28 cm; about 10,000 living 
species.
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C la ss  P a u ro p o d a
Antennae branched; a pair o f  maxillae; 9-11 trunk segments 

bearing legs; gonopores on third trunk segment as in diplopods; 
0.5-1.5 mm; about 500 described species.

C la ss  In se c ta
Body composed o f  a head, thorax, and abdomen; head bears 

simple eyes and usually a pair o f  lateral compound eyes; 2 
pairs o f  maxillae, the second pair fused (labium); thorax of 3 
segments, each with a pair o f  legs, and the second and third 
usually bearing wings; abdomen o f 11 segments without ap­
pendages in the adult; gonopore at end o f  abdomen; 0.25 m m - 
33 cm; about 751,000 described species.

Critical appraisal. The Classification adopted above is 
the most widely accepted system and the one followed in 
Synopsis and Classification o f Living Organisms edited by 
Sybil P. Parker. An older and frequently encountered Sys­
tem unites all of the mandibulate arthropods (crustaceans 
and uniramians) within one subphylum, the Mandibulata, 
but since crustaceans and uniramians are now believed to 
constitute independent lines of evolution, the Mandibu­
lata is an artificial taxon. If the four major lines of 
arthropod evolution—trilobites, chelicerates, crustaceans, 
and uniramians—evolved independently from annelidan 
ancestors, then each should constitute a separate phylum 
and the Arthropoda, a superphylum.

Most zoologists agree that the myriapod classes, which 
contain the uniramians with long trunks, are related to in­
sects, but the precise interrelationships of these five classes 
are still unknown. Members o f the phylum Onychophora, 
caterpillar-like animals o f the tropics and the Southern 
Hemisphere, are believed to be near the ancestors of the 
uniramians, and they are sometimes included within the 
Arthropoda. Onychophorans, however, lack a well-devel- 
oped exoskeleton, the most basic feature of the phylum.

Members of the phylum Tardigrada, called water bears, 
are microscopie animals living in algae, soil, and moss.

Although they have sometimes been included within the 
Arthropoda, the similarity to arthropods is probably super­
ficial, and they are relegated to a separate phylum by most 
zoologists. Another group sometimes called an arthropod 
subphylum or class is the Pentastomida (Linguatulida), 
wormlike parasites that live in the lungs, gut, and coelom 
of reptiles, birds, and mammals. The body is ringed, and 
there is no chitinous exoskeleton; on the side of the head 
are four hooks, but the mouth region lacks jaws and other 
appendages. These peculiarities are undoubtedly related to 
their endoparasitic habit; if they are aberrant arthropods, 
their relationship to the other classes is uncertain.
BIBLIOGRAPHY. Introductory texts include robert d . barnes, 
I n v er te b ra te  Z o o lo g y , 5th ed. (1987); vicki pearse e t a l., 
L iv in g  In ver teb ra te s  (1987); richard  s. boardman , alan  h . 
cheetham , and albert j. RowELL (eds.), F o ss il  In v er te b ra te s  
(1987); Alfred KAESTNER, In v e r te b ra te  Z o o lo g y , vol. 2 and 3, 
trans, from German and adapted by herbert  w . and lorna  r . 
levi (1968-70); “Arthropoda,” in sybil p . parker  (ed.), S y n ­
o p s is  a n d  C la ss ifica tio n  o f  L iv in g  O rg a n ism s , vol. 2 (1982), pp. 
71-728, taxonomie classifïcations; and Friedrich  schaller , 
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neth  u. clarke, T h e  B io lo g y  o f  th e  A r th ro p o d a  (1973), em- 
phasizing the unity o f  functions among arthropods; clyde f . 
herreid  ii and Charles r . fourtner  (eds.), L o c o m o tio n  a n d  
E n e rg e tic s  in  A r th ro p o d s  (1981); a nthony  c . neville, B io lo g y  
o f  th e  A r th ro p o d  C u tic le  (1975), on the phylogeny, physical 
properties, and physiology o f  cuticle; and j . bereiter-ha h n , 
a .g . matoltsky, and k . sylvia Richards (eds.), B io lo g y  o f  th e  
I n te g u m e n t  (1984), vol. 1, In v er te b ra te s , with several chapters 
on the arthropod integument. Opposing viewpoints on the evo­
lution o f  arthropods are presented by h . bruce boudreaux , 
A rth ro p o d  P h y lo g en y  w ith  S p e c ia l R e fe r e n c e  to  In sec ts  (1979), 
favouring a monophyletic or single-ancestor origin; and s.m . 
m anton , T h e A r th ro p o d a : H a b its , F u n c tio n a l M o rp h o lo g y , a n d  
E v o lu tio n  (1977), taking a polyphyletic origin.

(R.D.Ba.)

Classification of the Arts

As long as the name arts is given to a realm so vast 
and indefinite as to embrace literature, music and 
dance, theatre and film, the visual and decorative 

arts, and other equally diverse activities, their Classifica­
tion—the ways in which each is regarded as being either 
unique or like others—will remain a controversial but 
necessary undertaking. Classification is a useful approach 
to the Organization o f knowledge in any field: the Classi­
fication of plants and animals in the 18th Century led to 
the disco very o f evolution in the 19th. In the arts, Clas­
sification can be o f immense help in understanding the 
interrelations between the arts and in drawing attention to 
characteristics o f each that might otherwise go unnoticed. 
Whether it is consciously devised or largely unconscious, 
some sort of Classification is implicit in any serious ex- 
ploration of the arts. Related to it is an appraisal of the 
importance and value o f each of the arts. Admirers of a 
particular art often feel that it is unique and deny that 
it is like any other. Logically, however, anything correctly 
described as a work of art, whether a poem, a picture, or 
a sonata, belongs to that class and hence resembles other 
members of the class to some extent. Some works or types 
of art are more nearly unique than others in resembling 
fewer others or in resembling others in fewer respects. On 
the other hand, no type or example is exactly like any 
other, but the differences may be negligible for all practi­
cal purposes.

There is no one correct way of making a Classification. 
The aims and interests o f the person making the Clas­
sification, and his philosophical orientation, are usually 
significant factors. The emphasis may be placed on senso- 
ry qualities, for example, or on moral and religious ideals. 
Regardless what Classification is used, however, as it is 
subdivided into smaller groups, detailed similarities and

differences are brought out in the emotional, intellectual, 
and social features of the works or art involved.

The C lassification of th e  arts is  c lo se ly  rela ted  to  sub- 
je c ts  th a t rece ive  m o r e  ex te n s iv e  tr e a tm e n t in  th e  artic les
AESTHETICS; PHILOSOPHIES OF THE BRANCHES OF KNOWL­
EDGE; and a r t s , c r it ic is m  o f  t h e . Discussions of specific 
Classification Systems are in a r t s , s t y l e  in  t h e ; f o l k  
a r t s ; and a r t s , p r a c t ic e  a n d  p r o f e s s io n  o f  t h e . The 
relationship between the arts within a given culture is dis- 
cussed in s o u t h  a s ia n  a r t s  and comparable articles on 
the arts of other peoples.

The article that follows will attempt only to draw the 
reader’s attention to the importance of the subject of Clas­
sification in the study of the arts and to offer him means 
of applying thoughtful scrutiny to a process that has too 
often remained subconscious.

It is divided into the following sections:

Bases o f  Classification 98 
Problems o f  definition 99 
Bases in status 99 
Mode o f presentation as a base 100 
Other types o f base 101 

Historical development 102

BASES OF CLASSIFICATION

To classify things is to arrange them in groups or se- 
quences according to a plan, especially on the basis of 
some characteristic that they are thought to have in com­
mon. Thus, the names in a directory may be arranged 
according to the letter óf the alphabet with which each last 
name begins. A biologist classifies the kinds of animal or
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plant within a certain area. A museum of art may place its 
sculptures in one gallery, its paintings in another. It may 
also classify them according to historical period, such as 
Italian Renaissance or 18th-century French.

A base or basis of Classification is a concept of what the 
members of a certain class are thought to have in common, 
a factor that can be used either for grouping them or for 
separating them from other classes. “Subject represented” 
is one such base: it may be used to separate “paintings” 
into three or more groups, such as portraits, landscapes, 
and narrative scenes. This involves Classification in a nar- 
row sense; that is, as grouping items or subgroups together 
under certain headings. It also involves division, which 
can be regarded as the opposite of Classification, but the 
latter is usually made to cover both processes. A large, 
complex art such as literature can be divided into smaller 
ones, such as poetry and prose. Each of these also can 
be subdivided, as into epic, dramatic, and lyric poetry. 
A relatively complex, detailed division and Classification 
of the arts from a Philosophie point of view is called a 
System of the arts.

The study and scientific practice of classifying phenom- 
ena in an extensive field is called taxonomy. In biology 

Taxonomy and other exact Sciences, it is highly complex and consis- 
in the arts tent, with precise definitions. Thus a “genus” in biology 

comes between a “family” and a “species.” In classifying 
arts, however, such terms are used more loosely. Thus, 
genus can mean, in aesthetics, any fairly large, inclusive 
group, capable of including subgroups and also of being 
subsumed under a still larger group. A species, in the 
broad sense, is one of the main divisions of a genus, and 
the traits or characteristics of a genus are generic traits. 
Differentiae are ways in which individuals or subgroups 
in a larger group are significantly unlike. Aristotle distin- 
guishes between epics and tragedies in poetry in terms of 
differentiae.
To define or locate a particular example or subgroup 

in a System of Classification, it must be ascertained, first, 
what genus (inclusive group) or genera it belongs to and 
then how it differs from others in that group or groups. A 
species is one of the main divisions of a genus, but it may 
also act as a genus (in the broader sense of that word) by 
including smaller groups.

Problems of definition. What are the arts, and what is 
art in general? This is still a controversial question after 
centuries of debate. No particular definition commands 
universal assent. Several meanings are still frequently used, 
of which the oldest is the broad, technical sense. In this 
sense, the English word art and its equivalents in Greek 
and Latin covered not only what are now called “fine 
arts” or “aesthetic arts” but any kind of transmitted, useful 
skill, such as agriculture, medicine, and war. This sense of 
“art” survives in such terms as Bachelor of Arts, a degree 
that is often awarded for a course of study that involves 
no aesthetic arts at all.

In the 18th Century, the so-called beaux arts, the beautiful 
or high arts (also called “elegant” or “polite” arts), were 
distinguished from the merely useful arts on the ground 
that they were aimed at giving aesthetic pleasure to the 
beholder. In the 19th and 20th centuries, there has been 
a tendency to abandon the name art in speaking of the 
purely utilitarian skills and to call them instead “indus­
tries,” “technics,” “branches of engineering,” or “applied 
Sciences.” Without the prefix fine, the word art alone is 
now commonly understood to mean the fine or aesthetic 
arts. To produce an experience of beauty or aesthetic 
satisfaction is said to be their distinguishing function or 
characteristic but not necessarily their only one. In this 
moderately broad, technical sense, some, but not all, ar­
chitecture, furniture, and clothing can qualify as arts in 
spite of their useful purposes. They can be called useful 
arts, rather than merely useful skills, because they combine 
aesthetic and utilitarian forms and functions. On the other 
hand, such technics as coal mining and placing metal 
pipes underground do not qualify as arts at all, since they 
do not ordinarily involve aesthetic perception.

In psychology, anthropology, and other Sciences, a partic­
ular product or performance does not have to be beautiful 
or aesthetically satisfying to qualify as art. The same can

be said of much primitive art, children’s art, and art pro­
duced by the insane. They may be classed as art if they 
belong to types o f product or performance that have been 
socially recognized as having an aesthetic function. In this 
sense, any picture, clay figure, dance, or traditional song 
can be accepted as a work of art, whether beautiful or 
not. Being nonevaluative, this conception makes it possi­
ble for the scientist to study the arts as a field of cultural 
phenomena for investigation, without having to show in 
advance that they are pleasant, good, or beautiful.

In another sense of “art,” called the expressionist theory, 
art has been defined as the expression and transmission of 
remembered emotion. This definition is not inconsistent 
with the technical meanings, but it puts an emphasis on 
the artist’s procedure rather than on the effects and func­
tions of the product.

In a third sense (an extremely narrow one), the concept of 
art is limited to painting and drawing alone, sometimes to 
the visual arts alone. This definition has the disadvantage 
of excluding music, poetry, dance, and many other arts 
that have long been recognized as “fine” or “aesthetic.” It 
is confusing in that painting and the other visual, manual 
arts were themselves long excluded from the category of 
“liberal arts.”

The decorative arts are a species of visual art whose main Decorative 
function is to combine utility with beauty or aesthetic and indus- 
satisfaction. They tend to emphasize visual omamentation trial arts 
and design along with fitness for some useful end or ends.
Although Western painting and sculpture in the past tradi- 
tionally tended to emphasize representation, the decorative 
arts used both abstract and representational design. Utili­
ty, design, and representation appear with varying degrees 
of emphasis in such arts as medieval book illumination, 
jewelry, Greek or Chinese vase painting, Persian rugs, and 
French rococo furniture. Some styles of decorative art are 
comparatively plain and simple in order to achieve an 
effect of visual design without superficial ornament.

Ironworking is usually classed as an industry not an art, 
because most of its activity is devoted to products that 
have no aesthetic intent. A small branch of the industry, 
however, may be devoted to making decorative designs 
in iron and steel, perhaps for use in architecture. This 
branch may be called a useful art or a decorative art; the 
two categories overlap. If old-fashioned hand methods are 
used there, the term handicraft is also applicable.

The term industrial art is now applied chiefly to arts 
in which machinery and mass production are commonly 
employed, with many specialized workers cooperating, as 
in motion pictures. It may be applied to the process of 
making large numbers o f colour-print reproductions from 
paintings. Such art used for advertising, however, as in 
newspaper layouts and Street posters, is called “commer­
cial art.” The industrial arts include many types of large- 
scale manufacture in which an aesthetic appeal is sought, 
as in the manufacture of books, magazines, refrigerators, 
typewriters, furniture, television sets, automobiles, air- 
planes, or appliances. The aesthetic factor in such work is 
sometimes called “styling.”

Bases in status. Until the 18th Century, the most com­
mon basis for classifying the arts was in terms of their 
social and psychological status. This System, which was 
devised by the ancient Greek philosophers, involved a 
wide Separation between the so-called liberal and servile 
arts. In ancient Greece and Rome, the liberal arts were Liberal and 
conceived as: (1) those that befitted a freeman and were servile arts 
thus comparatively noble, aristocratie, or genteel; (2) those 
requiring the exercise of superior mental ability, rather 
than mere hand labour, however skillful; and (3) those 
tending to elevate the minds of the artist and of his 
patrons, rather than merely providing material comforts, 
pleasures, and conveniences. The servile arts were those 
befitting only a person of a lower class, at least as far as 
the work itself was concerned. It was beneath the dignity 
of a lady or gentleman to work in them but not to use 
and enjoy such products. For the wealthy aristocrat, even 
to practice painting as a hobby exposed him to ridicule.
Aristotle notes that even if the gentleman practices music 
for his own pleasure, he should not do it too well.
From the medieval period through the Renaissance, the
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class distinction between liberal and servile was retained 
in modified form. The “seven liberal arts” of the Middle 
Ages were composed of the trivium, or literary group— 
consisting of grammar, dialectic, and rhetoric—and the 
quadrivium, or mathematical group—consisting of arith- 
metic, geometry, music, and astronomy. Music was theo- 
retical in emphasis, with little attention to its sound and 
much to the numerical relations among the tones. In the 
12th Century, literature, including poetry, tales, and dra- 
mas, was classed as a mere supplement or aid to philos- 
ophy. Modern taste admires the visual arts of the Middle 
Ages, but many churchmen and philosophers of the time 
condemned them as sensuous, perhaps idolatrous. The 
artist in a material medium such as stone or metal was 
low in social status until well along in the Renaissance.

In and after the Renaissance, art was conceived as being 
more hedonistic, more devoted to providing aesthetic plea­
sure through the sensuous perception of beautiful forms. 
This conception partly replaced the emphasis on moral 
and intellectual qualities in the ancient Greek and Ro­
man traditions. The manual arts of decoration and design 
gradually rose in prestige, along with the arts of music, 
poetry, ballet, and theatre. Visual artists in such media 
as architecture, landscape, design, and pageantry gained 
in respect and in financial rewards. High status in them 
depended more on success in pleasing a luxury-loving 
aristocracy than on moral and intellectual virtues. But 
some philosophers urged that art at its best combines both 
sets of values.

A hint of social status persists today in the distinction be- 
Elite and tween “elite” and “populär” art, which includes products 
populär of the “mass media” such as film, newspaper and maga- 
arts zine illustration, radio, and television. But this distinction

refers more to the level of taste and education supposedly 
required to appreciate these arts, and to their different 
publics, than to social or financial status.
Certain arts have been grouped from time to time as 

“lively,” suggesting animation and gaiety, in contrast with 
the supposed solemnity of classical, “highbrow” art. Such 
arts are, on the whole, suited to populär taste, though 
often appealing also to the scholarly. They often are easy 
to grasp and involve a simple narrative. The comic strip 
is static, but it suggests movement, often playfully exag- 
gerated into mock violence. Some, but not all, lively arts 
involve directly presented motion, as in the film, which 
has rapidly ascended from a populär to a serious art. At its 
best, it can achieve all types of aesthetic value, including 
emotional expression, character, and plot, but it does not 
always try to avoid banality.

Major and The antithesis between “major” and “minor” arts is partly 
minor arts dependent on the social status and cultural context of the 

arts concerned, though it is often mentioned as if certain 
arts were inherently and permanently greater than others. 
The ground of superiority of an art, according to some 
philosophers, is its greater ability to express thoughts and 
feelings of universal, lasting value. Poetry and other forms 
of literature have been regarded as superior in this respect 
to the decorative arts, which were associated with super­
ficial, thoughtless luxuries. As the decorative and useful 
arts rose in critical esteem, however, a tendency to reject 
these evaluations has become evident. A Persian rug or a 
sonata, it is said, is not necessarily inferior in aesthetic, 
moral, or spiritual values to a poem, play, or novel. Its 
value depends on what it does in its own medium. What 
seems at first to be mere trivial ornament may have deep, 
symbolic meanings for the culture in which it originated. 
Certainly the relative size of the products provides no sure 
measure of value, as, for instance, between a badly de- 
signed cathedral and a well-designed miniature painting. 
The major-minor antithesis may be useful if applied to 
the relative status of an art in its own cultural context. The 
status of an art may change within a culture and differ 
widely from one culture to another. Tattooing has been a 
major art in some primitive cultures, notably among the 
Maori people of New Zealand. Mosaic was a major art in 
Byzantine culture. Poetry, for the present, has declined in 
importance in Western civilization. The Creative energies 
of man flow at different times through different channels.

Mode of presentation as a base. One way to avoid ques-

tions of value in a descriptive Classification of the arts is to 
use as a base the concept of the sense to which the work is 
primarily addressed, instead of fineness or beauty. Paint­
ing, sculpture, and architecture are said to be addressed 
primarily to the sense of vision; hence they are now in­
creasingly known as “visual arts.” Music is an “auditory” 
art. Opera and sound film with colour are “audiovisual.”
An armchair is addressed not only to vision but also to 
the sense of touch and to muscular sensations of comfort 
and fitness for the posture or range of postures desired.
Thus, a throne, a theatre seat, and a dentist’s chair will 
have somewhat different forms and functions. From the 
aesthetic standpoint, the visual characteristics o f physical 
objects are usually emphasized. Some philosophers have 
pursued this approach into the realm of “lower senses,” 
providing for the “gustatory” art of cuisine and the “ol- 
factory” art of smell, as in perfume and ritual incense.

Painting is one species of visual art, and it can be sub- 
divided in various ways. One is according to style, such 
as baroque or romantic. Another is based on the amount 
of representation, whether the work is realistic, abstract, 
or nonobjective. The words abstract and nonobjective are 
sometimes used interchangeably, to mean nonrepresen- 
tational or intentionally devoid of resemblance to any Abstract 
outside object. At other times, an abstract painting is said and non- 
to be one that starled with a representational conception objec- 
but omitted some or all its representational details, while a tive art 
nonobjective picture is one conceived and executed from 
the beginning in terms of lines and colours without any 
definite outside reference.

Painting can also be divided according to the subject rep- 
resented; that is, into portraiture, landscape, fantasy, and 
so on. Some paintings are colouristic in style; others are 
linear. Some emphasize perspective, with imaginary vistas 
into deep space. The other arts can be similarly divided; 
narrative literature can be in prose or verse; prose narra­
tive can be divided into novels, short stories, and so on.

Poetry is sometimes presented aurally, as in speaking it 
aloud; at other times, visually, as in reading it silently; 
at still other times, tactually, as in reading Braille type 
for the blind. In opera, poetry is presented audiovisually.
Originally, when few persons could read, it was presented 
to the sense of hearing. Now, it is more often read silently.
A poem is fundamentally the same whether read silently 
or heard. In reading it silently, the word sounds are imag- 
ined rather than' heard. For purposes of Classification, the 
art of poetry may be described as primarily auditory, but 
now, often visual or audiovisual; in short, it is variable.

The “performing arts” are so designated because of the 
ways in which they are presented to the attention of 
observers. Most of the visual arts perform automatically, 
so to speak. The artist who created the painting or stat- 
ue did his performing once and for all time, when he 
made it. There is a temporal sequence in perceiving any 
complex, three-dimensional work of art, especially a large 
one such as a cathedral, since the observer must walk 
around it and perhaps inside it in order to see it fully as 
a three-dimensional form. The form itself may change in 
appearance from moment to moment, through changes 
in sunshine, atmosphere, and shadows. Such changes are 
usually considered to be indeterminate and superficial, 
however, not enough to characterize the work of art itself 
as mobile. In mobile sculpture, such as that of the modern 
American Alexander Calder, the form as a whole changes 
in accord with air currents and other pressures from out­
side. Unless moved in a definite way, as by a motor, the 
succession of arrangements in mobile sculpture is some­
what indeterminate.

Arts in which the objects do not ordinarily have to move 
or change radically in order to be properly observed have Mobile and 
been called “static arts,” “space arts,” or “arts of rest,” in static arts 
contrast with “mobile,” “dynamic,” or “time” arts such 
as music and dance. Some arts, notably cinema and bal­
let, unfold actively in both space and time. In cinema, 
the product—the film projected on the screen—is made 
to perform automatically; the operator does not have to 
influence the showing unless something goes wrong. The 
main performance was done permanently in the photo- 
graphing, editing, and other processes involved in produc-
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ing it. Much the same can be said of a phonograph record 
or tape, since the performance was completed by the 
musician before the record was made or marketed. Slight 
adjustments in tone, balance, volume, and the like may 
be required at the start; after that, the record performs 
automatically.
What is meant in speaking of “performing arts,” however, 

is, for example, what the actor does in speaking his lines 
and moving or gesturing as directed, what the musician 
does in playing a certain sonata on his piano or violin, 
and what the dancer does in moving his body as required 
by the choreography. In these examples, there is usually 
a set of directions, prepared by the designer, the Creative 
artist or group of artists, and made available to the per­
former. As a rule such directions allow some scope for 
original interpretation or minor departures from the score, 
so that the performance is not purely automatic. Different 
performances of the same script or printed score may 
vary considerably as to nuances of expression and yet be 
recognizable as renditions of the same composition. Such 
variations help to distinguish an original interpretation 
(good or bad) from a merely mechanical reproduction. Of 
course, a Creative performer may at times compose his 
own score or improvise without the aid of any directions.

Early theories contrasted “arts of motion” with “arts of 
rest” and put painting in the latter category. With the 
advent of the film, especially such works as Walt Disney’s 
“animated cartoons” in colour, photography and paint­
ing began their rapid development as arts of time. They 
are now arts of both space and time, rest and motion. 
This development illustrates the need for flexibility in 
Classification, to allow for the accelerating evolution and 
unpredictable Variation of the arts.

Arts in which works are shown or sounded in a definite 
temporal sequence tend to acquire an appropriate nota­
tion to guide that sequence. Chief among these are the 
performing arts of spoken literature (especially poetry and 
drama), music, dance, pantomime, and other temporal 
arts of the theatre. Stage design, costume, and lighting are 
sometimes classed as theatre arts but are not necessarily 
shown in temporal order.

Poetry was the first art for which a definite notation, that 
of writing and literature in general, was developed. As sung 
or recited by the ancient bards, poetry left a great deal to 
be supplied by tradition and individual taste. Indications 
of rhythmic Variation—by separating lines, sentences, and 
phrases with the aid of punctuation, Capital letters, and 
italics—were slowly developed. Some of the earliest musi­
cal notation consisted of a few conventional marks above 
the words of a poem. Dance steps, which were simple and 
regulated by tradition with the aid of music in songs and 
rituals, remained long without notation.
The notations of music, from the Renaissance to the 

mid-20th Century, became very precise in directing pitch, 
melody, chord structure and progression, rhythm, metre, 
phrasing, dynamics (loud and soft), and many nuances of 
expression. Because of its scope, precision, and adaptabil- 
ity to many styles of music, the printed score was widely 
used as a framework for forms that combined music with 
words, such as song, cantata, oratorio, or opera. It was 
found impossible, however, to record Oriental, primitive, 
and other exotic styles of music and dance in Western 
musical notation. Such music includes pitches that cannot 
be precisely indicated in Western scales; its rhythms tend 
to overflow European bar lines, and the timbres of its 
instruments and voices cannot be exactly described in con­
ventional Western notation. Such limitations were even 
more keenly feit as Western avant-garde composers sought 
to use a great variety of sounds, instrumental and other- 
wise, that had not been previously used in serious music— 
sounds of nature, city life and countryside, birdsongs and 
traffic noises, flowing water, thunder and lightning, and 
many new sounds derived from electronic machinery. In 
music of the 20th Century, timbre and tone quality tended 
to be emphasized rather than conventional melodie and 
chordal progressions. Timbre, rather than rhythm or pitch, 
became the principal component of experimental music. 
Physical scientists cooperated with composers in adapting 
the new knowledge of electronic sound to music.

For the dance also, conventional musical notation came 
in the 20th Century to seem less than adequate for guiding 
movements. Traditionally, the mobile designs of dance 
had been based on a set o f conventional postures and 
movements, mostly devised in the 18th Century. Light 
and graceful whirls, leaps, and glides on tiptoe could be 
fairly well symbolized in a simple Choreographie notation, 
which is still used to some extent in traditional solo dance 
and ballet. As in music, however, style leaders feit the 
need óf a more flexible notation, capable of recording new 
types of emotional expression.

Another motive for breaking with the past in this regard 
was the feeling that dance should not be a handmaid to 
music or limited to expressing musical forms and feelings 
in bodily movement. Experiments were tried in dancing 
without music or with rhythm alone, and new bases were 
sought for recording the moods and movements of the 
dance in visual symbols.

It would be unreasonable to expect a perfect notation in 
so complex an art as modern ballet. Even in such a long 
established notation as the printing of poetry, many qual- 
ities— e.g., tempo—cannot be specified. Verbal notation 
is always incomplete, partly because both poet and reader 
usually prefer to have much of the word-sound content, 
along with other meanings, left to the imagination. Printed 
words are enough to start the reader on an approximate 
path toward understanding. The sound film and the pho­
nograph offer new, partial substitutes for printed notation 
as guides to performing the temporal arts.

Other types of base. Three main types of base for Clas­
sification and division of the arts may be distinguished. 
They may also serve as aids in defining particular arts or 
be combined into one system of the arts.

The first is that of medium or material. It is used in the 
names of such arts as painting, metalwork, woodcarving, 
jewelry, and ceramics. These refer to the physical materi­
als out of which the work of art is made. Sound waves in 
music and light waves in cinema are also physical media. 
Tools and instruments, such as pianos, voices, brushes and 
canvas, chisels and marble, the human body (as in dance), 
are all distinctive materials of the various arts. Perceptual 
qualities such as rhythm, pitch, and colour are parts of 
the medium of sound film. Poetry also uses rhythm.

The second type of base is that of the process or technic 
employed, for example, the hands or other parts of the 
body, or instruments or machines, such as the cameras 
and projectors used in motion pictures. Shaping, sounding, 
and verbalizing are three main types of artistic process. 
They often overlap and combine in various arts.

When photography is conceived merely in terms of op- 
erating a camera, it is a medium of art rather than an 
art itself. It can be used either for purposes of art, as a 
scientific instrument, as a means of recreation, or in other 
ways. It approaches art when used as a device for giving 
someone an aesthetic, visual experience by means of the 
resultant picture.

Some technics are overt, as in dance, employing the 
whole body; others are mental and inner, as in memoriz- 
ing a dramatic role. Some artistic skills are professional 
or managerial, some mechanical or manual. An architect 
plans and oversees the construction of buildings and the 
making o f plans and specifications. A landscape archi­
tect works with plants, roads, levels of ground, hills and 
valleys, roads, lawns, bridges, and sprinkler Systems. An 
author may do little that is overt muscular work but much 
dictating or typewriting.

Some art production is solitary, some cooperative. Some 
emphasizes visual shaping; some sounding; some verbaliz­
ing, usually organizing words and meanings approximately 
in accord with the rules of grammar and syntax in the 
language employed.

The third type of base is that of the form, design, and 
functions o f the product, including its function as an aes­
thetic object; that is, as a stimulus to aesthetic perception 
and imagination. Arts can be grouped or distinguished as 
to the amount of emphasis on the following: (1) Presen- 
tative (i.e., directly perceptible) and suggestive factors; (2) 
modes of Suggestion (e.g., mimesis symbolism, common 
association); (3) components in aesthetic form (e.g., melo-
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dy, harmony, rhythm, perspective, plot, characterization); 
and (4) modes of composition: utilitarian (e.g., as church 
or palace), representational (e.g., narrative, dramatic, lyr- 
ic), expository (e.g., essay, symbolic picture), or thematic 
design (e.g., fugue, sonata, Persian rug, sonnet).

HISTORICAL DEVELOPMENT
In European philosophy, the Classification of the arts, or 
“system” of the arts as it is usually called, has formed an 
integral part not only of the philosophy of art but of Philo­
sophie Systems in general. This has been especially true 
since the work o f the late 18th-century German philoso­
phier Immanuel Kant. European philosophers have not 
limited themselves to making superficial, verbal arrange- 
ments but have undertaken to show the role of each art 
in the mind of man, in world history, and in civilization. 
A system of the arts may also be used in an attempt to 
evaluate the arts and to list them in a hierarchy according 
to their metaphysical and moral roles. In the Western 
democracies, the Classification of the arts has usually been 
given a more modest, secondary role in philosophy, lim­
ited to showing empirical relations.

Thinkers as different as Saint Augustine of Hippo (ad 
354-430), one of the chief influences in Christian thought, 
and Francis Bacon (1561-1626), the English philosopher 
who was instrumental in the development of modern Sci­
ence, feit the need of a systematic survey of the aesthetic 
arts as part of a general survey of human knowledge 
and experience. Separated by more than 1,000 years, 
Augustine and Bacon disagreed on the value of worldly 
knowledge obtained through empirical Science. Augustine 
disapproved of such knowledge, while Bacon approved of 
it. Looking back over his youth, Augustine found much to 
regret and repent in the pleasures afforded by the various 
arts to the five senses. Bacon, in his monumental survey 
the Advancement of Learning, admired the progress of the 
Sciences and foresaw their future benefits to man; to po­
etry, painting, and music he gave a fairly high place, but 
in the “voluptuary arts,” which appeal to the lower senses, 
he found little to praise.

Kant, writing toward the end of the 18th Century, covered 
the field in a tolerant, empirical way, avoiding moral and 
metaphysical dogmatism. Beginning with “art” in general 
(in the broad, technical sense including all transmitted 
human skill), he distinguished it from nature, Science, and 
paid handicrafts. He then distinguished between aesthetic 
art and mechanical art, the first of which he subdivided 
into fine, or beautiful, art and agreeable, or pleasant, art. 
His division of fine art into the arts of speech, the shaping 
arts, and the arts involving the beautiful play of sensations 
led him eventually to further subdivisions into poetry, mu­
sic, landscape gardening, the art of colour, buildings, and 
furniture. Under agreeable art, he assigned a place for din- 
ner music, table arrangement, and entertaining narrative.

Georg Wilhelm Friedrich Hegel (1770-1831), another 
German philosopher who was vitally concerned with the 
arts, offered a system combining the ancient Greek philo- 
sophical conception of a cosmic mind (which embraced 
all man recognizes as reality) with the theory of evolution. 
In the world process envisaged in his scheme, he assigned 
an important role to the arts: architecture is most capable 
of expressing the early, symbolic stage in world history; 
sculpture, the classic stage; painting, music, and poetry, 
the romantic stage.

The article on the Fine Arts, in the llth  edition of the 
Encyclopcedia Britannica (1910-11), by the English man 
of letters Sir Sidney Colvin, is one of the few attempts in 
English to deal with the subject in a detailed, systematic 
way. He proposed three main divisions: the first, into shap­
ing, moving, and speaking arts; the second, into imitative 
and nonimitative arts; and the third, into serviceable and 
nonserviceable arts. This triple division expressed Colvin’s 
belief that no one formula could adequately describe the 
manifold interrelations of the arts.

On the other hand, Max Dessoir, a leading German 
aesthetician in the first part of the 20th Century, tried to 
combine several bases in one pattern. In his construct, 
space and time arts are arranged in two vertical columns, 
with sculpture, painting, architecture, and plastic arts listed 
under “space” and mimicry, poetry, music, and poetic 
arts under “time.” A third parallel column contrasts the 
arts “of imitation and definite associations” with the “free 
arts of indefinite associations.” He commits the same er­
ror that many previous writers made in supposing that 
the space arts coincide with the arts of rest and the time 
arts with the arts of movement and succession and that 
sculpture and painting are necessarily imitative (i.e., rep­
resentational). He did not recognize the extent to which 
the traditional arts had changed, making new modes of 
Classification necessary.

Instead of rectangular diagrams, Etienne Souriau, a 
French aesthetician of the mid-20th Century, offered a 
wheel-shaped one. By means of this form, he showed 
how seven basic types of perceptible data (lines, volumes, 
colours, sounds, and so forth) were developed into com­
plex arts. Using concentric circles, he showed how each 
type of datum developed into a nonrepresentational and 
a representational art. Though no such diagram can offer 
a complete picture, Souriau presents a large number of 
interrelations in a simple pattern.
BIBLIOGRAPHY. st. a u g ustine , C on fession s, trans, by e.b. 
pusey, pp. 223-239  (1838), one o f the earliest extant classi- 
fications o f the arts, was made in disapproving o f them on 
moral and religious grounds; francis bacon, D e  A u g m e n t is  
S c ien tia ru m , is an enlargement in Latin  o f  T h e  A d va n ce m e n t  
o f  L earn in g , bk. 2, ch. 1, vol. 4 o f  T h e W o rk s  o f  F ran cis B acon  
(1858), a profound, far-reaching survey o f the state o f Science 
and technology in the early 17th Century, which includes a 
short Classification o f  the arts; sidney colvin , “ Fine Arts,” in 
E ncyclopcedia  B rita n n ic a , l l t h  ed., vol. 10, pp. 355-375 (1 91 0 - 
11), is one o f the few attempts in English at a detailed, system­
atic Classification o f the arts on various grounds; max dessoir, 
Ä sth e tik  u n d  a llg e m e in e  K u n s tw isse n sch a ft (1906; Eng. trans, 
by s.A. emery, A e s th e tic s  a n d  T h eo ry  o f  A rt, 1970), is a system 
o f the arts reduced to a short, neat pattern, by a leading G er­
man aesthetician; g .w .f . h eg el , V orlesu n gen  ü ber  d ie  A es th e tik ,  
trans, by f .p.b. osmaston, P h ilo so p h y  o f  F in e  A rt: In tro d u c tio n  
(1920), is a system that is remarkable for its cosmic breadth; 
immanuel kant, K r it ik  d e r  U rte ilsk ra ft, part o f  this work trans, 
by J.c. meredith as C rit iq u e  o f  A e s th e tic  J u d g m e n t (1911), is 
a pre-evolutionary em pirical system, based on common sense 
and broadly tolerant tow ard the m any manifestations o f art in 
his time; Thomas m unro , T h e  A r ts  a n d  T h e ir  In te rre la tio n s , 
rev. ed. (1967), is a critical survey o f the various classifications 
o f the arts up to the m id-20th  Century, w ith reference to more 
than 400 arts and types o f  art; O rie n ta l A e s th e tic s  (1965), on 
types and classifications o f the arts in India, China, and Japan; 
and etienne souriau , L a  C o rre sp o n d a n ce  d e s  a r ts  (1947): a 
wheel-shaped diagram exhibits the system o f the arts from a 
modern French point o f view.

(Th.M.)
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Criticism of the Arts

Criticism of literature, of music, of the visual arts, 
or of any other of the arts can be a controversial 
enterprise. For one thing, disputes arise about the 

purpose and nature of the judgments made by critics; for 
another, disputes arise about the nature and properties of 
what it is that critics discuss—the works of art themselves; 
and for still another, disputes arise about the possibility 
of generalizing about all the arts, each of which dilfers 
significantly from the others in many respects.

Each of these disputes is really a complex cluster, in­
volving nearly all of the persistent issues involved in the 
practice of criticism. Although this article cannot pursue 
all of these issues, it will attempt to provide an orientation 
that will facilitate their investigation.

The article is divided into the following sections:

The nature o f  aesthetic criticism 103 
The concerns o f  the critic 103 
The properties o f works o f  art 103 
Identifying and describing works o f art 103 
Interpreting works o f  art 104 
Evaluating works o f  art 104 

External influences on aesthetic criticism 106 
The influence o f doctrine and ideology 106 
Historical and biographical influences 106

THE NATURE OF AESTHETIC CRITICISM
The concerns of the critic. It may be safely said that 

criticism in all the arts is concerned with the description 
and assessment of particular works. Although some hold 
that the critic’s proper function is only the appraisal or 
evaluation of works of art, it is certain that nothing can 
be evaluated unless it is describable beforehand. Accuracy 
of description can in fact be so extremely difficult, par­
ticularly for complex or unfamiliar works and traditions, 
that some critics devote their efforts largely to matters of 
a descriptive sort.

It may also be said that all critics of the arts are con­
cerned with the description and evaluation of works of 
art as works o f art, even if they are more interested in 
moral, political, religious, ideological, or other consider- 
ations. For example, the moral criticism of works of art 
presupposes that the actual properties and features of a 
given work first may be fixed and then may be examined 
further according to moral considerations. Similarly, re­
ligious, political, or other considerations can only follow 
some relatively objective determination of what it is that 
is being examined. It is in this sense that criticism of the 

Primacy of arts is primarily aesthetic. Although the objectivity of a 
aesthetic description or an evaluation may be argued, as well as the
issues propriety of concentrating on only the aesthetic aspects

of a work, the central point is not open to dispute; if  
given works of art are to be appraised on any grounds, 
they must be independently describable beforehand. One 
cannot judge what one cannot identify and describe.

The properties of works of art. Quarrels also arise about 
what may rightly be construed as the properties of works 
of art. For example, to say that a novel expresses a certain 
Gothic longing or that a painting symbolizes the end of 
feudalism or that a work of sculpture represents a bird in 
flight presupposes some theory of what a work of art is. 
The object cannot be described truthfully unless it is of a 
sort that can exhibit the properties ascribed, and quarrels 
often arise about what may rightly be construed as the 
properties of works of art as such. To see this is to see 
the sense in which descriptive statements are theory-laden. 
The theory of criticism and the theory of the nature of a 
work of art are largely aspects of the same question.

Provisionally, then, the criticism of works of art may be

considered, at least minimally, as aesthetic criticism—that 
is, centred on the actual properties of the works consid­
ered. Correspondingly, appreciation of art may be said to 
be aesthetic when the art is savoured or enjoyed in terms 
of the properties that may be discriminated in it. Appre­
ciation, in this sense of the term, may be informed by 
criticism, since both are focussed on the same properties.
This point should be emphasized because it has been held 
by Leo Tolstoy and others that a genuine appreciation of 
art must be a naïve, direct, or uninformed response. If 
serious thought and labour go into the creation of works 
of art, however, there is no reason why a similar effort will 
not be needed to appreciate or criticize them.

Identifying and describing works of art. The crucial 
conceptual issues in criticism of the arts are what is meant 
by a work o f art and how its properties may be ascertained.
The difficulties involved in these issues are principally of 
two sorts. One concerns the identity and individuation 
of works of art. For example, different performances of 
the same piece of music may be perceived to differ from 
one another. A given piece may be transposed for differ­
ent instruments, or it may be performed on instruments 
that have been modified since the date o f composition, 
and performances by different artists will regularly exhibit 
noticeably different qualities. Nevertheless, it is normally 
considered one and the same piece of music as long as 
it is identified by reference to a particular score, even 
though aesthetically there may be more interest in the 
subtle variations in the performances than in what they 
have in common. Some critics hold that all distinct perfor­
mances must be compatible with some ideal performance 
or that all admissible performances must correspond to 
the fundamental score, and deviations from it result in 
serious logical paradoxes. It does seem possible, however, 
to admit as instances of the same work performances so 
different from each other as to appear incompatible with 
any idealized performance.

The same conclusion may be drawn for all the arts 
that rely on a notational scheme. Variant versions of a 
poem, for example, may count as instances of the same 
poem, and analogous instances may be found in theatre, 
dance, film, and in view of the increasing importance of 
the blueprint, architecture. Analogies may be found in the 
plastic arts as well.

It is important to emphasize that an entire range of ques- 
tions regarding the objectivity of criticism rests on puzzles 
respecting the referent of criticism. Both in describing The 
and in evaluating particular works, it must be made clear referent of 
whether different versions of the same work of art or criticism 
several distinct works of art are being discussed. Identity 
may sometimes be established by detailed analysis, for ex­
ample, by providing evidence on notational and cultural 
grounds that what seemed to be different folk songs may 
be construed as variant versions of the same song.

The principal issues of criticism concern not the identifi- 
cation of works of art but their description and evaluation.
It is not possible to segregate entirely what may be cor- 
rectly said about a given work of art and what it is that 
individuates that work of art—that is, makes it a distinct 
entity within a class of related entities.

To illustrate this point, imagine that the central image of 
a given work may be construed in two radically different 
ways. Some of Anton Chekhov’s plays, for example, may 
be construed as either comedies or tragedies, depending 
on whether the views of the author or those of the director 
Konstantin Stanislavsky are preferred. If the possibility 
of such competing views be admitted (even though the 
mere admission of them presupposes a certain theory of 
criticism), then any account of what a critic does must 
accommodate this possibility.

When critics say what a certain image means and their
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(defensible) accounts conflict with each other, it is clear 
that they cannot be describing the work at hand. It should 
be possible to confirm a description by an independent 
study of the object described. Obviously, it is not possible 
to confirm descriptions that are incompatible.

It might be argued that the differences in conflicting 
critical accounts are merely apparent, as a coin might be 
described as circular from one view and elliptical from 
another. To resolve such an apparent difference in a phys­
ical object like a coin, one could invoke some commonly 
accepted canon such as saying that when it is seen “under 
normal circumstances” the differences disappear. In criti­
cism of the arts, however, there is no such common canon 
in terms of which the competing views may be sorted. 
Moreover, in some schools of criticism, such conflicting 
views would not be ruled out as impossible.

Interpreting works of art. The solution is to distinguish 
between describing works of art and interpreting works of 
art: a critic’s description may be true or false of the work 
in question, but his interpretation of the work can be only 
plausible or implausible. Each of several incompatible 
interpretations may be plausible, but they cannot all be 
true. In rendering an interpretation of a work of art, then, 
the critic must be imputing to it properties that cannot 
with certainty be found in it. This view of critical practice 
implies a theory of the nature of a work of art that allows 
some properties to be considered either truly in the work 
or only plausibly imputed to it.
A substantial body of criticism is intelligible only if the 

critics who purport to be describing given works— incor- 
porating analysis, comparison, historical or biographical 
explanation, and the like—are, to some extent at least, in­
terpreting those works. The enormous body of criticism of 
the greatest poetry, drama, and fiction shows how dissimi­
lar the apparently descriptive efforts of critics may be. The 
mere existence of this vast body of diverse views would 
appear to refute the claim that interpretation is merely the 
unearthing of what is descriptively true of a work of art. 
It may include this but it must be more.

Interpretive criticism would be unintelligible without a 
counterpart theory of the nature of a work of art. The 
key to that theory lies in not confusing works of art with 
the physical objects associated with them. Physical objects 
having different physical properties cannot be the same 
object. As has been noted, however, works of art with 
different physical properties, and even critical aesthetic 
differences, may count as instances of the same work of 
art. This fact is most easily seen in literature, drama, mu­
sic, and, to some extent, dance and architecture, arts in 
which the identity of a given work depends on some nota­
tional system. It is less easily seen in the visual arts, even 
though different tokens of the same work, as in etching, 
may be admitted there too. Clearly, then, works of art are 
individuated in ways that substantially depart from those 
of physical objects and in ways that vary from art to art.

A further consideration is that a work of art is a purposive 
system, whose internal Organization may be seen to reflect 
the systematic decisions of the artist. Criticism explicates 
this purposive organization, and critics are sometimes 
obliged to impute a design to a work of art rather than 
merely to find it inhering in the work. Under those cir­
cumstances, the critic turns from description to interpre­
tation. Thus, the very nature of art leads to interpretation 
as a legitimate, and even inescapable, practice of critics.

An even more decisive difference between physical ob­
jects and works of art lies in the sorts of properties that 
are normally attributed to them. For instance, expressive 
qualities may be assigned to works of art: a novel such as 
Gustave Flaubert’s M adame Bovary may be said to express 
a certain “bourgeois consciousness.” Or symbolic qualities 
may be assigned: the castle in Franz Kafka’s novel of that 
name has been said to symbolize divine redemption. Or, 
representational qualities may be assigned: Pablo Picasso’s 
painting “Guernica” is called a representation of the hor­
rors of war. Also, meanings may be assigned in various 
ways: in William Shakespeare’s Hamlet, for example, the 
meaning of Laertes’ exchanges with Polonius and Claudius 
is said to be in their contrast with Hamlet’s self-doubt; 
and the meaning o f Bigger Thomas’ dilemma in Richard

Wright’s novel Native Son is said to derive from the plight 
of the Negro in America.

As has been noted, it is difficult to say whether properties 
such as these are to be found in works of arts or only may 
be imputed to them. Out of respect for the artist, critics 
may assume their own role is subsidiary— i.e., that of 
identifying properties of a work that might not otherwise 
be appreciated. Because it cannot be said with certainty, 
however, whether expressive, symbolic, or representational 
qualities or meanings and the like are actually in works 
of art, criticism must go beyond the severer canons o f 
description to those of interpretation. This issue of the 
autonomy of criticism has been debated in the works o f 
T.S. Eliot, Oscar Wilde, and many others.

Thus, as has been shown, critics may well offer incom­
patible accounts that purport to describe the same work. 
Even in cases in which the identity of a work of art is 
closely associated with its physical properties, as a work of 
sculpture might be associated with a mass of cast bronze, 
pure description may be adequate only for its physical 
properties but not for the properties that may be ascribed 
to a work of art. If a line in a painting is called “hu- 
morous,” it is not al ways clear whether the line is being 
described or interpreted. What is clear is that critical inter­
pretation must conform to certain minimal constraints. It 
must be compatible with whatever is descriptively true of 
the work in question; any interpretation that is compatible 
only with what is descriptively false is inadmissible. Inter­
pretation, therefore, depends on some indisputable range 
of critical description.
The limits of this range, however, are not easy to estab- 

lish. To do so requires deciding which among competing 
critical practices is the correct one. Such a comparison of 
critical hypotheses leads to metacriticism—that is, to the 
evaluation of the critical norms themselves, an extremely 
difficult matter. Without becoming entangled in this prob­
lem, some pragmatic rules of critical practice may be laid 
down: it should be possible to formulate its canons, these 
canons should be used by a community of practitioners, 
they should be effective in confirming or denying relevant 
claims, and it should not be necessary to distort them to 
examine new works or works that were not anticipated 
when they were adopted.

These rules permit a number of critical approaches and, 
therefore, allow alternative and incompatible interpreta­
tions of given works of art. It would be difficult, however, 
to justify the restriction of critical practice to any highly 
specialized way of proceeding. In literary criticism, for 
example, it would be difficult to reject out of hand the 
legitimacy of many diverse but fruitful approaches, such 
as the archetypal criticism of the Canadian critic Northrop 
Frye or the Marxist criticism of the Hungarian statesman 
and writer György Lukäcs or the Freudian criticism of the 
British psychiatrist Ernest Jones or the neo-Aristotelian 
criticism of the U.S. critic Ronald S. Crane or countless 
others.

An extreme view of criticism holds that the interpretation 
to be preferred is the one that maximizes the value of the 
work in question. This view, however, does not recognize 
the rigour and independence of criticism or its obvious 
analogies to other endeavours, such as Science, that are 
concerned with claims to truth and validity.

The objectivity of critical practice may be conceded not 
only to description but also to interpretation. Since inter­
pretation is concerned with plausibility rather than with 
truth, plural approaches to works of art may reasonably 
be tolerated. The appreciation of a given work may entail 
a canvass of all plausible ways of construing it. Moreover, 
different schools of criticism may prove variously fruitful 
for each of the arts or for the movements within them. A 
Freudian approach to music or architecture, for example, 
promises less than formalist approaches; without question, 
however, the Freudian approach would be more fruitful 
in literature than in architecture. To examine the diversity 
of tenable critical practices (and there are new ones all the 
time) is to doubt that all but those consistent with some 
supreme critical principle can be disqualified.

Evaluating works of art. In addition to the identifica- 
tion, description, and interpretation of works of art, the

Con­
straints 
on inter­
pretation
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Nature of 
values

problem of their evaluation has been the subject of a 
number of disputes. The issues are those of value theory 
in general: there seems little reason to suppose that value 
judgments of works of art differ significantly from those of 
conduct, for instance. Immanuel Kant held that aesthetic 
and moral judgments are of fundamentally different logi- 
cal kinds, but he was chiefly concerned with taste (which, 
despite Kant, appears in the moral, as well as the aesthe­
tic, domain, in judging such matters as tact, decency, and 
personal ideals) and he failed to consider the implications 
of professional criticism and connoisseurship.

Although all the basic issues of the nature of values are 
not within the scope of this article, two fundamental issues 
are vital to a survey of the theory of criticism. For one 
thing, expressing one’s tastes, preferences, likes, and dis- 
likes must be carefully distinguished from judging merit. 
And for another, the principal varieties of value judgments 
must be sorted out. Quarrels about the critic’s appraisal 
and evaluation of works of art are linked to these issues.
There is no prevalent philosophical view regarding value 

judgments that can be formulated in a simple and straight- 
forward way. The account that follows puts forward one 
viable thesis, which may clarify how disputes about values 
can or cannot be resolved in a domain dominated by 
considerations of taste.

Value judgments are such in virtue of their predicates— 
that is, what they affirm or deny about the subject at hand. 
The predicates themselves, however, are not inherently 
valuational or nonvaluational; they are construed either 
way on the basis of governing theories. For example, to 
judge that Peter is tubercular may constitute a value judg- 
ment if good health is accepted as a norm. If tuberculosis 
is not regarded as a normative concept, however, but as 
a purely biological phenomenon, the judgment remains 
factual though not valuative. Factual judgments may be 
assigned truth values—that is, they may be determined to 
be true or false. Value judgments, on the other hand, are 
judgments that entail reference to a norm, or Standard of 
merit. Some value judgments may also be factual judg­
ments as well, as in the case of the judgment about Peter’s 
tuberculosis.

Statements about one’s likes or dislikes—one’s tastes, in 
short—are usually not considered normative statements 
but statements of fact. They concern an aspect of a per- 
son’s disposition and behaviour.

In making value judgments, however, the person puts a 
value on things by judging them in accord with norms that 
usually lie outside his own tastes. Of course it is' possible 
that the values he places depend entirely on his tastes—his 
likes, dislikes, preferences—but it is not necessary. Herein 
lies a crucial distinction, for value judgments that depend 
on personal tastes are strikingly different from those that 
do not. Value judgments that depend upon taste may be 
called appreciative judgments and those that do not may 
be called findings.

Findings differ from factual judgments only insofar as 
they are linked to Standards of merit; otherwise they are 
alike. In principle, critical judgments of the merit of a 
work of art, like other value judgments, may be as rig- 
orously objective and confirmable as judgments of fact. 
Logically, findings are judgments of fact, in that truth 
values may be assigned to them.

It should be emphasized that questions of the relativity 
of values, or of their variability, are not relevant here. The 
logical properties of findings are not affected by the na­
ture of socially institutionalized values. Value judgments 
about beauty or fashion may well derive from the prevail- 
ing tastes of a community, but, as findings, they will be 
made in accordance with those norms and not with one’s 
personal taste (if we disregard coincidence).

In contrast, appreciative judgments are based entirely 
on one’s own tastes. The well-known Latin maxim de 
gustibus non est disputandum, “there is no disputing con- 
cerning taste,” applies to appreciative judgments only; it 
does not bear at all on findings.

Distinguishing between these two fundamentally differ­
ent kinds of value judgments permits some rational debate 
respecting the merit of a given work of art. To the extent 
that a critical tradition is standardized (as the Standards

of wine tasting or of dog breeding have been established), 
critical findings may be regarded as objective relative to 
such a tradition. (The entire system may be challenged, 
of course, but that is another matter.) But appreciative 
judgments cannot be objective in that way; they cannot 
be simply true or false. Appreciative judgments depend on 
personal tastes, which vary greatly among individuals, so 
that seemingly contradictory judgments are common. If 
these judgments were treated as findings, such contradic­
tory judgments might be found to be jointly true, a logical 
impossibility. If such a contradiction were resolved by re­
garding each judgment as true relative to given taste, then 
appreciative judgments could not be distinguished from 
mere statements about one’s tastes. Since this distinctive 
kind of value judgment is prominent in aesthetic criticism, 
appreciative judgments may be conceded much weaker 
confirmation than findings. In a finding, one holds that a 
given work has (or lacks) a certain merit; the matter can 
be decided by attention to relevant criteria and evidence, 
as factual matters are. In an appreciative judgment, one 
assigns a certain value to a work in accord with one’s 
personal likes, dislikes, and preferences. In findings, the 
supporting reasons must be publicly compelling; in ap­
preciative judgments, the supporting reasons need only be 
relevant and reasonable to a critical public. The public 
may attest to the coherence of an appreciative judgment 
and its supporting reasons, but, because of differences in 
taste, it is not bound to share that judgment, as it must in 
the case of findings.

Incompatible findings, like incompatible descriptions, are 
inadmissible. Seemingly incompatible appreciative judg­
ments, however, are admissible insofar as they are coher­
ent (in accord with informal canons of such judgments) 
and compatible with the actual properties of the given 
work. In the context of an academie tradition, judgments 
of beauty may well be findings; but, in the context of 
personal taste, judging beauty is rendering an appreciative 
judgment. One may (appreciatively) say that a certain 
woman is beautiful and offer supporting reasons that may 
seem forceful or not. But, if one claims, in the mode of 
findings, that a certain woman is beautiful relative to a 
particular tradition of values, the evidence will serve flatly 
to confirm or deny the claim.

Disputes may arise about judgments of both sorts, and 
there are procedures for appraising each type. The pre- 
cept about the pointlessness of arguing about taste should 
therefore be amended to say that the kind of rational dis- 
pute possible for findings is not possible for appreciative 
judgments, or judgments of taste. Nonetheless, rational 
dispute of a different sort is possible for appreciative judg­
ments as well.

The two types of judgment—findings and appreciative 
judgments—cannot be segregated on the basis of their 
respective range of predicates; an assertion that something 
is beautiful, for example, may be construed as either type 
of judgment. The conditions under which relevant claims 
may be confirmed is the key factor in distinguishing be­
tween the two types.

There are, of course, deeper questions about values than 
can be treated in this article. Especially pertinent is this 
question: are values discoverable in nature, or the real 
world, or can they be construed only as an expression of 
the interests of a particular community? If it were possible 
to prove the existence of “true” or “real” values, there 
would be no need to account for appreciative judgments; 
practicing critics would be concerned only with findings— 
that is, with making judgments that are in accord with 
those true values. In fact, however, no such true values 
have been proved, and the critic is chiefly concerned 
with appreciative judgments, in which his personal tastes 
are systematically articulated. In any culture there may 
be a number of critics operating at cross purposes, each 
imprinting his own distinctive taste on a community of 
enthusiasts. Revolutionary tendencies in taste appear, how­
ever, resulting in significant alterations in critical practice. 
Thus, the judgments of critics tend to be informal and 
variable; because of the logical properties of their apprecia­
tive judgments and the conventional nature of the norms 
that support their findings, it could not be otherwise.

The
problem of
conflicting
judgments

Other 
aspects 
of value 
judgment
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These, then, are the principal conceptual issues bearing 
on the systematic practice of criticism of the arts. The 
critic’s judgments may be either valuational or nonvalua- 
tional. With respect to the former—that is, his value judg­
ments—findings must be distinguished from appreciative 
judgments; with respect to the latter, the non valuational 
judgments, descriptive judgments must be distinguished 
from interpretive judgments. Because appreciative and 
interpretive judgments do not allow truth values to be 
assigned to them in the way that findings and descriptions 
do, the critic must tolerate logically weak judgments at 
the heart of his enterprise. This tolerance, however, should 
not be misconstrued as a lack of rigour in applying critical 
canons. On the contrary, rigorous critical practice requires 
such tolerance.

EXTERNAL INFLUENCES ON AESTHETIC CRITICISM
The influence of doctrine and ideology. Actual critical 

practice raises certain technical questions that tend to di- 
vide considerations that are internal from those that are 
external to aesthetic criticism—that is, those that bear on 
the work of art as such from those that involve ulterior 
appraisals or characterizations. In spite of disputes re- 
garding the proper scope and orientation of criticism, the 
diverse schools of criticism exhibit broadly parallel prac­
tices in both the internal and the external considerations 
to which they address themselves. For example, Marxist 
critics such as Lukäcs and Christopher Caudwell use the 
socioeconomic categories of their philosophy to analyze 
works of art as art, to characterize the artist’s life, and to 
study the role of the work within the dynamics of social 
change. Clearly, it is not always easy to discriminate be­
tween internal and external criticism.

The issue here is conceptual; it is not open to ideological 
quarrel. For instance, it has been said that the ancient 
Greek dramatist Aeschylus in his trilogy the Oresteia was 
presenting an idealized version of emerging notions of 
political justice. This external interpretation presupposes 
an internal interpretation of the work that does not vio- 
late any canons of aesthetic criticism, or it would not be 
tenable. Precisely the same consideration applies to the 
attempt by the Freudian critic Jones to psychoanalyze 
Shakespeare on the basis of Hamlet or Sigmund Freud’s 
attempt to analyze Leonardo da Vinei from his drawings 
and paintings. The principle that the external and the 
internal criticism must match remains the same whether 
the criticism is concerned with libidinal conflicts as are 
the Freudians, with archetypes as are the followers of 
the Swiss psychologist Carl Gustav Jung, with class con­
flicts as are the Marxists, or with theological and moral 
resolutions of modern poetry as is the French Thomist 
philosopher Jacques Maritain. In the light of the pluralism 
of viewpoints that has already been shown inevitable, it is 
not surprising that internal and external criticism cannot 
be sharply opposed to each other. Although adherents of 
some particular approach may disagree, it is difficult to 
see how any one approach can be exclusively vindicated. 
In a very real sense, the preference for any given approach 
may be construed as an appreciative judgment in itself. 

Advan- It is not at all necessary that a theory about some aspect
tages of of human society be true in order for it to be fruitful
pluralism and defensible in criticism. In describing, interpreting, and

evaluating a work, the critic requires only that the theory 
is relevant to it. For instance, the critic may appropriate- 
ly characterize or appraise a work in terms of Marxist, 
Freudian, Jungian, or Thomist doctrines to the extent 
that the imagination of either the artist or the audience is 
informed by such doctrines. Such doctrines need only be 
recognizable and socially significant to be useful in criti­
cism; scientifically valid theories, on the other hand, may 
be entirely uninstructive when applied to the description 
and interpretation of a work of art. False theories may 
be so rewarding in discussing particular works that they 
cannot be dismissed solely because they are not true. To 
understand William Wordsworth in terms of some version 
of Platonism is not to subscribe to Platonism itself, and 
to read the Oresteia in Marxist terms need not presup- 
pose that Aeschylus held similar sociological convictions. 
The truth, or at least the plausibility, of the descriptive,

interpretive, and evaluative judgments of critics must be 
carefully distinguished from the truth of the doctrines ad- 
vanced by them or by artists. The validity of Thomism, for 
instance, is an entirely separate issue from the validity of 
interpretations of Dante from the Thomist point of view.
Those critics who believe they subscribe to a Science of 

values, whether it may be Freudian, Thomist, Marxist, or 
some other, would quarrel against such a use of diverse 
doctrines. Inasmuch as the foundations of their beliefs do 
not compel the belief of all others, however, the use of doc­
trines of doubtful validity in criticism must be tolerated.

A doctrine may be applied by a critic if it is compatible 
with his own practice of criticism and if it provides an ac­
count of the design of that work, especially those elements 
that seem to call for interpretation.

In sum, the discipline of criticism has been shown to 
exhibit significant rigour, despite the logical weaknesses of 
the judgments of interpretive criticism and the uncertain- 
ty of the doctrines it applies. Contributing to this rigour 
are the requirements that an interpretation not deny any 
descriptive elements; that it be plausible; and that it deal 
with the traditionally salient problems of the work—that 
is, the interpretive puzzles that obstruct the assignment of 
a coherent and comprehensive internal order to the work.

Historical and biographical influences. A final issue 
may serve to round out this account of the criticism of 
the arts. As has been seen, an interpretation must be 
compatible with what is descriptively true of a given work 
of art. It is sometimes supposed that both description and 
interpretation should be similarly constrained by historical 
and biographical considerations. In fact, some versions of Historical 
this thesis hold that interpretations prove to be no more and bio- 
than description provided under relatively difficult condi- graphical 
tions of discovery. In the historical thesis, the “meaning” criticism 
(i.e., the correct characterization) of a work of art is the 
one that accords with its critical reception in the culture 
in which it was produced. The biographical thesis holds 
that “meaning” is what accords with the artist’s intention.

A number of things may be said about both theses.
For one thing, the two theses may be construed as the 
same wherever the artist’s intention is interpreted in terms 
of the conventions governing such works rather than in 
terms of his own avowals of what he intended. It is ex- 
tremely difficult, however, to suppose that one and only 
one construction can be put on a given work, especially 
in complex societies in which artists often intentionally 
depart from academie or other conventions. The problem 
of plausible alternative interpretations haunts critical prac­
tice even when the problem is confined within historical 
limits, even though the elimination of such alternatives is 
often claimed to be an advantage of historical criticism.

Furthermore, plausible interpretations that are put for- 
ward long after the work of art is produced may also be 
construed as the work of historical criticism; the restriction 
of interpretation to the period in which the artist worked 
represents a somewhat arbitrary constraint on the practice 
of criticism. Some works of art attract critics and audi- 
ences over generations, or even ages, without requiring 
close attention to historical or biographical origins. The 
force of accurate historical criticism cannot be denied, but 
criticism that ignores the evolving historical reception of a 
work of art unjustifiably restricts the scope of criticism.

A historical hypothesis, particularly one concerned with 
cultural significance, bears a striking similarity to interpre­
tive criticism; like interpretive criticism, history as a dis­
cipline must rely substantially on criteria of plausibility.
It should be noted that the same arguments that apply to 
historical and biographical criticism also apply to criticism 
based on cultural anthropology or the history of ideas.

Historical misunderstandings and inaccuracy about a giv­
en work of art must be distinguished from the historically 
changing significance of that work. A Freudian interpre­
tation of Hamlet, for example, cannot be dismissed solely 
because the Freudian system was unknown to Shake­
speare. If audiences that share Shakespeare’s cultural and 
linguistic traditions are deeply influenced by the Freudian 
outlook, then a Freudian reading of his work, if inde- 
pendently plausible, cannot be regarded as a historical 
mistake. Interpretations that are constrained by special
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historical and biographical considerations must be distin­
guished from those that are not. Interpretations of both 
sorts may be welcomed.

Further objections may be raised against biographical 
Intentional criticism that narrowly construes the artist’s intention as 
criticism what may be documented in conversation, letters, and 

the like. Quite often, there is simply no such documented 
knowledge of the artist’s intention. Even when there is, it 
may prove vague and ambiguous or even irrelevant to the 
appreciation of the work. In any case, any interpretation 
based on a statement of the artist’s intention is subject to 
precisely the same sort of confirmation that other inter­
pretations would be. Intentional criticism may be viewed 
as a form of historical criticism that assumes certain types 
and modes of artistic endeavour within a tradition (to 
which the artist’s intentions are said to correspond).

Some critics opposing what the American critics W.K. 
Wimsatt and Monroe C. Beardsley called the “Intention­
al Fallacy” would not admit any criticism based on the 
artist’s intention; they would rule it out on the grounds 
that it violates the proper aesthetic concern of the critic. 
In view of what has already been said in this article about 
the nature of a work of art and of its boundaries, however, 
intentional criticism may be viewed as simply another se- 
lective mode of critical practice, one that is by no means 
exclusively correct but not for that reason inadmissible.

In conclusion, then, the principal issues affecting critical 
practices in the arts may be said to be (1) the identity

and individuation of works of art; (2) the nature and 
characteristic properties of works of art; (3) their descrip­
tion and interpretation; (4) value judgments about them; 
and (5) the admissible varieties of, and constraints upon, 
criticism of the arts.
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(J.Ms.)

Practice and Profession of the Arts

T he practice of the arts goes back to the remote 
prehistory of mankind; the profession of the artist 
is of more recent origin. The oldest surviving works 

of art such as the cave paintings at Lascaux, France, and 
Altamira, Spain, dating from the late Paleolithic Period 
between 10,000 and 15,000 bc, were presumably made by 
men who never thought of themselves as artists. Though 
these works can be viewed as art today, it is probable that 
their creators were intent only on executing a magie ritual 
designed to aid them in the hunt.

At some point in the development and differentiation of 
human society, the professional artist emerged. The mon­
umental buildings and stone carvings of ancient Egypt or 
Assyria and the intricately decorated pottery and elegant 
murals of Grete were undoubtedly done by trained and 
experienced craftsmen. They were no longer occasional 
practitioners of art, as the cave painters had been, but 
füll professionals— /.e., men skilled in a specialized occu- 
pation, practicing it full-time and probably earning all of 
their livelihood from it.

But even the relatively simple definition of a professional 
as a person receiving pay for carrying out a specialized 
occupation on a full-time basis is difficult to apply to the 
arts. In no other field do the categories of professional 
and amateur so overlap. One of the 20th century’s major 
poets, Wallace Stevens, and one of its most innovative 
composers, Charles Ives, earned their living as insurance 
executives. By every criterion of proficiency and accom- 
plishment, both deserve to be ranked as professional art­
ists, yet in a real sense, both were amateurs. Similarly, it 
is difficult to classify Thomas Jefferson as a profession­
al architect, even though he designed some of the most 
beautiful buildings of his time.

The phenomenon of amateurism in the arts represents 
only one of the key problems in an attempt to discuss the 
professional artist. There is also the question as to whether 
the arts are professions, as distinct from crafts or skills. 
This aspect of the concept involves consideration of mat­
ters of the status or prestige of the arts and decisions on 
what constitutes proper preparation for careers in them. 
On these issues, attitudes have varied enormously from 
one art to another, from one historical period to another,

and from one culture to another. Nearly everywhere and 
always, music, architecture, and poetry have been regard­
ed as professions, while pottery making has been regarded 
as an art and granted the dignity of a profession only in 
some non-Western cultures.

Since antiquity, there has been a continuing debate as to 
whether painting and sculpture demand skills of eye and 
hand alone or intellectual grasp and training as well. The 
painter has often spoken contemptuously of the sculptor, 
describing him as a mere stonecutter, and the sculptor, 
in turn, has looked at the painter as simply an illusionist 
and trickster.

The attempt to gain for some of the arts the status o f  
learned or quasi-learned professions resulted in a distinc­
tion between “the fine arts” and “the applied arts,” a 
distinction that has done harm to both. The notion that a 
painter has a profession, but a cabinetmaker or silversmith 
only a craft, helped to isolate the former from everyday 
life and to limit the Creative enterprise of the latter. The 
gradual breakdown of the attitude that permitted such 
exclusive categories to be created and the general rejection 
of the false distinctions between art and utility may be 
among the most encouraging developments in the arts in 
recent times.

Of even greater importance has been the lessening o f  
the Separation that exists between the professional and 
the practitioner. The “cultural explosion” following World 
War II not only made the arts more readily accessible to 
the general public but also stimulated artistic activity in 
great numbers of people. Never have there been so many 
professional artists active in so many fields, and never 
have there been so many nonprofessional practitioners o f 
the arts.

The present article treats the practice and profession o f  
the arts in terms of training, working conditions, and so­
cial and economie roles and influences. The phenomenon 
of fraudulence in the arts is also discussed. The principles 
of aesthetics and other theoretical aspects of the arts are 
treated in the articles aesthetics  and philoso ph ies  o f  
th e  branches  o f  k n o w led g e : Philosophy o f art.

This article is divided into the following sections:
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Preparation of the artist

Formal education for a profession in the arts is a relatively 
new development. The school of art or architecture, the 
conservatory of music, the academy of dramatic art, and 
the university’s Creative-writing program have emerged in 
modern times, some within the last generation or two. 
To most artists of the past it would have seemed incom- 
prehensible that they should go to school to learn their 
profession. Neither would any of the great educational in- 
stitutions before this Century have thought it part of their 
function to teach artists. Indeed, serious doubts continue 
to be expressed as to whether academie schooling is the 
best training for most branches of the arts.

Formal instruction in the visual arts—painting, drawing, 
sculpture, and architecture, as well as the many arts of dec- 
oration and design—has the longest and most diversified 
history. A consideration of the patterns of development 
that have occurred in these related fields will reveal the 
general directions of training in all the arts as well as many 
of the basic problems running throughout the history of 
art education.

THE VISUAL ARTS * 14
Throughout much of history, the insistence that the artist 
be learned in many fields has constituted a deliberate at­
tempt to raise his status, to rank him as a practitioner of 
the liberal rather than the mechanical arts. The Roman 
architectural theorist Vitruvius (flourished Ist Century b c )  

declared:
[The architect] should be a man o f letters, a skilful draughts- 
man, a mathematician, familiar with historical studies, a 
diligent student o f philosophy, acquainted with music; not ig­
norant o f medicine, learned in the responses o f  jurisconsults, 
familiar with astronomical calculations. . .  (From D e  A rchi- 
tec tu ra , F. Granger [tr.], Harvard University Press, 1962.)

Such a prescription represented the ideal o f the universal- 
ly trained artist, and, so far as is known, no institution 
existed in antiquity to provide this or any other kind of 
formal training in the arts.

The traditions of apprenticeship. Until the 16th Centu­
ry, when the earliest academies of the arts appeared, the 
artist acquired his skills mainly through various Systems 
of apprenticeship. He learned his trade as he practiced it 
under the instruction and supervision of a master. Some­
times the apprenticeship was regulated by a craft guild. 
Typically, a boy was bound to a master at the age of
14 and served for seven years. This system was in force 
throughout most of the Renaissance, and it was under 
such rules that Michelangelo entered the workshop of 
Ghirlandajo and Leonardo da Vinci that o f Andrea del 
Verrocchio. Gradually the system changed so that, in the 
17th Century, the beginning artist came to be considered 
a pupil rather than an apprentice. He lived and studied 
in the home of a master for an indefinite period and was 
free to leave when he feit he had learned enough. 

Functioning of the Systems. Whether as apprentice or 
more informally attached pupil, however, the young artist 
was trained on the job by his master. As an apprentice,

he began by doing the most menial jobs: grinding the 
colours, cleaning the brushes, or preparing the wood panel 
or the plastered wall. Gradually, he was trusted with more 
responsible tasks, given instruction in the technique of the 
art itself, and allowed to paint in some of the decorative 
details of an altarpiece or fill in large neutral areas of 
a fresco. Finally, he might be assigned the subordinate 
figures or landscape background of a painting by the mas­
ter. It is said that Leonardo as an apprentice painted so 
beautiful an angel in a “Baptism of Christ” by his master 
that the master resolved to renounce painting and devote 
himself to sculpture.

Strengths and weaknesses o f the system. The training 
of an apprentice in a Renaissance workshop was not 
confined to a single art. The workshop of Antonio and 
Piero Pollaiuolo, perhaps the most active art establishment 
in Florence of the mid-1400s, accepted commissions in 
sculpture as well as in painting of all sorts. The graduate 
of such a workshop, then, if he had kept his eyes open 
and his hands busy, could have developed a wide range of 
artistic skills. The apprentice system, however, had serious 
weaknesses. In a good workshop run by a conscientious 
master, an apprentice could receive excellent training. Far 
too many apprentices, however, undoubtedly were con- 
demned to years of repetitious drudgery, receiving little 
systematic instruction and, at best, being trained purely 
as craftsmen. Moreover, the guilds deliberately limited the 
number of apprentices.

Academies and the artistic elite. The founding of the 
first academies of art, in the late 16th and early 17th cen­
turies, was a step forward. Although later such institutions 
became restrictive and rigid, they were designed to break 
the monopoly of the guilds, to regularize the training of 
artists, and to lift artists from the category of mere crafts­
men by liberalizing their education.

The French Academy as model. The most famous and 
influential of all academies of art was the Académie Ro­
yale, commonly known as the French Academy, founded 
in 1648 in imitation of the Accademia di S. Luca, which 
had been set up in Rome in 1593. Under the patronage 
of Louis XIV’s great minister, Jean-Baptiste Colbert, the 
French Academy by the 1660s had become a major force. 
Under the directorship of the painter-decorator Charles 
Le Brun after 1683, it exerted a virtual dictatorship over 
French art. Its success inspired the creation in other 
countries of official academies that aped its organization 
and program.

Curriculum and rewards. The curriculum of the French 
Academy, fixed under Colbert and Le Brun, centred 
around drawing. The student drew from the drawings of 
his professors, then from casts, and finally from life. In ad­
dition, he attended academie lectures, analyzing pictures 
from the royal collection. These discourses were designed 
to instill in the student certain aesthetic criteria and a 
fixed hierarchy of values in which subject matter played a 
leading role. In the scale, historical paintings were regard­
ed as the noblest, still lifes as the meanest.

The academy’s students competed for a series of prizes 
culminating in the Prix de Rome, a four-year scholarship

The
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master
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in Rome that assured its holder a successful career at the 
top of his profession. Even those who won no prizes could 
anticipate a secure future in the service of the state or of 
individual patrons, for the steady production of uniformly 
trained and indoctrinated artists was of great importance 
to the regime.

The academy performed a great service in breaking the 
stranglehold of the guilds on the training of artists, in rais- 
ing the Standards of art instruction, and in improving the 
status of artists. On the other hand, it locked the artist into 
a closed system, made conformity a virtue, and treated in- 

Academi- dividualism and originality of style as sins to be avoided at 
cism as a all costs. By standardizing methods of instruction, it also 
negative standardized the bases of critical judgment. By admitting 
force only 200 students and thus creating a small artistic elite,

it neglected the need for trained artists and designers in 
the decorative and applied arts. Academicism established 
above all the principle that the artist succeeded not through 
native genius but through a correctness of technique that 
could only be acquired through proper training.

The English Royal Academy. In England, a number o f  
schools of art were established during the early 18th Cen­
tury, notably one founded by the painter and caricaturist 
William Hogarth. In the employment of female models, 
these schools went beyond anything yet attempted in 
France. It was not until 1768, however, that the patronage 
of the crown was obtained for a Royal Academy. By the 
end of the Century, this academy had achieved immense 
prestige and influence, and a painter who could sign the 
coveted “R.A.” after his name was certain of a prosper- 
ous career. The Discourses delivered over a period of 15 
years by the painter Sir Joshua Reynolds, the academy’s 
first president, remain the best statement of the academ­
ie philosophy.

As a teaching institution, however, the Royal Academy 
feil far short of its French prototype. The limitation to 
40 on the number of academicians increased the social 
and economie desirability of membership but narrowed 
the scope of the academy’s teaching functions. The restric- 
tive curriculum and the discouragement of “eccentricity” 
of style were not calculated to foster true talent. Of the 
outstanding English artists of the early 19th Century, only 
J.M.W. Turner was trained and supported by the Roy­
al Academy. The painter-poet William Blake despised it, 
and landscapist John Constable became an R.A. only late 
in his career.

Countermovements: the applied arts and crafts. It was
not only its self-perpetuating and oligarchical exclusiveness 
that provoked criticism of the Royal Academy. With the 
growing impact of the Industrial Revolution, the academy 
was attacked by reformers in and out of Parliament for 
its failures to encourage the applied arts and to remedy 
the growing shortage of trained artisans in such fields as 
china manufacturing, ornamental metalwork and plaster- 
ing, and carving in wood and stone. Parliamentary hear­
ings sharply critical of the Royal Academy led in 1837 to 
the establishment of a govemment School of Design and 
an accompanying museum.

Schools and museums o f design. The School of Design 
and its branch schools were succeeded, after 1852, by a 
network of art schools under a government Department 
of Practical Art. By 1864 there were 90 such schools in- 
structing about 16,000 students. The founding, in 1852, of 
the Victoria and Albert Museum, which came to have vast 
collections of design in all fields, was an important step 
forward in art education. This combination of schools and 
museums of applied art was soon imitated in many of the 
leading cities of Europe, especially in Austria, Germany, 
and The Netherlands. Despite attacks on the basic prin­
ciple of separating schools for the applied arts from those 
for the fine arts, such schools continued to flourish in the 
20th Century. Most of them, however, modified their cur­
ricula to include such studies as art history and aesthetics.

Waning o f academie dominance. In painting and sculp­
ture, however, the academie idea lost some of its vitality 
and dominant influence in the 19th Century. By the mid- 
18th Century, the French Académie Royale was under 
attack from the philosophers of the Enlightenment, and 
in 1793, at the height of the Reign of Terror following

the French Revolution, it was dissolved and its functions 
handed over to a Commune des Arts led by the painter 
Jacques-Louis David. The Institut de France, set up in 
1795 to supervise the arts, revived the academy in ev- 
erything but name. The academie establishment, under 
different forms, remained a powerful though no longer 
Controlling force in the French art world. As the École 
Nationale Supérieure des Beaux-Arts, it continues today 
to train artists to compete for the Grand Prix de Rome.

Continued influence of the masters. Even in the heyday 
of the academy, the system of training the artist in the 
master’s studio had continued to flourish. In 1771 the 
Irish painter James Barry estimated that 5,500 persons 
were receiving some kind of art instruction in Paris alone 
and that of these, 1,500 were being trained to work in 
such industrial enterprises as the Gobelin tapestry works.
Thus most artists were still trained in the studios of es­
tablished artists or in elementary technical institutes, such 
as an industrial school founded by Jean-Jacques Bachelier 
in 1762. France’s dominant position in the decorative arts 
during the 18th and 19th centuries can be attributed in 
large part to the effectiveness of the Bachelier school and 
similar training centres.

During the second half of the 19th Century, the demand 
for training in painting and sculpture grew so great that 
large numbers of beginners congregated in such studios, 
or ateliers, as the famous Académie Suisse in Paris, where 
they painted from a model under the often cursory super- 
vision of a well-known teacher.

Another training method became important during the Copying 
19th Century. Much earlier, copying of freseoes such as the old 
those by Masaccio in the Brancacci Chapel in Florence masters 
had been a major source of instruction for later painters.
With the opening to the public of such great museums as 
the Louvre, the practice of painting from the old masters 
again became a basic feature of the artist’s training. Even 
so sophisticated a painter as Paul Cézanne was devoted to 
this method of teaching himself.

Synthesis of art and craft. Despite 19th-century ad- 
vances in the formal training of artists in all fields, sharp 
criticisms of prevailing art education were made, notably 
by the critic John Ruskin and the poet-craftsman William 
Morris. They opposed the Separation between training for 
the applied arts and education for the fine arts. Morris saw 
the division as creating a group of designers who turned 
out standardized patterns for machine-made objects and a 
group of fine artists who were constrained from producing 
things needed by people for an aesthetically pleasing envi­
ronment in daily life.

As a direct result of Morris’ teachings, a number of art 
schools were established in England to revive handicrafts 
and to bridge the gap between the applied and the fine 
arts. The most successful of these schools was the London 
Central School of Arts and Crafts, founded in 1896. After 
1900, however, the leadership in the movement to reform 
art education passed from England to Germany, where 
there was a decisive change in emphasis. Contrary to 
Morris’ rejection of the machine, an attempt was made to 
realize the aesthetic possibilities of machine-made objects 
and also to create a new architecture.

Impact of the Bauhaus. The major figures in 20th- 
century art education were the Germans Bruno Paul and 
Walter Gropius. It was Paul’s strong conviction that art 
schools had a responsibility to artists and to society: to 
train artists in fields in which they could both earn a living 
and be socially useful. After World War I, he combined 
the Berlin Academy of Art with the School of Decorative 
Art. In a pamphlet on art education published in 1918, 
he declared that all students, whether they intended to be- 
come fine artists or applied artists, should receive basically 
the same training. He stated also that no one should be 
admitted to an art school without first having learned a 
trade in a workshop or trade school.

Walter Gropius, in his early career in Germany and his 
later work in the United States, exerted an incalculable 
influence not only on art education but also on the whole 
development of modern art and architecture. Already a 
well-known architect in 1914, he became principal of the 
Weimar School of Arts and Crafts. After service in World
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War I, he retumed to Weimar and in 1919 founded the 
Staatliches Bauhaus (State Architecture House), a school 
merging the Weimar art school with the arts and crafts 
school. In 1925 the Bauhaus was moved to Dessau.

T he Bauhaus ideal was to  unite all arts and crafts to  create 
a new  architecture that com prised a living environm ent; 
to  break dow n the false Separation betw een the applied  
arts and the fine arts, betw een art and utility; and to  train 
artists in  the Creative possibilities o f  m achine design.

To these ends, the Bauhaus curriculum emphasized the 
use of different tools and materials, as well as academie 
instruction in geometry, principles of construction and 
design, and the history of art. Instruction was divided into 
three stages. The first, lasting for six months, covered an 
elementary survey of Bauhaus principles and methods. 
The second, taking three years, was the basic practical and 
academie course in which the student, in addition to the 
general training he received, was required to specialize in a 
trade under the supervision of a particular master. At the 
end of this course, the student had to pass one of the regu­
lär City trade examinations before, finally, he entered the 
third phase, Baulehre (“building instruction”), in which 
he took an active part in one of the Bauhaus’ projects.

During its short life, which ended in 1933, the Bauhaus 
achieved remarkable results and assembled an extraordi- 
nary faculty that included such leaders and innovators 
as painter-photographer Läszlo Moholy-Nagy, architect 
Marcel Breuer, and painters Wassily Kandinsky and Paul 
Klee. It had created the ideal of a new type of art edu­
cation and proved that it was workable. John Ruskin, as 
Slade Professor of Art at Oxford in the 1870s, had taken 
his students out to repair roads, but it remained for the 
Bauhaus to transform Ruskin’s experiments into a coher­
ent program.

Acceptance of the arts in higher education. Though 
the Bauhaus had no immediate successor, it affected the 
teaching of art in many schools in following decades. Such 
education achieved notable growth in university-based or 
university-sponsored schools of art, especially in the Unit­
ed States. Such schools attempt, in many instances, to 
combine a four-year academie education with studio work 
in drawing, painting, sculpture, and other media. Many 
offer specialized work in such fields as industrial design, 
book illustration, advertising art, and costume design. The 
graduates of these schools usually are granted bachelor’s or 
master’s of fine arts degrees. None of the schools, however, 
has attempted to realize the Bauhaus ideal of a student 
completely trained in both the fine and applied arts.

The same is true of schools of architecture, most of which 
are connected with universities. In these, the academie 
curriculum is generally more rigorous than in schools of 
art. A degree is usually granted after a five-year course, 
which includes considerable work in traditional liberal arts 
subjects. A number of schools offer special concentrations 
in city planning. Few if any, however, see architecture as 
Gropius did, as a discipline unifying all of the crafts.

THE OTHER ARTS
Music. Next to schools for the visual arts and architec­

ture, the most widespread of Contemporary schools for the 
arts are those for the training of musicians, whether com­
posers or performers. Like the school of art, the school of 
music has a long history.

The Paris Conservatoire model. The first full-fledged 
music school o f modern Times was the Conservatoire de 
Musique, founded in Paris in 1795 by the revolutionary 
National Convention as a successor to the earlier École 
Royale de Chant et de Declämation and Institut National 
de Musique. ln 1797 it had 125 professors and 600 pupils. 
It has had a continuous and distinguished history to the 
present day.

The curriculum developed at the Paris Conservatoire has 
been followed with slight variations in schools of music 
elsewhere. Originally, classes in composition, harmony, 
singing, and instrumental performance were given. Later, 
classes in music history were added, and an increased 
emphasis was given to training in sight reading. Still later, 
instruction in aesthetics and musical analysis became part 
of the Standard curriculum.

The success of the Paris Conservatoire and the greatly 
increased demand for trained musicians during the 19th 
Century led to the creation of conservatories in major 
European and American cities. In the United States, the 
Boston Conservatory of Music was founded in 1867, the 
Peabody Conservatory in Baltimore in 1857 (first classes 
in 1868), and, later, others in New York, Philadelphia, 
and elsewhere. Some of these schools have remained inde­
pendent, whereas others have become part of universities.

Private and institutional study. The conservatories of 
music have not altogether supplanted the older system 
under which a student worked under a particular master, 
as Ludwig van Beethoven did under Joseph Haydn at 
the end of the 18th Century. Such a famous teacher of 
composition as Nadia Boulanger attracted students from 
all over the world, and singers and instrumentalists often 
prefer to attach themselves to the studio of a favourite 
teacher. Increasingly, however, the conservatories have ab- 
sorbed the master’s classes.

Literature. The idea that the college-bred writer is su­
perior to the one who has not had a liberal arts training 
goes back at least as far as the Elizabethan Age, when Rob­
ert Greene, one of the so-called university wits, sneered at 
Shakespeare as an upstart crow. The notion that Creative 
writing, as distinguished from the ancient discipline of 
rhetoric, is something that can be taught in an academie 
environment is a recent development.

In the United States, especially, many Creative writing 
programs have developed in higher education, usually in 
conjunction with the appointment of a well-known writer 
in residence as a member of the faculty. The creative- 
writing student typically receives more broadly based, and 
less technical, training than the student at a school of 
art or music.

Theatre and dance. The training of dramatists has taken 
a direction somewhat different from that of other writers. 
It has been combined with practical work and experience 
in the crafts of the theatre.
Academie teaching and apprenticeship. The workshop 

set up at Harvard by George Pierce Baker and the Yale 
School of Drama, which he founded in 1925, served as 
models for later drama schools. In recent years, some 
university-based schools of theatre arts have developed 
very elaborate programs, with professional courses in sce- 
nic design, fighting, and direction, as well as in playwriting 
and acting. They often sponsor highly trained repertory 
Companies that present new and often controversial plays 
as well as the classics.

There also exist separate schools for actors outside the 
university establishment. Among the best known of these 
is the Royal Academy of Dramatic Art in London, which 
has trained many successful actors. The Actors Studio in 
New York City has enrolled fledgling actors as well as 
established actors who wish to keep their skills sharp.
The old apprenticeship system remains more a vital fac­

tor in the training of actors than in any other of the 
performing arts. Particularly in countries in which reperto­
ry Companies are well established, as in England, France, 
Germany, and the Soviet Union, actors can learn and 
gain experience in their craft by progressing from walk-on 
roles to more demanding ones. Often the actor can start 
in a provincial repertory Company and move to one of the 
national Companies. For the experienced actor, the reper­
tory Company provides the opportunity to do a variety of 
roles, and to go from a major to a minor part from week 
to week, as a member of an integrated and continuing 
ensemble. The system goes back to the beginning of stable 
acting Companies in the Europe of the 16th and 17th 
centuries, when actors might enroll as boys and live out 
their lives as members of the same Company.

Formal education for the dance in modern times dates 
from the establishment by Louis XIV of the Académie 
Royale de Danse in 1661. In 1669, the Académie Royale 
de Musique was founded, and a school to train profes­
sional dancers was added in 1672= These institutions made 
Paris, and specifically the Paris Opéra, the world centre of 
ballet training and performance in the 19th Century.

Formal demands o f the dance. Training for the dance 
has made less headway in universities than that for oth-
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er of the performing arts. A few colleges in the United 
States offer a fully developed dance curriculum, and some 
schools of fine arts include programs in dance, but the 
professional instruction of the dancer, whether in ballet or 
modern dance, usually is carried on in the 19th-century 
tradition of teaching in schools associated with ballet 
Companies or opera houses. It has changed little from the 
time when Edgar Degas painted the yöung dancers of the 
Paris Opéra at practice. With few exceptions, training for 
the dance has remained a relatively narrow and physically 
demanding regimen.

The technologically based arts. Relatively little atten­
tion has been paid to the development o f professional 
curricula in photography. More than any other art, it has 
been treated as a hobby to be learned without formal in­
struction. Where it is taught, the focus is on photographic 
technique rather than on photography as an art. There are, 
however, signs of a growing acceptance of photography 
as an important and expressive art form, and it is now 
becoming part of the curriculum not simply of schools of 
journalism but of schools of fine arts as well.

The new arts of the 20th Century—film, radio* and tele- 
vision—still depend largely upon people trained in the 
older arts. The foundation in recent decades of film in- 
stitutes associated with universities, notably in New York 
state and California, has been a significant step. A few 
radio and television programs exist, sometimes as parts of 
a department of communication arts or outside academie 
settings. Most of the directors, actors, and writers in film 
and television either have developed in the theatre or the 
literary world or have grown up in the industry without 
formal instruction.

THE SELF-TAUGHT ARTIST
With all of the many Systems and institutions for formal 
training in the arts that have come into being over the 
centuries, there always have been self-taught artists. This 
is especially true of writers, the overwhelming majority of 
whom, from Homer to the present day, have had no spe­
cific training in their art and many of whom, in fact, like 
Shakespeare or George Bernard Shaw, had comparatively 
little schooling of any sort. They have learned their trade 
by studying other writers and life itself, and by proceeding 
from imitation to original creation. Many people have 
turned to writing after education for careers in other fields. 
Medicine alone has produced such outstanding writers as 
the Englishmen Sir Thomas Browne and W. Somerset 
Maugham and the American William Carlos Williams.
Self-trained artists have also achieved prominence in oth­

er fields, though far less frequently than in writing. The 
history of architecture, perhaps of all the arts the one that 
seems most to demand strict technical training, contains 
two spectacular instances of the self-trained professional. 
Sir Christopher Wren, among the greatest of English ar- 
chitects, was a mathematician and professor of astronomy 
at Oxford before he took up architecture. But whereas 
Wren was grounded in the principles of the exact Sciences, 
Sir John Vanbrugh, the architect of Bienheim Palace, had 
been a soldier and a dramatist before he turned to archi­
tecture at the age of 35.

The completely self-trained professional artist is a rarity 
in painting and sculpture. More than any other kind of 
artist, the painter especially must learn from and with 
other painters. Although such painters as Paul Cézanne, 
Vincent Van Gogh, and Paul Gauguin were in many re- 
spects self-taught, they absorbed a great deal from studies 
of, and interactions with, their fellow artists. Occasionally 
a true “primitive” such as Henri Rousseau, unhampered 
by conventional instruction, has produced a style with 
extraordinary power and directness as well as naïveté.

tra in in g  o utsid e  th e  west

In non-Western cultures also, professional training in the 
arts has had a long history. Much of it has been car­
ried out under Systems of apprenticeship similar to those 
found in the West. Both in the Orient and in Africa, the 
profession of the arts has often been a hereditary one, 
sometimes, as in the case of bronze casters and ceramics 
workers in China, with secret techniques passed on from

one generation to another. Similarly, Japanese Nö and ka- 
buki actors long passed their craft from father to son, with 
the aristocratie Nö being regarded for centuries as a secret 
tradition. In West Africa, an entire village frequently has 
specialized in the production of a particular kind or style 
of art object.

Education in the arts has also been diffused through 
written treatises. In China a number of practical manuals 
on painting are extant, the two most famous ones dating 
from the 17th Century. In India there were noted teachers 
of arts and crafts as early as the Ist Century. Most recently, 
art schools similar to those in the West have been founded 
in a number of Eastern countries, notably in Japan, where 
a conscious attempt has been made to combine ancient 
traditions and modern styles. During the period of French 
colonial rule in Southeast Asia, an influential École des 
Beaux Arts was set up in Hanoi. In many primitive and 
folk societiës, however, such arts as dance have been 
passed on by imitative learning.

Conditions of work in the arts

In no way can artists be stereotyped as shivering recluses, 
painfully pursuing their craft in dimly lit garrets; as well- 
fed hangers-on to the coattails and whims of the wealthy; 
or as irresponsible wastrels, lurking in the outskirts and 
subcellars of respectable society. The conditions o f their 
work and life have been shaped in large measure by the 
regard of their society for the arts in general or for their 
art in particular. High regard has not always brought 
success or satisfaction, however, and artists have turned 
into many different avenues in search of tangible or other 
rewards for their art.

THE STATUS OF THE ARTIST
The social and intellectual status of artists has differed 
considerably from one field to another, from one culture 
to another, and from one historical period to another. 
They have been regarded as entertainers, artisans, seers 
and prophets, and, often, as dangerous cranks or misfits. 
The history of each of the arts has been marked by a 
determined effort on the part of its practitioners to raise 
their status and to be accepted as honoured members of 
their society.

Prehistory. In preliterate cultures, the poet preserved 
and transmitted the beliefs and traditions that gave the 
culture its sense of identity and purpose. Less an original 
creator than a storyteller and singer, he kept alive the 
works that had grown up by gradual accretion and re- 
finement, and often he contributed to the process. The 
Homeric epics of ancient Greece probably developed in 
this way over generations, though in the form in which 
they have survived they almost certainly were shaped by 
one or more supreme geniuses.

The primitive bard seems to have occupied an anoma­
lous position, held in awe because of his seemingly divine 
powers but without a fixed place in the social hierarchy—  
existing as a dependent of a tribal ruler or as a wander- 
ing beggar. It is no accident that the Greeks represented 
Homer as blind, thereby symbolizing not only the poefs 
inward-directed vision but also his Separation from or- 
dinary men. The peculiar contradiction that poets have 
complained of bitterly, that their gifts are venerated but 
that they themselves are neglected, has its most famous 
statement in the couplet, “Seven cities warred for Homer 
being dead,/Who living had no roof to shroud his head,” 
by the English poet Thomas Heywood.

Antiquity. In the great age of classical Greece and, lat­
er, of Rome, the artist lost some of his legendary quality 
as seer, but he gained considerably in the area o f so­
cial acceptance.

Greek poets, sculptors, and designers. The skill o f the 
dramatist, like that of the athlete, was tested in compe- 
tition and rewarded by prizes. The bard gave way to the 
historically defined individual. Sophocles, in the fifth Cen­
tury before Christ, was no blind beggar but a respected 
Citizen, a soldier, and politician, as well as a tragic poet. 
Above all, the intellectual role of the writer was recognized 
and his claim to respect was validated by the celebrated
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dictum of Aristotle that poetry is more philosophical than 
history. Aristotle’s defense of poetry was perhaps a delib- 
erate response to the celebrated attack by Plato in The 
Republic on the Creative artist as a potential threat to the 
stability o f the state.

In other fields, too, artists began at the same time to 
emerge from anonymity and to achieve social acceptance. 
The nameless artisans and stonecutters who erected the 
first crude Doric temples and carved the cult images that 
they housed were succeeded by renowned architects such 
as Ictinus (flourished 5th Century bc) and Callicrates and 
by master sculptors such as Phidias (flourished 475-430 
bc), who supervised the rebuilding of the Athenian Acro- 
polis. Phidias is alleged to have represented himself and 
the Athenian tyrant Pericles on the shield of Athena. Such 
self-glorification would have been beyond the imagination 
of earlier generations.

The great mass of Greek sculptors of the classical and 
Hellenistic periods, however, continued to be regarded as 
craftsmen, paid Standard wages for a day’s work or for a 
specific piece. To Plato, for example, sculptors were com­
mon workmen. Even the recognized masters were expected 
to turn their hands to whatever their patrons demanded.

Rome and service to the state. Under the late Roman 
Republic and the empire, the artist continued to enjoy 
a favoured status. The great Roman dramatist Terence 
(flourished 2nd Century bc) began his career as a slave, 
but his achievements earned him freedom and admission 
to the leading intellectual circles of his time. The organiz- 
ing genius of the Romans enlisted poets, architects, and 
sculptors in the service of the state. Gaius Maecenas (died 
8 bc), the first of the wealthy patrons of the arts, encour- 
aged and supported such poets as Virgil and Horace. Vast 
building and engineering projects throughout the empire 
gave employment and prestige to many architects.

This was the age, too, that saw the emergence of the art 
connoisseur and the tourist in search of cultural treasures. 
The esteem for artists in Rome is reflected in the eagerness 
with which Pliny the Elder sought out and recorded bio­
graphical information on the great artists of Greece. For 
the first time the artist was feit to merit the same attention 
as the statesman or soldier. A similar rise in the prestige 
of the writer was signalized by the founding of such great 
libraries as the one at Alexandria, devoted to preserving 
the literature of the past.

The musician o f antiquity. Much is known about the 
musician in antiquity, although practically none of the 
music itself has survived. There is considerable testimony 
to show that music itself apparently was considered among 
the highest o f human accomplishments; in fact, of divine 
origin. The legend of Marsyas, the human being who 
dared to challenge Apollo to a musical contest and was 
flayed for his pains, was a favorite subject o f Hellenistic 
sculpture. The myth of Orpheus, whose playing on the 
lyre could move even inanimate things to wonder and 
delight, reveals the almost superstitious awe in which the 
Greeks held the powers of the musician. Musical theory, 
with its close relationship to mathematics, was regarded 
as a branch of philosophy. The philosopher Pythagoras 
(flourished c. 530 bc), who saw the whole universe as a 
harmony of the spheres, was only one of many who gave 
the highest intellectual ranking to the study of music. The 
special status given to music in antiquity continued into 
the Middle Ages, when music alone, of all the arts, was 
ranked among the seven branches of learning.

In Greece, there emerged for the first time the distinction 
between the gentleman amateur and the paid professional 
that was to play so large a role in the later history of the 
arts. Every educated Greek was expected to be able to play 
an instrument, to sing acceptably, and to discourse on the 
theory o f harmony. On a much lower intellectual and so­
cial level were the professional entertainers who competed 
for prizes at great public concerts, who performed in the 
dramas, and who supplied the musical accompaniment 
for athletic games.
Actors, dancers, and rhetoricians. The distinction be­

tween the Creative artist and the entertainer or interpreter, 
which continues to be made even today, seems already to 
have existed in ancient civilization. The accomplishments

of the actor-dancer were admired and applauded, but, 
aside from the citizen-dancer of the Greek festivals o f trag- 
edy, he had a relatively low intellectual and social status. 
The names and other details o f some of the famous actors 
of this period are known, but references to them are in a 
tone altogether different from references to a Phidias or a 
Virgil, and everything indicates that actors were regarded 
as belonging to an inferior class.

One art virtually unpracticed today, that of the orator or 
rhetorician seeking to persuade, by speech or writing and 
according to a detailed formulistic pattern, occupied an 
especially favoured place in antiquity. The principles of the 
art were expounded in treatises by Aristotle, Quintilian, 
and others, and its greatest practitioners, Demosthenes 
among the Greeks and Cicero (first Century before Christ) 
among the Romans, were accorded the same respect given 
to the poets. In the twilight of the Roman Empire, the 
young St. Augustine supported himself as a teacher of 
rhetoric. The prestige of rhetoric as a noble and useful art 
reached its highest point during the Renaissance, when 
every court had its master rhetoricians and orators.

The Dark and Middle Ages. With the collapse of the 
Roman Empire in the West in the 5th Century, the pro­
fessional artist virtually disappeared in Europe. Until the 
revival of Western culture under Charlemagne about 800, 
the practice of the arts was confined mainly to scattered 
monastic enclaves, which kept alive the traditions of a 
written literature and began to develop a new architectural 
style. Some of the arts, such as the written drama, were 
lost altogether, only to be revived later from church ritual 
and folk ceremonies. The sophisticated poet, a product of 
the stable and assured civilization of antiquity, vanished 
from the scene to be succeeded by anonymous bards, such 
as the creator of the Anglo-Saxon Beowulf who, as in Ho- 
meric days, put into final form the results of centuries of 
oral shaping of legend and history. Only in the Byzantine 
Empire and, after the 7th Century, in the rapidly growing 
world of Islam, was the professional artist able to flourish.

The rich burgeoning of medieval civilization following 
the early 9th-century Carolingian renaissance produced a 
magnificent harvest in the arts, but for the most part the 
creators remain unknown. The superlatively beautiful so- 
called Book of Keils from 9th-century Ireland was deco- 
rated, page by page, by a monk or group of monks who 
saw the task as their gift to God, their way of living 
their vocation. It is doubtful that they were conscious of 
themselves as artists or that they were so regarded by 
their fellows.

The builders and sculptors of the great Romanesque and 
Gothic churches were journeymen masons and carvers 
who worked under the driving direction of a forceful 
churchman, such as the remarkable Frenchmen Hugh of 
Semur, Abbot of Cluny from 1049 to 1109, and Abbot 
Suger, who built the Abbey Church of St. Denis from 
1140 on. The radiant stained-glass Windows of the Goth­
ic cathedrals were made in the workshops of Chartres 
and other centres. Only rarely did a particular craftsman, 
such as the sculptor Giselbertus of Autun or the sculptor- 
decorator Nicholas of Verdun, emerge from anonymity.

The Renaissance and Baroque. An enormous increase 
in the prestige of the artist came about with the beginnings 
of the Renaissance in 14th-century Italy. The veneration 
for antiquity that so dominated intellectual life was in 
large measure a veneration for the arts of antiquity, for a 
life-style in which the written and spoken word, the visual 
image, the public monument, and those who created them 
were seemingly central elements.

New stance o f the poet. The crowning with laurel of the 
poet Petrarch at Rome in 1341 was a ceremony intended 
to establish a link with ancient civilization. Almost im- 
mediately after the death of Dante, The Divine Comedy 
became the object of an intense scholarly and critical 
study equal to that given the great epics of antiquity.

Throughout Italy, but especially in Florence, the human­
ist of the 15th Century was dedicated to the purification 
and preservation of Latin as a living universal language. 
He gave to the profession o f writer and scholar a distinc­
tion it had not had since the collapse of Rome nearly a 
millennium earlier. Men of letters were held in an esteem
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that—in the case of that shown the Dutch humanist De- 
siderius Erasmus—approached reverence.

Regnancy o f the visual arts. The new Renaissance at­
titudes were most striking in the visual arts. The painter 
and architect Giorgio Vasari, in his Lives o f the Most 
Eminent Architects, Painters, and Sculptors (1550), saw 
the development of the arts in Tuscany as the working out 
of a divine plan. According to Vasari, God sent Michel­
angelo to the world endowed with so great a universality 
of power in each art that he might be considered of a 
divine rather than human nature. A Century earlier, no 
one would have considered artists deserving of extended 
biographical treatment.

The artist had fought for this new status, however, from 
Filippo Brunelleschi, who stoutly defended his indepen- 
dence as an architect from the meddling of the Florentine 
government, to Michelangelo, in his defiance of Pope Ju­
lius II. Leonardo resented bitterly the placing of painting 
among “the mechanical arts” and attempted to raise the 
status of painting by deliberately downgrading sculpture, 
which he called a sweaty and fatiguing job for workmen. 
Even after he had become a world-famous artist, Michel­
angelo feit it necessary to defend his social and intellectual 
Position. Forbidding his nephew to address letters to him 
as “Michelangelo the Sculptor,” he insisted he had never 
been a painter or sculptor such as those for whom it 
was a business.

Status The first academies of fine art were founded not pri-
and the marily as teaching institutions but as means of enhancing
academy the standing of artists. Florence’s Accademia del Disegno, 

founded by Vasari in 1563, was headed jointly by a prince 
and an artist—the Grand Duke Cosimo and Michelangelo. 
In 1564 the academy publicly demonstrated the honour 
being paid to artists in its elaborate funeral ceremonies 
for Michelangelo. Such leading Venetian artists as the 
painters Titian and Tintoretto and the architect Andrea 
Palladio were glad to apply for membership in the Floren­
tine Academy, and its advice on the design of the Escorial 
Palace was requested by King Philip II of Spain.
Particularly in northern Europe, however, the average 

painter, as distinct from the outstanding genius, continued 
to be regarded as a craftsman throughout the 16th Centu­
ry. In 1590 the Guild of St. Luke in Haarlem included 
not only painters, wood-carvers, and goldsmiths but also 
printers, slate layers, plumbers, and lantern makers. This 
extreme Situation was bitterly complained of by a leading 
Dutch painter and theorist of the period, but it illuminates 
the attitude toward painting still held by many.

In the 17th Century the intellectual and social status of 
the artist reached perhaps the highest level it has ever 
attained. Two of the greatest Baroque artists, the Flemish 
painter Peter Paul Rubens and the Italian sculptor Gian 
Lorenzo Bernini, lived like princes. Both were accepted in 
leading intellectual circles and were completely at home 
in this environment. The Spanish master Diego Veläzquez 
enjoyed lifelong security as the favourite painter and friend 
of King Philip IV, who, despite the grumbling of many 
aristocrats, awarded him the Noble Order of Santiago.

Writers and performers. The change in the status of 
the writer during the Renaissance and Baroque periods 
was not nearly as spectacular. The poet and rhetorician 
were treated with respect, but it was still necessary for Sir 
Philip Sidney about 1581 to write An Apologie for Poetrie 
(first published in 1595), and the poet Edmund Spenser, 
like many poets of lesser stature, had to beg for patronage 
from powerful nobles. Shakespeare published his narrative 
poems with obsequious dedications to his patron, the Earl 
of Southampton.

Practitioners of such newer literary forms as the novel- 
la and the populär drama never achieved full social or 
intellectual acceptance in this period. The dramatist, in 
particular, linked as he was with the day-to-day commerce 
of the theatre, and often himself an actor, was considered 
simply as a hack writer. His plays were regarded lightly 
as literature, and when Ben Jonson dared to publish his 

The theatre plays as his Workes in 1616, he was jeered at for his 
as mere pretensions. Actors, though they were loved and admired 
entertain- as entertainers, had escaped only recently from being 
ment classed as “rogues and vagabonds,” and technically they

were regarded as household servants of the nobility. An 
occasional actor, such as Edward Alleyn or Shakespeare, 
was able to attain the position of a gentleman if he was a 
manager as well or had powerful patrons.

Only in the France of Louis XIV did the dramatist attain 
the status of an honoured man o f letters, and then only 
by adhering to the rigidly defined neoclassical Standards 
of dramaturgy. The drama, like all the arts, was closely 
integrated into the political structure, and powerful min­
isters of the crown carefully supervised the work o f the 
playwright. Leading dramatists such as Jean Racine were 
victims of political intrigues, but if they survived them, 
they could look forward to the ultimate reward o f election 
to the Académie Francaise. Molière, however, who was 
an actor and theatre manager as well as a dramatist, was 
regarded socially as a member of Louis’s household.

Revolutionary impetus. The great social and political 
changes of the late 18th Century, climaxing in 1789 in the 
French Revolution, were as decisive for the artists as for 
other groups of men. The emphasis on personal freedom 
and the desire to break loose from mind-forged manacles 
as well as social shackles were key elements in the Ro­
mantic movement that dominated the arts for almost 100 
years. A wide gulf separated the attitudes of Haydn from 
those of Mozart, though the two were only a generation 
apart in age. Haydn was content to serve as music master 
for the Esterhazy family in Hungary from 1760 to 1790.
Mozart could easily have made a similar career, but he 
rebelled against being a servant to the Archbishop of Salz­
burg. He determined to earn his living as an independent 
musician, and for a time his career flourished. The day 
of the free-lance composer had not yet dawned, however, 
and he died early, in poverty and loneliness.

For the first time in history, under the impetus o f the 
French Revolution, there emerged the phenomenon o f  
the revolutionary artist committed to an active political 
role. The most conspicuous example was the Neoclassical 
painter Jacques-Louis David, who not only expressed the The artist 
ideology of the Revolution in his works and organized its as political 
great public festivals but was a political leader and a friend activist 
and ally of the Revolutionary leaders Marat and Robes- 
pierre. The ambivalent attitude expressed in the 20th 
Century toward political activity by artists was illustrated 
earlier when David was caught up in Robespierre’s down- 
fall in 1794. Unlike other of Robespierre’s followers who 
were executed summarily, David, after a stay in prison, 
was pardoned and restored to favour as virtual dictator 
of the arts. A similar Situation befell the Spanish painter 
Francisco Goya, who had partially cooperated with the 
French puppet government in Spain. When the Napoleon- 
ic armies were driven out in 1814, he regained his position 
as court painter. There may have been in both cases an 
unwillingness to dispense with the services of a great artist.
In addition, however, there also may have been at work 
the feeling, expressed even in this present Century, that the 
artist is not to be taken altogether seriously as a politician.

The developing setting of modern art. A characteristic 
feature of artistic activity in the 19th and 20th centuries 
is that no generalizations about the status of the artist 
can be made. Trends are divergent and often completely 
contradictory. On the one hand, the artist became one 
of the representatives of the acquisitive society, a success­
ful businessman satisfying the demands of the market.
Whether he was a man of genius, such as the English 
novelist Charles Dickens and the French novelist Honoré 
de Balzac, or a talented and industrious hack, he wrote for 
a vastly expanded audience created by mass literacy and 
growing leisure. The English writer Anthony Trollope, sit- 
ting in his club and turning out his fixed quota of words, 
finishing a novel one day and beginning another the next, 
was a perfect embodiment of the respectable, punctual, 
middle-class writer.

Similarly, the official artist was recognized by the nation­
al academy and hung at the salon exhibitions. He created 
a standardized and approved product— whether portrait, 
landscape, or sentimental illustration—to meet the great 
demands of a newly rich clientele eager for culture but 
unsure of its tastes. The American portraitist John Singer 
Sargent not only answered completely the artistic needs
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of his upper class patrons but identified with them as a 
person. At this point the social distinction between patron 
and artist virtually has disappeared.

On the other hand, the 19th Century was above all the 
period of the alienated artist, the deliberate exile from so­
ciety. The tone was set early in the Century by the English 
poets Lord Byron and Shelley, both bom aristocrats, who 
flouted the Standards and conventions of their class. The 
contempt for accepted social behaviour and the adoption 
of the pose o f the outcast are seen at midcentury in 
the French poet Baudelaire and in the closing decades in 
the French painter Gauguin. Épater la bourgeoisie, “to 
dumbfound the middle class,” became the slogan of a 
whole group o f French Romantics. The doom-ridden art­
ist propelling himself toward destruction by drink, drugs, 
or a furious excess o f behaviour became a characteristic 
figure of modern times, from Edgar Allan Poe to Jackson 
Pollock and many “pop” singers of the 1960s and 1970s.

Somewhat related to this phenomenon was the distrust 
with which the middle class came to view artists, above all 
painters and musicians. This is especially true of attitudes 
toward the avant-garde artist, whose rejection o f academie 
conventions within his own art makes him suspect as an 
enemy of society itself. Napoleon IIFs superintendent of 
fine arts summed up for all time the attitude o f officialdom 
toward such artists when he expressed his displeasure and 
disgust with their work, characterizing them as democrats 
who do not change their linen and hope to put themselves 
over on the world.

Impact of scientific dominance. As Science became a 
dominant force, the intellectual prestige of the artist de- 
clined. The role of the prophet continued to be played 
by such writers as Thomas Carlyle and John Ruskin, 
both of whom were skeptical of the benefits of Science 
and technology. No Creative artist since Goethe, however, 
has gained the intellectual respect accorded to scientists. 
Modern art has produced no men of universal interests 
and abilities to match such Renaissance geniuses as Leon 
Battista Alberti or Leonardo, whose work and thought 
carried them into virtually every area of human activity.

The ideological gap between scientists and artists, be­
tween “the two cultures,” as the English novelist C.P. 
Snow has called them, has widened dangerously over the 
past Century. A number of artists, however, attempted to 
incorporate into their own work some of the methodology 
of Science and to gain for themselves the intellectual status 
of the scientist. In a famous essay of 1880, The Experi­
mental Novel, Émile Zola argued for a literature governed 
by Science and claimed for the novelist the function of a 
biologist of society. The French Postimpressionist painter 
Georges Seurat, who set for himself the reconciling of 
art and Science, believed that properly applied scientific 
theory could replace intuition as the basis of art. In the 
20th Century, apologists of Cubism, though not its lead­
ing practitioners, saw in it the artistic expression of the 
fragmented world of modern physics. Recently, electronic 
music, created mainly by university-based composers, has 
provided a new union of technology and art.

New areas of respectability. The actor-manager David 
Garrick had helped to make the theatrical profession re- 
spectable, but during the early 19th Century, actors and 
actresses, however applauded or financially successful, 
continued to be regarded by many as slightly disreputable. 
By the end o f the Century, however, the Situation had 
so changed that in 1895 Queen Victoria knighted Henry 
Irving, the first actor to be so honoured. Such an accolade 
became almost commonplace in following years, and in 
both Europe and America the actor is now accorded con- 
siderable respect.

The new arts o f the 20th Century—cinema, radio, televi­
sion, and recording— have all produced their mass idols. 
The fantastic adulation lavished on film stars or pop sing­
ers, however, has often been accompanied by an openly or 
covertly expressed intellectual contempt. Of all the artists 
involved in the creation of a film, only the director seems 
so far to have achieved intellectual respectability. Such 
directors as the Italian Federico Fellini, the Swede Ingmar 
Bergman, and the Frenchman Jean-Luc Godard became 
subjects of a serious aesthetic discussion comparable to

that focussed on the most important of Contemporary 
writers or visual artists.

In music, the last 100 years have featured the virtuoso 
performer, the pianist, the violinist, the soprano, or the 
conductor. The Separation of composer from performer 
began early in the 19th Century, and instead of a Bach, 
Mozart, or Beethoven performing his own works, there 
is the virtuoso who interprets the compositions of others. 
The most publicized musician of the 20th Century and 
the one most widely admired for his intellectual gifts was 
not a composer but the conductor Arturo Toscanini. The 
famous pianist Ignacy Paderewski, when he served briefly 
as premier of Poland in 1919, became the first profession­
al artist to head a national govemment. One of the most 
striking phenomena of the rock music of the 1950s and 
1960s was the closing again of the gap between composer- 
lyricist and performer.

A nother im portant developm ent in  this Century was the 
growing activity o f  black artists and w om en  artists to 
break dow n the social and intellectual d iscrim ination that 
historically has been  directed against them . There has 
been, as a result, not on ly  increased public know ledge o f  
the contributions m ade by both  groups but also a greater 
understanding o f  the artist as an individual w ho is directly 
involved in— and in  m uch o f  h is work reflects— the prob­
lem s and stresses o f  his society.

THE ARTIST’S LIVELIHOOD
Throughout history, the economie status of the artist has 
varied as widely as his social and intellectual status, though 
changes in the one have not necessarily paralleled changes 
in the other. Since conditions favouring one art may have 
been unpropitious for another, artists in different fields 
often did not experience the same measure of economie 
security at any given time. Similarly, though artistic activ­
ity in general has followed the economie development of 
a society, there have been periods in which a society has 
experienced great prosperity while at the same time artists 
have starved.

Forms of patronage. Until recently, artists in most fields 
were directly dependent upon patronage—whether gov­
ernmental, church, or private— for their livelihood. They 
produced works specifically commissioned for a particular 
need or occasion or designed to appeal to the tastes of 
a well-defined group or known individual. The notion of 
an artist working to please himself and then attempting 
to sell his product on the open market, either directly or 
through an intermediary, is a comparatively modern one. 
In such fields as architecture and serious music the artist 
even now remains almost completely dependent on direct 
commissions.

The system of patronage has had a profound effect on the 
work of art itself. The idea that institutional sponsorship 
always produces bad works of art is refuted by the facts. 
The buildings on the Acropolis of Athens, the Gothic 
cathedrals throughout Europe, the Sistine Chapel freseoes 
in Rome, and the sculptures of the Benin kingdom of 
West Africa, for example, were all commissioned by a 
governmental or religieus body. Artists working to express 
a shared system of ideas and beliefs for a community of 
which they are an integral part are likely also to share a 
common and stable style. The rapid shifts of style that 
characterized the arts in modern times reflect, to a certain 
extent, the new economie status of the artist as well as the 
present instability of artistic traditions.

The open marketplace. Nevertheless, many artists of 
the past have chafed at the loss of individual freedom 
entailed by institutional support. This was particulary true 
during the 16th and 17th centuries, when the intellectual 
and social status of the artist was improving. When artists 
gradually freed themselves from the tyranny of patron­
age, they often discovered that they had submitted to the 
equally confining tyranny of the marketplace. In 17th- 
century Holland, for the first time in the history of art, 
painters began to produce works to be sold at auction 
or in art markets. The dependence on commissions did 
not cease, but direct patronage was no Jonger the only 
source of the artist’s income. Most of Rembrandt’s work, 
for example, was probably done to order, but many of
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his surviving works, including more than 60 self-portraits, 
probably were done without immediate commission.

In the 19th Century, a number of artists attempted to cap- 
italize directly on their own work, not by selling individual 
paintings to particular buyers but by exhibiting them for 
a fee to a mass audience. The American artist Rembrandt 
Peale earned $9,000 from the showing of his painting “The 
Court of Death,” which was seen by 32,000 people during 
a 13-month tour in 1820-21. At virtually the same time, 
the French painter Theodore Géricault was exhibiting his 
famous, “The Raft of the Medusa” throughout England 
and Ireland. In 1855, Gustave Courbet constructed his 
own Pavillon du Réalisme at the Universal Exposition in 
Paris, charging the public an entrance fee to view 50 of 
his paintings.

In the other arts as well, the artist emerges as an individ­
ual entrepreneur from the 16th Century. Alexander Pope 
was perhaps the first poet in history to earn a living entire­
ly from the public sale of his work. The new commercial 
orientation of the writer was summed up in the famous 
aphorism of Samuel Johnson, “No man but a blockhead 
ever wrote, except for money.”

Institutional patronage has never, even in modern times, 
lost its importance for the artist. Eugene Delacroix, the 
supreme French Romantic painter, accepted a number of 
commissions for large murals from the French govern- 
ment. One of the most celebrated paintings of the 20th 
Century, the “Guernica” by Pablo Picasso, was done for 
the Spanish Pavilion at the Paris Exposition of 1937. Both 
Marc Chagall and Henri Matisse created masterpieces of 
religious art on commission.

Artists in the modern period have had, nevertheless, to 
appeal to the general public in order to survive. For those 
who succeeded, the rewards were great, and many artists, 
both academie and avant-garde, became wealthy. On the 
other hand, innumerable other arguably good artists have 
been driven to despair by lack of public recognition and 
support.

Governmental and other subsidies. Various attempts 
have been made to provide some kind of governmental 
subsidy for artists. Among the most conspicuous of these 
were the Works Projects Administration (wpa) programs 
for painters, writers, actors, and other artists supported by 
the United States government during the depression of 
the 1930s. These projects were attacked bitterly by some 
politicians and eventually discontinued.

Today, the principle of government support for the arts 
is widely accepted. Most European countries have state 
theatres and opera houses, and they support symphony 
orchestras, ballet Companies, and other groups of artists. 
The British government grants sizable subsidies to the Na­
tional Theatre and the Royal Shakespeare Company. In 
the United States, the federal government and some state 
governments have given financial aid to artists through 
such organizations as the National Endowment for the 
Arts and the New York State Council on the Arts. Uni­
versities and some private foundations have become im­
portant sources of economic support for the artist. Poets, 
painters, and composers in residence are now found in 
many universities, sometimes with teaching duties, some­
times free simply to create.

Conditions outside the West. The social forms of non- 
Western cultures have varied so widely, from place to 
place and from period to period, that it is impossible 
to make any valid generalizations about the economic 
Position of the artist in such cultures. At one end of 
the scale, in simple nomadic or agricultural communities, 
the artist hardly has existed as a specialized person. Such 
crafts as pottery making or weaving generally have been 
diffused throughout the community, sometimes limited to 
one sex or another. In the sophisticated and highly de­
veloped imperial, monarchial, or tribal societies of China, 
India, or Africa, on the other hand, the trained artist has 
always been regarded as a valued servant of the ruling or 
priestly group and has been integrated completely into the 
economic structure of the state. With the vast social and 
political upheavals in the Orient and in Africa in recent 
decades, a period of rapid change in the economic and 
social status of the artist has set in.

INTERACTIONS AMONG ARTISTS 
AND WITH THEIR PUBLICS
The mingling of artists working in the same or different 
mediums always has provided a leavening element for 
their Creative energies and imagination. Similarly, collec- 
tive or collaborative work, criticism and appreciation, and 
national and international awards, as well as collective 
action for the benefit of the artistic community, have con- 
tributed to artistic life and work.

The artist’s working environment. The act of artistic 
creation is usually a solitary one, whether carried out 
in an isolated cell or in a crowded room. Most artists, 
however, have sought the stimulus of some special kind 
of environment, generally one in which they could have 
regulär interaction with their peers. Only rarely has an 
artist who is cut off from others, by necessity or choice, 
been able to produce great work. It has been suggest- 
ed that the American poet Emily Dickinson might have 
developed her poetic gifts even more significantly if she 
had not been so isolated from other writers. The battles 
of wit between Shakespeare and Ben Jonson at London’s 
Mermaid Tavern may be apocryphal, but they describe a 
Situation typical of the literary life.

A deliberately and formally organized artistic environ­
ment has proved only rarely to be conducive to Creative 
work. Art colonies, either specifically limited to artists or 
existing within Utopian communities, have tended to fall 
apart rather quickly. One o f the longest lasting of these, 
the MacDowell Colony at Peterborough, New Hampshire, 
has endured mainly because it offers a pleasant and quiet 
summer retreat for the artist. Brook Farm in Massachu­
setts, which Nathaniel Hawthorne joined briefly in 1841, 
and the Helicon Home Colony in New Jersey, founded by 
Upton Sinclair, were both short-lived.

The university has come to play an important role as a 
fostering environment for the artist. The many temporary 
or permanent positions it offers have provided not only 
a measure of economic security for artists but also an 
intellectually stimulating setting. There is some feeling, 
however, that permanent immersion in an academie en­
vironment may insulate the artist too much, eventually 
depri ving him of his vital sources of inspiration.

Historically, most artists seem to have thrived best in a 
city that is the centre of vigorous political, economic, and 
intellectual activity and in which they could interact with 
other artists when and where they chose. Florence in the 
15th Century, London in the Elizabethan era, Vienna in 
the late 18th and early 19th centuries, and Paris from the 
Revolution until World War II were such places. The Café 
Guerbois in Paris was the scene of innumerable heated 
discussions in the 1860s and the 1870s between many of 
the leading painters and writers of the period. Such in- 
terchanges undoubtedly provided much Creative impetus 
for their art.

Sometimes, artists brought together by similar views have 
mutually inspired each other and worked in tandem to 
develop new styles. This was true probably of Giorgione 
and Titian in Venice, and certainly of Georges Braque 
and Picasso during the elaboration of Cubism in the early 
20th Century. There have also been looser groupings of 
artists with common interests, such as the Impressionist 
painters who exhibited together from 1874 to 1886. More 
recently, such groups as the Dadaists o f immediately after 
World War I and the Surrealists of the 1920s for a time 
united various artists of sometimes diverse tendencies.

Artists have on occasion, particularly during the 19th 
Century, combined out o f a sense of shared poverty and 
neglect to express a common contempt for accepted values. 
They have formed a separate society of their own, a “bohe- 
mia” characterized by deliberately outrageous costume 
and behaviour. The ultimate expression of the bohemian 
disdain for middle class conventions was the glorification 
of suicide, and young French bohemians actually founded 
a Suicide Club in 1846 as a gesture of defiance.

Such bohemian excesses generally have been unknown 
in non-Western cultures. In societies where the role of 
the artist has been clearly defined and established by long 
tradition, the notion o f the alienated artist would be vir­
tually incomprehensible. Like the European craftsman of

Centres 
and 
schools 
of artistic 
activity

Social 
Integra­
tion 
outside 
the West



116 Arts, Practice and Profession of the

Collabora-
tion

the Middle Ages, the non-Western artist has functioned 
not in a special environment set apart from his society 
but as a respected member of the community. Here again, 
of course, as in other aspects of the profession of the arts, 
the very recent period has begun to see a breakdown in 
traditional values and relationships.

Multiple creators. Related to the question of the artis­
tic environment is that of group creativity. A collective 
approach has proved far less viable in the arts than in such 
fields as scientific research. In the performing arts, film, 
and architecture, however, cooperative activity has been 
not only possible but often necessary, although usually 
there is one guiding vision—that of the director or the 
chief architect, for example. Many great buildings, such 
as St. Peter’s Basilica in Rome, represent the effort of a 
number of different architects. Almost always, however, 
these architects have been in charge successively rather 
than at the same time.

More successful in most arts has been the collaboration 
of two individuals. The Parthenon was the product of 
the architects Ictinus and Callicrates. Collaboration was a 
common procedure among Elizabethan dramatists, a most 
notable example being the works of Francis Beaumont 
and John Fletcher. A collaboration between composer and 
librettist, such as that between Mozart and Lorenzo da 
Ponte, created many great operas.
Art collectives have been organized, with varying degrees 

of success, in many of the Socialist or Communist States, 
particularly in the immediate post-Revolutionary periods. 
In such countries as China, North Vietnam, and Cuba, 
deliberate emphasis has been placed on “the democratiza- 
tion of art,” an attack on the notion o f art as the province 
of the individual genius, and an attempt to create a collec­
tive and anonymous art. Numerous political events, such 
as the 1968 student strike in France, stimulated collective 
activity in the production of propaganda posters and the 
Organization of guerrilla-theatre Companies that gave in- 
formal but impassioned performances usually on social or 
political themes.

Guilds and unions. Artists have also banded together 
for very practical purposes. It was, for instance, during 
the later Middle Ages and the Renaissance that European 
artists, like all other craftsmen, were organized into guilds 
that looked after their economie interests and regulated 
trade procedures. The bronze workers of the great African 
kingdom of Benin, which flourished in the 16th Century, 
also had their guild.

Attempts to organize Creative artists into modern trade 
unions generally have failed. During the depression in 
the United States, artists’ and writers’ unions enjoyed a 
brief period of growth, and during the 1960s black artists 
and women artists formed their own groups. Performing 
artists, in contrast to Creative artists, have formed strong 
unions that have been able to exert considerable pres­
sure to better their economie Situation. American Actors’ 
Equity Association and British Actors’ Equity Association 
are probably the best known of these unions, and there 
are similar organizations in radio and television and in 
the film industry. On an international scale, there have 
been various attempts to bring together artists for polit­
ical or economie activity. International pen  (Poets and 
playwrights, Pssayists and editors, and Vovelists) is an 
Organization of writers that has taken vigorous public 
positions on matters of concern to professional men and 
women of letters. Founded in 1921 and actively supported 
in its early days by such prominent figures as H.G. Wells, 
Bernard Shaw, Anatole France, and Thomas Mann, the 
organization includes today more than 8,000 writers from 
58 countries.
Impacts of criticism and appreciation. Among the nec­

essary conditions of work for most artists are public 
criticism and appreciation. Although artists often have 
pretended to be scornful of critics, generally they have 
flourished best in an atmosphere in which their work 
was studied, understood, and encouraged. Almost every 
important artistic movement of modern times has had 
its critical spokesman and defender. Conspicuous among 
such Champions have been the Frenchmen Émile Zola, 
for the Impressionists, and Guillaume Apollinaire, for the

Cubists, as well as the American critic John Martin, for 
the modern dance movement.

Many Creative artists have been discouraged, however, 
by lack of appreciation of their work. The great Baroque 
architect Francesco Borromini committed suicide at least 
partly because of critical neglect and attack. A legend that 
the English poet John Keats died because of sa vage criti­
cism of Endymion is false, but Keats was affected seriously 
by the attacks. Cézanne, in his later years, was deeply hurt 
by what he thought was complete public disregard of his 
achievement.

Like individuals of distinction in other fields, artists have 
been singled out for awards of various sorts. The most 
prestigious of these honours is the Nobel Prize for Liter­
ature, which, with two exceptions (1914 and 1943), has 
been awarded annually since 1901. The prize has some­
times been refused, notably because of political pressure, 
but the writers chosen usually have regarded it as the 
climax of their careers. There is no comparable award in 
the other arts.

In the United States, the Pulitzer Prizes annually honour 
outstanding work in drama, fiction, poetry, and musical 
composition, as well as in scholarly and journalistic writ- 
ings. The National Book Awards also honour literary work 
in the different genres.

In other countries, artists are given prizes or other marks 
of merit for distinguished achievement. The Prix Gon- 
court is the best known of French literary awards. Many 
Creative and performing artists appear each year on the 
honours list in Great Britain, as recipients of knighthoods 
or other distinctions. In the Soviet Union, the title of 
Honoured Artist is conferred as a badge of accomplish- 
ment, and in Japan, actors are often honoured with such 
titles as National Living Treasure, indicating the prestige 
they have acquired.

Artists are also eligible for election to honorary societies, 
some of which are limited to the arts. The greatest tribute 
that can be paid to an artist or intellectual in France is 
elevation to membership in the Académie Francaise, the 
famous Company of “immortals.” In the United States, 
the National Institute of Arts and Letters constitutes the 
chief honorary society of the arts.

THE ROLES OF THE AMATEUR
Amateurism has always been an important factor in the 
development of the arts. In the oldest sense of the term, 
the “amateur of art” is simply the lover of art. He need 
not necessarily be a practitioner of any of the arts himself, 
functioning instead to encourage and support the arts in 
every way possible. What distinguishes this kind of ama­
teurism from passive art appreciation is its active commit- 
ment. From its ranks come the students, the connoisseurs, 
and the patrons of art.

There is also a more common sense in which the term 
amateurism applies to the arts. There are vast numbers of 
people who, without special talent or extensive training, 
write, paint, or play musical instruments primarily for 
their own pleasure or as a leisure occupation. Often such 
amateurs band together in musical groups or theatrical 
Companies that perform for themselves and their friends. 
The line of demarcation between amateurs of this kind 
and professionals is usually clear, although their economie 
contributions in the form of royalties are often important 
for playwrights, film performers, and the composers of 
populär music. Few Sunday painters, unlike Gauguin, ever 
abandon their businesses and families to risk everything 
on their talents.

Another kind of amateurism—rare today, though histor- 
ically it has been of great significance—goes back to an 
idea that appeared first in antiquity and acquired force 
during the Renaissance: namely that proficiency in an art, 
particularly music or poetry, is an (ennobling) attribute 
of the gentleman. Art is valued as an accomplishment of 
the educated man, but not as a profession. Unlike the 
art amateur who practices an art simply for his personal 
enjoyment and basically is not concerned with how well 
or how badly he does it, the gentleman amateur aims 
at excellence. His ideal is the quality of sprezzatura, or 
effortless grace, described by Baldassare Castiglione in his
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Courtier (1528) as one of the chief characteristics of the 
Renaissance courtier.
Chinese culture always has been unique in considering 

painting as the special avocation of the noble amateur. 
The man of letters, the statesman, and the upper-class 
gentleman have traditionally been trained in and expected 
to be proficient in the art of painting, and especially in 
calligraphy. In India, too, training in the arts has been 
considered a necessary part of the education of members 
of the highest caste.

The amateur in all of these senses has made invaluable 
contributions to the preservation and dissemination of art. 
The devotee of art has encouraged and supported artists, 
has collected and handed on works of art, and has founded 
museums, libraries, and schools for the arts. Above all, he 
has set a Standard of taste in every generation, sometimes a 
false or artificial one but one that often has raised the level 
of artistic performance. If the skilled amateur at times has 
introduced a measure of snobbism into the appreciation of 
the arts, he has compensated for this by his defense of art 
against those who have attacked it as immoral, dangerous, 
or frivolous. Most of all, however, artists are indebted to 
the millions of amateur practitioners of art who, having 
experienced its value for themselves, can respond to it as 
practiced on the highest professional level. (Si.T.)

Social and economie aspects of the arts

It is necessary to begin a sociological analysis of the arts 
by identifying the various social frameworks within which 
artistic activities have been conducted and the influences 
that these frameworks have had on the style and content 
of the arts, the levels of Creative attainment, the mode of 
living of the artists, and the uses to which their art has been 
put by society. This mode of analysis is not concerned, as 
the histories of the various arts are, with describing how 
the particular arts have historically evolved and what they 
have meant to their users. Rather, it is aimed at discerning 
the basic alternative patterns of organizing artistic activi­
ties and the consequences, for society and for the arts, of 
adopting one or another of them.

Most of the necessary knowledge for recognizing these 
patterns is still lacking or is ambiguous in its implications. 
Indeed, there is no generally accepted theoretical basis for 
encompassing all the arts in relation to all sociological 
variables in all types of societies, from the simplest to the 
most complex. There is, furthermore, hardly any other 
field in the whole area between the humanities and the 
social Sciences as inviting to partisan sensibilities as the re­
lationship between art and society. Any general statements 
about relationships between art and society must therefore 
be treated cautiously, not as established knowledge but as 
tentative hypotheses.

THE FIELD OF ART
There are two possible ways to conceive of art sociolog- 
ically. In the nonhistorical view, art must be conceived 
as that which is defined by a society, or an artistically 
relevant part thereof, as art. This could be called the “la- 
belling” view. The work itself may or may not claim to 
be art; it is recognized as such by those with an authority 
to do so (in modern societies, by artists and art critics) 
or by anyone interested. This definition implies that art 
did not exist in preliterate societies until it was recognized 
by the moderns, since what now appears to be art has 
been treated mostly as religious or utilitarian artifacts in 
such societies. In the absence of the label art, imposed by 
later cultures, these objects are indeed only utilitarian or 
religious artifacts. Art arises merely in our perception of 
them, but does not exist in the intrinsic qualities of the 
objects themselves.

Historical The second, historical view of art is based on the as- 
conception sumption that art is what survives a series of “tests” given 
of art to objects that function as art. When such an object is

initially presented to the view of people other than its 
creator, it could be viewed as representing a “claim to 
art.” When it is accepted by large numbers of people in a 
society or by its established elites or by other artists and 
art critics, it could be said to have become a popularly,

or authoritatively, or professionally validated work o f art.
But the ultimate test o f its artistic quality is whether it 
can transcend the boundaries o f time and space and be 
accepted by other peoples in other areas.

The historical conception o f art implies that art represents 
a universe with some shared characteristics that are every- 
where recognizable as artistic (whether or not the concept 
of “art” is consciously acknowledged). Experimental psy- 
chological studies provide some support for this view. It 
has been found, for example, that traditional Japanese 
potters agree to a high degree with U.S. art students on the 
relative merits of a series o f works of art shown to them.
The agreement is closer than that between American art 
and nonart students. Thus, practitioners of art appear to 
agree across cultural boundaries on the quality of artistic 
attainments.

The agreement on what constitutes a work of art has the 
following characteristics:

1. It is partial. Each society and period has its own par­
ticular Standards, as well as generally accepted criteria, by 
which it judges works o f art. The patrons and publics of 
art (and even art critics) probably insist on these special 
Standards to a greater extent than do the artists themselves.
Hence, local criteria should have greater weight in judging 
works of art when the artistic enterprise is dominated by 
nonartists. This is one reason for the great fluctuations 
over time in the economie evaluations o f particular works 
of art, for persons who are not artists usually determine 
these judgments.

2. The artistic consensus is hierarchical. When artists are 
left alone, they can, in the long run, roughly agree on the 
ranking of individual works of art. This happens even in 
quite egalitarian societies, such as the Australian Aborig­
ines, where most men participate in artistic activities but 
differences in the quality o f achievements and in individ­
ual capacities are recognized. The notion of a hierarchy 
of artistic qualities is therefore not a superimposition of a 
social hierarchy on artistic experiences.

3. The consensus on art has expandable boundaries. The 
artists of a society can incorporate works they have been 
unfamiliar with into their notion of the “field” of art, with 
a discriminating sensitivity as to their merits. The entrance 
of new claims to art generates efforts at evaluation, clashes 
of particularistic values, and the rise of artistic schools and 
movements. Such claims are ultimately tested in terms of 
what is considered to be the total structure of the field 
of art. In turn this structure evolves, by a process of self- 
testing, through the evaluations it gives to works claiming 
the right to enter it.

THE AESTHETIC FUNCTION
The nature of the system of art seems to derive from 
sustained experience with the practical problems of mak­
ing objects or acts that perform the functions of art and 
from a sense, which craftsmanship seems to generate, for Art and 
what transcends mere craftsmanship. A mid-20th-century craftsman- 
survey in the United States has shown that craftsmanship ship 
by itself is more highly regarded, in judging works of art, 
by nonexperts than by artists and art scholars.

Since craftsmanship is a purposeful activity, it appears 
that the art public is more apt to judge art by some 
presumed purpose, while artists judge it in terms of what 
transcends any presumed purpose. If it is ultimately the 
consensus of artists that determines what is included in 
the field of art, artistic value must lie in something that 
is not recognized, even by the artists themselves, as “the 
purpose” of art.

It follows that works of art cannot be understood by the 
manifest functions they have been specifically intended to 
perform. Where they function most purely as works of art, 
they perform latent functions— unintended and unrecog- 
nized. If this observation is valid, art could be regarded as 
the generalized system of the society for the performance 
of unintended and unrecognized (but nevertheless needed) 
psychological and cultural functions. If these functions are 
effectively performed by other Systems of the society, art 
can remain implicit in them. To the extent that other 
Systems become explicit about the functions they perform 
and rationalize them to exclude everything that does not
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clearly contribute to their purpose, art has to emerge as 
an autonomous system.

The autonomy of art from the social forces that would 
control it derives, as an immediate consequence, from 
the structural requirements of good design peculiar only 
to art; and, ultimately, from the origin of the aesthetic 
function in the intuitive Organization of unintended and 
unrecognized functions of an interrelated psychological 
and cultural nature. To the extent that art performs an 
aesthetic function, it is not subject to intentional social 
control. A variety o f consequences follow from this con­
ception of the aesthetic function:

1. If its very essence arises from performing unrecog­
nized functions, art must be a less self-conscious, a less 
“rationalized,” and indeed a less professionalized activity 
than any other in the cultural sphere.

2. Since it must be ready to perform unrecognized func­
tions as they unpredictably arise, the system of the arts 
cannot be a specialized one, adapted to a particular set of 
circumstances. It must remain generalized, to some extent 
maladapted to the existing state of society, and able to 
function in a wide range of areas of ambiguity.

3. The survival over time, and perhaps the aesthetic 
quality, of works o f art depends on how wide a range 
of unintended and unrecognized functions they can effec- 
tively perform. It is because they have a wide aesthetic 
range, in this sense, that great works of art function for us 
even when it is not known exactly what they have meant 
for their producers, as is the case with prehistorie art. The 
latent functioning of a work of art is not dependent on 
the grasp of its intended meanings.

4. It could be argued that an effective organization of 
any unrecognized function constitutes the aesthetic aspect 
of the social or psychological system in which it is embed- 
ded. Thus, scholars could analyze successful works of art 
as diagrams of effectively constructed but hidden psycho­
logical processes occurring in Personalities individually or 
collectively, and could discern how these diagrams are 
used, by artists and art consumers, to deal with otherwise 
raw and chaotic psychological processes. The diagrams 
may be seen as providing rehearsals for effective organi­
zation of these psychological processes or as suggesting 
alternative models for them or as providing focal points 
around which they can crystallize.

If aesthetic value depends on consciously unrecognized 
functions, does an explication of these functions erase the 
possibility of an aesthetic experience (or prevent it from 
arising for those who will, in the future, be conscious of 
the functions the work of art presumably performs)? Not 
necessarily—if the work of art, after one or more of its 
functions have been explicated, can still function effec­
tively in other unrecognized and unintended ways. The 
interpretation of art could be viewed, then, as a struggle 
against its inexhaustibility, but the functions that have 
been fully explicated would seem to become more cogni- 
tive than aesthetic.

SOCIAL USES OF ART
While, to be artistically effective, art must function as art— 
filling many unrecognized and unintended functions—it 
does not generally operate as “pure” art. First, it may over­
lap other cultural Systems— religion, philosophy, Science, 
a secular ideology—and perform, in part, the more clearly 
identifiable functions of these Systems. It is then shaped, 
to some degree, by the superimposed functions it performs 
as a part of those Systems.

In general, art tends to become increasingly differentiated 
from other cultural Systems in the course of social evolu­
tion. Yet in some periods a closer integration of art and 
some other cultural system may be sought. Thus, the sys­
tem of Science has, in most cases indirectly, affected much 
of modern visual art. It cannot be taken for granted that 
the most complete differentiation of art from other cultur­
al Systems is most conducive to its authenticity. Nor does 
a self-conscious “integration” of art with another cultural 
system enhance art, as is shown by the failure of Socialist 
Realism, tightly bound to Communist ideojogy. It could 
be inferred from the notion of the aesthetic function that 
an indirect, unintended mutual interaction between art

and some other cultural system would be most stimulat- 
ing to the arts.

Second, art may be used by various social agencies or 
groups to perform functions these agencies are interested 
in. Such use of art by social agencies structures the con­
tent and style of art and influences its level of Creative 
attainment and its total repertoire of functions. Again, it is 
not to be taken for granted that it is necessarily disastrous 
for art to be used for extra-artistic purposes. On the one 
hand, by using art to fulfill their purposes, social agencies 
may restrict art’s capacity to function as art. This seems 
likely to happen to the extent to which social agencies 
successfully limit art to performing any set of consciously 
recognized and intended purposes.

On the other hand, by using art for their own purposes, 
social agencies may also stretch art’s limits in directions 
that artists might not otherwise have been inclined to ex- 
plore, enhance certain of its expressive potentialities at the 
cost of others, and increase its capacity to communicate 
with contemporaries while perhaps reducing its ability 
to communicate transhistorically and cross-culturally. By 
being forced to struggle against purposes imposed from 
the outside, artists may become more aware of what is 
both peculiar and essential to art.

Like other symbolic Systems, art can function as a means 
of attaining the purposes of any system of society. Thus in 
the economy, art can be used as a means for attaining or 
symbolizing the possession o f wealth but also as a critique 
of particular ways of using it. In the political system, it 
can encourage or condemn a particular distribution or use 
of power. In the community, it can be used as a means of 
reinforcing or protesting against the existing order of sensi- 
bilities, expectations, social rankings, and social distances. 
In an ideological system, it can operate to strengthen the 
hold of established values by filling the imagination with 
forms or content suggestive of these values—or to question 
them by presenting forms and content that are irrecon- 
cilable with existing values. But even if art “objectively” 
functions to promote particular social ends, it is not nec­
essarily consciously employed to promote these ends.

None of these extra-artistic uses of art seems by necessity 
aesthetically superior to any other. What seems important 
is whether artists accept the legitimacy of the extra-artistic 
expectations directed to their work and incorporate them, 
unselfconsciously, into their own notion of the artistic 
task. If they do so, they should be able to produce good 
art regardless of the type of extra-artistic expectations im­
posed on it.

The critical question, nevertheless, in evaluating the aes­
thetic quality of works of art is whether they can resist or 
transcend the social uses to which they have been put by 
their makers and whether they retain their own character 
and transmit their own message even when manipulated 
to serve the purposes of their sponsors. An art that has not 
been subjected to manipulation during its making could 
well be deprived of a powerful stimulus for acquiring a 
“resistable” character, an artistic toughness that ensures its 
aesthetic survival.

THE COGNITIVE CHARACTER OF ART
To what extent do the particular social uses of art shape 
its content and style? To what extent do content and 
style, therefore, correctly reflect or distort the “objective” 
realities of the society in which they have been produced? 
Does use of art by a social agency or group necessarily 
imply a distortion, in its interests, of the reality that art 
may be presumed to reflect? Or can some groups (as, in 
the Marxist views, the “progressive” ones, which identify 
themselves with the direction of history) use art in their 
own interests without thereby forcing it to distort reality?

The most general response to these queries is probably 
that art reflects either subjective affirmations or subjective 
denials, symbolic invalidations, of the existing reality. It 
can therefore be read only as a record of the history 
of subjective attitudes toward objectively existing reality. 
The ways in which art has been used can be assumed to 
influence the subjective responses it will express. The sub­
jective responses that exist in the environment in which 
art is produced but that are not “useful” to the groups
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or individuals that pro vide resources for art creation, or 
for the artists themselves, are less likely to be reflected 
in art. Yet, insofar as art necessarily performs unintended 
and unrecognized functions as well, it may reflect even 
the subjective responses that it is not useful to anyone 
involved in the artistic process to reflect. These responses 
may contradict the conscious intentions of the artist. Art is 
never an objective record, and it is never fully controlled 
by those who use it—or it ceases to be art.

The most significant art may well express both the most 
striking characteristics of objective social reality and the 
sense of what is most missed in it—reflections of reality 
as well as utopian denials of it. The significance of such 
art may arise from its discovery of ways to articulate 
these mutually contradictory subjective responses to social 
reality, without suppressing one in favour of the other. 
Cognitive distortions in art arise not from an introduction 
of subjective attitudes but from a denial of the inerad- 
icable contradiction between existing “objective” realities 
and their possible “subjective” negations. Art distorts the 
totality of human experience, in any social setting, when 
it is biassed in favour of either “objective” recording or 
“subjective” expression.

Art reflects, or compensates for the deficiencies of, ob­
jective reality not only in its content but also in style. 
Even completely nonrepresentational arts therefore have 
a cognitive character, and subjective Orientations to social 
reality can be inferred from them.

Some arts lend themselves more easily to deliberate 
manipulation in the interest of consciously distorting the 
ways in which they reflect reality—whether in style or in 
content. Fiction, the theatre, painting, and sculpture are 
more vulnerable to such manipulation than music or lyr- 
ical poetry. Representational styles lend themselves more 
easily to manipulation than highly symbolic or completely 
nonrepresentational ones. Indeed, one reason for moving 
toward the latter styles, in modern societies, is the desire 
of artists to escape manipulation. The mass arts are par­
ticularly susceptible to imposed distortions. It is deliberate 
manipulation, rather than merely the use of art by social 
agencies and groups, that would appear to give rise to 
distortions in the way works of art reflect reality in its 
interrelated social and emotional aspects.

SOCIAL DYNAMICS OF ARTISTIC CREATIVITY
If art performs unintended and unrecognized functions, 
the creation of artistic values should be affected by the de- 
gree to which art is needed, in particular social settings or 
by particular individuals, to perform these functions. That 
is, for artistic creativity to become possible, there must 
be many psychic needs that are neither met by existing 
social arrangements nor can be consciously identified and 
purposefully dealt with by means of social policy.

Conditions favourable to artistic creativity arise when 
rapid changes in either the organization of society or in 
the emotions of its members produce a sharply sensed 
disjunction between personal emotion and objective so­
cial structure. But while the need for art increases during 
such periods, the possibility of creating it also depends on 
the availability of resources for creating art. The supply 
of such resources tends to be diminished in the phase 
of most intense action of periods of radical change. This 
phase occurs during rapid economie accumulation, tech- 
nological transformation, the high points of religious (or 
secular ideological) reformations, and struggles for imperi­
al consolidation, national liberation, or change of political 
system. Artistic creativity is enhanced when an increased 
social need for art coincides with an ample supply of 
resources for artistic production—thus before and after, 
but not during, the most intense phase of any cycle of 
technological, political, ideological, or communal change 
in the society. Activistic social movements are unlikely to 
be artistically Creative, but they increase the need for art—  
after they have succccded or failed to transform society.

Conscious social policy can affect artistic creativity by 
supplying, or failing to supply, social resources for artistic 
production commensurate with the existing social need 
for art. Not all such resources, however, can be controlled 
at will— the supply of cultural symbolism, for example,

depends on its existence in any social system in a form 
appealing to the imagination of artists. It does not depend 
on the immediate policies of governments, churches, or 
parties, although these institutions can, to a high degree, 
determine the allocation of economie resources to artistic 
activities. But while a deficiency of such resources may 
prevent the creation of works of art for which the potential 
exists in a society, economie resources cannot generate ar­
tistic values if the social need for art is not sufficiently in­
tense, as during periods of general cultural quiescence and 
social complacency, when existing conditions are taken for 
granted by most members o f a society (as in 18th-century 
Italy); if the Creative people are too widely scattered in 
a large population or too isolated from each other by 
ethnic, ideological, class, or disciplinary barriers to attain 
a necessary density of interaction; if an appropriate social 
organization for producing art, particularly important for 
the large-scale arts and the film, is not established; or if the 
general symbolic design o f a civilization is not sufficiently 
developed or is already too “completed” to sustain efforts 
at producing great artistic designs.

In modern societies, perhaps especially in the large na- 
tions, two threats to artistic creativity have emerged in 
the possible bureaucratie overorganization of the artis­
tic enterprise, leaving too little space for the unintended 
and unrecognized in art, and the early popularization by 
the mass media of new artistic movements before they 
have had time to mature their contributions. Once ar­
tistic movements become widely populär, they tend to 
drop what they have been doing, since the modern cult 
of originality discourages a continued exploration of what 
others have become familiar with. Hence, what a style is 
potentially capable of may never be developed.

SOCIAL ROLE OF THE ARTIST
The two main variables in defining the social role of the 
artist are that role’s degree o f specialization and the extent 
to which it is conceived as involving manual labour or 
some sort o f “spiritual expression.”

By their nature, all the literary arts involve less visible 
manual labour than the traditional visual arts, and the 
sculptor or painter has been generally more easily and 
closely assimilated to the traditions of skilled manual 
craftsmanship. The poet has tended to be associated with 
the realm of religious ceremony and, later on, with record 
keeping within or outside the various church organiza- 
tions. Thus, some o f the prestige of literacy in traditional 
civilizations has attached to the poet’s role. Yet it was 
originally literacy in the service of a gód as well as an 
illiterate aristocracy, and there is still some tendency to 
expect writers, more than other artists, both to entertain 
the classes that have become their sponsors in place of the 
aristocracy and to serve a moral purpose. It is they, of all 
the artists, who are expected to be “the moral conscience” 
of society. But besides this clerical tradition, there is also 
the more anarchie one of vagabond poets, who live “be- 
yond good and evil.”

In music, he who composes a work is frequently—at 
least since the German composer Beethoven—perceived 
as partaking of a more “spiritual” role, and he who per­
forms it, particularly in groups of performers, has been 
frequently seen as more o f a “craftsman.” In the theatre, 
the actor is a physical labourer insofar as he uses his 
own body, but, in performing his role, his body assumes 
and acts out “spiritual substances” originally alien, and 
possibly greatly superior, to it. This is one reason for the 
ambiguities in the social treatment of the actor, who, like 
the singer and the dancer, has been the most exalted and 
the most despised o f artists.

Within the limits shaped by the nature of the particular 
artistic medium, the social role of artists has been affected 
by developments in the organization o f society and its val­
ue system. The main evolutionary trend has been toward 
increasing professionalization of artistic roles. In the pre- 
literate societies of a more egalitarian character, all adult 
members of a society (or all members o f one sex and a few 
of the other) may be engaged in activities of producing ob­
jects or performances that, in addition to their consciously 
intended functions, have some kind of aesthetic aspect
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(superfluous from a purely utilitarian point of view). But 
some individuals are recognized by their peers as more 
competent carvers, potters, or dancers, and their products 
or performances, though not superior in a utilitarian way, 
are more highly esteemed; their authors receive a superior 
compensation in prestige and, less frequently, in material 
valuables. Yet even the best of tribal artists are spare- 
time specialists who devote most of their time to meeting 
obligations incumbent on all members of their society of 
their own sex and age.

It is only with the development of a hiërarchie type of 
Full-time social organization that, for male artists, full-time special- 
specializa- ization becomes possible, if their society is both interested 
tion in art and sufficiently prosperous to sustain a demand

for full-time specialists. Women tend to remain semispe- 
cialists or “folk” artists, and, the more professionalized 
the artistic enterprise, the lesser their part in it. In the 
primitive States or hierarchically organized chiefdoms is 
formed the main pattern that has governed artistic enter­
prise in classical civilizations: the division between “high” 
and “low” art, the specialization of male artists, formali- 
zation of their training, patronage by clients, and general 
Subordination of art to the politically ruling class and the 
religious establishments.
This pattern has occasionally been modified in mature 

preindustrial civilizations. The basic hiërarchie pattern, 
however, has been radically challenged only in conse- 
quence of the Industrial Revolution and the rise of a civili­
zation associated with it, in which aspirations to universal 
participation appear. This transition is still going on. But 
“high” art has already become detached from its almost 
exclusive dependence on the ruling elite. It is now visible, 
through the mass media, to almost everyone and is in- 
tensely experienced by a recently developed loose coalition 
of artists and intellectuals. This coalition is the primary 
audience, even for art that has been explicitly produced 
for other social classes. An example is the Mexican mu- 
rals of the 1920s that were intended to revolutionize the 
Proletariat but are appreciated mainly by a bourgeoisified 
intelligentsia. With respect to art, the socially dominant 
class tends to lose confidence in its own taste and to 
become “culturally” subordinate to this coalition. From 
a Symbol of privilege, art changes into a symbol of emo­
tional aliveness; hence, the boundary between “high” and 
“low” art becomes blurred. But the artistic enterprise itself 
remains highly stratified in accordance with the prestige 
granted the type of activity the artist engages in and his 
personal achievement in it. Women once again return to 
greater participation in the fully specialized production of 
the “Creative” arts. As for the performing arts, women 
have either always possessed or regained at an earlier time 
fully specialized roles in them. This is especially true of 
the dance, except in those cases where religious asceticism 
or some comparable influence has eliminated them from 
the performing arts as well.

Flistorically, the most significant single illustration of 
the ways in which the value system of a society affects 

“Cult artistic roles is the Western “cult o f the genius.” It devel-
of the oped under the influence of the great achievements and
genius” the striking personalities o f artists like Michelangelo and

Leonardo da Vinei in the Renaissance—a civilization that 
generally placed a very high value on achievement and 
expression of individual Personality. Comparably great 
achievements in less “individualistic” cultures have not 
produced any similarly powerful notions of genius. The 
cult of the genius had the long-term effects of assimilating 
all the Creative, and at a later date even the performing, 
arts to the “spiritual expression” of poetry; legitimating 
the demand for Creative autonomy on the part of the 
men whose genius has been perceived as transcending the 
dimensions of established custom; and, on the basis of 
the above two changes, transforming those arts previously 
treated as crafts (and organized in guilds, etc.) into a pe­
culiar kind of free profession.

All professions are corporate bodies o f practitioners in 
a skilled activity who are devoted to an ethical purpose 
superior to the mere pursuit of wealth, power, or pleasure 
for themselves. The professions set their own Standards, 
determine admissions to them, and judge their own mem­

bers accused of transgressions against the profession’s eth­
ical code. Modern artists constitute a peculiar profession 
in that they do all this without necessarily being organized 
into an association that encompasses all of its members 
(as the medieval guilds did) and without necessarily being 
held accountable to public authorities for its activities.
The ethos of the artistic profession, as it has emerged in 
the West since the Renaissance, is opposed to both gener­
al organization and any kind of public accountability of 
artists. Even with the evaporation of the cult of genius, 
in the 20th Century, the conception of the artist’s role as 
that of a free professional has remained as the ideal expec- 
tation. There are evident tendenties, from the latter part 
of the 19th Century on, toward a partial collectivization 
of the role of the professional artist—whether in artistic 
movements in which several artists interact in producing 
individual innovations that have something in common 
(as did the French Impressionist painters of the 1870s) or 
in artistic workshops in which several artists cooperate in 
producing the same, or the same type of, works of art (as 
in the Bauhaus school of design in Germany, 1919-33).
Yet it is a collectivization of a free profession, not a re­
turn to the guild structures, that some artists of industrial 
societies are willing voluntarily to accept.

Even as a liberal profession, the artistic enterprise remains 
professionalized to a lesser extent than other recognized 
professions. The artists are morally a profession, but the 
degree to which they economically depend on it as their 
main source of income varies tremendously. Most profes- Profes­
sional artists in modern societies do not derive the bulk of sional 
their income from the direct exercise of their profession, incomes 
particularly where they have to sell their products under 
conditions of a free market.

Estimates made at the beginning of the 1970s suggest 
that no more than one-half of 1 percent of the profession­
al painters and sculptors in Paris and in West Germany 
receive a regulär and sufficiënt income from the sale of 
their works. Some arts have retained, even in the self- 
perceptions of the artists, the character of vocations rather 
than professions: it is still awkward to describe someone 
as a professional poet.

It is conceivable that, in the more affluent and leisurely 
societies predicted for the future on the basis of tech- 
nological progress, well-trained amateurs might again, as 
in the past in China, begin producing art of respectable 
quality. The nature of the aesthetic function sets limits 
on the extent to which a professionalization of the artistic 
enterprise can be sustained without aesthetic loss.

ARTISTIC CULTURES
Artistic cultures are the various basic situations in which 
art is produced. Each such culture involves a distinct type 
of social organization of artistic activities that is associat­
ed with a distinguishable attitude of artists toward their 
work. Artistic cultures arise from artists’ relationships with 
other artists, their publics, their means of earning a living, 
and agencies affecting artistic activity; from their involve- 
ments with cultural Systems not specifically artistic; and 
from artists’ technologies, shared emotions, and ideologies.
Changes in any of these variables modify artistic cultures 
and give rise to new variants of them.

Once the artistically undifferentiated unity of the tribal 
society has come to an end, several variants of “tradi­
tional” and “modern” types of artistic cultures can be 
distinguished.

Traditional artistic cultures. At least seven highly dis­
tinct types of artistic cultures can be identified in tradi­
tional (preindustrial) societies.

The folk culture. Artists are nonspecialized members of 
their community of residence and closely involved with 
all of its activities. Their art deals with typical experiences, 
concerns, or needs of ordinary members of that commu­
nity. The real-life references are, however, linked with ele­
ments of highly utopian imagination (folktales, in which 
an attitude critical of the existing reality is frequently ex­
pressed), abstract stylization (geometrie oraarnentation of 
Utensils), or symbolizing lyricism (folk songs). The artist 
is one of the people, but living more powerfully in the 
imagination than the others. Artists create by following or
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elaborating on traditional patterns. Much art is produced 
spontaneously for oneself or in friendship or for commun- 
al enjoyment, rather than for pay.

The artisan culture. The artist is a specialist—possibly 
a member of a specialized collectivity such as a guild or 

Special- a workshop set up by a state or a church—who works on 
ized order and for pay (or on command) only. He develops
craftsmen the pride of good craftsmanship and habits of regularity 

and reliability in his work. He does whatever style or 
content is required by his cliënt without asking about 
his intentions. Whatever individual needs he expresses in 
his work, his conscious ideology is that he is a skilled 
worker who respects high Standards of craftsmanship and 
produces to eam a living. He belongs, not permanently to 
his community, but temporarily to his cliënt, wherever the 
latter may be located, and perhaps to his clan or guild of 
fellow artisans who share his craft ethic. To the extent that 
his cliënt is his local community, however, he becomes a 
“civic” artist, whose highest purpose is, on command, to 
celebrate his community, as in the cities of the Mediter- 
ranean civilizations. (In modem society, this culture sur- 
vives most nearly, perhaps, among orchestral musicians.)

The clerical culture. The artist is very much a crafts- 
man, but his craftsmanship is subordinated to a highly 
valued tradition of a literate civilization, which he is 
committed to serve and to defend by his work. By his 
association with this tradition, he gains in prestige, but 
he also acquires a moral responsibility which the pure 
craftsman is not bound by. He belongs to a moral com­
munity, not necessarily localized, that provides him with 
criteria for judging which works of art are worth making. 
In this can be discerned the potential beginnings of an 
artistic consciousness and of a critical attitude of the artist 
toward society and its artistic ideologies. Most of the time, 
the clerical artist (for example, the medieval manuscript 
illuminator) is submissive to the discipline of the moral 
community of which he is a part, but, in the conception 
of the artist as a civilized servant of a higher moral pur­
pose, there is, at least, a potentiality of criticism of the 
organization to which he belongs.

The ecstatic culture. This is a general term suggested for 
situations in which some type of artistic creation—though 
it is usually more than merely artistic—occurs in the midst 
of a mediumistic trance performed for religious or magical 
purposes, during an orgiastic happening, as a consequence 
of a mystical experience, or even as an element of proph­
ecy. Art, performing or literary, arises from emotionally 
intense experiences, “divine madnesses,” which are per- 
ceived to have high symbolic significance but over which 
the individual (or, sometimes, the group) that has them 
imposes no critical Controls. Traditions that generate ec­
static art creation, such as the Dionysian ritual (performed 
by followers of the cult of the god Dionysus) in ancient 
Greece or the poetry of Hebrew prophecy, usually arise in 
loosely structured societies (as do the mediumistic priest- 
doctors known as shamans) or in times of social crisis (as 
mystics and prophets are likely to do). The shaman tends 
to be conservative with respect to his society, the mystic 
apathetic, the prophet radically innovative. Numerically, 
these types constitute a small part of the artistic cultures of 
the well-ordered literate civilizations and are least impor- 

Sources of tant in the visual arts dependent on organized patronage, 
revitaliza- But they have been sources of revitalizing impulses for 
tion established traditions. In the ecstatic culture, the artist is

a nonspecialist who opens up higher, or more truthful, 
realms of existence and transcends the norms of everyday 
life. Theories of “artistic inspiration” and of the artist as 
martyr (or scapegoat) arise from this culture and continue 
to be generated in it.

The courtly culture. The artist, who may be an aris­
tocratie poet or a craftsman of ordinary social standing, 
is directly dependent upon a secular royal court or a 
household of the high nobility (or, by extension, plutoc- 
racy). To some extent, he is even socially involved with 
this household as a vassal, royal favourite, or court artist. 
He therefore not only produces for but also spiritually 
identifies with the high aristocracy for which he works, 
without actually being a member of it. The artist is a man 
ennobled by his art; his art must therefore be permeat-

ed with “noble” attitudes: heroic exaltation, fashionable 
late-medieval despair, or refined Rococo or Räjput sen- 
suousness. While this art, by glorifying the establishment, 
reinforces its privileges, it may at the same time educate 
its—and other people’s—emotions in novel ways.

The gentlemanly culture. When men of high social 
standing and independent economie means become active 
in the production of art, a tradition of gentlemanly art 
may arise (as is exemplified in much of the calligraphy 
and landscape painting in historie China). Art tends to 
be contemplative, subjective, aestheticizing—but not con­
sciously “ennobling,” since artists already possess sufficiënt 
“nobility” (as courtly artists do not). The artist is a man 
of independence who observes and contemplates without 
desire (an attitude that has been influential in modem  
aesthetic philosophies, frequently produced by such men).

The vagabond culture. All the traditional types o f artis­
tic cultures presuppose a firm social location of the artist 
in relation to a community, except where the artist is a 
vagabond adventurer who roams the countryside produc­
ing or performing works of art—comical tricks, storytell- 
ing, lyrical songs (for example, the medieval minstrels or 
the 15th-century French poet Francois Villon). In origin, 
he may be an uprooted folk artist, who belongs only to 
temporary communities. He is neither an apprentice jour- 
neyman nor a gentleman (who may also travel widely) 
but an impecunious amateur master unconcerned with 
material gain. (Masterful amateurism in the arts has two 
sources: the gentleman and the vagabond.) In contrast to 
the ecstatic artist, the vagabond does not assume that his 
works possess any higher symbolic significance. They are 
plays of fancy that amuse the fancier and whoever cares to 
join him. Individual vagabond artists have probably always 
existed, but vagabond cultures can arise only in the fringe 
areas of cities (for example, a transitional zone between in­
dustrial and residential quarters) or where nomadic tribes 
like the gypsies travel over a settled countryside. Travelling 
theatrical groups exemplify both conditions. Whatever the 
effect of vagabond artists on society, they, like the ecstatic 
artists, tend to have a liberating effect on the arts in which 
they engage.

Modern artistic cultures. Several types of artistic cul­
tures, in some cases anticipated in earlier periods, have 
come to a full development in industrial societies. Some Artistic 
older types have been transformed and new ones evolved. cultures in 
In the advanced industrial societies, artistic cultures tend industrial 
to become fluid—composed of overlapping and fluctuat- societies 
ing elements, components of a mixed Orientation rather 
than rigidly separated alternatives. Nevertheless, several 
types can be distinguished.

The genius culture. The product of a conjunction of 
the artisan, clerical, and courtly cultures, the cult of ge­
nius emerged in the early 16th Century during the High 
Renaissance and became more fully developed in the age 
of Romanticism at the beginning of the 19th Century. The 
artist conceives himself as the “unacknowledged legislator 
of the world” (in the words of the English poet Percy 
Bysshe Shelley), an autonomous, godlike creator of new 
orders of reality obedient only to his perceptions and the 
categories of his mind. He is superior to the specializations 
of the Sciences and the crafts: he creates the unifying Sym­
bols of a developing civilization. He is self-confident, a 
proclaimer of new values rather than a critic o f the estab­
lished ones. Historically, perhaps the greatest significance 
of the genius has been in the legitimation he has provided 
for the developing conception o f the professional artist.

The professional culture. The most essential character- 
istic of the artistic professional is that he himself chooses 
what to produce or perform. But, unlike the gentleman 
artist, the professional produces in order to seil. His art is 
the activity o f a specialist competent in the techniques of 
expressing subjective perceptions. In the visual and the lit­
erary arts, the professional usually works in his own studio, 
at times of his own choice. In the performing arts—which 
are less “professionalized”—he is dependent on facilities 
provided for him by entrepreneurs and impresarios. He 
may have an agent who represents his economic interests 
in any case. But the essential point, in the artistic profes­
sion, is not the ownership of the means of production; it
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is the artist’s sense that he can, and indeed must, depend 
upon his personal aesthetic sense. This is the predominant 
image of the writer in modern Western societies.

A sociologically important distinction can be made be­
tween private and public professionals. The first have orig- 
inated in the gentlemanly culture, the second in the salon- 
coffeehouse-joumal circuit o f the 18th and 19th centuries, 
in which the enlightened aristocracy and the increasingly 
populär press joined forces in supporting a socially critical 
collectivity o f middle-class artists, joumalists, and hangers- 
on. In this public culture, it was most important to be up 
to date and to respond to current issues by one’s wit. As 
this culture began to disintegrate, the distinction between 
private and public professionals was partly replaced by 
the distinction that exists between bohemian and radical 
avant-gardists.

The applied-arts culture. The old artisan tradition has 
continued in the modern applied arts (for example, in- 

Vhite- dustrial design, advertising). The artist is, however, not
ollar usually in a guild but, rather, is employed in a white-
rtists collar type of job by large business firms or governmen­

tal organizations, sometimes by “artistic firms,” which, in 
their management, are not very different from other busi­
ness firms. But while the applied artist is employed as a 
craftsman, his attitudes have been affected by the culture 
of professional art. He may therefore be a craftsman with 
aspirations to professionalism and may tend to perceive 
himself as failing to realize his artistic aspirations, regard- 
less of financial success and social recognition. Applied 
artists with the self-conception of professionals provide 
one of the main supports for movements of radical criti­
cism of contemporary society and culture.

A development toward the applied arts may be occurring 
at present in such an established profession as architec­
ture: the increasing costs over which he has little control, 
the various restraints over his activity (zoning codes, la­
bour union regulations, and the like), and group pressures 
to which he must respond are tending to transform the 
architect into a high-level organizational craftsman. As 
their opportunities for being artistic professionals decline, 
architects tend to conceive of themselves increasingly in 
the image of social engineers— a trend noticeable also in 
the other arts.

The mass-arts culture. The notion of the mass arts im­
plies that the artist communicates with his public through 
the mediation o f some type of mechanical or electronic 
machinery; that he does not kno even the kinds of people 
of whom his public will eventually consist and may be 
unfamiliar with the characteristic experiences ofmost of 
his actual public. Furthermore, the responses that he will 
get from his public will probably also be, in most cas­
es, mediated either in a mechanical manner (statistics of 
sales) or by professional intermediaries (newspaper critics). 
Film, television, mass-periodical fiction, and recorded mu­
sic represent the clearest cases o f mass art. Insofar as the 
mass media deal with any art, they tend to assimilate it to 
a greater or lesser extent to the mass arts. Because of the 
conditions under which he operates, the mass artist lacks a 
sense of general Standards— other than the purely techni­
cal ones of craftsmanship—by which to oriënt his artistic 
activity. Nor, since he is dependent on large, impersonal 

loiltivation audiences, can he trust his own convictions to guide him. 
)f a popu- His typical solution is to cultivate an “image” that has 
ar image proved to be populär with a mass audience and that, once 

established, is “forced” on him by his public. He becomes 
a victim of his own image, in the sense that he is trapped 
within its confines. He is an uncertain specialist in the 
symbolic manipulation o f diffuse audiences.
Avant-garde cultures. Another characteristically mod­

em artistic culture is definable by two aspects: a principled 
sense of alienation from significant aspects of existing 
reality and a conscious commitment to overcoming the 
deficiënties of existing reality by artistic means of a com­
pletely novel character. One o f the distinguishable types 
of this artistic culture is the bohemian avant-garde, which 
tends to be alienated from all rational and utilitarian 
aspects of social organization and cultural tradition and 
aims to create a new kind of exaggeratedly irrational art 
and, perhaps even more important, an irrational style of

life. (Typical of this group is the French poet and critic 
Charles Baudelaire.) lts behaviour centres on the ambi­
valent and the self-consciously paradoxical: a tradition 
of pursuit of the new, the cultivation of a pleasureless 
hedonism, the development of Systems for the liberation 
of spontaneity. Another type of this culture is the radical 
(politically committed) avant-garde, which regards itself 
as alienated from “oppressive” and “exploitative” political 
and economie institutions and tries to create a new kind 
of art intended to undermine faith in these institutions 
and to provide a basis for their abolition or reconstruction 
(an example is the German poet and playwright Bertolt 
Brecht). These two avant-garde cultures overlap, and, over 
time, one may change into the other. The alienated type 
is more influential among artists when faith in ideological 
utopias declines generally in their society. Perhaps because 
of its tendency to limit itself to consciously recognized 
and intended purposes, the aesthetic achievements of the 
radical avant-garde (the “prophets”) have been less sig­
nificant, so far, than those of the alienated avant-garde 
(the “mystics”).

More recently, a third type has emerged: the anti-artistic 
avant-garde, which is alienated from the very notion of art 
and its practice as heretofore conceived, even (or perhaps 
especially) in the other versions of the avant-garde culture.
Art itself is perceived as “oppressive” and “exploitative,” 
and the Obligation of the artist (and of the art critic) is 
seen as the promotion of the “end of art”—its diffusion 
into a “life” of childlike impulsivity. The very coherence 
of art is feit to be an imposition of an arbitrary system 
on the immediacy of “aesthetic experiences,” which are 
to be pursued with a self-conscious repudiation of any 
deliberate control.

All the avant-garde cultures can be seen as diverse out- 
growths of the culture of genius, with which the peculiarly 
modern developments in the arts began. But the bohemian 
and radical version of the avant-garde culture are also reac- 
tions, by artists and aesthetically sensitized intellectuals, 
to the development of the modern industrial society— 
a society highly rationalized and, in spite of its ideology 
celebrating the “common people,” continuingly stratified.
The anti-artistic avant-garde appears to be a “shamanistic” 
reaction against the professionalization of art, and, like the 
mediumistic trances of traditional cultures, its efforts may 
prove to be a socially innoeuous (or conserving) ritual that 
is perhaps psychologically refreshing.

Total-command cultures. Hitler’s Germany and Stalin’s 
Soviet Union still provide the best examples of what hap­
pens when a modem artistic enterprise is subordinated to 
a political ideology that has the monopoly of organized Political­
power in a society. Artists are forced back into clerical ization 
roles—with the difference that the moral responsibility for of art 
upholding an ideology is imposed on them without its 
necessarily corresponding with their own convictions; and, 
even when it does correspond with their ideological views, 
it conflicts with the conception of the professional role that 
they, as modem artists, regard as their primary Orienta­
tion within the sphere of art. An artistic enterprise can be 
effectively politicized, without ïosing most of its aesthetic 
qualities, only if artists are content with assuming the role 
of “clerics” illustrating, with appropriate technical means, 
the manuscripts of a political ideology, yet do so without 
limiting their imagination to service in its mission.

The scientific-technological culture. Partly under the in­
fluence of imaginative developments in Science and tech­
nology and partly out of disillusionment with the avant- 
garde cultures of art, an artistic culture in which the artist 
is assimilated to the role of a scientific researcher has 
arisen. The artist is a strategist of concepts, a deviser of 
technical Systems for others to build, and a manager who 
invents ways for workers to relate technological or natural 
processes to each other. His difference from the scientist is 
that he seeks not new understandings but new perceptions; 
his difference from the technological experimenter is that 
the Systems constructed are expected to have no utility.
They are frequently evanescent or seif-destructive. This 
type of artistic culture requires large financial outlays and 
tends to result mainly in entertaining decorative effects. It 
is neutral with respect to the particular institutions of a
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society but tends to glorify the technological and econom­
ie achievements that enable it to sustain such works of 
art. Thus it is the equivalent, in a technological civiliza­
tion, to the monumental art by which absolute monarchs 
had been glorified in the agricultural empires, such as 
ancient Egypt.

Movement cultures. Artistic situations that arise in 
spontaneous movements of a general cultural, rather than 
specifically artistic or primarily political, character (such 
as youth movements) may generate an immediacy and in- 
timacy of the relationship between producers and consum- 
ers of art that is rare anywhere else in modern societies. 
The effect on the arts is to simplify aesthetic stmetures 
and integrate them more closely with the experiences of 
the many. The arts most frequently involved are poet­
ry, music, and some form of theatre. The movements 
themselves are not highly productive of enduring artistic 
achievements. Their main significance is in opening up 
large audiences to a sensitive responsiveness to art or 
to particular kinds of art—a sensitivity anesthetized by 
the mass arts.

Amateur art making. With the increase in leisure time, 
amateur art making has become increasingly populär in 
advanced industrial societies, as had amateur musical per­
formances in the European upper and middle classes in 
the 16th and 17th centuries. This phenomenon contrib- 
utes to the blurring of the traditional distinctions between 
producers and consumers of art and to the involvement 
of larger numbers of people in a more active manner with 
the artistic enterprise, strengthening the social anchoring 
of art in the modern society.

ECONOMIC EVALUATION OF THE ARTS
Factors The economie evaluation of the arts in general is indicat- 
in the ed either by the absolute amount of economie resources
allocation put into their production, acquisition, distribution, and 
of wealth consumption or by the relative share of the total income 
to the arts of an individual, group, or society that these allocations 

represent.
While the absolute size of expenditures may be deter- 

mined more by the level of wealth than by the degree of 
interest in art, it yet has a significant effect on the artistic 
enterprise, perhaps especially on art collection and prices 
of artworks. When the absolute amount of funds available 
for the arts is very large, it produces the phenomenon of 
“cultural imperialism”: it enables the powerful, whatever 
the degree of their interest in art or their own Creative 
attainments, to dominate and overwhelm the cultural ac­
tivities of the financially less welf endowed, unless the 
latter remain isolated or protect themselves by consciously 
designed cultural policies.

The percentage of the income devoted to art, on the 
other hand, bears a closer relationship to interest in art, 
and it could therefore be expected to be more closely 
associated with the level of artistic creativity—which does 
not necessarily require large economie resources to sustain 
it. Some of the finest works of primitive art, for example, 
have been produced in places where life is economically 
precarious, such as the swampy areas of New Guinea. 
The percentage of wealth devoted to the arts tends to be 
greatest in economically comfortable societies that have 
passed their peak of economie expansion—Italy after the 
middle of the 14th Century and Spain in the late 16th and 
17th centuries, to cite two instances.
The economie valuation of art is also affected by the 

degree of its association with activities that are regarded as 
possessing great importance in a particular society. Actual 
importance of an activity can be measured, in economie 
terms, by the size of economie allocations for its pursuit. 
The closer art is integrated with the activities (typically, 
the economie, political, religious, and military) getting the 
major share of available funds, the larger tends to be its 
own share. In the advanced industrial societies, a major 
financial basis of Contemporary arts is their integration 
with the growing leisure industry (as in the Broadway 
theatre or the arts in the mass media) and with education 
(as in the widespread employment of artists in schools 
and universities). It is partly for this reason that modern 
States tend to allocate larger sums for the support of the

performing than of the object-making arts and for the 
dissemination than for the production of art objects.

To the extent that art itself is a prestigious activity, indi­
viduals, groups, cities, or whole societies may compete for 
supporting its most important living practitioners or ac- 
quiring the most famous works. This motive has probably 
been present, to some degree, in all elite-oriented societies, 
but its significance tends to increase in civilizations that 
have many centres rather than a single “imperial” one— in 
Renaissance Italy, in Germany before its unification, and 
in the modern world in general. Competition of would- 
be patrons for the prestige of living artists increases not 
only the economie allocations to art but also the freedom 
of “elite” artists. Modern state support for the performing 
arts, in particular, rests to a high degree on competition 
for internationally recognized cultural reputations.

The value o f  art as an investment of wealth, either for 
ensuring its preservation or for increasing it, grows in 
periods of social and political instability and currency 
fluctuation. Small-scale artworks made either of precious 
materials or by prestigious old masters become the safest 
investment in times of trouble. This has been an impor­
tant motive for the collection of art by the rich in the 
Renaissance as well as in the 20th Century. It is charac- 
teristic of this system that a high economie valuation of 
art does not necessarily correlate with the income received 
by living artists, since the object of speculative interest is 
the reputation of a master, who is frequently dead, rather 
than the aesthetic merits of the work itself. It is a system 
in which artists, instead of being supported by the rich in 
the pursuit of aesthetic values, support the rich in their 
pursuit of further enrichment, since an artist may endure 
a lifetime of poverty to produce works that then become 
tokens of steadily increasing worth. As a consequence, 
the system encourages Capital accumulation rather than 
artistic creativity. It has little effect on the performing arts 
or literature but is currently a major source of discontent 
among practitioners of the visual arts.

Increases in the social status of artists and in the prices 
their works fetch on the market have, in the past, tend- Relation 
ed to follow increases in the Creative attainments o f an of achieve- 
artistic tradition. Thus, in England, an increase in artis- ment to 
tic creativity in the early part of the 18th Century (as value 
exemplified by the paintings and engravings of William 
Hogarth) was not followed by a significant increase in the 
social and economie status of some artists until the 1780s.
During the late 19th Century, however, when Contem­
porary English art was admired above that of any other 
period or society and highly rewarded, it produced only 
minor achievements. Clearly, economie allocations do not 
guarantee artistic efflorescences, and inferior art may be 
ascribed high economie value. Great artistic achievements, 
nevertheless, appear to increase the economie value of 
art, though perhaps not immediately. While the econom­
ie value of particular objects o f art depends in part on 
their historical significance, uniqueness, and fashion, the 
economie valuation of art itself is, in the long run, not 
altogether unrelated to the presence in a society of large 
numbers of aesthetically meritorious works.

SYSTEMS OF FINANCING ARTISTIC ACTIVITIES
The economie support of artistic activities can be provided 
by the artist himself, who derives his income from sources 
other than the rewards he receives for producing art, or 
it can be furnished by nonartists supplying the economie 
means for the artist to survive while he is making works 
of art.

Self-financing of artistic activities has always been, and 
still is, considerable. The gentlemanly type of artistic cul­
ture is wholly supported by artists of independent means.
The writing of lyrical poetry has very generally been 
a leisure-time activity of persons deriving the bulk of 
their income from other sources. In modern times, self- 
financing is present when the artist survives from an ac­
tivity that does not require him to produce works of art, 
or when his income from producing works of art is signif- 
icantly lower than what he could earn by being employed 
in a legitimate alternative occupation accessible to him.
The dance is heavily self-financed in the second sense.



124 Arts, Practice and Profession of the

Financing 
outside of 
the market 
system

Patron
Systems

Sponsorship of artistic activities may be said to occur 
when the artist draws upon the economie support of indi­
viduals or organizations that do not necessarily expect to 
get anything for themselves in return for it. They support 
the artist because they are committed to art for its own 
saké or to a particular artist. In this specific sense, artistic 
activities may be sponsored by government agencies sup­
porting art as a “social service” for the people, by private 
foundations, by individual sponsors, by relatives who sup­
port the artist while he is economically unsuccessful, or by 
friends and acquaintances whom an artist “sponges on.” 
Sponsorship may thus be, in some cases, unintentional.

Self-financing and sponsorship are economically “abnor­
mal” Systems of financing the production of goods and 
services that potentially possess an economie value to peo­
ple other than their producers. These modes of financing 
are found principally in the “cultural” activities, above all 
religion and art (but also in “ideological” politics), and 
they occur because artists are not treated as if they were 
engaged only in the production of economie values. They 
produce economie values, but there is also a “religious” 
aspect in their activity that requires to be supported for 
its own saké. If the arts were to be supported entirely by 
a market economy, this aspect might well disappear: art 
would then become purely a commodity.

The arrangements of economie support that have tra- 
ditionally carried the main burden of sustaining artistic 
activities are the three types of normal economie Systems 
into which the arts may be integrated like any other 
productive activity: the exchange, command, and mar­
ket economies.

The exchange economy. An artist in the exchange econ­
omy produces for a customer familiar to him who, in turn, 
directly or through a series of similar exchanges, provides 
him with a desired good or service of equivalent value. 
The transaction between the producer and consumer is, 
ideally, a ritualized exchange of gifts, and, in addition to 
providing the goods that each needs, it reinforces their 
social relationship. This type of economy prevails in the 
egalitarian type of preliterate societies and in the folk type 
of artistic cultures.

In more advanced societies, this becomes a minor part 
of the economie support structure of the arts; it tends to 
be limited to the private circle of artists and their friends. 
The economie rewards to artists within this system are 
small, fairly continuous, and not greatly differentiated 
in magnitude.

The command economy. The artist in the command 
economy depends on a consumer—an individual or or­
ganization—of superior status who has extracted a great 
deal of wealth from the producers in the economy and can 
distribute it, perhaps within the boundaries established by 
tradition, as he sees fit. This economie system is domi­
nant in a range of societies extending from the Kwakiutl 
Indians of the north west coast of North America through 
the classical absolutist monarchies to modern totalitarian 
States. Usually, however, it does not completely displace 
elements of other economie Systems.

In this system, the artist depends for his support on 
relatively few patrons, who are far more powerful and 
socially resourceful than he is. He may be well rewarded 
by them, but he must produce works that will be regard­
ed as possessing high value— usually both aesthetic and 
economie—by his patron. He is paid well if he produces 
economically valuable aesthetic goods and services. (A 
significant exception to this principle has been built into 
the Situation of women in the performing arts: in male- 
dominated societies, they tended to be well paid if they 
performed sexual as well as artistic services.) Before the 
modern age, all artists who produced expensive works of 
art were supported by economies of this type. Even today, 
architecture—to the extent that it is an art—and the large- 
scale “technological” arts are supported in this manner.

The market economy. In the market economy, many 
artists compete for the favour of numerous customers 
not greatly differing in their purchasing power and not 
personally known to artists. Since artists are not familiar 
with their customers, their products become acts either 
of self-expression or of appeal to an image, an abstract

stereotype, of the “average customer.” In reality, market 
economies in the arts only approach this condition to 
varying degrees: some publics are known to their artists, 
and there are always elements of the command economy 
limiting the operations of market economies. There are 
always economie or political elites or powerful business 
and political organizations, at whose command, to vary­
ing degrees, artists must be in order to achieve “success” 
even in market economies. And in the modern system of 
art trade, the mass media have assumed the character of 
a command element in a market system. To be able to 
compete for numerous potential buyers, artists must first 
ingratiate themselves into the favour of a relatively few 
taste makers in positions of power within the system of 
mass Communications. The more centralized this system 
is, the more of a command character it acquires.

In a pure case of market economy, the artist’s freedom 
is great, but his rewards are highly unpredictable and 
uneven; his uncertainty and sense of alienation from his 
public is a natural consequence. In market economies, the 
arts are particularly dependent on support through the 
economically “abnormal” Systems of self-financing and 
sponsorship. These Systems typically provide the econom­
ie basis for radically new departures in the arts in market 
economies. They also subsidize the established arts when 
their costs are too high to be supported by the market 
(symphony orchestras, for example).

When there are several basically independent command 
economies in adjoining areas, all interested in art, they 
are likely to compete with each other for possessing the 
“best” living artists (as well as the works of the most pres­
tigious dead masters). This competition is apt to favour 
artistic creativity in a way that pure market economies, 
concerned with the production of the most usable rather 
than the most perfect, seem to be less capable of. First of 
all, pure market economies are hard put to concentrate 
sufficiently large economie resources to finance expensive 
artistic achievements (except where they can be imme- 
diately “consumed” by large numbers of people, such as 
in filmmaking). Beyond that, the expectation, typical of 
command economies, that the artist will produce the most 
perfect object he is capable of producing may actually in­
crease his motivation (and consequently his capacity) for 
doing so. Market economies do not hold forth any such 
expectation. No longer economically supported, expecta­
tions of the artist’s commitment to excellence in a market 
economy come to depend mainly on the professional in- 
tegrity of the artist.

It seems probable that a given allocation of funds to 
artistic activities can be more directly translated into high 
artistic achievements in command economies than in mar­
ket economies—provided, however, that the command 
economy, in addition to insisting that an artist produce 
the most perfect, also permits him to do what he is best 
at. It is in the latter respect that the command economies 
of modern totalitarian States have fallen short: they have 
prescribed for their artists a manner of working in which 
the latter could not do their best work. Mass-media “com­
mand economies” may also work to that effect.

Market economies are potentially more capable than 
command economies of integrating art into the private 
life of ordinary members of society, and not only into 
the life-style of the elite. But market economies seem less 
capable, by themselves, of generating high artistic achieve­
ments (as well as producing artistic public environments). 
There is, therefore, likely to be an increasing demand for 
art in market economies but a reduction in the quality of 
what is being produced. There may be other, quite pow­
erful stimuli to artistic creativity in societies with market- 
type economies, including the Creative entrepreneurs who 
succeed in joining the market mechanism to an artistic 
purpose. But the impersonal workings of the economie 
system of the market itself appear to interfere with the 
accumulation of the “Creative Capital” while encouraging 
its dissemination.

THE ART MARKET
The art market is a complex system, with roots in pre­
literate societies and historical civilizations, by means of
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which artistic activities are organized as profit-making en- 
terprises. Expectably, this system is most fully developed 
in capitalist economies, but, since economie enterprises 
generally have to take profitability into account, even in 
state-managed economies, the art market has some degree 
of existence wherever art is treated as an economie good 
that is offered, for a price, on a market.

The operations of the art market are determined both 
by the general dynamics of market Systems and by the 
peculiar character of art as a commodity.

People buy art for various reasons. But the organizations 
that specialize in selling art (or also in producing it for 
sale, as theatrical Companies) are built in most cases on 
one of two assumptions about the motivations that propel 
people into spending their money on art. There is an elite 
market that sells reputation and a populär market that 
sells entertainment.

Selling entertainment. The populär märket provides 
art for customers who seek primarily entertainment. It 
must, therefore, adjust to the prevailing popularly de- 
fined conceptions of what is entertainment or shape such 
conceptions to correspond with the product it is capable 
of providing. It conducts market research into audience 
preferences, but it also manipulates these preferences by 
spreading the impression, through its Publicity agents and 
the mass media of communication, that entertainment 
is what the populär art market dispenses: not only its 
finished productions but the whole behaviour of the peo­
ple involved with them is “entertaining.” The artist must 
“seil” not only his art but also his behaviour outside of the 
art system. The implicit aim is absorbing everything that 
appears to the mass audience to be entertainment into 
the ambience of the populär art market—by transmuting 
the entertaining aspects of life into salable works of art, 
by associating entertaining people who are not artists with 
the populär art market, and so on.

Conversely, whatever cannot be regarded as entertaining 
tends to be forced out of the works of art or artistic 
performances handled by this system. It puts a premium 
on “slickness,” the glittering or sensational packaging, and 
discounts both high seriousness and unique sensibility, 
unless they can be seen as “entertaining.” Its influence 
spreads even beyond the arts it deals with, affecting the 
character of art that people highly exposed, from their ear­
ly years, to this system produce and consume even when 
they operate outside of it.

Selling reputation. If the populär market sells enter­
tainment (an important means of overcoming sensory de- 
privation), the elite market sells reputation (an important 
resource for legitimating high social status or aspiration). 
It is, therefore, involved only with customers concerned 
with reputation. Such customers may be individuals or 
organizations. While the “masses” are mainly involved 
with the populär market, organizations, including States, 
tend to be more closely linked with the elite market. This 
market attunes itself to the prevailing hierarchies of artis­
tic reputation, but it also reinforces these hierarchies by 
spreading the news of the high prices (or prizes) fetched 
by the works of art handled by it, by encouraging compe­
tition among buyers (or supporters) of unique art objects, 
and by subsidizing the work of scholars and critics that is 
likely to draw the attention of purchasing elite groups to 
their goods, increasing their cultural reputation.
The elite market has a monopoly of the “measuring rods” 

used to transform cultural significance into economie val­
ue. For the buyers, these scales of measurement indicate 
the degree o f their “cultivation.” If impresarios in the 
populär market have the role of tastemakers (as well as 
organizers of a complex set of productive activities in the 
performing arts), dealers in the elite market operate as cul­
tivation makers, cultivation being economically definable 
as the rate at which cultural reputations are paid for. Art 
sellers for the elite do not create the reputations, but they 
prosper by increasing the price of acquiring cultivation.

On the living artist, the elite market has the effect of 
encouraging him to produce a reputation that, highly paid 
for, identifies the purchaser as a person of cultivation. The 
artist’s works must be the opposite of what the populär 
market deals with—they must be not entertaining but,

rather, culturally “significant” (in accordance with current 
conceptions of cultural significance). In the 20th Century, 
cultural significance is regarded as virtually equivalent to 
being innovative.

Interaction of populär and elite markets. Markets that 
are oriented to elites but deal in mechanically reproduced 
multiples, such as the Publishing o f “serious” (as contrast- 
ed to “populär”) books, represent a special case in between 
elite and populär markets. The objects they deal in are not 
inherently “entertaining,” and yet the cultural significance 
an individual object is seen tö possess does not lend itself, 
when the object is multiplied many times over, to being 
transmuted into inflated prices on the market for repu­
tations. Publishing costs have become so high that any 
published book, unless subsidized, must enter a populär 
or semipopular market. The transformation of book Pub­
lishing into an industry oriented to a fully populär market 
has been encouraged by the paperback revolution and the 
profitability of motion-picture rights for both publishers 
and writers. A peculiarity of the book market is that it 
has developed semicaptive publics, in the form of book 
clubs, which the other arts have not been as successful 
in organizing.

The motion-picture industry is in the populär market. 
So are all the “spectacular” arts, such as the opera and 
the ballet, insofar as they are economically dependent on 
a market—even though their markets have been, by tradi­
tion, smaller and more selective than those of the cinema. 
The smaller and more select a market of the populär type 
is, the more important seems to be the influence of pro­
fessional critics on it. And the more influential the critics, 
the more closely does a populär market approximate an 
elite market.

As the history of the opera and the ballet indicate, it is 
not to be assumed that a market concerned more with 
selling entertainment than with selling reputation does not 
permit the production of high artistic values. Even though 
a public is presumed to be spending its money for enter­
tainment, entertainment is not necessarily what the artists 
think they are selling—one reason for the alienation of the 
artist from his public. The great impresario in the populär 
market is the one (such as Sergey Diaghilev) who arranges 
for artists to sell their best art to a public convinced it is 
getting glorious entertainment. Pioneering in new forms of 
entertainment may both change notions o f entertainment 
and produce objects that will enter the elite market. It is 
not primarily by the objects produced but, rather, by the 
manner of their economie Operation that one may distin- 
guish between the populär and the elite market in the arts.

Populär and elite markets are not wholly separate. Prices 
of paintings by old masters in the elite market tend to 
be increased by their pleasing appearance and are usually 
reduced when they depict inelegant scenes of suffering. 
The elite market operates most purely, in terms o f rep­
utations, when art museums are involved. Conversely, 
any “respectable” populär market uses (and manufactures) 
reputations to increase the economie value of its product. 
Only anonymous entertainment—by “nameless” artists— 
can constitute a purely populär market.

The populär market, by treating art as entertainment, 
imposes on consumers’ contact with art the expectation 
of fleeting experiences and of the absence of any cultural 
significance transcending them. The elite market imposes 
the expectation of enduring values and of the presence of 
the highest kind of significance. In both cases, the market 
exercises an influence over the definitions of art held by 
the art consumer (and even by the artist, for that mat­
ter, to the extent he is governed by his market Situation 
rather than other elements of the artistic role). The effec- 
tiveness of the influence depends on the degree to which 
market considerations alone govern artistic experiences 
and activities.

In both the populär and the elite markets, contrary to 
the usual dynamics of the marketplace, increases in the 
number of artists and in the amount of their production, 
relative to the size of the demand for their work, do not 
necessarily reduce the prices of works of art. In modern 
societies, these trends produce a focussing of attention on 
a few (who receive very high rewards) and the neglect of
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the rest of art producers, many of whom may be only 
slightly inferior (or not inferior at all) to the “stars.”

Publicity in the mass media, which both the populär and 
the elite markets manipulate and benefit from, reinforces 
this tendency by promoting celebrity cults. The objects of 
these cults may be intrinsically meritorious or not, but the 
cult, in either case, destroys proportionality between merit 
and reward. Mass media tend to promote in the arts a 
phenomenon similar to the medieval cult of sacred relics. 
Current profitability of investments in art objects rests, 
perhaps mainly, on a cult of this sort.

Trade unions of artists—a recent phenomenon—are im­
portant mainly in the populär art market. They establish 
lower limits for the incomes of wörking artists but also 
increase the cost of full-scale artistic productions, particu­
larly in the performing arts. In effect, they seek to elimi- 
nate the need for the performing artists to finance their 
art by accepting an income less than commensurate with 
what they could get from an alternative occupation. But 
the increases in costs of artistic performances render the 
performing arts more dependent on sponsorship Systems. 
Neither the European theatre nor symphony orchestras 
anywhere could survive in a perfect market system. While 
increasing the economie security of employed artists, artis­
tic trade unions tend also to promote the unemployment 
or the underemployment of the performing artists and the 
growth of a “serious amateur” system (for example, the 
off-off-Broadway theatre and other experimental fringe 
theatres), which, in addition to developing a style alterna­
tive to that of the professional theatre, may also nurture 
fresh talent and feed it into the professional system. Artists 
working for the elite market have been less concerned 
with establishing trade unions. They either survive as ce- 
lebrities— or fail to survive.

Marginal phenomena. In addition to the two major 
types of art markets, one can distinguish two currently 
marginal phenomena: traditional (that is, noneconomic) 
elements in the art market, such as ideological commit- 
ments to particular types of art or group commitments 
to particular artists, and the various “little” markets, at 
present increasingly numerous in Western societies, in 
which art is sold not exclusively, or not mainly, for profit 
and which may indeed be partly financed by proprietors 
or participants from income not derived from the sale of 
art or through their own unpaid services (little magazines, 
artists’ cooperatives, the U.S. “underground” cinema at its 
beginnings). Little markets may be individual or cooper- 
ative, expert or amateurish, and built on the most vary- 
ing motives. While their cultural role may be important, 
particularly in nurturing difficult artistic innovations, the 
little markets collectively cover only a minor part o f the 
art market. If they become economically successful, they 
tend to be incorporated into one of the two major Systems 
of art trade.

The “traditional” elements are usually incorporated into 
one of the three types of art markets and limit the intrinsic 
logic of their Operation. In the elite markets, nation States 
impose restrictions on the export of historically significant 
works of art; all respectable book publishers print a cer­
tain number o f worthy books they expect to be altogether 
unprofitable. In the populär markets, traditional criteria 
establish limits of “proper” and “improper” entertainment 
(performances of avant-garde musical works, for example, 
are consistently less profitable, both in Europe and the 
United States, than those featuring more traditional ones). 
On the little markets, which tend to lack economie staying 
power, commitments to an identifiable tradition exert a 
stabilizing effect.

R E M U N E R A T IO N  O F ARTISTS 
A N D  PR O T E C T IO N  O F T H E IR  RIG H TS

Methods of remunerating artists depend on whether they 
are involuntarily bound (serf artists) or, with their own 
consent, are attached (palace artists) to a consumer or 
organization that uses their works, or are free to sell them 
on the market.

Bound artists are provided with subsistence by their 
lords; attached artists receive regulär salaries (which may 
be high in the case of palace favourites and academicians)

and additional bonuses for particular successful works of 
art. Freedom to sell on a market may be unlimited, as in 
modern societies, or it may be conditional on membership 
in a socially recognized group of producers (the medieval 
guild system). To the extent that it approaches a perfect 
market (numerous artists of approximately equal artistic 
reputation competing for numerous customers of approxi­
mately equal purchasing power), the economie transaction 
takes the form of a sale; in command economies it is more 
usually a commission. In guild Systems, the association of 
producers may itself transact the sale or at least regulate 
the conditions of sale, by its members, of their products. 
In a dealer system, which was known in classical antiquity 
but (in the visual arts) has developed most fully since 
the 17th Century (in the Netherlands) and the 19th (in 
France), a group of commercial intermediaries—dealers 
and artist’s agents— has stepped in between individual art­
ists and individual purchasers. Their task is to introducé 
the one to the other and conduct the economie transac­
tion in accordance with the practices of good business. 
(Some art dealers and their literary equivalents—writers’ 
agents—have operated also as patrons and even sponsors 
of young artists.)

In market Systems, methods of remunerating artists de­
pend on the traditional cultural reputation of the art 
they practice, the degree to which the artists’ rights of 
authorship are legally recognized in an economically con- 
sequential manner, and the technological requirements for 
transacting the sale of an artwork.

When the traditional cultural reputation of an art is high, 
the artists who engage in it, while not necessarily highly 
rewarded in economie terms, tend to acquire a moral 
right to a socially recognized authorship of their works. 
Their names are affixed to the works they have produced; 
these are no longer products of anonymous craftsmen or 
works signed by the supervisors of art workshops, as were 
lacquerworks from the imperial workshops of China.

The conception of individual authorship began develop­
ing in Greece around 700 b c  and in China more than
1,000 years later. It was known in the medieval West and 
India, but the notion of individual authorship remained 
undeveloped in the Byzantine civilization. This conception 
is directly dependent on the development o f a professional 
or gentlemanly or genius type of artistic culture. Indirect- 
ly, it is supported by a strong stress on individualistic 
values in a cultural tradition, but, as in eastern Asia, the 
notion of authorship could arise even in the absence of 
any strong commitment to individualism.

The notion of a legally protected intellectual property of 
an art creator in his work, which he retains even after he 
has sold his work to a user, presupposes a conception of 
authorship but extends beyond it. Historically, it is a much 
later development. It began in the West in the late Middle 
Ages and has been encouraged by technological inventions 
facilitating the reproduction of works of art (before book 
printing, possession of a manuscript implied the right to 
reproduce it); the growth of a competitive market in such 
reproductions, which needed to be regulated (the most 
prominent motive in the early phases of the copyright law 
was the desire to protect the economie interests of the 
book publishers, rather than the intellectual rights of the 
authors); and the image of the artist as a man of genius 
who may sell, like other producers, the works of his labour 
but retains a right to the spiritual substance, uniquely his 
own, that he has invested in them. What the copyright 
and unfair-competition laws protect are tangible contribu­
tions to a product that remain identifiably individual. The 
artist has a legal right only to what he has worked out; 
the law protects the labour of elaboration, not the idea 
or intuition. Yet, once the notion of a legally protected 
intellectual ownership has taken root, it tends to become 
self-perpetuating, even in the absence of the conditions 
that have favoured its development.

The retention of a moral right in the artistic product 
provides the rationale for an author’s sharing in the in­
come that the buyer derives from the use of his work and 
from the appreciation of its value over time. The logic of 
this system has been worked out most fully in the Publish­
ing and the mass-communications industries (radio, film,
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and television). In the visual arts, efforts are being made 
to extend the economic implications of the recognition 
of the author’s moral right to his work by developing a 
modelcontract for the sale of a work of art that will not 
only guarantee to the artist control over the reproduction 
of his work but also provide for his share in any profits 
from the resale o f his work. U.S. copyright law provides 
that ownership of a copyright is distinct from ownership 
of any material object in which the work is embodied, 
thus giving the artist control over its reproduction, and 
that the transfer of a material object, in the absence o f  
an agreement in writing to the contrary, does not transfer 
ownership of the copyright of any work embodied in the 
object.
The Contemporary copyright system guarantees to the 

writers covered by it that their incomes will be proportion­
al to the current economic value of their works (the total 
income from their sale). Visual artists’ income, on the 
other hand, is unrelated to the current economic value of 
their works once these have been sold (except indirectly, 
as the prices of the works they will sell in the future are 
affected by appreciation or depreciation of the works sold 
earlier). Thus, there is a disproportionality in the effects 
of the law on the relationship between the artist and his 
product in literature and the visual arts.

In the performing arts, unless the performance is record- 
ed, the performing artist cannot be guaranteed any direct 
economic benefits from being recognized as the author 
of his performance, because the performance “vanishes” 
after it is completed. It is only what is being performed 
(the text, choreography, musical composition), and not 
the performance itself, that can be protected by custom or 
the law. There is thus a difference between the legal rights 
of performing and “producing” artists in their art, and 
this difference may well affect their overall social status 
and self-esteem.

The development of the mass-arts industry has made it 
possible for performing artists to enjoy the benefits of legal 
protection of their continued “intellectual possession” of 
their performances, if they have been made to be recorded 
and can be reproduced. Recordings of live performances 
have remained unprotected by copyright law and fre­
quently are “pirated,” or reproduced without permission. 
In 1971 an international Convention prohibited piracy of 
musical recordings, and member countries then began 
developing legislation on the matter. The U.S. copyright 
law was amended in 1972 to prohibit the unauthorized 
duplication of sound recordings. If only in the mass- 
arts industry, the Situation of performing artists has been 
made similar to that of such “producing” artists as writers 
and composers, who receive royalties on their past work. 
The performers in a film continue to receive a set rate 
o f payment from each showing of that film and residuals 
from reruns on television. While in this way they have a 
type of continuing property right in their performances, 
as specified in their contract, performers have no moral 
right of authorship that would permit them to control the 
manner in which their work is presented to the public 
(as writers of books do). This right is usually vested in 
the film director, and even then, only if it is specifically 
assured to him in his contract.
Whether the legal protection of artistic property has in 

fact encouraged the production of high-quality art appears 
debatable: the system does not distinguish between high- 
and low-quality products. The Operation of the legal- 
protection Systems in the arts must be judged by the de­
gree to which it helps artists both to earn an income and 
to derive self-respect from their work. It must, however, 
also be judged by inquiring whether its provisions result 
in larger benefits to the artists collectively or to the sellers 
of their works collectively.

ART CO LLECTIN G

Art collecting and the building of architectural ensembles, 
such as churches and palaces, which can be regarded as 
immobile “art collections,” have probably provided the 
most important source of income for the major visual art­
ists, particularly in command economies. Once artworks 
enter a collection, however, they tend to stay there for

long periods of time, potentially reducing the space and 
the demand for the works o f later artists. There is thus 
a certain ambiguity in the attitude of artists toward art 
collections and museums, particularly in societies that 
possess well-stocked ones, such as Italy or, by now, the 
United States. Museums that tend to “enshrine” artists are 
in this respect worse, from the living artist’s point o f view, 
than private collections, which get reshuffled every once 
in a while—a process encouraged, at all times, by defeats 
in war, social upheavals, economic troubles, and, in mod­
ern societies, by high inheritance taxes. In Contemporary 
societies, collecting by nonartistic organizations—govern­
mental agencies, business firms, universities—seems likely 
to become increasingly important. This would mean a 
greater incorporation of art into real-life (as contrasted 
with museum) environments. As an encouragement for 
living artists, collecting seems to be most effective when 
any particular collection is intended to be temporary: that 
is, when it is established, exhibited, and then dispersed to 
rnake room for a different one.
Purposeful collecting of works of art is most eagerly pur- 

sued in periods of great affluence and a reduction of the 
Creative drive—in the Hellenistic age (323-30 b c ), in an­
cient Rome, and in 18th-century Europe. The relationship 
between art collecting and political power has been more 
ambiguous. On the one hand, the powerful have liked to 
surround themselves with the grandeur emanated by an 
“overpowering” collection of art. On the other hand, States 
have compensated for their loss of power by cultivating 
an image of their cultural grandeur and refinement; art 
collections serve this purpose, too. But art collecting is 
also an appropriate response to great outbursts of crea­
tivity that have occurred in the past. And it establishes 
reservoirs from which later artistic efflorescences will, in 
part, be fed: art collections, if open to the public, provide 
a place for young artists to study their craft and for people 
in general to develop an interest in the arts.

Collecting of the art of the past may be encouraged by 
a lack, or loss, of faith in the Creative accomplishments 
of living artists; by the proved prestige of the works of 
the past (important when the newly rich collector has 
neither taste nor understanding to judge by himself); and, 
particularly in Contemporary society, by the profitability 
of economic investments in famous works of art. It is 
estimated that art prices in general have multiplied more 
than 10 times since the early 1950s.

Private art collecting on a smaller scale has been devel­
oping in the middle classes since the beginning of the 
modern age. Currently it shades off into “temporary col­
lections” of multiples from the populär market, such as 
musical records or posters used to decorate student rooms. 
Attitudes derived from this practice are spreading even 
into sophisticated responses to art (e.g., conceptions o f the 
social function of museums).

SOCIAL C O N TRO L O F A RT

Little art, except perhaps in the “intimate” genres such 
as lyrical poetry, can have been created, until the latter 
part of the 19th Century, without some degree of social 
control—that is, influence exerted by nonartists— over 
its creation. The influence has varied greatly in degree, 
in the groups and agencies exerting control, and in the 
means used. Six basic types of social control of art can 
be distinguished: (1) suppressive censorship by agencies in 
total control of channels of possible expression (the “me­
dieval system”); (2) product specification by a relatively 
few customers, each of whom is not in total control of 
channels of artistic expression (the “Renaissance system”); 
(3) administrative restriction of the artist’s access to his 
potential audience without a complete withdrawal of his 
opportunity to communicate and without destruction of 
his works (“enlightened censorship”); (4) organizational 
incorporation of artists into either nonartistic institutions, 
such as churches or business firms, artistic groups under 
the authority of nonartistic agencies, such as the academy 
under the French king Louis XIV (reigned 1643-1715), 
or state artists’ unions (the “organizational system”); (5) 
expression of preferences of taste by large numbers of indi­
vidual art consumers not differing greatly in the power to
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command and to purchase (the “democratie system”); and 
(6) criticism by experts specializing in sustained analysis 
and evaluation of individual works of art (the “intellec­
tual system”).

Censorship compared with criticism. Of the six modes 
of control, censorship is the most severe and least sensitive 
to the aesthetic merits of works of art. Art is on principle 
judged in terms extrinsic to artistic values and subordi- 
nated to explicitly utilitarian considerations of political, 
religious, or “moral” character. Criticism, at the other ex­
treme, at least uses the means of imagination, rather than 
of power, to control products of the imagination and me- 
diates between artists and groups of users of art (however 
small) whose Standards particular critics articulate. Thus, 
criticism helps to relate artists to the subcultures in which 
their work is most responsively consumed and to reveal 
the character o f these subcultures to their own members. 
At best, criticism expands the artist’s experience in areas 
relevant to his understanding of how art operates in the 
minds of people and increases the consciousness o f the 
community to which the critic “speaks.” At the same time, 
the artist can avoid being influenced by critical interpreta­
tions (at the risk of not learning what they reveal) by the 
simple decision not to read the reviews. Scientific research 
into empirically demonstrable effects of particular kinds 
of art on particular types of Personalities, under specified 
conditions, can be treated as a newly evolved element of 
artistic criticism.
Censorship o f the arts has been typically justified by 

“clerical” or “civic” conceptions of art—the view that art 
has a moral Obligation to defend a cultural tradition higher 
than art itself or a civic Obligation to celebrate the com­
munity that supports the artist. The first view is usually 
espoused by various ideological elites, but the second can 
be quite populär and widely supported, even in a democ- 
racy. The clerical conception of art also generally implies 
the assumption that art has a great power to corrupt or 
to save. It is, indeed, this tendency to overestimate the 
power of art that leads to demands for censorship. The 
civic attitude toward art presupposes merely a tendency to 
suppress anything that offends local self-esteem.

Whatever the conception of art, censorship becomes 
“necessary” only when an established clerical or civic view 
of art is powerfully challenged by other artistic cultures— 
the ecstatic, the vagabond, the genius, the professional, 
or the avant-garde. It is perhaps from such challenges to 
civic and clerical assumptions by ecstatic (Dionysian) or 
emerging professional types of artists that the first ex- 
plicit philosophical defense of artistic censorship, by the 
philosopher Plato, emerged in classical Athens. A conflict 
between two clerical cultures, the Catholic and the Prot­
estant, together with the invention of the printing press 
(which made literature more “dangerous”), led to the great 
development of formal, organized religious and political 
censorship in 16th-century Europe. Censorship declined, 
especially in the Anglo-Saxon countries, in the 18th Cen­
tury, with the establishment of religious tolerance and in 
conjunction with the displacement of clerical by profes­
sional conceptions of the writer.

Targets of censorship. Censorship has been mainly di- 
rected against the ideological (stated or implied views) or 
depictive (represented scenes) content of the arts, thus 
primarily against the arts in which content is more impor­
tant—literature, the theatre, and the visual arts (including 
the film and, to a lesser degree, photography). But whole 
types of art have been outlawed. The ancient Spartans 
expunged music and dance, as well as poetry, on the 
grounds that they might promote effeminacy and license 
in a population that had to be hardened for heroic milita- 
rism. Early Christianity suppressed the theatre and fiction- 
al literature of the Greco-Roman civilization. Muslims, 
Calvinists, and in some periods the Byzantine iconoclasts 
outlawed religious visual art.

While, in general, secular States have been concerned 
only with the content of art, ideological organizations have 
been sensitive, especially in 20th-century totalitarian Sys­
tems, to the attitudes and values suggested also in style. It 
was primarily by stylistic characteristics that “degenerate” 
art was defined in Nazi Germany. Totalitarian move­

ments have not only prohibited some styles but have also 
prescribed others for their artists to work in (for example, 
Socialist Realism in the Soviet Union between the 1930s 
and the 1950s).

The 17th-century absolutist state also perceived the value 
implications of artistic styles, but (like the medieval Cath­
olic Church in its approach to the visual arts) it relied 
more on the techniques of product specification—patron­
age, by a royal court, and promotion, by an official art 
academy—rather than on prohibition, enforced by police 
power, against working in particular styles and having 
works in these styles exposed, in some manner, to artists’ 
customers. As a mode of control, product specification 
is more congenial to artistic creativity than is censorship; 
and 17th-century France sustained Creative attainments of 
a high order, even in the visual arts in which the court 
specified its demands most insistently. But it achieved still 
more in dramatic literature, over which the court had a 
less direct influence.

In the 20th Century, the large economic organizations 
that have come to dominate the mass arts have acquired 
a capacity to exercise a private kind of censorship by 
depriving artists of their means of work. In the “image” 
industries, the reason for such blacklisting, as in the U.S. 
film industry after World War II, has tended to be the 
political image of the artist rather than either the style or 
the content of the work he was proposing or had done in 
the past. In the democratie societies, private watchdog and 
pressure groups are likely to be more effective in imposing 
their demands for censorship on the mass-arts industries 
or on the business firms whose advertising sustains them 
financially than in influencing governmental agencies. The 
newer mass media are, because of their dependence on 
public licensing (television stations), more vulnerable to 
governmental pressures than the traditional arts.

Self-censorship by artistic enterprises (for example, the 
movie rating system of the U.S. film industry) has devel­
oped largely in response to the influences private pressure 
groups have brought to bear on the culture industries, by 
threatening their mass sales. A different variety of self- 
censorship is practiced by art museums when they ban 
types of art with contents that are not congenial to the 
economic or political interests of the business leaders who 
usually control their boards of trustees, or that seem ca­
pable of causing libel suits, or that appear to conflict too 
sharply with the traditional conceptions of what art mu­
seums should exhibit.
In neither of these two situations does “censorship” com­

pletely prevent public exposition of the works censored or 
terminate the public career of the artist concerned. These 
cases thus do not represent true, suppressive censorship 
but, rather, a system of limiting the public’s opportunities 
for viewing certain types of art. Prohibition of the sale of 
certain types of art to juveniles also represents restrictive 
censorship. In respect to the arts, the Western democracies 
have by now virtually abandoned suppressive censorship 
in favour of the restrictive.

In the U.S.S.R., there have been some trends after the 
death of Joseph Stalin (1953) toward a transformation of 
the system of suppressive censorship into a de facto Sys­
tem of administrative restriction: allowing for privileged 
exhibitions of modernistic art in scientific institutes, show- 
ings of avant-garde foreign films to select circles (partly 
specialists and partly political elite), publication in small 
editions or in recondite journals. But a somewhat relaxed 
suppressive censorship is still in Operation. China has a 
completely suppressive system.

In contrast to the censorship practiced by the ideological 
organizations, style is usually of no concern to the eco­
nomic interest and private pressure groups endeavouring 
to subject art, or what is presented as art, to censorship 
either by pressuring the mass-arts industries and large ar­
tistic enterprises or by demanding action by government 
agencies (in the United States, most frequently on grounds 
of “obscenity”).

CONDITIONS FOR SOCIAL CO NTROL

In general, the arts seem to be most susceptible to social 
control when artists are dependent on a relatively few im-
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portant consumers or on a great mass audience of a fairly 
homogeneous social character, and when their works are 
either very expensive “uniques” or highly profitable “mul­
tiples.” The susceptibility of artists to social control thus 
depends, to some extent, on the kinds of art they choose to 
produce. This susceptibility tends to decline when there is 
a differentiated, heterogeneous public with political insti­
tutions permitting a free expression of individual choices 
and an inexpensive access to a wide range of works of art. 
If access to art is provided at public expense, however, 
artists again become susceptible to social control—this 
time by the intermediaries Staffing the cultural organiza­
tions, such as museums and state Publishing houses, that 
determine which artists and which works will be exposed 
to the public.

Art is least susceptible to social control when it is spon- 
sored and financially supported by other artists, who ac­
quire their income in some manner other than through 
the sale of their works (for example, through teaching). 
The institutionalization of the professional conception of 
art is perhaps, in the long run, the most reliable defense, 
from within the artistic enterprise, against deliberate ma­
nipulation of the arts by social agencies. But a purely 
professional tradition of art is so inoffensive as to appear 
dehumanized, and artists themselves may seek to over- 
throw it, opening themselves up to deliberate manipula­
tion by those (frequently political movements) they align 
with to achieve this goal.

IM PLICATION S O F SOCIAL CO NTROL

The issue of censorship and other kinds of deliberate 
manipulation of art has ultimately to be dealt with in 
terms of moral and political assumptions about human 
nature and the proper character of the artistic enterprise, 
not primarily in terms of the effects of these policies on 
artistic creativity. The effects of social restraints, or their 
absence, on artistic creativity seem, in any case, somewhat 
ambiguous. In general, no direct relationship seems to ex­
ist between the degree of personal freedom enjoyed by the 
artist and the aesthetic quality of his work. The tolerance 
and cultivation of the art patrons in Italy during the 17th 
and 18th centuries did not prevent a decline in creativity. 
On the other hand, a general cultural repressiveness does 
not always preclude an artistic efflorescence: the period of 
the most intense activity of the Spanish Inquisition in the 
16th and 17th centuries coincided with El Siglo de Oro 
(The Golden Age), one of Spain’s most important periods 
of artistic creativity.

Freedom, however, may have become a necessary—  
though not sufficiënt—condition for artistic creativity in 
industrial societies. Artists, particularly those who have 
been affected by artistic developments in the West since 
the Renaissance, have come to expect Creative freedom 
and cannot help but feel illegitimately constricted in its 
absence. Their personalities are no longer sufficiently con­
gruent with an authoritarian structure of external Controls, 
as the personalities of medieval artists may have been, 
to be able to produce aesthetically significant work when 
subjected to such Controls. By abolishing artistic freedom, 
both the Soviet Union and Nazi Germany destroyed flour- 
ishing artistic movements and proved unable to generate 
aesthetically valid substitutes for them. But a relaxation 
of earlier rigid Controls may be more conducive to artistic 
creativity than the maximum of freedom, because under 
restrictive Controls an unspent tension accumulates, which 
is then available to be released in an explosion of Crea­
tive activity when pressures are relaxed. Under complete 
external freedom, such energy may never accumulate; 
unless the artists possess an extraordinary degree of self- 
discipline, their energies tend to be immediately used up 
through a variety of outlets.

What seems to be specifically fatal to artistic creativity is 
not social control of the arts but an imposition, whether 
by outsiders or indeed by the artists themselves, of a com­
pletely intentional conception of the artistic enterprise: 
that is, its successful limitation to the expression of any 
set of recognized and intended functions.

If there is to be any social control over the arts, which 
many artists would dispute, its least objectionable form

would seem to be one limited to a combination of ex- 
pressions of preference by large numbers of interested art 
users with analysis and reasoned evaluation by art critics 
and scholars. The two modes of control in conjunction 
balance each other’s biases and increase the range of op- 
tions available to artists. These Controls can be dismissed 
from consideration only if it is assumed that art is totally 
irrelevant even to the people most interested in it (other 
than the artists themselves). Art would then have to be 
treated as either a private affair of the artists or as pure 
entertainment without any cultural significance.

SOCIAL RÈLATION SHIPS

In both preliterate societies and historie civilizations, the 
arts have frequently, but not always, had a close relation­
ship with religion. In the past, this relationship has tended 
to be less direct when art objects were being produced 
by women, such as the pottery of the Pueblo Indians of 
the southwestern United States. Women, who have rarely 
been the religious specialists of their societies, have mostly 
produced an art of decorated utilitarian artifacts or of per­
sonal intimate expression, in either case not characterized 
by high cultural symbolism. Men have been more fre­
quently disposed, or constrained, to justify their aesthetic 
interests by relating them to a metaphysical purpose. In 
effect, this means that men have had more reasons, in 
most preliterate and historical societies, for making art 
than women did.

Interaction of art and religion. An explanation for the 
frequently close relationship between art and religion may 
be found in the areas in which they are similar or overlap. 
In both art and religion, there is much concern with the 
basic needs of the imagination and with a valid perception 
of subtle qualities of experience, and there is no binding 
requirement that they provide references to demonstrable 
fact for their insights (as there is in Science). The similarity 
means that the arts and religion might, in part, operate 
as functional substitutes for each other: the more success- 
fully one system functions, the less need for the other, 
and the less successfully, the more need. This may be 
one reason for the modern growth of interest in the arts, 
especially among the intelligentsia and the alienated o f the 
middle dass.

Religion, however, tends to be more dependent than the 
arts on those aspects of culture that are communal, in­
volved with abstract ideas, and concerned with Standards 
of conduct. It must provide guidelines for action that 
whole communities (as well as individual persons) could 
live with. While the arts can perform such “religious” 
functions, they can also survive quite well without per­
forming them: inherently, the arts have a less direct, less 
intentional, less “responsible” relationship to social action 
than does religion. In their specifically aesthetic essence, 
the arts are more private, more individualizing, less bind­
ing than religion. There is more play than Obligation in 
the arts. The opposite is true of religion. Populär interest 
in the arts tends to decline, and interest in religion to in­
crease, during life-threatening historical crises, such as the 
Black Death of 1348-50 in Europe or destructive wars. 
Interest in art frequently increases after such periods. Re­
ligion is more of a crisis-management phenomenon, art 
that of postcrisis integration.

The impact of art on its consumers is likely to be magni- 
fied by its association with religion or even, in the absence 
of any formal association with organized churches, by its 
perception in terms appropriate to religious experiences. 
If close alliance between the arts and religion means that 
they are “used” by religion, the arts become collective 
liturgies, providing sensuous elements to increase the hold 
of a religious doctrine over the more private aspects o f hu­
man experience. IC on the other hand, the arts “interact” 
with religion, if artists can have an influence on the devel­
opment of religious orientations (instead o f merely being 
“guided” by them), religion might acquire some of the 
characteristics of an art—become less systematized, more 
private, less dogmatic in its claims, more individualizing in 
the experiences it permits. The medieval Catholic Church, 
by and large, “used” the arts, while the Asian religions—  
other than Confucianism—tended to “interact” with the
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arts. In classical Greece, the arts became so emancipated 
from religion that they can be said to have “used” it, with 
more enduring benefits for the arts than for religion.

Separation of religion from art. A sharp Separation of 
religion from the arts, such as tended to occur during the 
Protestant Reformation, promotes the rise of a rational- 
ized, “disenchanted” religious world view and an anar- 
chically romantic tradition of the arts. Like the Reformers, 
religions generally have been willing to accept some kinds 
of music and literature and have varied mainly in their 
attitudes toward the visual and the “bodily” arts—the 
dance and the theatre. Attitudes toward the religious sig­
nificance of the materially existent underlie this Variation. 
But religions have also varied in the degree to which they 
made use of, or interacted with, the arts. “Aesthetically 
deprived” religions lose one sort of appeal to potential 
adherents and, perhaps especially in times of widespread 
discontent and cultural crisis, do not compete well for 
populär support with religions that possess more powerful 
aesthetic (or mythological) resources. Soviet explanations 
of the survival of religion in the U.S.S.R. stress increasing­
ly its aesthetic aspect—a problem for Marxist ideologists, 
who are beginning to perceive a lack of this element in 
their own system of faith.

A religion or a secular ideology without the arts loses 
one type of symbolic resource for its perpetuation and a 
possible source of modification of its doctrine. In addition, 
the arts represent one possible way of testing human sig­
nificance of various aspects of the message of a religion or 
secular ideology. Do they survive, when artistically treat­
ed, without the support of enforcement by the established 
authorities of a church (or party)? It has been suggested 
that some ideological and religious concepts failed to be 
retained in the populär consciousness because they never 
received an effective artistic elaboration.

For the arts, a complete Separation from religion or 
secular ideology means, on the one hand, a release from 
the Obligation to serve a tradition regarded as superior to 
art itself and from its various efforts at social control— 
including censorship—over artistic expression. On the oth­
er hand, the Separation of art from religion or ideology 
means: (1) the loss of a symbolic resource that either can 
be used directly in art creation or that stimulates artistic 
creativity indirectly by “disturbing” the imagination of 
artists; (2) the loss of one type of opportunity to create 
art that is both appreciatively used by large numbers of 
people and regarded as significant by them; and (3) the 
loss of a type of patronage that has historically been more 
continuously interested in the arts (other than literature), 
in times good and bad, than any other and that has tended 
to exhibit more concern even for the aesthetic merits of 
art than did the two most important types of patrons— 
the high bourgeoisie and the secular state—that followed 
the virtual demise of church patronage.

A preoccupation with patronage, however, has not always 
governed the behaviour of artists. Even though painters 
could expect to lose their most important kind of patron­
age if the iconoclastic Protestant Reformation succeeded, 
a surprising number of them supported the Reformation. 
Historically, literature has been least dependent on reli­
gious patronage; music (because of its almost ubiquitous 
linkage with ritual), perhaps most.

A ESTH ETIC IN FLUENCES

A strong influence of doctrinal religion over the artistic 
enterprise disposes it toward a “clerical” conception of 
its task: the upholding of a cultural tradition regarded as 
higher than art itself. It also tends to eliminate women 
from roles, except auxiliary, in the artistic enterprise—as 
in organized religion. But the mystical streak of religious 
experience has frequently influenced the artistic enterprise 
in a generally liberating direction, producing an ecstatic 
type of artistic culture. Any kind of direct religious influ­
ence on the arts tends to give them a more consciously 
symbolic character, but the doctrinal religions tend to 
impose on them an authoritarian rigidity (for example, 
the Romanesque style current in Europe from the 1 lth 
to the 12th centuries), whereas the mystical religions pro­
duce tendencies toward a more fluid style that could be

interpreted as more egalitarian (Buddhist wall paintings 
at Ajantä in Mahäräshtra State, India). Mystical religions 
may also open the arts more equally to both sexes, as 
it did for such women mystic writers of the late Middle 
Ages as the English Julian of Norwich and the Italian St. 
Catherine of Siena.

Feeling-oriented religions like Buddhism tend to produce 
preferences, in the personalities influenced by such reli­
gions, for sensuous styles of art; belief-oriented religions 
like Calvinism favour austerity in art styles.

Confucianism has also tended to favour austerity, but 
the Chinese Confucian gentlemen painters drew most of 
their artistic inspiration from Taoism and variants of 
Buddhism. Perceptual tendencies may persist even after 
the religious tradition that has shaped them is no longer 
consciously adhered to.

Changes in the religious system have, in strongly reli­
gious periods, provided impulses for subsequent artistic 
changes. Periods of increased artistic creativity have fre­
quently followed those of intense religious struggle—con- 
versions of nations, great heretical movements, successes 
or failures of populär reformations, even iconoclasm. But 
this is not an effect peculiar to religious changes: other 
types of intense social action have also preceded artistic 
efïlorescences. A more specifically religious influence on 
artistic creativity is suggested in the historie tendency for 
artistic efïlorescences to occur after periods of great reli­
gious creativity. This suggests that the arts benefit from 
a partial secularization of intensely religious traditions or 
that religious efïlorescences shapè symbolic or emotional 
resources that are most usable for artistic expression when 
they have aged (“mellowed”) somewhat but have not been 
completely discarded from the living experience of a peo­
ple. Expirations of previously potent religious traditions, 
as of Buddhism in India, have coincided with declines in 
artistic creativity.

The modern secular equivalents of religion have gener­
ally been quite inferior to it in their effects on the arts. 
This may be partly because most of the “secular religions” 
of 19th-century origin have been rationalistic, purposive 
ideologies with little mythological content to disturb and 
stimulate the artistic imagination. In fact, artists have 
been most affected by the drama of events (or “theatre”) 
brought into being by secular religions, rather than by 
their “mythology.”

A great many modern artists have been willing to let 
themselves be influenced by the secular ideologies or by 
the more ancient religious traditions of their own civiliza­
tion or by religions of cultures alien and exotic to them. 
The latter two influences have generally been aesthetically 
more auspicious than the former, but most artists do not 
experience even these influences with sufficiënt intensity 
to be “disturbed” by them and tend to exploit, almost at 
random, their more superficial characteristics.

It would be difficult to demonstrate that developments 
in the sphere of art have had any independent effects on 
religion. Throughout much of history, art has not been 
sufficiently independent from religion to be perceived as 
a “cause” of religious developments. More likely, it may 
have given focus, a tangible concreteness, a dramatic 
shape, a memorable melody, to abstract religious notions 
or shapeless feeling States and provided means for cele- 
brating and transmitting them—rather than initiating the 
experiences and the notions themselves.

It seems likely that the cultural attitudes of the growing 
number of alienated intelligentsia of the West are great­
ly affected by its artistic culture. The conception of the 
“revolution” as espoused by the New Left has, in many 
ways, been a “surrealistic” one (“all power to the imagi­
nation,” etc.). Fascism, too, has been considered by some 
observers to be an aesthetic phenomenon almost as much 
as a political one. It is, in any case, through the shaping 
of fantasy dispositions—congenial modes of perception— 
that art can influence the development of general value 
Orientations, which in turn dispose people to favour partic­
ular religious or political ideologies, when choice between 
alternatives is possible.
Yet the shaping of fantasy dispositions is not a foolproof 

method of manipulation, particularly in modern societies:
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it may provoke a subjective rejection of overly insistent 
attempts to influence—an anarchie response to the rigid 
authoritarianism of the “classical” styles or, conversely, a 
demand for new dogmas and rituals in response to more 
ambiguity, suggested by the arts, than an individual can 
live with in his own life.

IN FLU EN CE O F TECH N O LO G Y  ON ART

To varying degrees, the arts depend on technological evo­
lution for the very techniques used to create works of 
art—literature least, music considerably, and architecture 
most of all. The cinema has been made possible only by 
recent technological developments.

The arts also depend on technology for the dissemination 
of the Creative product. Book printing has made possible 
the development of a mass reading public, which in turn 
has facilitated the rise of new literary genres, such as the 
novel. Modern techniques rendered objects of visual art 
mechanically reproducible, hence perceived and treated as 
less “unique” than they had been in the past. The film is 
a peculiar art in that the technique of production and the 
technique of dissemination immediately imply each oth­
er, both having been produced by the same technological 
development.

Beyond these direct technological influences on the arts, 
there is an indirect one, mediated through the effects that 
particular technologies have on the imagination of artists 
or of larger populations.

Effect on content. Generally, the arts do not mirror, 
in any direct manner, the technological developments oc- 
curring in the society in which they have been produced. 
In their contents, the visual arts are more likely to touch 
upon the consequences of technological developments that 
have become intimately familiar (for example, the artifacts 
represented in still-life painting) but are not necessarily 
its objectively most important result; or perhaps upon the 
more vividly visible agents of technological development 
(such as draft animals, machines, or electronic processes) 
rather than on the whole system of technology or the basic 
principles underlying it.

In other words, the arts focus on those aspects of tech­
nology that “grasp the senses.” Thus, they frequently dweil 
on technological innovations in a very early stage of their 
development, then let them drop as subjects for artistic 
concern after they have become fully developed, attained a 
dominant role in the economy, and are taken for granted 
emotionally.

But it is also what technological change has eliminated or 
does not permit to exist that can grasp the artists’ imagi­
nation; they will then be concerned with what they miss in 
a particular technological system and will depict, perhaps, 
the opposite of what they see as existing in it. It has been 
found that in preliterate societies where the house shape 
is circular, straight lines are preferred in art style and that, 
conversely, where the house type is rectangular, art styles 
tend toward the curved line. This finding suggests either 
that art supplies what is most lacking in the technological 
environment or that one art must provide what another 
art does not.
Technological developments may both suggest new con­

tents for art and encourage the elimination of old ones. 
Thus, the invention of photography has virtually eliminat­
ed the need for realistic portraiture.

Effect on style. In the development of styles of art, 
technological factors appear to be more important than 
they are in the choice of subject matter. Certain styles 
have been made possible only by particular technological 
developments (electronic music). In other cases, techno­
logical developments (new types of paints) have converged 
with new scientific theories (in opties) and perhaps psy­
chological changes (the decline of middle class democratie 
militance) to produce a particular style, such as Impres- 
sionism in French painting.

In still other cases, a style may be regarded as a symbol­
ic projection of psychological attitudes inherently linked 
with a technological process. It has been argued that ten­
dencies toward more geometrie styles of visual art have 
emerged in connection with both of the major technolog­
ical transformations of society—the agricultural and the

industrial revolutions, while periods that have preceded 
these transformations have favoured more “realistic” styles 
(e.g., Paleolithic cave paintings and the figurative arts of 
urban pre-industrial civilizations). A possible explanation 
of the linkage of the technological revolutions with more 
abstract styles of art may be the alienation from nature or a 
sense of mastery over it suggested by the geometrie styles. 
Through them man imposes “his own” type of order on 
nature, where no such geometricism can be found. This 
attitude is also implied by the great technological transfor­
mations through which man has objectively increased his 
control over the forces of nature.

This process could have started in the imagination of 
artists inventing the notion of mastery over nature as a 
dream; in the attitudes of the people or of the religious, 
economie, or political leaders, reflected in both technolog­
ical and artistic changes; or in the process of technological 
transformation, which, by its success, led to a widespread 
sense of mastery, projected into artistic style.

In the industrial transition the apparent sequence has 
been change in populär or elite attitudes, encouraged by 
the Protestant Reformation; speeding up of technological 
changes; and the rise of geometrie styles of visual art. 
Music has “lagged behind” the technological transition 
even more than have the visual arts, but literature may, 
in certain respects, have anticipated it.
Thus, it could be argued that the poetry of courtly love 

and of religious affective mysticism of the late Middle 
Ages suggested an attitude of mastery over nature (over 
sexual impulses, limits of time and space). Even if this 
interpretation were accepted, however, it could not be 
concluded that literature is necessarily a more sensitive 
indicator of underlying psychological changes than the 
other arts. It may be in periods in which the other arts 
are heavily dependent upon organized patronage and a 
guild organization, and literature is comparatively free o f 
such encumbrances, that it registers psychological changes 
more sensitively and at an earlier date. Technology, in this 
perspective, appears not as the “ultimate” determinant of 
artistic expression but as an aspect of basic psychological 
and cultural change—an aspect that became crucial at a 
certain point.

The interest of artists in Science appears to have been 
greatest on the threshold of the Industrial Revolution, in 
the 17th Century, and toward its end—when technologi­
cal developments, particularly in the field of electronics, 
have altered the material basis of advanced societies in 
the second half of the 20th Century. In between, artists, 
especially writers, tended to be repelled by technology and 
its effects on people and the environment (and by the 
Science they associated with these effects).

In the latter part of the 20th Century, the attitude of 
repulsion still tends to hold with respect to the machine 
technology, but a distinction is made between it and the 
electronic (and cybernetic) technology, which is viewed 
more optimistically. Electronic technology, by the mir- 
acles of its circuitry that exhibits an almost human re- 
sponsiveness, is expected to overcome the chasm between 
the “mechanical” and the “spiritual” that the Industrial 
Revolution had deepened.

Changes in the character of Science during the 20th 
Century, its recognition of the principles o f relativity and 
indeterminacy and of the importance of the researcher’s 
subjectivity, have contributed much to the revived appeal 
of Science to artists and to their high expectations with 
respect to the technology based on this kind of Science. In 
the 20th Century, psychoanalysis and several perspectives 
in the social Sciences have also been influential in the arts.

In the long run, it is likely that the artists’ response to 
the Sciences and technologies of advanced industrial so­
cieties will follow the usual logic of the workings of the 
artistic imagination. That is, scientific technology should 
influence the arts through the artists’ choices between 
affirming it and modelling their own work after it or repu- 
diating it and concentrating on what it cannot recognize 
or suppresses or, if left to itself, would tend to destroy. 
The power, mathematical clarity, and systematic nature 
of the Sciences and technologies may produce an artistic 
response in the form of sensuous, amorphous styles, car-
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There is no reason to anticipate that, in the long run, 
artists will be overwhelmed by Science and assimilated 
into its mode of Operation. Indeed, the more Science and 
technology develop, the more they may be subjectively 
taken for granted, the more imagination may be captured 
by what Science and technology cannot encompass, and 
the more an art that has not been overwhelmed will be 
needed. Artists tend to be overwhelmed by a great increase 
in the technical possibilities o f expression only when they 
have no reason of their own—a mode of perception, a 
value commitment—to express anything in particular.

Effect on creativity. An essentially descriptive Science 
may influence artistic creativity favourably when it fuses 
with an older tradition of an artistic craft, as anatomi- 
cal and optical research vitalized painting in the Italian 
Renaissance. But a highly abstract Science, removed in 
its formulations from directly perceivable realities, seems 
to be of most benefit to artists when they permit their 
imaginations to be stimulated by the general atmosphere 
of scientific discovery, of the revision of concepts about 
the nature of reality, or of new perceptions, rather than 
when artists have set out to apply scientific principles 
consciously to their work. Even an incorrect interpretation 
of scientific models by artists can be artistically productive 
(and perhaps scientifically suggestive).

Other aspects of the relationship. To what extent the 
arts can influence the Sciences is still uncertain. If “visual 
thinking” precedes conceptual thought, or if there is a 
basic background element common to both visual and 
conceptual thought, changes in perceptions that art either 
reflects or stimulates may generate responses in concep­
tual theorizing and, in this manner, affect developments 
in Science as well as in philosophy. But it is on social and 
psychological theory and on the perceived shape of history 
that developments in the arts may be expected to have the 
strongest effect.
The association of artists with technology, especially in 

the visual arts and architecture, has been far closer and 
more durable than it has been with Science, and the 
requirements and achievements of artists have often led 
to technological discoveries. Literary artists, on the other 
hand, have, particularly in the periods of great scientific 
discovery, such as the 17th Century, been influenced more 
by Science than by technology.

It might seem that the new technologies of the mass 
media of communication, by permitting more pervasive 
dissemination of particular works of art throughout so­
ciety, are likely to increase the impact of art on people’s 
personalities and modes of existence. But the mass media 
may also have the opposite effect: by making of art a 
commonplace occurrence that is taken for granted but 
does not generate an enduring emotional response, by 
assimilating it more completely to “entertainment,” the 
mass media may decrease the effects of works of art on 
people and, indeed, on the artists themselves and on their 
aesthetic experiences.

At the same time, the media may be increasing the psy­
chological impact of nonartistic events, particularly those 
that resist being assimilated to entertainment, such as wars 
in a foreign country, which were easier to take for granted 
before the electronic media became fully developed. This 
has led to tendencies to substitute, especially in the visual 
arts, the structures of events or of social Systems for aes­
thetic structures (for example, an art exhibition consisting 
of photographs of slum buildings and landlords’ names).

While it is debatable whether the mass media have en- 
hanced the impact of art, they have certainly increased 
the social status of the performing artists (and tend to 
transform all artists whom they capture into performers).

A ESTH ETIC  ED U CA TIO N

In the broad sense, aesthetic education refers to every- 
thing that art is, or may be, used for in the education of 
nonartists. In the narrower sense, aesthetic education is 
the developing of a sensitivity to aesthetic qualities and 
works of art and of an understanding of the criteria by 
which some works o f art are regarded, by artists and art

critics, as possessing more highly valued aesthetic qualities 
than others. Aesthetic education could hardly avoid, but 
it does not need to be limited to, what is implied in the 
term’s narrower meaning. Approaches to aesthetic educa­
tion vary mainly in how they conceive of its “broader” 
responsibilities.
As soon as art is created and exposed to others, it always 

educates in some way. A study could well be made of 
the implicit philosophies of aesthetic education, inherent 
in the manner in which art is used and particularly in 
the manner in which the growing individual is exposed to 
it, of the preliterate societies in which the role of an art 
educator—as distinguished from the practicing artists— 
does not exist.

The formal development of aesthetic education, like the 
formalization of all education, has occurred in the classical 
civilizations. In the Western tradition, four basic concep­
tions of aesthetic education for the nonartist have been 
sociologically most important, although in practice they 
frequently overlap.

Didactic. The didactic theory regards art as a means 
for shaping a particular type of personality (the view of 
the Greek philosopher Plato). Modern notions of proletar- 
ian, black, or feminine “consciousness raising” by means 
of art, insofar as they presuppose that art is to be used 
for developing an attitude specified in advance, represent 
variants of the didactic approach to aesthetic education. 
But even when the goal is developing a particular type of 
aesthetic taste (as, for example, a taste for the “classical” 
styles or for “modern” art), a philosophy of education is 
didactic, albeit in a more subtle way. The didactic theo­
ry implies that if art does not do the task assigned to 
it, it has either no place in education or a subordinate 
one; and it may lead to justifying censorship of the arts, 
“to protect the innocent from corruption.” This view of 
aesthetic education is most congruent with the “clerical” 
conception of art.

Therapeutic. The therapeutic theory views art as the 
supplier, for individuals or groups, of experiences that ev- 
eryday life in society fails to provide but that are assumed 
to be necessary for a “whole” and “healthy” existence. In 
a highly rationalized society, art supplies or reveals the 
irrational, supplementing or confronting reason and duty 
with spontaneity and sensuousness. Or, in a more sophis­
ticated conception, art reconnects reason with sensuous­
ness, which had first to be separated from each other, for 
man’s self-awareness to advance itself.

Since this philosophy of art as therapy developed in an 
early phase of the Industrial Revolution, it usually con- 
ceives the deficiencies of society in terms of what was 
becoming suppressed then—needs for emotional expres­
sion—or what was promised ideologically but has not 
been adequately delivered in reality even in the most 
modernized societies, such as equality and participation. 
But what appear to be increasingly missed in the advanced 
industrial societies are credible designs for the symbolic 
coherence of life; a sense for experiences and objects that 
resist being used up and are immune to planned obsoles- 
cence. The therapeutic function of aesthetic education 
may be changing accordingly.
The objective of a “therapeutic” aesthetic education is to 

use art to bring out the missing elements and either to 
promote their integration with the existing state of affairs 
or to overthrow the latter. The task may be conceived 
as “sociotherapeutic” or “psychotherapeutic”—overcom- 
ing the deficiencies of a whole civilization or those of 
an individual personality. In contrast to the didactic ap­
proach, only the initial problem and the general direction 
of the effort but not the final solution—a specified type 
of personality or society—are presupposed. Artworks can 
be judged, in a general way, by the degree to which they 
fulfill the therapeutic task set to art by the character of the 
society or the stage of the evolution of civilization con- 
temporaneous with it. But no artwork can be in principle 
excluded from aesthetic education, since any work may 
be “therapeutic” for someone.

Developmental. The developmental theory aims at mak­
ing it possible for anyone to choose from the realm of 
art whatever he needs to develop his unique potentialities.

Changes
in the
therapeutic
function
since the
Industrial
Revolution



Arts, Practice and Profession o f the 133

The evolution of society has not given rise to any partic­
ular type of need that art should be meeting in a given 
social context. The task of aesthetic education is, perhaps, 
to increase the range of exposure to art so that every 
individual will choose on the basis of a more complete 
knowledge, more intelligently, how to develop his own self 
aesthetically.

This is a liberating educational philosophy, particularly 
in a tradition dominated by didactic approaches. But it 
has three unintended effects: (1) Since it puts the emphasis 
on what a person gets from a work of art for himself, it 
destroys the reason for trying to understand the work of 
art in itself and the ways it has functioned for other people, 
including its author. (2) While this approach permits in­
dividual experiences and descriptions of such experiences, 
it eliminates the basis for a more generalized critical eval­
uation of works of art. (3) By its emphasis solely on the 
individual’s aesthetic experience, it eliminates the need 
for art. What have the works of art got that “aesthetic 
experiences” on a crowded Street or in one’s dreamworld 
do not give?

The devel- The developmental approach is most applicable to the 
opmental aesthetic education of children, where it is provided with 
approach a sense of direction by the psychologists’ notion of the
applied to stages o f intellectual and perceptual development of the
children personality, each offering distinctive possibilities and lim­

its to aesthetic education. In the aesthetic education of 
adults, however, by implying that neither art nor the so­
ciety nor history are particularly important as compared 
with a person’s “experiences,” this approach defines itself 
as a luxury object, likely to appeal to a social group that 
is prosperous but impotent to shape its destiny; it needs to 
be balanced by various other kinds of aesthetic education.

Culture-critical education. The purpose of another form 
of aesthetic education is criticism of culture, in the broad, 
anthropological sense, through analysis of concrete works 
of art and of their functions in the life histories of individ­
uals and in the historical existence of societies (and par­
ticular groups within them). This culture-critical approach 
differs from the therapeutic in that it is based less on the 
personal feelings and cast of mind of the educator and 
anchored more in the empirical study of culture history 
and of people’s relationships to the symbolic expression 
of their experiences. It considers art in the context of all 
human experience, not just in the narrow social setting of 
an individual perceiver of art (as the developmental theory 
necessarily does). It is not concerned with recapitulating 
human experiences in the technical detail of historical 
monographs. Instead, it is involved with the recognition of 
patterns in which experiences are “fitted together”—exter- 
nally influenced, intuitively structured, and their qualities 
and meanings interpreted to affect later experiences.

Aesthetic education as culture criticism is concerned with 
producing an ability to make aesthetic judgments that are 
founded on the knowledge of the ways in which whole 
civilizations, as well as everything involved with them, 
have been working. An analytical understanding of parts 
and of particular relationships is encouraged to grow into 
a capacity to perceive and evaluate the overall connected- 
ness of a civilization.

Aesthetic education as culture analysis is a method that 
can be adequately used only with adults; but it can be 
placed at the very centre of the education of adults, in­
cluding college students. Its purpose is not to produce 
art critics but, rather, persons more competent of judging 
civilizations, including their own, on the basis of an in­
creasing understanding of what they have done, or failed 
to do, to human sensibilities.

Supplementäry approaches. The culture-critical ap­
proach to aesthetic education is predominantly analytical. 
It needs to be supplemented, for most people, by practice 
in the making of works of art. The writing and performing 
of dramatic works permit an exploration of the potentiali- 
ties of social interaction and its limits, which a person has 
either had no experience with in his own life and yet sens­
es as potentially significant or which he has experienced 
in an “incomplete” manner and whose full logic and his 
own design for interpreting it he wishes to work out. Other 
kinds of literature seem to have a similar role in aesthetic

education. Music and dance clarify the dynamic rhythms 
in terms of which personal experiences and the character 
of civilizations are perceived, while the visual arts crys- 
tallize images of the emotional qualities these experiences 
and civilizations are sensed to possess. The film provides a 
potential basis for integrating the functions that literature, 
music, and the visual arts have in aesthetic education, but 
the separate experience of these arts provides a clearer 
understanding of such functions.

Architecture, with its commitment to relating disposi­
tions of the imagination to the practical exigencies of 
life—and therefore to social policy—in a viable overall 
design of aesthetic merit, deserves, perhaps, a central place 
in aesthetic education that has not been recognized in any 
large-scale educational system. It may have a particularly 
important role in the education o f those who refuse to 
recognize the linkages of their imaginations with the re- 
quirements of actuality.

It would appear to be arbitrary and self-defeating to limit 
aesthetic education entirely to considering the work of art 
in its isolation. It also must give some attention to the 
ways in which societies organize, or fail to organize, them­
selves to build aesthetically adequate whole environments 
(physical, social, and even “spiritual”). It must demon- 
strate how individuals can demand and, by their own po­
litical actions and spending patterns, support the building 
of such environments. A complete program of aesthetic 
education should include a consideration of the costs of 
building and tearing down (or maintaining) aesthetically 
inadequate environments as compared with the costs of 
building environments capable o f adequately performing 
a great many cultural functions for the people inhabiting 
them. And it must teach the techniques of social action for 
insisting effectively that the kind of aesthetic environment 
needed is provided.
The importance of immediate contact with practicing art­

ists in the aesthetic education o f nonartists is not primarily 
in the teaching of the technical skills of making art, which 
the practicing artists are not necessarily superior to “art 
educators” in transmitting. What good practicing artists 
can provide for aesthetic education is the demonstration 
of how “aesthetic structures” (meaningful Connections be­
tween disparate elements of experience) arise from skilled 
labour under the constant judgment of a personal sensibil- 
ity. Good artists also reveal in workaday practice how the 
nature of a subject, a design, a genre evolves in the process 
of elaborating its implications and simultaneously devel- 
ops intrinsic requirements of its own, a set of “norms,” a 
“logic,” that the artist cannot disregard without diminish- 
ing his Creative attainment. In this way, practicing artists 
transmit a sobering sense for what is required of creators 
by the inner logic of their works.

The role of the art critic in aesthetic education is to 
clarify the criteria by which he judges the aesthetic fitness 
of works of art and distinguishes between artistic successes 
and failures. The critic should be distinguished from the 
art interpreter, who explicates the meanings that a work 
of art has for him. The aesthetic philosopher’s most pro­
ductive role in aesthetic education would be to compare, 
in some systematic manner, the criteria of the critics, the 
meanings of the interpreters, and the intentions and the 
practices of the artists of various societies. In practice, the 
aesthetic philosophers mainly study each other. Partly for 
this reason, a role in aesthetic education has been opening 
up for the sociologists and psychologists of art, who are 
concerned with how art actually functions in the life of 
societies and personalities.

Since different individuals are likely to benefit most from 
different aspects of aesthetic education, it would seem to 
be a mistake to have a single model of aesthetic education 
for everyone.

TH E N ATURE O F A RT PRESERV A TIO N

Even in preliterate societies, not all art is created for the 
occasion of its use and then abandoned. First of all, the 
basic design of the work of art survives in the collective 
memory of the tribe, or of its more artistically inclined 
members, and can be reproduced from this recollection, 
frequently with Creative modifications. This principle of
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preservation operates most clearly in oral literature, but 
it gives continuity also to the other arts, both performing 
and objectifying. And this sort of preservation is not lim­
ited to preliterate societies.

In some cultures, art objects may also be preserved 
either for their utility or for their religious significance. 
Cave paintings have been continuously “refreshed”—that 
is, restored by overpainting—over long periods of time 
by the Australian Aborigines to retain the benefit of their 
magical effectiveness.

Even before the rise of literate civilizations, art collecting 
had become a symbolic exhibition of wealth and power. 
Forms of writing, which made easier the collection and 
preservation of literature, probably also were developed, 
in the classical civilizations, for their utility in economie 
management, the pursuit of religiously significant activ­
ities such as astronomy, and the more effective exercise 
of political power. But once traditions of collecting works 
of art and of literacy have evolved, they have tended to 
acquire a degree of autonomy from the purposes they may 
originally have been associated with. Systems of musical 
notation have evolved later than literacy and without any 
significant economie or political motives to necessitate 
their development; it was encouraged, however, by a reli­
gious need to stabilize the liturgical uses of music. Systems 
of dance notation have been produced for purely artistic 
purposes. Systems o f photographic, sound, and motion 
recording have been provided by the progress of modern 
technology. The development of these Systems has been 
propelled more by curiosity than by the anticipation of the 
great profits they eventually proved capable of producing.

Collections of manuscripts existed in the ancient world, 
and a system of state and school libraries was established 
in Rome. But a network of public libraries has evolved 
only since the middle of the 19th Century. The notion of 
a collection of books has not been as closely associated 
with the aristocracy as that of a collection of works of 
visual art: the chief connection of libraries has been with 
scholarship and its practical applications (in preaching, in 
administration, and, in modern times, in self-advancement 
through education).

\rt The nature of art collecting has also changed in the
:ollecting age of industrialization and the democratie revolutions 
n the that started in the second half of the 18th Century. Art
ndustrial collections, which previously had been possessions of the
ige monarchy, privileged classes, and the church and (except

for the visible part of church art) were rarely opened to 
the public, became, in most cases, public museums.

The traditional association of high art and art collecting 
with dass privilege has led some of the revolutionaries and 
avant-gardists of the 19th and 20th centuries to conclude 
that the establishment of a democratie culture requires the 
destruction of the monuments to an aristocratie culture 
collected in the museums—and of the museums them­
selves as repositories of that type of culture.

Not only art museums but also symphony orchestras 
and even the theatre (in contrast to Elizabethan times, 
1568-1603) have, in Western societies, little attraction for 
the working and lower middle classes. A study made in 
France in the 1960s found that 1 percent of muséum 
attenders were agricultural labourers, 4 percent industrial 
workers, 5 percent artisans and tradesmen, the rest white- 
collar workers and higher social classes. In eastern Eu­
rope, where there is more of a tradition of high culture 
being in alliance or, indeed, in secret emotional conspiracy 
with the people (an attitude of the folk culture that has 
been retained), working class attendance at performances 
or exhibitions of high culture is higher. But even though 
it is encouraged by government, party, and trade-union 
agencies (and indirectly by the monotony of much of the 
officially sponsored “populär” culture), interest in high 
culture is still stratified by class.

This lack of interest by manual labourers in art poses 
a contradiction. Works of art, by whomever they have 
been sponsored or collected, have always been produced 
by craftsmen who surpassed mere craftsmanship. They 
represent a conjunction of craftsmanship and sensibility 
of the men and women who have been in the vital centre 
of their own times, working and imagining. If there is a

monument to the immortality of manual labour, it is a 
museum of art.

Museums devoted to contemporary art have developed Museums 
only in the 20th Century. Instead of preserving what has of modern 
survived repeated tests of critical judgment over the ages, art 
museums of contemporary art delve into the flux of on- 
going artistic developments, at best endeavouring to sort 
them out into intelligible patterns and to enlighten the 
publie’s consciousness of its own times. Frequently, how­
ever, such museums have become powerful trend setters 
for the fashionable, producing an ephemeral new “move­
ment” each year and becoming, in effect, adjuncts of the 
mass media of communication rather than seekers for 
the surviving values of art. In the 1960s, there developed 
demands that contemporary-art museums be conceived of 
as “houses of controversy”—where anything arousing con­
cern of contemporary artists could be exhibited, whether it 
is art in the traditional sense or not. There are tendencies 
toward differentiation between two types of art museums: 
one engaged in controversy and the other a repository 
of art-historical collections whose holdings are critically 
evaluated for their aesthetic merit. There also seems to 
be an increasing need for museums in which all the arts 
of a period or a historie group could be shown together, 
to reveal the overall cultural atmosphere of the period or 
group and the interconnections of its arts, placed within 
their sociological context.

For each living generation to preserve artworks implies 
the desire not to deprive future generations of the kinds 
of human experiences that the circumstances of the past 
and present have generated and the future may no longer 
be able to produce. Possession of what one is not able to 
produce Stretches the mind in ways that, in the absence 
of these possessions, could not even be imagined. By not 
preserving works of art, a society would lose much of its 
awareness of the limits of its own imagination and would 
tend to treat its present modes of existence and of aspira- 
tion as though they were absolute.

Unselective preservation of everything that has claimed 
to be art would, however, very quickly overload the depos- 
itories of culture. A decision to preserve therefore implies 
a criterion of selection to determine what is worth pre­
serving. Such criteria may be the aesthetic merit of the 
work of art or its historical significance for a nation, a 
church, a political movement, or a family lineage. Preserv­
ing samples of the “populär culture”—presumably lacking 
in aesthetic merit but representative of the character of 
a period—is also justifiable. Since judgments of aesthetic 
merit are revised and possibly improved over long histor­
ica! periods, “accidental” preservation of works that have 
not been judged by their contemporaries to possess aes­
thetic merit can also become important.

The greater part of the art produced by the preliterate 
societies and historie civilizations has been lost due to 
neglect and historical misfortune. Only 12 percent of the 
tragedies said to have been written by Aeschylus, Sopho- 
cles, and Euripides in Greece during the 5th Century b c  
have survived. Of the period that the Chinese traditionally 
regard as representing the historical peak of their paint­
ing—the T’ang (a d  618-907)—hardly any paintings have Destruc- 
been preserved. Many works of art have been intention- tion of art 
ally destroyed by organizations or individuals (for exam­
ple, medieval peasants burning classical marble statues 
for lime to fertilize their fields). Among the major social 
organizations, the churches have probably done more for 
the preservation of works of art than any other, but they 
have also destroyed art in religious wars and campaigns 
for the eradication of heresy. States have both protected 
and destroyed. Business organizations, on the other hand, 
rank among the major destroyers of architectural mon­
uments, particularly in contemporary societies. Only by 
governmental regulation can the populär market, whether 
capitalist or Socialist, be restrained from destroying unique 
works of art to build parking lots.

SYSTEMS OF D ISSEM INATION

At least seven types of Systems through which artistic 
products are disseminated to art consumers may be identi- 
fied. These Systems differ in the manner in which contact
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with art is established and the attitude with which it is 
approachcd.

1. Ritualistic Systems. Art is incorporated into the con- 
duct of special, repetitive occasions and presented as an 
integral part of them (for example, church services and 
political rituals in which particular kinds of music are 
performed). Highly specific types of art receive wide expo- 
sure on an occasional basis. An air of the extraordinary, 
of festivity, is attached to these types of art. The modem 
opera has inherited some of the trappings of the ritualistic 
system. Certain avant-garde occasions may approach it. So 
do art festivals, by breaking with the routine of permanent 
museum collections or environments, which gives art the 
character of being taken for granted.

2. Environmental Systems. Art is incorporated into the 
organization of the everyday, stable environment visible 
to everyone in the normal course of his life. Architec- 
tural works, landscaping, public monuments, and private 
libraries are cases in point. Transmitted in this way, art 
influences the perceptual expectations of most everyone, 
but it tends to be taken for granted, to become “invis- 
ible.” In modern societies, economie organizations and 
governmental agencies are primarily responsible for the 
dissemination of art (bad as well as good) through this 
system. Governments could, indeed, do more for aesthetic 
education by Controlling the environmental system than 
through their hold over aesthetic education in the schools.

3. The utilitarian system. Art is incorporated into the
Art in small, usually portable objects of everyday use, from
everyday eating Utensils to automobile designs. In its effects, this
utilitarian system is comparable to the environmental system. But
objects it is industry, rather than the government, that is in a

strategie position to affect art’s distribution through the 
utilitarian system.
4. The art-trade system. Art objects are produced for and 

sold on the market specialized for goods of their nature. 
Depending on their cost, they may appeal to a “mass” or 
a “class” public but, in any case, to those possessed of a 
purchasing power they can devote to objects of no materi­
al utility and who have a tradition of buying such objects. 
In practice, the system of trade in the objects of fine art 
tends most frequently to become oriented to economically 
privileged groups. The market for music records and tapes 
is, however, creating a tradition of buying art objects even 
among the underprivileged. The book trade, particularly 
after the development of the paperback in 19th-century 
Germany, is oriented to a broader section of the popula- 
tion than is the art trade; the book market tends to divide 
into an elite-oriented and a populär component, but the 
two overlap.

5. The mass-entertainment system. Artworks are con- 
stantly exposed, at low cost, to large audiences, but not 
as a stable and integral part of their everyday environ­
ment (as in the environmental and utilitarian Systems) 
nor with an attitude of the extraordinary attaching to it 
(as in the ritualistic system). The ubiquity of exposure, the 
fleetingness of the occasions of exposure, and the general 
atmosphere of fun and games surrounding the operations 
of this system have the effect of obliterating the unique 
significance of any particular object of art. Everything 
processed through the mass-entertainment system tends to 
become like everything else.

6. The educational system. This is the concern not only 
of schools but also of modern museums and libraries. 
Works of art are collected and disseminated with an edu­
cational intent—in schools potentially to everyone in the 
right age groups, in museums and libraries to those who 
choose to make use of the education offered. Museums, 
however, have not been fully assimilated to the education­
al system. In the United States, they are still not regarded, 
in their claims for public support (or for an automatic tax 
exemption by virtue of their status), as quite equivalent 
to schools. There are also notable tendencies in the latter 
half of the 20th Century to incorporate museums into the 
mass-entertainment system. On the other hand, a polit- 
ically controlled system of “mass entertainment,” as in 
totalitarian States, is in fact heavily “educational,” in a di­
dactic manner. The Street theatre of the “counterculture” 
is also intended to be educational.

The educational system typically lacks the power inher­
ent in environmental or utilitarian Systems and the inten- 
sity characteristic of ritualistic Systems. Possibly for these 
reasons, the art disseminated through the educational sys­
tem tends to acquire connotations of what in the upper 
middle dass of Western societies used to be perceived as 
“femininity”—a refined irrelevance to the world of affairs.
The possession of “real life” power by the large art mu­
seums constitutes one of their educational advantages over 
art teaching in the schools, where the art teacher is still 
frequently treated as an inferior type of educator.

7. Movement Systems. There are indications that a new 
system of dissemination of art may be emerging in the 
youth movement and perhaps other populär movements 
o f a basically “cultural” (rather than traditional “political” 
or “economie”) character that have become a feature o f 
advanced industrial societies. Any particular movement 
system is temporary, but, while it lasts, it generates an 
intense audience response to certain kinds of art, and the 
audience may even be drawn into the collective produc­
tion o f works of art. The dividing line between producer 
and consumer of artworks becomes attenuated. Art can 
be consumed without waiting for a set occasion, but its 
consumption always has an aura of rebellious celebration 
attaching to it. If movement Systems are successful, how­
ever, they tend to be assimilated into mass-entertainment 
Systems—revitalizing them, but at the same time losing 
their own vitality.

While all known societies produce (and therefore pre- 
sumably need) some kind of art, not all their individual 
members use art or exhibit any kind of response to it, 
even when it is offered to them at no cost and in an en­
vironment that is not intimidating. Therefore, all societies 
have some system, or a combination of Systems, for the 
dissemination of works of art, but not all of their members 
are involved with such Systems. While art-dissemination 
Systems might aim at a universal exposure to works of 
art, they cannot be blamed for not generating a universal 
response to art.

The sources o f  the responsiveness to  art lie partly ou tside  
o f  the w hole artistic enterprise, in  the structures o f  in d i­
vidual personalities and in their experiences in  confront- 
ing social Systems and historical processes. In this sense, 
an ind ividual’s contact w ith art starts not w ith soc iety’s 
Systems o f  art d issem ination  but with the character o f  his 
existence. (V.Ka.)

Fraudulence in the arts

The most common type of fraudulence in art is forgery—  
making a work or offering one for sale with the intent to 
defraud, usually by falsely attributing it to an artist whose 
works command high prices. Other fraudulent practices Types of 
include plagiarism, the false presentation of another’s work fraudu- 
as one’s own, and piracy, the unauthorized use of someone lence 
else’s work, such as the publication of a book without 
permission of the author; both practices are generally in 
violation of copyright laws.
Forgery most often occurs with works of painting, sculp­

ture, decorative art, and literature; less often with music.
Plagiarism is more difficult to prove as fraud, since the pos­
sibility of coincidence must be weighed against evidence 
of stealing. Piracy is more often a business than an artistic 
fraud; it frequently occurs in the publication of editions of 
foreign books in countries that have no copyright agree­
ment with the nation in which the work was copyrighted.
A stage production, the reproduction of a painting, the 
performance of a musical composition, and analogous 
practices of other kinds of works without authorization 
and royalty payments also fall into this category.

The fundamental consideration in determining forgery is 
“intent to deceive.” The act of copying a painting or other 
work of art is in itself not forgery, nor is the creation of 
a work “in the style” of a recognized painter, composer, 
or writer or of a particular historical period. Forgery may 
be the act not of the creator himself but of the dealer 
who adds a fraudulent signature or in some way alters 
the appearance of a painting or manuscript. Restoration 
of a damaged painting or manuscript, however, is not
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considered forgery even if the restorer in his work creates 
a significant part of the total work. Misattributions may 
result either from honest errors in scholarship—as in the 
attribution of a work to a well-known artist when the work 
was in fact done by a painter in his workshop, a pupil, or 
a later follower—or from a deliberate fraud.

Excluded from the category of literary forgeries is the 
copy made in good faith for purposes of study. In the mat­
ter of autographs, manuscripts in the handwriting of their 
authors, forgeries must be distinguished from facsimiles, 
copies made by lithography or other reproductive pro­
cesses. Some early editions of Byron’s work, for example, 
contained a facsimile of an autograph letter of the poet. If 
such facsimiles are detached from the volumes that they 
were intended to illustrate, they may deceive the unwary.

The commonest motivation for fraudulence is monetary 
gain. Fraudulence is most likely to occur when the demand 
for a certain kind of work coincides with scarcity and 
thus raises the market prices. Unprincipled, dealers have 
encouraged technically skilled artists to create forgeries, 
occasionally guiding them to supply the precise demands 
of collectors or museums. This is by no means a modern 
phenomenon: in the Ist and 2nd centuries a d , sculptors 
working in Rome made replicas of Grecian works to satis- 
fy the demands for the greatly admired Grecian sculpture 
of the preceding five centuries. These copies or adaptations 
apparently were not offered as contemporary work but as 
booty from Greece at the extraordinarily high prices paid 
for such works in imperial Rome. Similar circumstances 
may account for the “discovery” o f a manuscript or auto­
graph by a dead author or composer, although many such 
finds are quite legitimate and have been authenticated.
The history of the arts reveals instances of persons who 

have used forgery either to gain recognition of their own 
craftsmanship or to enjoy deceiving the critics who had 
rejected their genuine work. A legend told about Michel­
angelo illustrates this point. At the age of 21, he carved 
in marble a small sleeping Eros, or Cupid, based on an­
cient Roman works that he admired. Some time later this 
carving was sold as an antique to the well-known collector 
Cardinal Riario, who prized it highly. When Michelangelo 
stepped forward and claimed the work as his own he won 
immediate fame as a young man who could rival the work 
of the greatly venerated ancient sculptors.

Two further motivations behind forgery must be noted: 
forged documents have been produced from time to time 
to exalt or malign some religion, political party, or race; 
and forgeries are sometimes created as a hoax. Some hoax- 
es are intended to confound or ridicule the experts; others 
are intended to parody or burlesque an artist or genre.

There are basically three methods of producing a forgery: 
by an exact copy, by a composite of parts, and by a work 
done in the style of an artist or period and given a deliber­
ately false attribution. These methods apply most directly 
to the visual arts but can be discerned in literature and 
music as well. (Ed.)

LITERA RY  FO RG ERY

Financial gain is the most common motive for literary 
forgery, the one responsible for the numerous forged au­
tographs that appear on the market. The popularity of 
such authors as the Romantic poets Burns, Shelley, and 
Byron led to the fabrication of numerous forgeries of their 
autographs, some of which remain in circulation. These 
forgeries were usually made by men who had access to 
only one or two genuine specimens, which they began 
by tracing. Their forgeries are stiff, exaggeratedly uniform, 
and lacking in the fluency and spontaneity of genuine 
autographs.

Instances of literary forgery. Occasionally a forger ap­
pears with a certain specious glamour like Constantine 
Simonides (1824-67), a Greek adventurer who varied his 
trade in perfectly genuine manuscripts with the sale of 
stränge concoctions of his own. Maj. George de Luna 
Byron, alias de Gibler, who claimed to be a natural son 
of Byron by a Spanish countess, successfully produced 
and disposed of large quantities of forgeries ascribed to 
his alleged father and to Shelley, Keats, and others. More 
commonplace is the forgery encountered in the case of

the Edinburgh forger A.H. (“Antique”) Smith, who was 
responsible for forgeries of Robert Burns, Sir Walter Scott, 
Mary Stuart, and other persons from Scottish literature 
and history—a feat that ultimately earned him 12 months’ 
imprisonment.

Particularly notorious was the case of the Wise forgeries. 
Thomas James Wise (1859-1937) had the reputation of 
being one of the most distinguished private book collec­
tors on either side of the Atlantic, and his Ashley Library 
in London became a place of pilgrimage for scholars from 
Europe and the U.S. He constantly exposed piracies and 
forgeries and always denied that he was a dealer. The 
shock was accordingly the greater in 1934 when John W. 
Carter and Henry Graham Pollard published An Enquiry 
into the Nature o f Certain Nineteenth Century Pamphlets, 
proving that about 40 or 50 of these, commanding high 
prices, were forgeries, and that all could be traced to Wise. 
Subsequent research confirmed the finding of Carter and 
Pollard and indicted Wise for other and more serious 
offenses, including the sophistication of many of his own 
copies of early printed books with leaves stolen from cop­
ies in the British Museum.

No forgery to attain recognition is better known than the 
“Thomas Rowley” poems of Thomas Chatterton (1752— 
70), which the youthful author attempted to pass off as 
the work of a medieval cleric. These poems, which caused 
a scholarly feud for many years, were influential in the 
Gothic revival. Chatterton, however, enjoys a place in 
English letters as a Creative genius in his own right. The 
more conventional forger William Henry Ireland (1777- 
1835) cheerfully manufactured Shakespearean documents 
until his forged “lost” tragedy Vortigern and Rowena was 
laughed off the stage at the Drury Lane Theatre, Lon­
don, in 1796. More fortunate was Charles Bertram, who 
produced an account of Roman Britain by “Richard of 
Westminster,” an imaginary monk. Bertram’s dupe, the 
eccentric antiquary Dr. William Stukeley, identified the 
monk with the chronicler Richard of Cirencester, known 
to have resided at Westminster in the 14th Century. 
Bertram’s forgery (cunningly published in a volume con­
taining the works of two genuine ancient authors, Gildas 
and Nennius) had an enormous influence upon historians 
of Roman Britain, lasting into the 20th Century. Equally 
influential were the Ossianic poems of James Macpherson 
(1736-96), which influenced the early period of the Ro­
mantic movement. To what degree Macpherson’s poems 
are to be regarded as spurious is not certain. Denounced 
in his own day they were possibly, as he claimed, based 
upon a genuine oral tradition of Scottish Gaelic poetry; 
but there can be little doubt that they were carefully edited 
and interpolated by their collector.

Among the forgers who have tried to make the ex­
perts look foolish is George Psalmanazar (16797-1763). A 
Frenchman, he went to England where he pretended, with 
great success, to be a native of Formosa (Taiwan), and 
published a book about that island, which he had never 
visited. Another is William Lauder, who attempted to 
prove Milton guilty of plagiarism by quoting 17th-century 
poets who wrote in Latin, into whose works he had inter­
polated Latin translations from Paradise Lost. A forgery 
made as a joke but taken seriously was the “Ern Malley” 
poems, offered to an Australian magazine in 1944 as the 
work of a recently dead poet. Actually it was composed by 
two young soldiers who wished to ridicule certain aspects 
of contemporary poetry.

The pure fabrication is a kind of forgery that defies classL 
fication, often because there is no false attribution and the 
motives are difficult to ascertain. An example of this is the 
Historia regum Britanniae (c. 1135) of Geoffrey of Mon- 
mouth (died 1155), a pseudo-historian who compounded 
stories from Celtic mythology and classical and biblical 
sources into a fictitious history of ancient Britain. The 
book became one of the most populär of the Middle Ages 
and was the basis for some Arthurian legends recounted 
in medieval romance and epic.

Detection of literary forgeries. The scientific examina- 
tion of a forged document may demonstrate its spurious 
character by showing that the parchment, paper, or Ink 
cannot belong to the period to which they pretend. A
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Copies

skillful forger takes care, however, to secure appropriate 
materials; and in any case, scientific examination will 
not avail against the contemporary forger, living in the 
same age as his victim. Accordingly, other tests must 
be employed.

Forgeries may be detected by the methods of examina­
tion formulated by Jean Mabillon, in his great work De re 
diplomatica (1681), for determining the authenticity of a 
document by the writing and the style of the terminology. 
These techniques have developed during three centuries 
into the modem Sciences of paleography and diplomatic, 
by which various scripts and formulas can be assigned to 
particular ages and localities, and effective comparison can 
be made between two examples of handwriting purporting 
to come from the same pen. Thus it is possible to state 
that a particular document could not have been written 
at the date that it bears. In dealing with printed texts, 
analogous methods are employed.

Nevertheless, a forgery may pretend to be no more than 
a copy of a genuine original. It then becomes necessary to 
examine the language and style in which it is written and 
to look for anachronisms or for statements that conflict 
with known authorities. This is the method of textual 
criticism brilliantly employed by Richard Bentley in his 
Dissertation upon the Epistles o f Phalaris (1699), which 
proved that these letters, far from being written by a Sicil- 
ian tyrant of the 6th Century bc, were, in fact, the work of 
a Greek sophist of the 2nd Century ad.

While the detection of the careful forger may require an 
expert, forged literary autographs can often be detected 
by anyone taking the trouble to compare them with an 
authentic example. Many collectors have been deceived 
by their own credulity, because they wished to believe that 
they were getting a good bargain and subconsciously sup- 
pressed their critical faculty. A classic case is that of the 
French forger Vrain-Denis Lucas, who sold a collection of 
forgeries including a letter of St. Mary Magdalene, written 
in French on paper made in France. (Ge.B.)

FORG ERY  IN TH E VISUAL ARTS

Any art object—paintings, sculpture, jewelry, ceramics, 
fine furniture, and decorative pieces of all kinds—can be 
forged. The difficulty of forging, however, is as important 
as market price in determining what is forged. Probably 
fewer than 1 percent of stone sculptures are false because 
they require so much labour to make and their market 
is limited, but as many as 10 percent of modern French 
paintings on the market may be forgeries. The technical 
difficulties in making a convincing imitation of an ancient 
Greek vase are so great that forgeries are almost nonex- 
istent. In contrast the forgery level of tiny archaic Greek 
and Cretan bronze statuettes, which are simple to cast, is 
possibly as high as 50 percent. A forger is most likely to 
succeed with a mediocre piece in the middle price range 
because such a piece probably will never be subjected to 
definitive examination. Although the price should be low 
enough to allay suspicion, the object can still yield a fair 
return for the effort expended by the forger.

The copy is the easiest forgery to make and is usually 
the easiest to detect. When a duplicate has appeared the 
problem is merely to determine which is the original and 
which is the copy. At least a dozen excellent replicas of 
Leonardo da Vinci’s “Mona Lisa” exist, many of them 
by his students. Various owners of these copies have at 
various times claimed that they possess the original. The 
Louvre is satisfied that it owns the painting by Leonardo 
because close examination reveals slight changes in the 
composition underneath the outermost layer of paint, and 
because this painting has an unbroken record of owner­
ship from the time that the artist painted it.
A monumental sculptural forgery was a copy based on a 

Greek bronze Statuette of a warrior of 470 b c , only five 
inches high and located in the Antikenabteilung, Berlin. 
The forgers made an eight-foot-high reproduction of it in 
terra-cotta and offered it as an Etruscan masterpiece. The 
resemblance was noted by the experts, who thought it to 
be an example of an Etruscan artist borrowing a Greek 
design motif. In 1961, after it had been in the Metropoli­
tan Museum of Art in New York for 40 years, an analysis

was made of the black glaze that covered the figure. It was 
found that the glaze contained as a colouring agent man- 
ganese, which never was used for this purpose in ancient 
times. Finally, Alfredo Adolfo Fioravanti confessed that 
he was the sole survivor of the three forgers.

Fine examples of pottery and porcelain have always com- 
manded high prices, which have, in turn, encouraged the 
making of forgeries and reproductions. Since many Euro­
pean factories tried to imitate Italian majolica during the 
19th Century when it was especially populär, forgeries are 
common. The work of Urbino, Gastel Durante, Faenza, 
and Gubbio was copied freely, and, to a lesser extent, so 
were the wares of Orvieto and Florence. Most of these for­
geries are not close enough to deceive a reasonably expert 
eye. Potters used natural deposits the impurities of which, 
for good or ill, often affected the final result; until recently 
it has been impossible to procure materials in a pure state. 
In all but a few isolated instances (some German stone- 
ware reproductions, for example) the forger no longer has 
access to these original deposits and he has to imitate the 
effect of the impurities as best he can. Although the best 
forgeries are often remarkably close to the Originals, they 
are not very numerous.

In the composite fraud, or pastiche, the forger combines 
copies of various parts of another artist’s work to form a 
new composition and adds a few connecting elements of 
his own to make it a convincing presentation. This type 
of forgery is more difficult to detect than the copy. Such 
a combining o f various elements from different pieces can 
be very deceptive, because a Creative artist often borrows 
from his own work. In fact, the similarity o f a figure or 
an object in a forgery to that in a well-known work of art 
often adds to the believability of the new creation.
The Dutch forger Hans van Meegeren employed a com­

bined composite and stylistic procedure when he created 
seven paintings between 1936 and 1942 based on the work 
of Jan Vermeer. In “Christ at Emmaus” he combined 
figures, heads, hands, plates, and a wine jar from various 
early genuine Vermeers; it was hailed as a masterpiece and 
the earliest known Vermeer. Ironically, Van Meegeren 
never was detected as a forger. At the end o f World War 
II he was arrested for having sold a painting attributed to 
Vermeer to one of the enemy, and was accused of being a 
collaborator. He chose to reveal himself as a forger, which 
was a lesser offense, and proved his confession by painting 
another “Vermeer” while in prison.

A Variation in composite forgery, quite common with 
inlaid French furniture, involves the use of parts from 
damaged but genuine pieces to create a single complete 
piece that may or may not resemble one of the pieces 
from which it has been made. These made-up pieces are 
still considered forgeries. In composites of archaeological 
material only one part may be ancient, the balance being 
made up to complete the object. The head of a small 
terra-cotta figure may be ancient, the body and limbs 
of modern workmanship. A single ancient element in a 
composite forgery will help to deceive the buyer.

Most difficult of all to detect is the forgery done in the 
style of a particular artist or age. If the forger is skillful 
and is able to absorb the attitudes, conventions, and tech­
niques of the period, he can often create a very successful 
piece of duplicity.

The work of the Italian Alceo Dossena belongs in this 
class. He very competently forged works that were ac­
quired by collectors and museums throughout the world. 
From 1916 to 1928 he produced hundreds of forgeries 
created as original expressions of archaic Greek, medieval, 
and Renaissance sculptors.

A newly discovered type of art inevitably brings on a 
flood of forgeries. At the end of the 19th Century, when 
the first small, attractive Tanagra figurines were found in 
Greece, the market very shortly was flooded with a myriad 
of fraudulent Tanagra terra-cotta statuettes. In the mid- 
20th Century, African primitive art became very populär, 
and woodcarvers from Italy to Scandinavia responded to 
supply the demand. Later, a very early civilization was 
discovered in Turkey, and the few genuine Anatolian ce- 
ramic pieces that appeared on the market were followed 
immediately by very competent forgeries apparently made
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in the same location as the ancient pieces. The lack of 
knowledge about genuine pieces made detection extremely 
difficult.

Detection of forgeries in the visual arts. The key to de-
tecting forgery of unique objects lies in the fact that every 
object has within itself evidence of the time and the place 
in which it was made. The two main approaches, stylistic 
and technical analysis, are complementary and are best 
used together.

Stylistic analysis is subjective: it rests on the astute eye 
of the art historian. Each artist has a style, a flair, a verve 
unique to himself, and this can be recognized. His style 
will undergo change throughout his career, and this, too, 
can be stylistically analyzed and documented from his 
known works. When an unknown work purporting to be 
by a certain artist is discovered, the art historian attempts 
to fit it into the overall body of works by this artist. 
The subject matter, the brushwork, the choice of colours, 
and the type of composition are all consistent elements 
in a given artist’s production. Any Variation immediately 
arouses suspicion. When the idiosyncrasies of an artist’s 
brushwork are studied, a fraud can sometimes be detected 
in much the same way a handwriting forgery is proven. 
In ancient works, particularly in antiquities, the scholar 
must examine the iconography of a piece. Forgers rarely 
have the scholarly background to combine iconographic 
elements correctly, and their errors often betray them.

An object must also be studied for its purpose. Ancient 
works were made for functional purposes. A forger usual­
ly makes an attractive piece often inconsistent with that 
purpose. As they were used most ancient pieces developed 
signs of wear. These rubbed and worn areas should appear 
in logical places on the object.

Documentation is also an important area of investiga- 
tion. The apparent authenticity of many spurious pieces 
is bolstered by false documents to attest to the point of 
origin, former owners, and expert opinions concerning 
the pieces. A careful examination of these records often 
detects the forgery.

The hardest deception to detect is usually one that has 
been made recently. The forgery is a product of the time 
in which it was made, and the forger is closer to current 
understanding of the artist or period forged. The forgery, 
therefore, is often more appealing than a genuine work 
of art. As a forgery ages, viewpoints and tastes shift, and 
there is a new basis of understanding. Consequently, a 
forgery rarely survives more than a generation.

Technical analysis, an objective approach, rests on an ar- 
senal of equipment and tests. The fundamental principle is 
the comparison of a suspected work with a genuine work 
of the same artist or period. The suspected piece must 
show the same pigments or materials used and compara- 
ble age deterioration. Inconsistencies automatically cause 
the piece to be suspect. Oil paintings dry out and develop 
a crackle, bronzes oxidize, and ancient glass buried in the 
ground develops iridescent layers. The microscope is the 
most useful basic tooi: a close examination of the phys­
ical condition often will show if the aging is genuine or 
has been artificially induced. The type of tools used by 
the artist can be detected from an examination of their 
telltale tracés.

Ultraviolet rays readily reveal additions or alterations to 
a painting, since the varnish layers and some of the paint 
layers fluoresce to different colours. Ultraviolet is also 
used in the examination of marble sculpture. Old marble 
develops a surface that will fluoresce to a yellow-greenish 
colour, whereas a modern piece or an old surface recently 
recut will fluoresce to a bright violet. Infrared rays can 
penetrate thin paint layers in an oil painting to reveal 
underpainting that may disclose an earlier painting on the 
same canvas, or perhaps a signature that has been painted 
out and covered by a more profitable one. X-rays are used 
to examine the internal structure of an object. A carved 
wooden Virgin supposedly of the 15th Century but reveal- 
ing modem machine-made nails deep inside is obviously 
a fraud. A forger usually works for the surface effect and 
is not concerned with the internal structures.

Sometimes it is necessary to remove small bits of ma­
terials from a work and subject them to various analyses.

Chemical analysis is particularly valuable in determining 
the pigment used because many of the paints available to 
the modern forger were unknown in earlier times. Today 
titanium, a 20th-century product, is used to make the 
white pigment in most oil paints, whereas white lead was 
the element used in the time of Rembrandt. Many ancient 
colours were manufactured by grinding natural minerals 
such as lapis lazuli for blue and malachite for green. Today 
cheaper synthetic Chemicals are used. Some Chemical tests, 
however, require the removal of more ancient material 
than is desirable. In that event a speck as small as the 
head of a pin can be analyzed spectrographically. From 
the burning of a minute sample a photographic record of 
the spectrum of the light emitted is analyzed to reveal the 
elements present and their relative percentages.

The dating of an object by the study of radioactive decay 
of carbon-14 has had little application in the detection of 
art forgery because of the large quantities of material that 
must be destroyed. Thermoluminescent dating is based 
on the slight damage to all matter, including clays, by the 
faint nuclear radiation present in the earth. Magnetic dat­
ing of ceramic objects is based on the slow but perceptible 
shift of the earth’s magnetic field over the centuries.

Considerations of aesthetics and risk. One may logical- 
ly question the real meaning of the difference between a 
genuine and a spurious work of art when in many cases it 
requires such expert study to detect the difference between 
the two. Or to phrase it another way, what is the differ­
ence in value of a work of art that has been on view in a 
museum for 40 years, after it has been proved to be false? 
This is a somewhat philosophical point in that the object 
itself has not changed, only our opinion of it. Its monetary 
value has been reduced from that of a rare, expensive, 
original piece to that of an attractive but spurious imita- 
tion. Its aesthetic quality has become a real danger, as it is 
a perversion of the truth. The forgery presents a false un­
derstanding of the work of an artist or an ancient culture, 
one which has been perverted in its modern translation. 
To appreciate the work of ancient artists their work must 
be studied alone and not be diverted by forgeries, or one 
will be inexorably misguided.

Despite all the studies and technical tests available, for­
geries will still be made. The 20th-century art forger is 
far better equipped and much more knowledgeable than 
his predecessor. The demand for rare works of art has in­
creased, and he will attempt to supply them. In collecting, 
whether by the private collector or by a museum, there 
comes a point when, after all the studies and all the tests 
are conducted, a decision has to be made as to whether or 
not to purchase a piece in question. The element of risk 
can be minimized but not eliminated. At this point, the 
collector should be ready to back his opinion with the pur­
chase price. In order to acquire great pieces, particularly 
from newly discovered and relatively unknown cultures, it 
is necessary to take a calculated chance. The collector who 
has never bought a forgery probably has never bought a 
great piece of art. (J.V.N.)
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Style in the Arts

L ike much of the vocabulary of aesthetics, the word 
style resists straightforward definition. The word 
may point to little more than a mode or form of 
artistic production; or it can designate traits regarded sim­

ply as aids in the task of dating, grouping, and attributing 
works of art; it can imply skill, grace, or some other 
sort of excellence; it can mean a manner sanctioned by a 
Standard; it refers to a mode, form, manner, tone, theme, 
subject, or quality—or a combination of such—that is feit 
to be characteristic enpugh to evoke a person, a group, a 
class, a nation, a place, a period, or a civilization; often 
also the reference is to features that are said to express an 
outlook, a doctrine, or a program. As a rule, even in the 
most carefully controlled context, several meanings will be 
present; and the tidy meanings will tend to bloom, or de- 
cay, into the untidy. Thus, although “sonata style,” strictly 
constructed, should point only to a mode of musical pro­
duction, in fact it will usually suggest a Classical outlook, 
the European 18th Century, and perhaps the compositions 
of Haydn. Although to a field archaeologist “Late Helladic 
III” may designate merely a de vice for classifying pots of 
the ancient Greek city of Mycenae, in many imaginations 
the phrase is apt to inspire a vision of an entire culture, 
or perhaps of the legendary King Agamemnon bleeding 
in his bath after being murdered by his wife, as related in 
Aeschylus’ tragedy.

The resulting confusion in thinking and talking about 
art is often deplored. One art historian likens style to a 
rainbow, a phenomenon of perception governed by the co-

incidence of certain physical conditions, which vanishes in 
the attempt to approach it. Another scholar takes the view 
that an adequate theory of style awaits a deeper knowledge 
of the principles of form construction and expression and 
a unified social theory comprising the practical means of 
life as well as emotional behaviour.

Such comments have not, however, had much elfect; the 
majority of artists, critics, historians, and ordinary appre- 
ciators have continued to employ, loosely but confidently, 
the familiar term. And this persistence is not indefensible. 
Rainbows, after all, do exist; the chaser who fails to catch 
one demonstrates nothing except a mistake about their 
mode of existence. Also, in talking about art one can al­
ways eite the principle, first enunciated by Aristotle, that 
every study has its own degree of certainty and that a well- 
educated man will not ask for an unsuitable degree.

With that principle serving as a point of departure, the 
present article undertakes to expand and combine the 
several meanings of “style” into a discussion concern- 
ing the inner nature, the varieties, and the dynamics of 
the phenomenon as it manifests itself in all of the arts. 
(By “dynamics” is meant the patterns of movement and 
change that are the concern of style-conscious historians 
and biographers.) The whole discussion is presented on the 
level of a general theoretical introduction; material from 
the history of art and the history of aesthetics appears only 
in the form of examples, which are intended to provide 
clarification and some historical perspective.

The article is divided into the following sections:

The nature o f style 140
Invention and discovery 140 

Historical background 
Contemporary thought 

Principal aspects o f style 142 
Value aspects 
Creative aspects 
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positions

The nature of style

It is easy to suppose that present notions about the na­
ture of style are as old as the human ability to perceive 
differences, and a sampling of reasonably ancient cultural 
activity can seem to confirm the supposition. Much of the 
history of Chinese painting, for example, seems unthink- 
able without something like a modern critical apparatus 
for sorting out the dynastie periods, the local schools, and 
the copiers of venerated masters. Must not the ancient 
Greeks have been thinking of style when they noted the 
differences between Doric and Ionic orders in architec­
ture? The way in which ancient Athenians contrasted the 
“rational” sound of the stringed cithara and the “irration­
al” reed-pipe wail of the aulös suggests the distinction 
between classical and romantic styles that was made in 
the 19th Century, and the parodies of the tragic dramatist 
Euripides by the Athenian comic playwright Aristophanes 
imply modem conceptions of a personal style.

Much of what is now called stylistics seems to have ex- 
isted already in the long succession of ancient Greek and 
Latin treatises that dealt with rhetoric. In sum, examples 
from both East and West can seem to support the assump- 
tion that there has always been something in the arts that 
may be called style.

IN VENTION  A ND  D ISCOVERY

That “seem,” however, needs very heavy emphasis. 
Throughout the history of art some unexpected facts have 
resided below the surface o f the sort of sampling that has 
just been cited—facts that are open to more than one 
interpretation, but certainly not wide open.

Historical background. The admirer of Chinese paint­
ing who consults the old texts on the subject will find 
illuminating accounts of brushwork and much wisdom 
about the Creative process but practically no discussion of 
style in the füll modern sense of the word. In Indian aes­
thetics since ancient times, the doctrine of rasa (Sanskrit:
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“essence”) has been used in reference to the flavour or 
sentiment of works of art and to the modes of affective 
response to them, but not to what is properly called style. 
In the West, ancient writers on art exhibit a similar and 
finally rather enigmatic failure ever to focus squarely on 
the subject. Linguistic evidence, while inconclusive, sug- 
gests that in the Greco-Roman world there was no word 
that meant quite what is now generally meant by “style.”

Vitruvius, the Roman authority on architecture, writing 
sometime during the Ist Century b c  about the Doric, 
Ionic, Corinthian, and Tuscan orders, avoided even the 
Latin word ordo (“arrangement”) and contented himself 
with opus (“work”) and genus (“kind”). The Greek trav- 
eller Pausanias, writing about the visual arts in the 2nd 
Century a d , used kataskeuë (“device” or “method o f fitting 
out”) and ergasia (“work”). Among writers on literature 
and rhetoric a parallel tendency is apparent. Speaking of 
the style o f an author, Aristotle was likely to refer simply 
to lexis (“speech” or “word”), and he was also likely to 
be talking merely about lucidity. The unidentified Greek 
critic known as Demetrius, writing probably in the Hel­
lenistic era, used charaktër (“quality” or “mark”), but the 
noun carried overtones from the verb meaning merely to 
scratch or engrave. The anonymous Latin text called the 
A d Herennium, dating from around 85 b c , used figura 
(“figure”). A generation later Cicero used an arsenal of 
terms that included, with greatly varying degrees of pre­
cision, figura, color, habitus (“condition,” “character”), 
dictio (“diction”), elocutio (“elocution,” in a very general 
sense), and genus.

“Style” and Only in Late Latin does stilus, the word for the sharp-
stilus pointed instrument for writing, usually on wax, begin to

mean also a manner of writing, as “pen” now does in such 
expressions as “a fluent pen” and “an acid pen”; and even 
here modern readers must be alert, for the derivation of 
English “style” from stilus does not prove that stilus al­
ways meant “style.” The Latin term was reserved entirely 
for discussions of writing and speaking and usually for 
treatises on rhetoric; moreover, it seems to have implied 
little more than style in the sense of a skill or grace, and of 
a manner sanctioned by a Standard. Apparently an author 
or orator in the closing years of the Roman Empire, in 
the 5th Century a d , could have a periodic, loose, effective, 
ineffective, elevated, elegant, plain, high, middle, or low 
stilus but only very exceptionally, if ever, an idiosyneratic 
stilus that expressed a personality. And, again apparently, 
an architect, painter, sculptor, or musician could not have 
a stilus at all.
No important change in the usage thus established can 

be detected during the European Middle Ages. Words that 
suggest a kind, category, or mode of artistic production 
continued to be used in contexts in which a modern critic 
or historian might think in terms of a characteristic or 
expressive manner, or style. In architecture and the other 
visual arts, opus continued to be favoured; the French 
Gothic style of building was called Opus Francigenum, 
and English-style embroidery was know on the Continent 
simply as Opus Anglicanum. In music, the stylistic change 
apparent at the beginning of the 14th Century, especially in 
France, was referred to as a new art: Ars Nova. The Latin 
stilus—and eventually its derivatives in other languages— 
was used only for talking about writing and speaking, and 
normally in the old rhetoricians’ sense of a nonpersonal 
style sanctioned by a Standard. When Dante (Purgatorio, 
xxiv) refers to the dolce stil nuovo (“sweet new style”) that 
appeared in Italian poetry at the end of the 13th Century, 
he stresses the importance not of the authors’ personalities 
but of making the manner suit the matter and the occa­
sion. The Host in Chaucer’s Canterbury Tales, of the late 
14th Century, has this sense in mind when he addresses 
the Clerk of Oxford, in the prologue to the latter’s tale: 

Your termes, your colours, and your figures,
Kepe hem in stoor tili so be ye endyte 
Heigh style, as whan that men to kinges wryte.
Speketh so pleyn at this tyme, I yow preye,
That we may understonde what ye seye.

In Renaissance Italy a shift in attitudes is apparent. Gior­
gio Vasari, for instance, in his widely influential Lives of 
the Most Eminent Italian Painters, Sculptors and Archi­

tects . . . (first edition in 1550, enlarged edition in 1568), 
built up a fairly consistent terminology on the basis of the 
word maniera (“manner”); his maniera tedesca (“German 
manner”) refers to Gothic architecture, buona maniera 
greca antica (“good antique Greek manner”) to ancient 
classical architecture, maniera vecchia (“old manner”) to 
Byzantine or Byzantine-influenced painting, and maniera 
moderna to Renaissance architecture and painting. The 
stilus of the rhetoricians, stile in Italian, was still, how­
ever, reserved for literature. Not until around 1600 did 
musicians use such expressions as stile moderno and stile 
rappresentativo, and stile in criticism of the visual arts 
came still later.

In Britain, the equivalent extension of usage does not oc­
cur until the 18th Century; the Oxford English Dictionary 
gives 1706 for the earliest reference to “style” in painting 
and 1728 for the earliest application of the term to music. 
Concerning the earliest English application to architecture 
there is some disagreement in vol ving connotations, but 
a case has been made for a passage in Henry Fielding’s 
novel Tom Jones, written in 1749: “The Gothic style of 
building could produce nothing nobler than Mr. Allwor- 
thy’s house.”

After that there was an era of the refinement of labels. 
A sharpened distinction between the art of ancient Greece 
and that of Rome began to be made in the 1760s. The 
division of British medieval architecture into Norman, 
Early English, Decorated, and Perpendicular styles dates 
from 1817. The term “roman” (Romanesque), referring 
to the architecture of western Europe before the Gothic, 
appeared in French criticism around 1820. Around 1850, 
“Rococo,” after a career in slang, became a serious term for 
the style of the 18th Century. The idea of the Renaissance 
as a cultural period, and not just an artistic movement, 
became fully-fledged around 1860. Definitions of the post- 
Renaissance styles of Mannerism and the Baroque were 
elaborated in the late 19th Century. By the early 20th 
Century, journalists were applying their own coinages to 
the styles discernible in modern painting and poetry.

Contemporary thought. The interpretation of the 
centuries-old mass of mostly semantic data on style is 
difficult and, for many people, exasperating. How is it pos­
sible to reconcile seemingly adequate perceptions of style 
throughout history with the long lack of adequate terms 
for it? How can the apparently adequate term, stilus or 
a derivative, be reconciled with inadequate perception of 
what it now connotes? Assuming that Chaucer’s pilgrims 
reached their destination, what did the Host, familiar as 
he was with the figures and the high style of the rhetori­
cians, think when he was confronted by the Frenchness of 
Canterbury Cathedral?
Some historians have taken the easy course of assuming 

that when their ancestors used such words as “kind,” or 
“work,” or “speech” in certain contexts they somehow 
actually meant not what such words normally meant but 
what is now meant by “style.” When stilus or a deriva­
tive was used, according to these historians, it somehow 
actually meant not what the rhetoricians meant but what 
is now meant in references to the composer Igor Stravin- 
sky’s or the novelist Ernest Hemingway’s personal style. 
More rigorous minds have decided that style, viewed in 
the perspective of linguistic and general cultural history, 
is a will-o’-the-wisp. The majority of scholars, however, to 
judge from published essays, are reluctant to tamper with 
the evidence or to indulge themselves in a comfortable 
skepticism. They might therefore agree with the position 
that will be adopted in this article, which is that style in 
the arts is to a conriderable extent a discovery, and to a 
large extent an invention, of a surprisingly late date.

Like many another cultural invention-discovery, style 
had a basis in human behaviour, but the distance between 
an ordinary ability to recognize things and what is meant 
by style in the arts is about as great as the distance between 
ordinary human memory and what is meant by history. 
Again like many another invention-discovery, style had a 
long phase during which some important levers and gears 
were already in place and more or less functioning. But 
the main job of assembling and powering the apparatus 
has been done since the end of the Middle Ages. Con-
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tributing to this development were Renaissance ideas of 
the importance of the individual personality, as opposed 
to medieval collectivism; 18th-century ideas of order and 
taxonomy in the natural Sciences; and 19th-century ideas 
of biology, history, and, o f course, aesthetics, all of which 
provided analogues for stylistic perceptions. The invent- 
ing and discovering are still going on, with m uch help 
from the experiments of artists and from such disciplines 
as archaeology, anthropology, psychology, sociology, and 
linguistics.

To talk of the nature of style in these terms is to raise 
some difficult philosophical questions, ranging from those 
posed by ancient thinkers down to those of recent logi- 

Philo- cians. For although in practical affairs it may be willingly
iophical granted that every invention is to some extent also a
questions discovery and that every discovery involves some inven-
Dn the tion, the fact is that the word “invention” implies one
nature of sort of being and the word “discovery” quite another sort.
style Moreover, by a curious reversal of what happens in many

inquiries, the philosophical questions that are thus raised 
for art critics, historians, and appreciators tend to be less 
pressing in regard to style as a concept or a collective noun 
than to style as it is actually experienced. People speculate 
calmly, if at all, about the nature of their comprehensive 
stylistic assumptions and become heated about the alleged 
reality or unreality of the style of the 19th-century French 
sculptor Rodin or of the style galant in 18th-century mu­
sic or of the style of the Renaissance.
Can anything useful be said in this realm? Certainly any 

attempt to deal thoroughly with the issues would lead far 
beyond the scope of this article and deep into problems 
for which professional philosophers have not yet found 
accepted Solutions. But it seems legitimate to confront 
antistyle “realists” with the Suggestion that a style is no 
less real, or no more unreal, than a work of art, which is 
also a kind of invention-discovery, and to add that this 
degree of certainty is all that a well-tutored man should 
expect. Works of art can be, among other things, physical 
objects, imaginary objects, enduring possibilities, realized 
possibilities, sensible phenomena, insensible phenomena, 
sheer processes, and even, according to respectable opin­
ion, transcendental entities. They can also have—and this 
is important to the argument—what has been called an 
emergent mode of existence and might be called a “do it 
yourself ’ mode; a picture, for instance, emerges from the 
blobs of pigment on a canvas when the viewer steps back 
and perhaps squints, and a symphony emerges from blobs 
of sound in the same way. All these modes of existence, 
and the emergent in particular, can be found among styles. 
Rodin’s style emerges when a sufficiënt number of his 
works are contemplated from a certain psychic distance, 
and it is also a bronze entity in one of his statues of Balzac. 
The style galant emerges from compositions by Bach’s 
sons, and it is also in a single Mozart serenade, which 
itself exists on paper, in performances, and, above all, as 
an enduring possibility. The Renaissance style, according 
to the scholar Arnold Hauser, “is at once more and less 
than what has actually been expressed in the works of 
the Renaissance masters. It is something like a musical 
theme of which only variations are known.” In short, it is 
probably most usefully thought of as having an emergent 
mode of existence.

All this might be summarized by remarking that the pro­
cess of invention and discovery that produced the general 
notion of style over a period of centuries is constantly 
being recapitulated by individuals, sometimes over a pe­
riod very brief indeed, for particular styles. From this, one 
might hastily conclude that practically anyone can invent- 
discover what will pass unchallenged as a style; and anyone 
acquainted with modern art scholarship and art Publicity 
must grant that there is a measure of truth in the con- 
clusion. But in the long run, of course, there are certain 
limits to what can pass as style, just as there are certain 
limits to what can pass as a work of art; eventually opin­
ion accumulates to the effect that the invention-discovery 
in question does not work weil enough, or is simply not 
important enough, to qualify for the Standard label. The 
annals of archaeology in Latin America and the eastern 
Mediterranean are strewn with styles that broke down, of­

ten after extensive repairs by their inventors. And, in fact, 
the world’s major accepted styles turn out on examination 
to have more rigour and clarity in their nature than might 
be supposed. They have a number of recurring features 
that can be extracted and combined so as to constitute a 
working model of style, a sort of metastyle, that can be 
used for dealing critically with new labels.

PRINCIPA L ASPECTS O F STYLE

These recurring features can be grouped and considered 
under the headings o f value aspects, poietic (or Creative) 
aspects, morphological (or formal) aspects, metaphorical 
aspects, polar aspects, and measurable aspects. The word 
“aspect” is preferable to “feature” or “element” or some 
other possibility, for it must be kept in mind that a style 
is an invention-discovery with several modes of existence.
Moreover, in each instance, what is being talked about is 
likely to be affected by the different viewpoints of produc­
ers, consumers, historians, critics, and other observers.

Value aspects. The first group on the list is logically 
defective, since all the other aspects have value aspects, 
but it is important enough to merit some separate pre- Evidence 
liminary treatment. That styles are regarded as desirable from 
is evident from common usage. Merely to say that an common 
artist, a work, or a period has style is to judge him or usage 
it favourably; merely to use “style” in preference to such 
words as “manner” or “fashion” is to imply value; even 
to say that a thing is in a poor style is often to suggest 
that it does not have enough style. And that styles are 
actually worthwhile is difficult to doubt. They provide the 
art appreciator with the pleasure of recognizing somebody 
or something, a pleasure that is certainly among the ba­
sic ones of human existence: witness the popularity of 
handbooks that teil how to distinguish Tang from Sung 
styles in Chinese art or Louis Quinze from Louis Seize in 
French art. Styles provide the artist with the pleasure of 
being recognized, and they do so without the self-display 
of a signature. They are like codes; in the language of 
Information theory, they help obtain an invariant output 
from a variable input, and nearly all art history, which is 
a comparatively recent phenomenon, and much criticism 
makes use of them. They also have many less evident 
sorts of value. They function as the signs and, to some 
extent, as the agents of integration in individual artists, 
groups of artists, and sometimes whole cultures; they are 
brakes on alienation. They are appetizing and preserva- 
tive, like spices; they have saved from oblivion a number 
of great minds whose ideas have lost their fascination. To 
eite only a few examples from British critical and histor­
ical literature, it is hard to imagine anyone still reading 
much of Dr. Samuel Johnson, Edward Gibbon, Thomas 
Babington Macaulay, Thomas Carlyle, or John Ruskin for 
content alone.
These positive aspects are accompanied, of course, by Negative 

some negative ones, and the latter have been worrying aspects 
critics increasingly during recent decades. Since styles 
stress similarities and work partly as codes, they tend to 
blur differences and to simplify excessively; they encour- 
age many viewers to see, for example, merely “a Picasso” 
or “Cubism” where one ought to see the rich uniqueness 
of a painting. The pleasure of being recognized, and the 
money that may come with it, can encourage some artists 
to develop a mere trademark. Successful period styles 
of the past may foster, as they did among 19th-century 
European architects, an absurd amount of eclecticism 
and fancy-dress historicism. Successful current styles can 
generate an equally absurd amount of imitation among 
artists. The difficulty of defining specific styles and style 
in general creates serious problems in art history, which 
will be discussed in the last section of this article.

Do these negative aspects outweigh the positive? The 
majority opinion is clearly that they do not, for there is 
no prospect of a return to the supposed innocence of the 
centuries before the massive, intricate, dangerous, useful 
invention-discovery got up steam.

Creative aspects. One of the complaints, however, is 
very legitimate: it is that people who talk about style do so 
too often from the viewpoint of an appreciator. The same 
complaint can be made about art discussions in general;
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a good deal is heard, for instance, about disinterested 
contemplation, which is fair enough from an apprecia- 
tor’s viewpoint but close to wild calumny from an artist’s 
viewpoint. The hardworking men who built the Parthe­
non were certainly not disinterested in any usual way, nor 
were John Milton in writing Paradise Lost, Michelangelo 
in painting the frescoes for the Sistine Chapel, Richard 
Wagner in composing the opera Tristan und Isolde, and 
Leo Tolstoy in creating War and Peace, and what they 
were doing can scarcely be called contemplation. It was 
rather what the Greeks called poiësis (“creation,” or sim­
ply “making”).

Style, then, has what can be called poietic aspects; the 
adjective brushes Jargon but lacks the Romantic connota- 
tions of “Creative” and the matter-of-factness of such an 
alternative as “productive.” The existence of these aspects 
can be posited etymologically, with the risk inherent in 
arguing from dead metaphors; stilus, as has been noted, 
originally meant a writing instrument; arid such near 
equivalents for “style” as “manner” (Latin manuarius, “of 
the hand”) and “fashion” (Latin facere, “to make”) also 
have clearly poietic pedigrees. Moreover, in some contexts 
“style” still means little more than a mode of artistic 
production.

But here an attempt to sharpen common usage seems 
to be called for, since a style in its poietic aspects is not 
the whole of an act of making. A style is only the part 
of the act that represents a deviation from a norm and 
that, as such, is apparent enough to offer the pleasure of 
recognition. The norm may be provided by a more in­
clusive style, by a tradition, by material conditions, or by 
some other frame of reference within which artists work. 
The norm may also be assumed, more or less arbitrarily, 
by observers. For example the personal style of the 17th- 
century Flemish painter Peter Paul Rubens is not, poieti- 
cally speaking, the whole of his way of applying paint to 
canvas; his personal style is merely that part of his way 
that constitutes a recognizable deviation from a norm— 
the Baroque style—in which he worked. The Baroque, to 
continue the illustration, is not the whole of the Baroque 
painters’ ways of applying paint to canvas; it refers to 
merely the part of their ways that constitutes a recogniz­
able deviation from another norm, the general style that 
prevailed in European painting from roughly the middle 
of the 15th Century to the end of the 19th, though in 
many histories of art the norm from which the Baroque 
deviated is instead assumed to be the High Renaissance 
style as exemplified by Raphael.

The role of One can conclude that style is dependent on originality
norms and the will to exercise it. But much depends also on the 

norm. In the first place, many norms are imposed, some­
times by accepted authority, sometimes by social pressure, 
and most often by unawareness of an alternative; the aver­
age Western composer, for instance, between Bach in the 
18th Century and Schoenberg in the 20th, seems to have 
regarded the tonal-style norm—the organization of tones 
and chords in a composition in relation to a keynote—as 
something like a law of nature. In the second place, certain 
norms contain fewer variables than others and therefore 
offer fewer opportunities for deviation; a Byzantine mo- 
saicist had no possibility of developing a marked personal 
style. And, finally, there are the supemorms constituted by 
each art, by artistic materials, by languages, and by much 
eise; at this level the number of variables may be decisive. 
Traditional sculpture offers fewer variables than painting 
and hence has yielded a much smaller number of styles. 
Granite offers fewer variables than bronze and hence has 
what might be called a lower yield in terms of style. Spe­
cialists in stylistics—the branch of linguistics that studies 
the variables in a language and their manipulation—have 
noted that one o f the secrets of the 20th-century Welsh 
poet Dylan Thomas’s strongly personal style was his dis­
covery of unsuspected variables in English: thus where 
the norm had seemed to insist on nouns of temporal, or 
linear, measurement he could write “All the sun long,” “A 
grief ago,” and “farmyards away.” In “Spelt from Sibyl’s 
Leaves,” the 19th-century English priest Gérard Manley 
Hopkins showed a comparable talent for finding possibil­
ities of deviation:

Earnest, earthless, equal, attuneable, vaulty, voluminous . . .  
stupendous

Evening strains to be time’s vast, womb-of-all, home-of-all, 
hearse-of-all night.

Formal aspects. Much of the above might have been 
put under the heading of the morphological—or “formal,” 
if certain connotations are ignored—aspects of style, and 
much that is traditionally morphological is equally poietic.
The form of a work of art can be regarded as the record 
left behind by the making process; this idea, implicit in an­
cient rhetoricians’ descriptions of prose and poetry {e.g., as 
laboured), has been prominent in modern criticism since 
the appearance in the 1950s of such process-emphasizing 
accomplishments as Action painting, in which the brush 
strokes and textures may be regarded as a record of the 
creation of the work; aleatoric music, in which the notes or 
sounds are selected by chance; and Brutalist architecture, 
the sort that leaves the concrete raw and plank marked.

The making process, however, involves the whole work, 
whereas form may be regarded as excluding content and 
including only shape, volume, space, structure, pattern, 
organization, texture, rhythm, imagery, emphasis, balance, Separating 
and the like. This Separation is often denounced by careful form and 
critics, and a successful work of art, when contemplated in content 
a properly focussed and expanded state of awareness, does 
indeed present itself with form and content organically 
tangled. But there is little likelihood that art appreciation 
suffers when things are untangled for discussion, since 
most persons are quite capable of distinguishing between 
the critical analysis of a work and actual aesthetic experi­
ence. So it seems safe to accept common usage concerning 
“form” and then to agree with commentators who have 
been assuming for centuries that style has purely morpho­
logical aspects—without joining them in assuming that it 
has practically no other aspects.

Immediately an apparently drastic shift in emphasis oc­
curs, from one of variables and deviations to one of rep- 
etitions and conformity. In fact, style can be reasonably, 
if incompletely, defined as constant formal elements and 
their combinations, with content excluded except in cer­
tain circumstances. But the shift in emphasis is obviously 
just a result of the play of aspects. A style is always gen- 
erated by the manipulation of available variables in such 
a way as to yield a recognizable deviation from a given 
or an assumed norm. If, however, the deviation is to be 
recognized as something more than an accident or a soli- 
tary impulse, it must be repeated, either identically or in 
a recognizable Variation. It must become understandable, 
which a unique event—an accident—cannot be.

Thus a style is always, when perceived from what can 
be called the poietic stance, rather surprising; the Baroque 
norm and the English-language norm do not lead to any 
expectation of Rubens’ fleshly swirl and Thomas’ “A grief 
ago.” But thus also a style is always, when perceived from 
the morphological stance, rather familiar; what was unex- 
pected in terms of the act of making becomes expected 
in terms o f form. Again the illustration can be continued 
above the level of personal style: the energized masses 
found in Baroque painting of the 17th Century are constant 
in their deviation from the balance of High Renaissance 
paintings of the 16th Century. In sum, an artist, or a group 
of artists, is obliged by the nature of style to move freely 
into Constraint, and heretically into orthodoxy.

Metaphorical aspects. Hence certain styles are com­
monly said to be “characteristic,” or “expressive.” An 
aesthetic deviation, repeated sufficiently, may become 
converted into a form and yield recognition pleasure. The 
result may fairly be described as a manifestation of per­
sonality. The flame shapes in El Greco’s paintings may 
be thought of as a handwriting, Bach’s driving rhythms as 
a gait, Proust’s long sentences as a voice; and usually no 
harm is done to understanding.

Such metaphors, however, along with the words “charac­
teristic” and “expressive,” can become whimsical or mis- 
leading in many situations. Moreover, the stylistic aspects 
in question are best perceived in depth and in the aggre- 
gate by noticing that nearly every style is itself a metaphor, 
functionally speaking. It implies, as Aristotle said a good 
metaphor does, an intuitive perception of the similarity in
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dissimilars. It works, as an ordinary simile does, by seizing 
striking likenesses and neglecting differences; to see that 
the 18th-century English poet William Cowper wrote in 
a Miltonic style resembles, as process, seeing that Robert 
Bums’s sweetheart was “like a red red rose.” There is a 
Substitution of a part for a whole, as in synecdoche; in 
many eyes a pointed arch and a flying buttress are enough 
to evoke the Gothic style, and for many ears a single 
chord can summon up Beethoven.

Most importantly, in nearly every stylistic context, and 
not just in those involving personal and “characteristic” 
styles, there are two sections, like the two sections in the 
comparing process of metaphor; these can be thought of 
as the “window” and the “view.” In the simplest situations 
the view through the window of the style is of an indi­
vidual artist, or of a well-defined group; the 19th-century 
French poet Stéphane Mallarmé may be sensed through 
his repetition of the word azur, and the contemporaneous 
group of Impressionist painters that surrounded Claude 
Monet are recognizable through their deviant, flickering 
brushwork. The Situation, however, is seldom quite that 
simple. Through Mallarmé’s style as well as through Im- 
pressionism the view may be of a doctrine or a program; 
in other situations it may be of a class, a nation, a place, 
a period. There are styles that bear a functional resem- 
blance to myths, if the latter are thought p f as communal 
metaphors. The view that looms through the symmetrical 
frontality of the rigidly posed figures in ancient Egyptian 
sculpture is of an entire culture, a culture that is dra- 
matically different from the one that looms through the 
asymmetrical twist, the contrapposto, of figures in Italian 
Renaissance statues.

These remarks have to be qualified, for if common usage 
is accepted there are styles that seem to have no metaphor­
ical aspects, that are practically opaque. Possible examples 
are procedural styles in general: those described by the 
ancient rhetoricians, those associated with the fixed forms 
of music and poetry, those that are just simplifications, 
often geometrical, of natural forms.

Polar aspects. Common usage also provides evidence 
for the existence of certain structural or self-defining 
tendencies in style that can be grouped under a single 
heading as polar aspects. These have long been noticed; 
Hellenistic and Roman literary critics have a lot to say 
about the flowery, redundant oratorical prose known as 
Asiatic, which is presented as the diametrical opposite of 
the plain, economical Attic. The invention or discovery of 
such polarities did not get seriously under way, however, 
until the 18th Century in western Europe; and most of it 
has been accomplished, mainly by German thinkers and 
largely in the visual arts, since the late 1800s.

Among the great number of such contrasting pairs that 
could be mentioned are haptic-optic (i.e., oriented to the 
sense of touch as opposed to sight Orientation), idealis- 
tic-naturalistic, multifarious-unitary, closed-open, linear- 
painterly, and many more. It will be noticed that the trend 
is toward all-inclusive world styles, or at least toward con- 
stantly recurring stylistic features, and that the emphasis 
is strongly on morphological aspects. This emphasis, al­
though open to the usual objections to “formalism,” has 
compensated handsomely, in terms of instrumental value, 
for the sometimes naive scientism and general overconfi- 
dence implicit in the labelling. Indeed, it is not an exagger- 
ation to say that the best visual-art criticism and history 
published since World War I could not have been written 
without the help of polar analysis o f form.

But pairs like the rather abstruse ones mentioned are not 
the whole story. Any style, including the familiar estab­
lished ones, may be polarized; the 19th-century French 
painter Delacroix’s Romantic style may be paired with his 
older contemporary Ingres’ Neoclassical style, the Gothic 
with the Renaissance, the French with the English, the 
Christian with the Islämic, the Eastem with the Western. 
Each member of each pair is defined in terms of what the 
other member is not; each is at once the deviant from the 
other and the norm for the other. Often in such pairs the 
forms are not seriously analyzed; mere diametrical Opposi­
tion, as in traditional political parties, is feit to be enough. 
This peculiarity may be especially evident in connection

with a modern style, which is always polar to begin with 
and which may stay that way until in its turn it begins 
to cease to be modern. Only then may historians have a 
good chance to cut through the partisan propaganda, get 
at the constant forms, and decide if the style is internally 
consistent enough to merit a label of its own and a place 
in the parade that began some 40,000 years ago.

Measurable aspects. The historian who undertakes such 
a task is not likely to approach the constant forms with 
a yardstick, for in general the measurable aspects of style 
are not very highly considered by artists and art critics. 
But such aspects do exist.

The differences between Doric and Ionic orders in clas­
sical architecture are not only in the abacuses and volutes 
that decorate the columns and their capitals but also in 
proportions and in the number of flutes on a column. The 
20th-century French architect Le Corbusier performed his 
subtle manipulation of architectural variables with the help 
of a system of proportion, which he called the modulor, 
based on the human figure. Sculpture styles were influ­
enced for centuries by the canon (now lost) of Polyclitus, 
a Greek sculptor of the 5th Century b c  who believed that 
“the beautiful comes about little by little, through many 
numbers.” In a portrait in the Mannerist style of mid- 
16th-century Italy, much of what makes it Mannerist may 
be a matter of how long the body is. Some of Hogarth’s 
pictures can be analyzed in terms of what he called “the 
line of beauty,” obtainable by winding a “precise serpen­
tine line around the figure of a cone.” Painters of the 20th 
Century have revived the interest Renaissance artists had 
in the proportion (about 8:13) known as the golden sec­
tion. An important part of the stylistic difference between 
a movie director of around 1930 and one of around 1970 
may be discovered by simply noting the smaller number 
of camera shots and sequences used by the latter. Styles 
in poetry can be specified, often with surprising results, 
by counts of images, rhymes, run-on lines, and metrical 
variations; and such methods are accurate enough to help 
date Shakespeare’s plays. Prose styles are, for certain mod­
ern linguists, a matter of the Statistical averaging of the 
use of certain words, performed with the help of a com­
puter. That musical styles have measurable aspects has 
been clear, of course, since at least the time of Pythagoras, 
who discovered in the 6th Century b c  the relationship of 
musical intervals to the lengths of strings; and the fact 
has become freshly clear under the impact of 20th-century 
Science and technology. Computers have become Stan­
dard equipment for many composers; synthesizers have 
become generators of styles translatable into mathematics; 
Beethoven’s poietic deviations from a norm have turned 
out to be quantifiable in somewhat the same way as the 
unforeseeables studied by information theorists.

Some qualifications are in order. The analysis of a style 
is not the same as the experience of a style: the whole of 
a work of art is certainly not the sum of its measurable 
parts. While it may be true that under certain conditions 
quantity turns into quality, it does not follow that every 
quality can be quantified; and certain conditions—Bee­
thoven’s genius, for instance—remain to plague the quan- 
tifier. But all this does not alter the fact that styles do have 
certain measurable aspects. Nor does it excuse the neglect 
of these aspects by some art appreciators, critics, and his­
torians. Perhaps the remedy both for the shortcomings of 
the quantity-minded and for the attitude of the quality- 
minded will eventually be found in interdisciplinary work 
on aesthetic problems.

The varieties of style

Since it is part of the nature of style to provide recognition 
pleasure, and since this pleasure is usually accompanied 
by an irrepressible impulse to name, one can suppose 
that unlabelled styles are rare. Would that they were 
not, an archaeologist may say; would that there were an 
opportunity to classify works of art scientifically and to 
substitute numbers or New Latin labels for such misno- 
mers as “Gothic” (which is unrelated to the Goths) and 
“Cubist” (which has little to do with cubes). Actually, 
however, the downright mistaken or merely derisive la-
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beis are neither very numerous nor very misleading; to 
anybody who knows enough to be interested, “Gothic” is 
likely to mean something like “Medieval West European 
III,” and “Cubist” something like “genus, partly abstract; 
species, Picasso-Braque 1907-14.” And if the majority of 
style names are not scientifically descriptive, they do as 
a rule offer adequate clues not only to the thing being 
talked about but also to the class, or classes, to which the 
thing belongs. In other words, the familiar nomenclature, 
although accumulated apparently haphazardly through the 
centuries, has taxonomie—more precisely, typological— 
implications. To speak of Rembrandt’s style is not only 
to refer to certain poietic deviations from a norm and to 
certain recurring formal elements; it is also to imply the 
existence of a personal variety of style plus a more gen­
eral sort that includes the personal variety. To speak of a 
realistic style, or of one of its several polar opposites, is to 
imply a different variety and a correSpondingly different 
general sort.

When such implications are grouped, they yield some 13 
varieties o f style in the arts. (The “some” is inserted here 
to allow for reasonable differences of opinion as to where 
the dividing lines should be drawn.) These 13 varieties 

Two types are clearly of two general sorts, which emerge from two 
of “view” types of “view” beyond the metaphorical “windows” that 

styles create in a sufficiently knowledgeable imagination. 
The first general sort, to which Rembrandt’s style belongs, 
affords views that focus on single cultures; the second sort, 
to which a realistic style may belong, affords views that cut 
across cultures. It will be noticed that a given style may 
move from one category to another; more will be said later 
about this mobility. But most styles are reasonably stable, 
and for the moment it is convenient to assume that the 
others have certain recognizable home categories. Even a 
slightly unstable Classification can stiffen discussion.

SING LE-CULTU RE V ARIETIES

Single-culture styles are usually inhabited, so to speak. 
They usually evoke, more or less in the foreground of the 
contemplating imagination, either a person, a school, a 
social class, an ethnic division, a regional community, a 
nation, an ecological division, a religious community, or 
the generations that constitute a period. Rembrandt’s style 
usually evokes the bulb-nosed, sad-eyed person known 
through dozens of remarkably self-searching self-portraits; 
the Venetian style usually evokes the 16th-century masters 
Giorgione, Titian, Tintoretto, and Veronese; each style in 
African sculpture usually evokes a tribe; and so on down 
the list. Single-culture styles are therefore frequently said to 
be “characteristic,” or “expressive,” of a particular people; 
and in this context these familiar terms of interpretative 
art criticism may seem to triumph over the mild objection 
raised earlier, in the discussion of the general metaphorical 
aspects of style. In fact, these adjectives, and also the noun 
“people,” raise some awkward problems even here.

Personal styles. No variety of style seems, at first 
thought, quite as vividly, specifically, indubitably inhab­
ited as the personal variety. Quoting the celebrated and 
seldom-read Discours sur le style (1753), by the Comte 
de Buffon, and neglecting his qualifying remarks, many 
appreciators assume confidently that “the style is the man 

Style and himself.” In a somewhat modified form, the same as-
the man sumption can be found as far back as the Ist Century in

the Stoic moralizing of the Roman philosopher Seneca. In 
a somewhat pseudoscientific form it has produced some 
disturbingly glib psychoanalysis of works of art. In its 
plebeian form it has led to such suppositions as that the 
flame shapes in El Greco’s paintings are evidence of astig- 
matism, the long sentences in Proust’s novels evidence of 
asthma, the rhetoric of Liszt’s piano pieces evidence of 
Gypsy blood, and the right angles of Mies van der Rohe’s 
architecture evidence of a subtle totalitarianism. The no­
tion may be said to have reached one of the peaks of 
its career in 1935 in the earnest excogitation of the liter­
ary scholar Caroline Spurgeon; after counting and sorting 
Shakespeare’s images, she concluded that the poet was 

a compactly well-built man, probably on the slight side, ex- 
traordinarily well coordinated, lithe and nimble of body, quick 
and accurate o f eye . . .  probably fair-skinned and of a fresh

color, which in youth came and went easily , . . very sensitive 
to dirt and evil smells . . . gentle, kindly, honest, brave and 
true.

She also saw, through the obviously wide-open window 
of the personal style, a man who at 35 had “probably 
experienced heartbum as a result of acidity.”

It is easy to call this sort of interpretation wrong and not 
easy to explain exactly why it is wrong. After all, everyone 
indulges in it to a degree. Spurgeon, of course, went a bit 
too far; she was neglectful o f complexity and of the pos­
sible differences between a dramatist and his personages.
But her counting and sorting of images was a valuable 
and influential piece of research; it demonstrated, in an 
irrefutable way, the existence of some of the deviations 
and constants that make up Shakespeare’s personal style.
If the person who is certainly recognizable in this personal 
style is not quite the Stratford man himself, who is he?

When the question is asked about a large enough num­
ber of personal styles, a tentative answer may emerge.
The style, it appears, is not the man himself but the 
artist himself— mostly, at least. Naturally, the artist is to 
a considerable extent the man; he has much of the lat- 
ter’s native capacities, acquired skills, secret drives, and 
painful defects. But the artist is a professional role, a pro­
grammatic personage, a cultural configuration, a persona; 
in sum, he is a remarkably, often deliberately, synthetic 
personality. Further, he is conditioned by much besides 
the man himself and notably by the work of other artists.
To put all this another way, every personal style is in part
sheer performance, and every artist as such is in a sense
(not a pejorative one) a performer. Mies the man went on The
living in his relatively old-fashioned Chicago apartment, person
while Mies the artist was “performing” with gleaming and the
right angles in the tall apartment buildings he designed for performer
Chicago’s fashionable Lake Shore Drive; Mozart the man
disliked flute music, while Mozart the artist “performed”
by composing flute music; Petrarch himself philandered,
while Petrarch the poet “performed” as a faithful worship-
per from afar of the idealized Laura.
Hence, in the opinion of many modern critics, the once- 

popular problem of personal stylistic sincerity is meaning- 
less; to pose it is to mistake art for life. Hence also the 
distinction that is often made between Creative personal 
styles and performing personal (or group) styles should not 
be too categorical. Although a dramatic text, a musical 
score, or a notated ballet may seem to constitute a norm 
that offers a very small number of variables, in practice a 
competent actor, musician, dancer, conductor, or director 
usually manages to produce enough deviations to have an 
easily recognizable personal style. No opera-record collec­
tor is likely to confuse an interpretation by the intensely 
dramatic soprano Maria Callas with one of the same role 
by the serenely lyrical soprano Renata Tebaldi; and ballet 
literature suggests that the ethereal 19th-century ballerina 
Marie Taglioni was as different from her rival the sen­
suous Fanny Elssler as the 19th-century Italian operas of 
Vincenzo Bellini were from those of his contemporary 
Gaetano Donizetti. Moreover, an interpreter has about 
the same choice as a creator among the more inclusive 
styles that can always be recognized simultaneously with 
a personal one; he can be modern, traditional, Classical,
Romantic, Baroque, or whatever. And finally, if he tries 
to be as faithful as possible to his text, the result will 
approach another personal “performing” style, that of the 
artist who composed the work. To succeed in producing 
Phèdre exactly as it was conceived would be to play the 
player Jean Racine.

These remarks should not be interpreted as a complete 
denial of the presence of “the man himself’ behind a per­
sonal style— into the polar opposite of Spurgeon’s error.
Since the artist is partly conditioned by the man, so, of 
course, is the style; and stylistic evidence can often be 
made to match biographical Information in an enlighten- 
ing way. Friends of Mies noticed in his manners and dress 
a certain fastidiousness and a love of good material that re­
in inded them of his architecture. The reported simplicity, 
honesty, and modesty of Haydn are an agreeable match 
for qualities in his musical style. Most readers probably 
sense an authentic personality, a real voice, behind the
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Sprung rhythm and breathless rush of the verse of Hopkins. 
Also, some quite successful methods of stylistic analysis 
apparently depend on a strict correspondence between the 
manner and the man himself; a fascinating example is 
the technique for attributing paintings, developed by the 
Italian art critic Giovanni Morelli in the 19th Century, 
which assumes that the touch of a particular master can 
best be detected in unimportant details, such as the ears 
in a portrait, that were presumably painted without taking 
much thought.

None of the counter-evidenee, however, seriously shakes 
the argument that the person in a personal style is mostly 
the artist as such, and some of it does not stand up very 
well under scrutiny. Fastidiousness, simplicity, and vehe- 
mence do not become meaningful in this context until 
they are given energy and focus by the artist; and the tell- 
tale details used for attributing paintings may have about 
as much aesthetic interest as fingerprints.

School styles. When artists are considered as a stylistic 
group, or school, all the problems raised by personal styles 
reappear in new guises in the Company of other problems; 
and one of the more nettling of the latter is the precise 
meaning of “school.” For there is no denying that this 
part of the apparatus of criticism has got badly out of 
hand since its invention and discovery in the 18th Century 
(largely by the pioneer Italian archaeologist Luigi Lanzi). 
Art critics, historians, and especially painting-museum cu­
rators have acquired the habit of using the term as an 
elegant Variation for what usually turns out to be merely 
a country of residence; thus J.M.W. Turner is said to be 
a painter of the British school and Thomas Eakins of the 
American school. Sometimes the geographical designation 
is narrowed, with a commensurate gain in stylistic infor- 
mation; thus Mantegna is said to belong to the North 
Italian school and Perugino to the Umbrian school. The 
gain, however, may be in confusion; the division between 
the so-called Northern and Southern Sung schools of 
Chinese painting, for example, has been called the most 
misleading and arbitrary in art history. Sometimes geogra- 
phy is abandoned for a general stylistic designation; thus 
the 18th-century French painter Jean-Baptiste Chardin is 
said to belong to the Realist school. Sometimes the stylis­
tic designation is narrowed drastically, and then a gallery 
visitor may be confronted by a brass plaque attributing a 
15th-century Florentine painting to the school of Fra An- 
gelico, for instance; this can mean that documents point 
to the studio or to a follower of Fra Angelico; or that the 
picture is an ancient, and therefore respectable, copy; or 
that it looks rather like a genuine Fra Angelico without 
his customary quality—the unstated premise being that all 
pictures by Fra Angelico are first class.

The Situation is regrettable not only because one word is 
being forced to do things other words can do better but 
also because “school” has its own work to do. Musicolo- 
gists can profitably use the term to talk about the centres 
of musical activity that existed in the 12th Century at such 
places as Paris, Compostela, Padua, and Winchester; or 
about the late-16th-century amateur “academy” known as 
the Florentine Camerata, in which the monodie style that 
led to opera was fostered; or about the group of composers 
of atonal music that surrounded Arnold Schoenberg in 
20th-century Vienna. Painting historians must refer to the 
Tours school of Carolingian miniaturists, the Shen Chou 
school of 15th-century Chinese ink artists, the Barbizon 
school of 19th-century French landscape painters. Literary 
historians must consider such schools of poetry as those of 
the 16th-century French Pléiade, the English Lake poets of 
around 1800, the Tokyo (then Edo) haiku masters of the 
17th and 18th centuries, the American Imagists of around 
1914. Even architectural historians, who tend to think in 
large units, have to take account of such phenomena as 
the Burlington group of Palladianists in 18th-century Lon­
don, the Glasgow School in the 19th Century, the slightly 
later Chicago School, and so on. Each of these examples, 
and of the hundreds of others that could be cited, involves 
a well-defined and usually not large geographical area, a 
relatively short time span, and a relatively small number 
of artists working in a describable shared style; here are the 
essential requirements for using the term “school” prof­

itably. Of course, a curator, in announcing that Turner is 
of the British school, may really intend to commit his mu­
seum to the proposition that a nationally shared painting 
style has been perceptible in Great Britain down through 
the centuries. Such is not usually the intention, however, 
and when it is, it should be made explicit.

The confusion is worth dwelling on because in many 
works of art a school style, defined as the shared style 
of a relatively small number of artists, is as striking as 
a personal style. It is a “window” that affords a “view” 
inhabited by a synthetic personality, a programmatic per­
sonage, almost (but not quite) vivid enough to justify 
thinking in terms of something like an overartist, as some 
German philosophers have. Moreover, in the interaction 
between a personal style and a school style, there is a 
model, manageable for study, of the complex relations that 
emerge when several styles are found together in a given 
work. The personal style of John Donne, the 17th-century 
English poet of the Metaphysical school, is recognizable 
in the dense, macabre imagery, the sometimes violently 
wrenched metre, and the self-dramatizing switch of the 
following lines from his “Nocturnall upon St. Lucies Day, 
being the shortest day”:

The world’s whole sap is sunke:
The generalle balme th’ hydroptique earth hath drunke, 
Whither, as to the beds-feet, life is shrunke,
Dead and enterr’d; yet all these seeme to laugh,
Compar’d with mee who am their epitaph.

At the same time, the style of the Metaphysical school 
is apparent in the rather conversational tone, the com­
pact syntax, and the use of extravagant poetic conceits. 
Deviations and a norm solicit attention, and the solicita- 
tions will multiply if the recognition process is continued 
into the maze of styles—the Elizabethan, the Jacobean, 
the English, the religious, the aristocratie, the Mannerist, 
the formal, the haptic, etc.—which a sufficiently subtle 
and patiënt critic may discover in Donne’s poetry. The 
common reader, in Dr. Johnson’s sense, can be excusably 
irritated at a certain point by the game of hide-and-seek 
between the different and the same, the seif and the other. 
But, in fact, such simultaneous recognitions are normal 
in the actual experience of art; and they are no more 
mysterious than recognizing, with confidence and usually 
without being able to say exactly why, that a given face is 
of an individual, a family, a region, a nation, and a race—  
is at once itself and not itself.

Social styles. On a scale of recognizability, many critics 
would probably put social styles—those associated with a 
particular class or section of society—directly after per­
sonal and school styles, at least when much of the art 
of the centuries before the Industrial Revolution is be­
ing considered. Even an untrained appreciator can sense 
courtly styles in the intricate fixed forms of troubadour 
verse, the stiff etiquette of a Louis XIV portrait, and the 
languors of medieval Japan’s Tale of Genji, by Murasaki 
Shikibu; bourgeois styles in the solid forms of 17th-century 
Dutch still-lifes, the uncomplicated rhythm and harmony 
of a Protestant hymn, and the matter-of-fact, 18th-century 
English prose of Daniel Defoe; and peasant or proletarian 
styles—often more accurately described as traditions—in 
songs, carvings, and embroidery. In the 20th Century such 
clear-eut social styles have become less and less noticeable, 
partly because class distinctions have become much less ev­
ident in the technologically more advanced nations. Also, 
artists have ceased to know for whom they work, the art 
market having replaced, except on special occasions that 
are most frequent for architects, the old system of direct 
commissioning by patrons. Nevertheless, a sophisticated, 
or merely mischievous, critic can point to contemporary 
social styles; some evoke the established families, others 
the new millionaires. A number are related to young 
people, who since the 1960s have exhibited many of the 
economie and cultural characteristics of a separate dass. 
Politicians in all countries throughout the 20th Century 
have occasionally attempted, sometimes on a totalitarian 
scale, to impose on artists one of the old courtly or bour­
geois styles; and a few dictators, notably Hitler and Mus­
solini, have temporarily revived an imperial-court style 
with the parvenu touch, familiar to art historians in such
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outsized forms as those of Darius’s palace at Persepolis in 
ancient Persia and Napoleon’s church (originally temple) 
of the Madeleine in Paris.

Here two concessions seem called for. The first is that 
in talking about social styles it is often impossible, even 
for the purpose of cold analysis, to keep morphologi­
cal aspects separate from content. The second is that 
throughout history the artist as such has been remarkably, 
sometimes depressingly, available for the “expression” or 
“characterization” of a social Stratum other than that of 
the man himself. Perhaps the artist as such—shaman, 
bard, craftsman, entertainer, 19th-century demiurge, 20th- 
century iconoclast—has been rather more of a performer 
than has already been suggested.

Ethnie styles. Like social styles, ethnic styles have be­
come less noticeable in the modern era. Their formerly 
high level of recognizability, their complex morphological 
aspects, and their surprising persistence over long periods 
have made them, however, favourite subjects for study 
among both archaeologists and aestheticians. Good exam­
ples are plentiful in the Indian arts of North America; 
the sculpture, painting, and music of black Africa; the 
pottery of the ancient Middle East and east Asia; and the 
surviving decorated objects, mostly metalwork, of the so- 
called barbarian peoples who moved across Asia and Eu­
rope between roughly the 6th Century bc and the time of 
Charlemagne, at the end of the 8th Century a d . In some 
instances scholars have been able to tracé the borrowing 
of motifs; the Germanic animal styles of the migration 
period, for example, show the influence of Roman figu- 
rative art and Mediterranean ribbon ornament. But the 

Theories borrowed motif is invariably transformed by a repeated 
of stylistic deviation into one of the morphological constants of the 
disposition borrowing tribe, and the reasons for this enduring assim- 

ilative capacity are not well understood.
The notion of a physically inherited stylistic disposition 

has long since been discredited, and archetypes in a collec­
tive unconscious, as postulated by the 20th-century Swiss 
psychologist Carl Jung, have been dismissed by the major- 
ity of professional historians. Among the more attractive 
theories are some that point to analogies with the inertia 
and the assimilative capacity of a language; yet even these 
seem inadequate before such a fact as that the Eskimo 
ethnic style has lasted for about two millennia. Another 
attractive theory links the lack of stylistic change to a 
general lack of history—or at least to a general lack of 
awareness o f history. But if this theory is plausible in a 
North American or an African context, it is much less so 
in the context of the Asian and European migrating peo­
ples, who managed to pass through an immense amount 
of history without making important changes in the design 
of their crowns, buckles, and other useful objects.

Regional and national styles. The problem of stylistic 
stability reappears in the consideration of regional and 
lagnational styles, which are partly just ethnic styles that 
have settled down. But they are always more than that. 
The high—and polar—recognizability of Oriental and Oc­
cidental styles cannot be satisfactorily accounted for by 
references to ancient tribes and by linguistic analogies; nor 
can the long preoccupation in the Mediterranean basin 
with human forms; the long preoccupation in northern 
Europe with animal, zoomorphic, fantastic, symbolic, and 
abstract forms; the rigidity of Egyptian pictorial and sculp- 
tural forms during some 3,000 years; the persistently emo­
tional, romantic, and expressionist tendencies in German 
music, painting, and literature; the French emphasis on 
structure in architecture, painting, and poetry; the English 
linear and decorative tendency that runs through medieval 
miniature painting, Perpendicular Gothic architecture, the 
drawings of William Blake, and Art Nouveau. Common 
sense, of course, is needed in thinking about such styles; 
the theorizer who sets out to show that all French art is 
rational and all German art emotional will be in trouble 
immediately. Also, a certain vagueness is often suitable, 
for the distinctive features of a regional or national style 
may be of the sort better described as qualities than as 
morphological aspects. Recurring differences, however, fi­
nally add up to recognizability, and a quality hard to 
dehne can be strongly feit.

Climate and landscape were formerly populär as expla- 
nations for regional and national styles (for all styles, as a 
matter of fact); Gothic architecture was supposed to have 
emerged in northern Europe because of the many forests.
Evocations o f some kind of permanent national outlook 
were also frequent; Russian musical styles were thought to 
be inhabited by a Slav soul. Such ideas are now perhaps 
too much out of fashion; it is not quite unthinkable that 
an English stone carver’s affection for linear pattern was 
encouraged by the frequent absence of bright, shadow- 
casting sunlight in England and that the symmetry of 
much French architecture and painting corresponds to the 
average Frenchman’s enduring attachment to order. But 
eventually, of course, an explanation must include an en- 
tire regional or national culture and environment and at 
the same time take note of the fact that an art may have 
an existence of its own. To neglect this latter possibility 
would be to repeat on a large scale Spurgeon’s confusion 
of men with writers.

Ecological styles. A subvariety of the regional variety 
is perhaps distinct enough to be classed separately as the 
ecological: here, that is, the style in question evokes in 
fairly specific ways the relationship of human organisms 
to their environment. Here also there are likely to be 
strong polarities; typical contrasting pairs are urban-rural, 
mountain-plain, hunting-farming, inland-seaboard, no- 
madic-sedentary, capital-provincial (in some ways), and 
(at least in comic strips and Science fiction) earth-space.
Such styles are most recognizable in architecture, painting, 
and the making of such useful objects as furniture, tools, 
and weapons. But they may be recognized more distantly 
in the dance, in music, and in poetry: the imagery of the 
Parisian poet Charles Baudelaire is urban; that of the New Influence 
England farmer-poet Robert Frost is rural; while Homer’s on ap- 
is seaboard, at least in the Odyssey. preciation

It is probable, too, that a well-defined ecological pattern 
affects in subtle respects the appreciation of foreign styles 
and hence the emergence of new local ones. Psychologists 
have found that the Zulus of South Africa, for instance, 
who live in a “circular culture” of windowless round huts 
and meandering paths, are relatively immune to visual 
illusions seen by people who have been conditioned by 
the right-angled, straight-perspective, so-called carpentered 
world of European and American cities.

Religious styles. Conditioning also undoubtedly affects 
recognition of religious styles. The problem of hard-to- 
define “qualities” that contribute to recognizability, men- 
tioned above in connection with regional and national 
styles, also returns here to vex a conscientious historian.
So does the problem of the Separation of form and con­
tent, plus the false problem of the sincerity of the artist 
as such—of the artist as mere “performer.” Strictly speak­
ing, in terms of forms and their combinations, one must 
grant that a vast number of profoundly moving works of 
religious art are not recognizably in religious styles. One 
can plausibly argue, for example, that there has been no 
religious style at all in Western painting since about the 
15th Century; later painters of religious subjects, such as 
Van Eyck, Raphael, Rubens, and their successors, painted 
the Virgin much as they painted their wives and mis- 
tresses. A similar point can be made about Western post- 
Renaissance music; Bach’s sacred works sound much like 
his secular ones, and Giuseppe Verdi’s magnificent Re­
quiem (1874) has sounded to many ears like his operas.
Even in the European Middle Ages and in the worlds 
of the great Eastern religions, the evidence is not always 
clear; the style that seems to yearn toward God in the 
13th-century Gothic cathedral at Chartres, France, served 
also for town halls and ivory combs.
The point, of course, should not be exaggerated, partly Style con- 

because other styles often make use of borrowed forms ditioned by 
and principally because many religious stylistic elements content 
do exist in their own right, even though their secular an- 
cestry can sometimes be traced. In architecture, examples 
of religious style can be seen in the basilican plan of 
Christian churches, the cosmic-mountain form of Hindu 
temples, the rectangular and cruciform plans of mosques, 
the needle shape of the minaret; in music, the single vo- 
cal line and free rhythm of Gregorian chant, the florid
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melody of Islämic chant; in painting, the free brushwork 
of Zen Buddhists, the abstract arabesques of Islam, the 
nonillusionistic kinds of pictorial space favoured by me­
dieval Christians. But when the list of such elements is 
completed, the fact still remains that the average appre­
ciator recognizes a religious style primarily because it is 
tinged by long association with religious texts, ritual, and 
iconography. In brief, it has for him a quality that seems 
to emanate from content.

Period styles. A style belonging to one of the single- 
culture varieties may be divided, conventionally or arbi- 
trarily, into periods. Beethoven’s personal style is usually 
split into early, middle, and late; the ethnic style of the 
migrating Germanic peoples may be referred to as Animal 
I, II, and III.

The adjective period is often reserved, however, for a 
distinct variety of style: the one in which the metaphorical 
“windows” afford “views” inhabited by generations whose 
cultural and other activities appear to constitute definable 
units of history. Familiar examples are the Gothic period 
style, the Renaissance, and, in general, all styles that bear 
the names of rulers or dynasties: the Victorian style, the 
Carolingian, the Sung. Frequently the period style is itself 
“periodized,” the Gothic is Early and Late, the Renais­
sance is Early and High. The issues raised by periodization 
of all sorts will be discussed in the last section of this 
article (see below The dynamics o f style). But period styles 
have their place in this part the Classification, for they are 
clearly, often emphatically, o f the single-culture sort.

CRO SS-CU LTU RA L VARIETIES

Cross-cultural styles are usually uninhabited, in contrast 
to personal styles. They do not, in any event, call up into 
the foreground of the appreciator’s imagination a John 
Donne, a Metaphysical school of versifiers, a Murasaki 
Shikibu in an ancient Japanese court, a Germanic tribe on 
the march, a succession of English stone carvers express- 
ing their Englishness, a Baudelaire in an urban twilight, 
a medieval monk singing for God, or a group of emi­
nent Victorians.
In a sense, then, cross-cultural styles are relatively un- 

metaphorical; they tend to focus attention on themselves. 
They have modes of existence that lie outside of history, 
and they often are not so much aesthetic terms as general- 
utility adjectives: almost anything, and not just works 
of art, can be “classical,” for instance, or “organic,” or 
“abstract.” Cross-cultural styles in art, however, are by 
no means without implications; they can evoke outlooks, 
contexts, methods, and professions.

Outlook styles. Any style, of course, can be said to ex­
press an outlook or an attitude along with whatever eise it 
expresses. Michelangelo’s personal style expresses the out­
look of Michelangelo; the Biedermeier style in furniture 
and decoration expresses the outlook of the German and 
Austrian middle classes between the Congress of Vienna 
in 1814-15 and the Revolution of 1848. Certain cross- 
cultural styles, however, can be said to specialize in general 
outlooks and attitudes that recur everywhere in all arts 
in all eras. There is a Classical style—a deviation toward 
clear, logical, nobly impersonal, carefully proportioned 
forms—that is recognizable not only in works that are 
ordinarily labelled “Classical” or “Neoclassical,” such as 
the sculpture of the Parthenon of 5th-century-ßc Athens 
and the plays of Pierre Corneille of 17th-century France, 
but also in the 13th-century sculpture of Reims Cathedral, 
the 20th-century Symbolist poetry of Paul Valéry, the 
18th-century English portraits of Sir Joshua Reynolds, a 
Japanese screen, a Chinese vase, and some buildings on 
Fifth Avenue in New York City. There is a Romantic 
style—a deviation toward restless, alogical, nobly personal, 
intensely expressive forms— that is recognizable not only 
in works of the Romantic period of the early 19th Cen­
tury, such as the music of Frédéric Chopin or a poem by 
Heinrich Heine, but also in the Italian baroque architec­
ture of Francesco Borromini. the fantasy painting o f Paul 
Klee, Shakespeare’s King Lear, a Hindu stone relief, a 
Hellenistic mosaic, and an avant-garde dancer. The same 
sort of thing can be said about such styles as the realistic, 
the fantastic, the expressionistic, and the idealistic, each of

which implies an attitude toward life and the world. And 
perhaps the list should be rounded out with the academie 
style, into which the other outlook styles tend to sink 
when they are reduced to a set of teachable rules.

Since these styles cross every aesthetic, geographical, or 
temporal frontier, embrace common human attitudes, and 
exhibit strong polar aspects, they have tempted many crit­
ics into an effort to arrange them all into two contrasting 
groups: the classical and the romantic, the conservative 
and the liberal, the idealistic (here the classical joins forces 
with the romantic) and the realistic, the rational and the 
emotional, and so on. Such arrangements have the advan- 
tage of breaking up traditional divisions and freshening 
awareness along with the disadvantage of not exhausting 
the evidence.

Contextual styles. At first glance the outlook styles may 
seem capable of annexing the contextual, which include 
the traditional genres and kinds of art—such styles as the 
tragic, the comic, the satiric, the pastoral, the heroic, and 
the melodramatic. But here the outlooks, when they exist, 
are at one or two removes from those of real life and 
the real world.

A tragic style evokes not a death in the family but a work 
by Sophocles, Shakespeare, or some other playwright; a 
pastoral style evokes not herdsmen in the Alps but swains 
in a mythical Arcadia; a heroic couplet evokes not a brave 
warrior but the practice of John Dryden and others of 
using units of two rhyming lines of iambic pentameter in 
their “heroic” drama. Moreover, when the context—the 
genre, or kind of art—is not literary, the contextual style 
may evoke nothing that can properly be called an outlook. 
The operatic style in Verdi’s Requiem, cited above, is a 
contextual style; so is the landscape style, with its hints 
of land, horizon, and sky, that is sometimes recognizable, 
like a ghost from Dutch paintings of the 17th Century, in 
modern abstract paintings. So are the sculptural styles rec­
ognizable in the bizarre 20th-century architecture of the 
Spaniard Antonio Gaudi, the painterly styles in the Italian 
baroque sculpture of Gian Lorenzo Bernini and in certain 
Cubist sculpture of the 20th Century, the musical styles of 
the poetry of Edgar Allan Poe and Alfred Lord Tennyson.

Procedural styles. Procedural cross-cultural styles are 
similar to but not quite the same as the contextual. For 
the term “procedural” is here meant to refer to ways of 
making art, to varieties of poiësis, that may be shared by 
several arts and, in fact, are often shared by all. Hence, 
when the point of view is that of appreciators, procedural 
styles are commonly called “formalistic.” Familiar exam­
ples of such styles are the mimetic, the representational, 
the naturalistic, the abstract, the geometrie, the organic, 
the linear, the optical, the haptical (or tactile), and the 
plastic; some of these can be regarded, not always prof- 
itably, as subvarieties of others, and all of them can be 
regarded as members of polar pairs.
Traditionally, certain procedural styles are associated with 

certain arts, but they need not be. Mimetic, or representa­
tional, styles, for example, are most often associated with 
painting and sculpture (e.g., Gilbert Stuart’s lifelike 18th- 
century portraits of George Washington or a Sumerian 
animal statue of the 3rd millennium b c ), but they can also 
be recognized in the resemblance of Frank Lloyd Wright’s 
mid-20th-century Guggenheim Museum to a snail, in the 
similarities of Nikolay Rimsky-Korsakov’s musical com­
position The Flight o f the Bumble Bee to the buzzing 
of a bee, and in Tennyson’s frequently quoted lines in 
The Princess:

The moan o f doves in immemorial elms,
And murmuring of innumerable bees . . .  

which employ onomatopoeia, the use of words that actu­
ally sound like what the words represent.

Similarly, linear styles can be recognized not only in such 
obvious places as a line engraving by the 16th-century 
German master Albrecht Dürer or in the linear patterns 
of Plateresque ornament of 16th-century Spain but also 
in the vocal line of an Italian Renaissance madrigal or in 
a modern building by the American architectural firm of 
Skidmore, Owings, & Merrill.

Traditionally also certain procedural styles are associated 
with certain cross-cultural outlook styles, but again they
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need not be. Mimetic styles are accompanied by Classical 
in the serene 17th-cehtury landscapes of Nicolas Poussin, 
by Romantic in the turbulent 19th-century seascapes of 
Turner, by Realistic in Caravaggio’s works of 16th-century 
Italy; by fantastic in the 20th-century Surrealistic compo- 
sitions of René Magritte, and by Expressionistic in the 
tortured figures of Matthias Grünewald’s Isenheim Altar­
piece of the early 16th Century. Abstract styles in 20th- 
century painting are accompanied by Classical in Piet 
Mondrian’s use of pure lines and rectilinear shapes, by Ro­
mantic in Wassily Kandinsky’s watercolours of his Blaue 
Reiter period, by Realistic (of a sort) in Frank Stella’s 
striped, “objective” works, by the fantastic in Yves Tan- 
guy’s Surrealistic vistas, and by Expressionistic in Willem 
de Kooning’s often violent canvases. The point is worth 
some emphasis, for even the most careful critic is likely 
to slip into the error of assuming that the classical, the ro­
mantic, and especially the realistic styles call for etemally 
fixed methods of production.

Professional styles. When the context of a contextual 
style or the procedure of a procedural style is derived from 
somewhere outside the arts in a sufficiently recognizable 
way Or form, the result may be called—at the risk of some 
confusion—a professional style. Every artist, of course, 
has a professional style insofar as he is indeed an artist. 
But the critical occasions for talking about an “art” style 
in a meaningful fashion are rare; they are likely to arise 
only when an emphatic distinction is needed between two 
levels of artistry or when, as during the 19th-century En­
glish Aesthetic movement, artists and allied nonartists are 
waging war against alleged Philistines.

On the other hand, artistic styles derived from nonartis­
tic professions have never been rare and have recently 
been plentiful. An engineering style is easily recognizable 
in Roman, Gothic, and modern architecture and also in 
several kinds of modern sculpture and painting. Many 
novelists, from the beginning of the genre, have borrowed 
the styles of historians, and many the styles of joumalists; 
directors of fictional films have worked in documentary 
styles, Composers of modern music in the styles of exper­
imental Science and electronic-age technology. Occasion­
ally the stylistic trend among 20th-century artists toward 
outside professions has been noticeable enough to lead a 
few observers, always promptly challenged by others, to 
conclude that the traditional arts were running low on 
unmanipulated variables.

The dynamics of style

This article has considered styles more or less as a 
panorama in which all the features are contemporaneous 
with each other and with the appreciator. The approach, 
to borrow a term from modern linguistics, has been 
largely “synchronie”; and such an approach has evident 
advantages. It gives an explicator a chance to classify, to 
structuralize, without worrying overmuch about the ran- 
domness of history. More importantly, it corresponds in 
a sense with an appreciator’s actual experience of works 
of art, which is, of course, always synchronie, always in 
the present; experientially speaking, the Gothic style of 
the 13th Century is not a second older than the style of 
Skidmore, Owings, & Merrill of the 20th. The historical, 
or diachronie, approach can offer, however, its own set 
of advantages. Facts and speculation concerning styles as 
they occur or change over a period of time can have the 
same sort of value as political or military history, and 
in addition they can contribute greatly to the recognition 
pleasure that is basic in an appreciation of styles.

The pleasure, it should be said right away, is normally 
accompanied by some peculiarly daunting doubts. Like all 
history, stylistic history is at once a branch of knowledge 
that tries to explain significant past events, a chronological 
record of such events, and somehow the past events them­
selves, in all their intractable uniqueness. But whereas the 
members of the trinity can usually be kept reasonably 
distinct in political or military history, they can usually 
be found in a state of oneness in stylistic history; the 
beginning of the Renaissance style, for instance, is notori- 
ously a blend of theoretical explanation, selective records,

and such “events” as surviving paintings, poems, and 
buildings. Also, whereas elections and battles have their 
fixed times and places, many styles do not; romanticism 
can leave the ahistorical limbo of cross-cultural styles to 
become the single-culture 19th-century Romanticism and 
then suddenly materialize, to some historians, as a phase 
of late Greco-Roman single-culture Glassicism. In sum, 
the emergent mode of existence to which styles are dis- 
posed may make impossible a clean distinction between 
conceptions and historical facts and may expose the most 
conscientious of art historians to the charge of merely 
manoeuvring with private abstractions.
Another difficulty, which was glanced at in connection 

with the measurable in style, can be mentioned again here. 
It is the familiar one of overspecialized interpretations 
presented as general theory. Much of the terminology and 
nearly all of the chronological framework for the history of 
style are inventions of specialists in the study o f the visual 
arts. Fortunately, the terminology and the framework can 
be adapted, with the help of some stretched meanings, to 
the study of music and literature. In what follows, a strong 
possibility of visual-art bias should be kept in mind during 
the discussion, which will concem origins, diffusion, and 
change and duration of art styles.

H ISTO RICA L ORIGIN S

The question of the origins o f styles has already been 
raised. From an appreciator’s strictly synchronie point of 
view, to raise such a question is often to be irrelevant, 
or to get into a round of tautologies and to confuse 
the merely relational with the causal. The origins of the 
courtly style, o f the Eskimo style, and of personal styles 
are by definition courts, Eskimo, and artists, respectively.

There is something to be said, however, for the elaborated 
tautology as a form of analysis and also for the fact that 
adding the space-time of history makes a difference: it is 
one thing to point to an emphasis on order in the French 
national style and another thing to account for the advent 
o f the Gothic style at the abbey of Saint-Denis in 1140. 
Moreover, art historians do not usually mean anything as 
determinative as a cause when they refer to the origins of 
a style; they merely mean a set of conditioning historical 
factors. And when they disagree they usually do so over 
the relative importance to be assigned to one of four sorts 
of factors: the politico-eeonomic, the cultural, the techni­
cal, and the artistic.

Politico-economic factors. The most evident sort is the 
politico-economic. If the ancient Greeks had lost the Per- 
sian Wars in the 5th Century b c , the columns of the 
temples on the Acropolis would probably be taller. If the 
Great Depression in the United States had begun earlier, 
the Empire State Building and other skyscrapers in New 
York of the 1920s and 1930s would probably have been 
shorter. The styles of Chinese blue and white porcelain 
were perceptibly influenced by export possibilities. Films 
are an industry as well as an art. The Italian Renaissance 
cannot be fully understood without references to the per­
sonality cults of monarchs, petty tyrants, and usurping 
mercenary leaders, to the Capital äccumulated in the bank 
of the Medici family of Florence and the coffers of the 
Vatican, to the expansion of international trade, and to 
the loosening of feudal ties. Such examples, along with 
more subtle ones, can be multiplied into a solidly factual 
kind of stylistic history.

Cultural factors. Nothing quite so solid is likely to 
come out of a consideration of contributing cultural fac­
tors; here one is obliged to weigh such imponderables as 
changes in manners, morals, psychologies, philosophies, 
and that pervasive sensibility system known as “the spirit 
of the age” and then to try to match these changes with 
the arrival times and the formal elements of presumably 
new styles. Thus it can be argued that the new period style 
gradually apparent at the close of the Greco-Roman era— 
the lack of naturalism, for instance, in painting—reflects 
Christian otherworldliness.

Similarly, it might be claimed that the exuberantly enu- 
merative prose style of the French satirist Francois Ra­
belais has roots in the widespread 16th-century zest for 
learning and discovery. To take still another example, the
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development of the orchestral crescendo in the middle of 
the 18th Century, principally at Mannheim, Germany, has 
been said to reflect a new kind of human self-assertion, 
one destined for importance in all the arts with the arrival 
of 19th-century Romanticism.

Technical factors. The presence of politico-economic 
or of cultural factors need not, of course, rule out the 
technical sort, and examples of the latter are plentiful. The 
stylistic change from 14th-century to 15th-century Euro­
pean painting coincides with a new utilization, although 
not the invention, of the oil technique. The refinement of 
volumes and of implied movement in Renaissance bronze 
sculpture is linked to a new skill in casting techniques 
acquired in the making of artillery. Chopin’s personal 
style and significant improvements in the piano both date 
from the 1830s.

Sometimes the technical factors are partly disguised by 
a change of material; the Doric order in architecture is a 
wood style in stone. Sometimes, too, the technical factors 
must be understood in a large sense that embraces the 
functional, and they may then be accompanied by moral- 
izing; thus, some 20th-century architects have maintained 
that it is “honesty” to let a building reveal its construction 
and use. Usually more than one set of technical factors 
can be discovered; a poefs style that mixes true rhyme 
with eye rhyme (similarity only of spellings) has origins— 
rather remote—both in ancient oral mnemonics and in 
the silent reading fostered by printing.

Artistic factors. Explanations of stylistic origins involv- 
ing politico-economic, cultural, and technical factors tend 

Matching to have in common the defect of not providing very exclu- 
causes and sive matchings of formal elements with supposed sources. 
effects Many times and places have had ambitious princes and 

accumulated Capital equal to those of 16th-century Italy 
without producing anything like the smoky style, the sfu- 
mato, of Leonardo da Vinci’s paintings, or the clarity and 
solemnity of Bramante’s architecture. If a lack of natural- 
ism goes well with early Christian otherworldliness, it also 
seems to go somehow with the reputed this-worldliness of 
the 20th Century. If the perfected piano can be matched 
with the smooth 19th-century compositions o f Chopin, it 
can also be matched with the staccato 20th-century music 
of Béla Bartók. To be sure, these are only contributing 
factors, not specific causes. Even so, the versatility of the 
factors mentioned usually leads an art historian to add 
some relatively direct, purely artistic factors and even- 
tually to postulate a group of ancestors and influential 
cousins for a given style. Thus Leonardo’s style is said to 
be derived partly from his early master Verrocchio’s, early 
Christian from ancient Roman and Syrian, Chopin’s from 
the styles of other Polish pianists and from the Irish-born 
John Field. Art historians of this persuasion do not, as is 
sometimes alleged, reject the hypothesis that an artist may 
think up a style partly on his own; they merely regard it 
as lying outside the concerns of scholarship.

Here another difficulty in the writing of stylistic history 
has to be mentioned. In which painting did Leonardo’s 
personal style become his own and not Verrocchio’s? At 
what date did the early Christian style cease to be Roman 
and Syrian? Questions of this sort, if pressed far enough, 
can raise the suspicion that a discussion supposedly about 
the origins of a certain style is actually about the arbitrary 
periodization of a more inclusive style.

D IFFU SIO N

Periodization is always, although the fact is not always 
The factor made clear by periodizers, a spatiotemporal Operation: it 
of place in poses questions of where as well as of when. The Gothic 
diffusion period can be said, if dates are used with convenient 

recklessness, to end around 1420 in Italy, around 1530 in 
France, and a generation later in England. Moreover, the 
“where” may be not only a point in geographical space 
but also a zone in the imaginary space constituted by any 
Classification of the arts.

The Italian Renaissance can be said to begin in painting 
around 1300 with Giotto; in poetry around 1330 with 
Petrarch; in architecture around 1420 with Brunellesehi; 
and in music around 1525 with madrigal composers, or 
perhaps around 1600 with Monteverdi. In sum, staggered

dates, distinct localities, and the Separation of the arts 
combine to involve the student of period styles in a 
complex problem of assumed or alleged correspondences 
and sometimes in unexpected variants of the problem of 
stylistic origins.

Correspondences in real space. Like their colleagues in 
other branches of cultural history, art historians sometimes 
are obliged to choose between diffusionism and theories of 
spontaneous development; the striking similarity between 
a motif on a Chinese bronze and one on an Aztec temple, 
for instance, may be attributed to prehistorie migration, 
to analogous stages of civilization, or to chance. Nor­
mally, however, and for good reasons, art historians rely 
on diffusion from a Creative centre in their attempts to 
explain stylistic correspondences in even widely separated 
areas; and they rely on it almost exclusively in discussing 
period styles.

It is fairly easy to tracé the movement of Andrea Palla- 
dio’s style from the buildings he designed in Vicenza, Italy, 
in the 16th Century to Inigo Jones’s Banqueting House in 
London in the 17th Century, of opera buffa from Naples 
to Vienna in the 18th Century, or of Cubism from Paris to 
Prague and New York in the 20th Century. A difficulty in 
this sort of history is that diffusion implies receptivity, and 
stylistic receptivity implies at least a degree of spontaneous 
development.

Correspondences in the arts. There are a number of 
problems in attempts to deal with stylistic correspondences 
in different arts. One of the most common is the diffi­
culty of making a distinction between a period style and Problems 
a period of time when the same label is used for both— and am- 
and perhaps for each in more than one sense. Thus, a his- biguities of 
torian who refers to Baroque music without explanation corre- 
may mean that the music in question has certain stylis- spon- 
tic affinities with the theatricality of Bernini’s sculpture, dences 
with the full-blooded movement and illusionism of Pietro 
da Cortona’s painting, with the undulations of Borro- 
mini’s architecture, and with the cadences of Sir Thomas 
Browne’s prose; instead, or also, he may mean, as many 
musicologists would, that the music carries the technical 
eramark of a basso continuo part; again he may mean 
that'the music evokes the manners, public life, Science, 
and general culture of “the Age of the Baroque”; and fi­
nally he may mean nothing more than that the piece was 
composed in the 17th Century. If he does mean that the 
music has stylistic affinities with Baroque sculpture, paint­
ing, architecture, and prose, then other difficulties appear.
He must manage to translate each art into the others, 
construct a convincing historical pattern, and explain the 
correspondences.
Nevertheless, there is considerable agreement among art 

historians that such correspondences do exist—not in ev­
ery period but often enough to merit attention. In addition 
to those of the Baroque, which are frequently cited, one 
can mention those between musical and visual-art propor- 
tions during the Renaissance, those among nearly all the 
arts during the Gothic period, and those among painting, 
sculpture, architecture, and music during the 20th Cen­
tury. Persuasive arguments for correspondences between 
art and other disciplines have been advanced, notably in 
a comparison of Gothic architecture with scholasticism, 
the contemporaneous church-oriented philosophy, and by 
several commentators in comparisons of Leibniz’s highly 
complex but integrated philosophy to Baroque art.

CH AN G E AND D U R A TIQ N

The already mentioned problem of distinguishing between 
the origins of a distinct style and the periodization of a 
more inclusive one complicates every discussion of stylis­
tic change and duration. It can be argued that whenever 
a style moves into a new period or phase it becomes a 
new style; and a few modern historians have drawn the 
conclusion that the concept of style should be kept out 
of art history and be reserved for synchronie structuring 
and critical analysis. They fee! that one can usefully take 
a cross section of Baroque, for example, and study it hor- 
izontally, out of time, but that to talk about the historical 
antecedents of Baroque, or about phases of Baroque, is to 
fall into logical contradiction. Such historians, however,
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are very much a minority. Most of their colleagues are 
committed not only to stylistic change and duration but 
also, if often only implicitly, to various theories about 
supposedly typical stages in the stylistic historical process.

Cyclical theories. In the preface to his Lives, Vasari 
remarked that the arts, like human beings, “are born, 
grow up, become old, and die.” Four centuries later, the 
infinitely more knowledgeable and sophisticated art his­
torian Henri Focillon entitled an essay on style The Life 
of Forms in Art (1934). Andre Malraux, in his Voices o f  
Silence (1951), refers to

these imaginary super-artists we call styles, each o f  which has
an obscure birth, an adventurous life, including both triumphs
and surrenders to the Iure o f  the gaudy or the meretricious, a
death-agony and a resurrection.

References to the “maturity” or the “decay” of styles are 
part of nearly everybody’s art criticism. In sum, the bio- 
logical metaphor for style has become commonplace. But 
it once was a serious theory of the historical process, and 
as such it perhaps still deserves some denunciation for 
having been frequently both a misrepresentation of facts 
and a source of prejudice against estimable works of art— 
Hellenistic, late Gothic, Mannerist, Baroque, and so on— 
which were believed to belong to the “decadent” part of 
“the life cycle” of a style.

In an effort to get closer to the observed course of 
events, some historians have favoured, in whole or in part, 
a cyclical theory that pictures each major single-culture 
style as going through the same irreversible series of cross- 
cultural styles, which is usually given as archaic, classic, 
baroque, impressionist, and archaistic. Thus the first, or 
archaic, phase of the Greco-Roman cycle is supposed to 
correspond with the first phase of the Gothic and o f  
the Renaissance cycles; and one can speak of third-phase 
baroque Greek, third-phase baroque Gothic, even third- 
phase baroque Baroque. The theory has some fascination, 
and occasionally it works well enough to shed light on the 
actual historical behaviour of styles. But often it works 
only because one has been careful to start the cycle in the 
right place, and far too often it does not work at all.

Dialectical theories. The notion that history is a pen­
dulum, with left inevitably followed by right, occurs to 
everyone, and it is especially likely to occur to art histo­
rians because of the polar aspects of style. Sometimes the 
pendulum is imagined as swinging forever between cross- 
cultural outlook styles: classical then romantic, idealistic 
then realistic. Historians who are inclined to feel that 
outlook styles are too vague and too laden with value 
implications may favour the idea of swings between cross- 
cultural procedural styles: mimetic then abstract, organic 
then geometrie.

The influential theory devised by the Swiss art historian 
Heinrich Wölfflin (1864-1945) postulates an elaborate di- 
alectic in vol ving pairs such as linear-painterly and closed- 
open. A theory devised by the German critic Paul Frankl 
(1878-1962) combines a movement between styles of be­
ing and becoming with a cyclical development through 
preclassic, classic, and postclassic stages. Another theory, 
devised by the Austrian scholar Alois Riegl (1858-1905), 
postulates cycles of evolution within a long swing across 
the centuries from an early haptic to a later optie phase. 
All these models of the stylistic historical process break 
down eventually, but they can provide useful categories 
for organizing the flux of artistic events.

Sequential theories. Historians who refuse to believe 
that styles are haunted by destiny may be willing to grant 
that within short periods and mostly in terms of technique 
something that looks like a preordained evolution can 
occur. Thus it is possible to discern in Gothic architecture 
a predictable movement toward lighter construction, in 
Early Renaissance painting a movement toward a desired 
illusionism, in 16th-century European music a movement 
toward the tonal system that emerged in the following 
Century. But beyond this concession, such historians are 
likely to rely on simple sequences devoid of any tracé of 
determinism. Their works often consist of a sequence of 
biographies of artists and a sequence of centuries.

Do such theoretical methods suggest that art historians 
are engaged in mere chronicling rather than history? Per­
haps partly to answer such a question, a theory advanced 
by the contemporary U.S. historian James S. Ackerman 
presents stylistic change as a “process” of a sort, although 
not one that is preordained; art history is envisaged as a 
series of steps away from the past, but not toward the 
future. “Each step,” Ackerman says, “for the artist who 
takes it, is final and definitive; he cannot consciously 
make a transition to a succeeding step, for if he visualizes 
something he regards as preferable to what he is doing, he 
presumably will proceed to do i t . . . .  ”

Satiation theories. Why does the artist take a step away 
from the past? A common explanation is that he, or his 
audience, has become overly familiar with the prevailing 
style. The phenomenon is similar to what psyehologists 
call semantic satiation—the loss of meaningfulness in re­
peated words. According to one theory, stylistic satiation 
is hastened by Comparison; thus when much was changing 
at the beginning of the 20th Century, many painters feit 
that their old styles were intolerably familiar. According to 
another theory, satiation is always merely temporary. To 
reveil to part of the biological metaphor, styles are bom, 
but they never really die.
BIBLIOGRAPHY

T h eo re tic a l su rveys: An excellent critical résumé o f early 
20th-century speculation, with emphasis on the visual arts, is 
m. schapiro, “Style,” in a.l. kroeber (ed.), A n th r o p o lo g y  T o ­
d a y  (1953). J.s. ackerman, “Theory o f Style,” J o u r n a l o f  A e s ­
th e tic s  a n d  A r t C r it ic is m , 20:227-237 (1962), stresses relational 
values and offers a lucid critique o f  evolutionary notions. r.l. 
scranton, A e s th e tic  A sp e c ts  o f  A n c ie n t A r t (1964), analyzes in 
sharp detail the structure o f  style and applies his conclusions 
to specific works, including literature. herbert read, in the 
introduction to T h e  S ty le s  o f  E u ro p ea n  A r t (1965), emphasizes 
the psychological aspects o f  the subject, rene wellek and 
austin warren, T h eo ry  o f  L ite ra tu re , 3rd rev. ed. (1966), have 
much to say about style in passing, from the standpoint o f  
Anglo-American New Criticism. george kubler, T h e S h a p e  
o f  T im e  (1962), wages brilliant war on conventional art history 
and presents a formal substitute for the concept o f  style, bruce 
allsopp, S ty le  in  th e  V isu a l A r ts  (1956), reviews the history o f  
the concept and stresses the allegedly damaging effects o f  style 
on contemporary artistic activity.

S p e c ia l s tu d ie s:  erwin panofsky, R e n a is s a n c e  a n d  R en a -  
scen ces  in W estern  A rt, 2nd ed., 2 vol. (1965), examines the idea 
o f rebirth in Ita ly  and discusses the significance o f m edieval 
renascences; his M e a n in g  in  th e  V isu a l A r ts  (1955), although 
focussed on iconography, has extensive reflections on style; 
his G o th ic  A rc h itec tu re  a n d  S c h o la s tic is m  (1951) is a study 
in correspondence. etienne souriau, L a  C o rre sp o n d a n ce  d e s  
A rts  (1947), presents a basis for com parative aesthetics. wylie 
sypher, F o u r S ta g e s  o f  R e n a is s a n c e  S ty le  (1955) and R o c o c o  to  
C u b is m  in A r t a n d  L ite r a tu r e  (1960), make good use o f stylistic 
polarities in an analysis o f  painting, sculpture, architecture, 
and literature. rudolf wittkower, A rc h itec tu ra l P r in c ip le s  in  
th e  A g e  o f  H u m a n is m , 3rd ed. rev. (1962), deals in depth w ith  
problems o f symbolism, opties, and harm ony in Renaissance 
buildings. Nikolaus pevsner, T h e E n g lish n e ss  o f  E n g lish  A r t  
(1956), offers one o f the few instances o f a serious historian  
taking the idea o f a national style seriously. g.m.a. grube, T h e  
G re e k  a n d  R o m a n  C ritic s  (1965), discusses stylistic theories 
from  H om er to the 3rd Century ad. walter wiora, D ie  v ie r  
W e lta lte r  d e r  M u s ik  (1961; Eng. trans., T h e  F o u r A g es  o f  M u sic ,  
1965), presents a panorama o f the w orld’s musical styles from  
ancient times to the 20th Century.

C la ss ic a l s tu d ie s:  franz boas, P r im it iv e  A r t  (1927, new ed., 
1962); h. focillon, V ie d es  fo r m e s  (1934; Eng. trans., T h e  L ife  
o f  F o rm s  in A rt, 2nd ed., 1948); p. frankl, D a s  S y s te m  d e r  
K u n s tw isse n sch a ft (1938); a. riegl, S tilfra g en : G ru n d leg u n g en  
z u  e in e r  G esch ich te  d e r  O rn a m e n tik  (1893; 2nd ed., 1923); Hein­
rich wolfflin, R en a is s a n c e  u n d  B a ro c k  (1888; Eng. trans., 
R e n a is s a n c e  a n d  B aroqu e, 1964); D ie  k la ss isc h e  K u n s t (1899; 
Eng. trans., C la ss ic  A rt, 1952, reprinted 1968); and K u n s tg e ­
sch ich tlic h e  G ru n d b eg riffe  (1915; Eng. trans., P r in c ip le s  o f  A r t  
H is to ry , 1932).

B ib lio g ra p h ie s:  Useful short lists o f theoretical works on style
may be found in the above-mentioned publications o f Schapiro 
and Scranton. Longer lists, mixed with other material, may be 
found in those o f Panofsky, Sypher, and Wellek and Warren.

(R.McMu.)



152 Aschelminths

Aschelminths

T he phylum Aschelminthes (or Nemathelminthes) 
includes five diverse classes of wormlike animals, 
mostly of microscopie size: Nematoda (or Nemata), 
Rotifera, Gastrotricha, Kinorhyncha (or Echinodera), and 

Nematomorpha. The American zoologist Libbie H. Hy- 
man, in her classic textbooks on the invertebrates, origi­
nally included Priapulida as a class of the aschelminths, 
but Priapulida are usually not now included. Aschelminths 
have in common a body cavity, the pseudocoel, that arises 
in the embryo in a way different from that found in more 
advanced animals and that has no epithelial lining—i.e., 
it is not a true coelom. Priapulids possess such an ep­
ithelial lining and are therefore coelomates. Aschelminths 
are bilaterally symmetrical, have a tough external cov­
ering, the cuticle, and, except for the kinorhynchs, lack 
Segmentation.

For coverage of related topics in the Macropcedia and 
Micropcedia, see the Propcedia, section 313.
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G EN ERA L FEATURES

Size range and diversity of structure. The five classes of 
aschelminths are of different sizes and varying importance. 
The nematodes are by far the largest group, with 13,000 
to 14,000 named species and many times that number 
undescribed. Most of the described species are parasites of 
human beings, domestic animals, or cultivated plants and 
are therefore of great importance in medicine and agricul- 
ture. Typically, nematodes have a simple wormlike body, 
elongated, without appendages or segmentation, which 
moves with a characteristic sinuous movement, though 
there are exceptions. Parasitic nematodes may be large 
enough to be seen with the naked eye, with a few 50 cen­
timetres (20 inches) or longer and are often referred to as 
roundworms. Most are not parasites and are microscopie, 
between 0.1 and two millimetres (.004 and .08 inch) when 
fully grown, living in soil or aquatic muds or sands.

The rotifers, with about 2,000 known species, are com­
mon microscopie animals in lakes and ponds but also 
occur in the sea and damp soil. Generally between 0.1 and 
0.5 millimetre long, they are usually recognizable under 
the microscope by the water currents set up by rows of 
beating hairlike cilia, which are used to collect food, on 
their heads (the corona).

The gastrotrichs, with at least 450 named species, and of 
a size range similar to rotifers, creep or swim by cilia but 
do not possess a corona. They are found in fresh waters 
and marine mud sand or among plants. The kinorhynchs, 
with about 150 described species, and less than one mil­
limetre long, are little known but not uncommon in ma­
rine sands and muds. The body is segmented and spiny,

with a retractable head. The nematomorphs, with several 
hundred species, are, when juvenile, parasites of insects, 
spiders, centipedes, or marine shrimps. The adults, which 
may be as long as 0.5 to one metre, were formerly called 
horsehair worms because it was believed that they arose 
from horses’ hair that had fallen into the water. Because 
they can become tangled in knots, they are also some­
times called gordian worms. Nematomorphs are long, thin 
worms with a brown, leathery body. They swim or crawl 
with a sinuous movement superficially resembling that 
of nematodes.

Distribution and abundance. Nematodes are the most 
abundant of all multicellular animals and are found wher- 
ever life can be supported. They reach their greatest num­
bers in estuarine mud flats, up to 20,000,000 per square 
metre, decreasing in density in marine muds and sands 
but often reaching one to several million per square me­
tre. Typical densities for terrestrial soils, including forests, 
grasslands, agricultural land, and even arctic tundra, num­
ber several million per square metre. Though basically 
aquatic, as are all aschelminths, nematodes can be found 
in deserts and polar regions because of the ability of some 
to survive drying or freezing conditions in an inactive state 
(cryptobiosis [see below Adaptations]), a capacity shared 
with some rotifers. Unlike many rotifers, however, nema­
todes are not adapted to a free-swimming planktonic life.

Rotifers are common in the surface waters of lakes and 
ponds, often showing short-lived seasonal blooms of sev­
eral thousand per litre. Others attach themselves to aquatic 
plants (sessile rotifers) at even greater densities (tens of 
thousands per litre). Some inhabit the interstices of aquatic 
sediments; at one lake more than 1,000,000 per litre were 
found. They also may be found in the soil and in the sea.

Importance. The aschelminths are primarily partiele 
feeders, grazing on bacteria, microfungi, algae, and proto- 
zoans, though some are predators on other aschelminths. 
As such they play important roles in recycling nutrients, 
which then become available for plant growth, and in 
promoting the decomposition of dead organic matter. As­
chelminths are at the base of many food chains.

The nematodes, however, have a much more direct im­
pact on human welfare as parasites. In agriculture they 
cause great losses in the production of cereals, root crops, 
and many other plants. Crop rotations, the application 
of potentially toxic nematocides, and the development of 
resistant cultivars are required to control their activities. 
One nematode, Bursaphelenchus xylophilus, in association 
with beetles, even destroys pine forests. Nematodes can be 
used in the biological control of some insect pests.
Nematodes cause several of the most serious tropical 

diseases, such as, for example, filariasis, an infestation of 
the lymphatics and subcutaneous and deep tissues that 
causes inflammation and scarring. Filariasis is transmitted 
by biting insects.

Many nematode parasites live in the alimentary canal 
and are spread as infective eggs. Ascaris lumbricoides, a 
human intestinal parasite, is common wherever human 
sewage is used as a fertilizer because its eggs contaminate 
food. Even in the most hygienic countries, most people 
suffer at some time from the human pin worm Enterobius 
vermicularis, an innoeuous inhabitant of the bowel whose 
eggs are passed from person to person. Some species for 
which a human is not the normal host can invade humans 
and cause diseases. For example, the dog roundworm, 
Toxocara canis, can only mature in the dog’s intestine, 
but the microscopie larvae from dog feces can invade 
human tissues and occasionally can cause blindness.

N A TU RA L HISTORY

Reproduction and development. Most aschelminths are 
bisexual; the male inseminates the female during copu-
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lation so that she lays fertilized shelled eggs. In some 
cases, these eggs may have started to develop before being 
laid. Parthenogenesis, by which the female’s eggs develop 
without fertilization, is common. In most rotifers (i.e., 
the order Monogononta) males are smaller and less fre­
quent than females. Monogonot females are of two kinds: 
amictic or mictic. Amictic females produce amictic eggs, 
which develop without being fertilized (parthenogenesis). 
Mictic females lay mictic eggs, which develop into males 
if unfertilized or into amictic females after a period of 
dormancy if fertilized. Of the remaining orders of rotifers, 
males are unknown in the order Bdelloidea, and the order 
Seisonidea is bisexual.
In some terrestrial nematodes, individuals of female ap­

pearance first produce spermatozoa, which are stored and 
then used to fertilize eggs produced by the same gonad; such 
individuals are called protandrous hermaphrodites. Nor­
mal functional males may occur much less frequently in 
the same population. Parthenogenesis also occurs in nema­
todes, sometimes with environmental factors determining 
whether the female’s eggs will develop parthenogenetically 
or require fertilization by a male. Some gastrotrichs are 
parthenogenetic; others are protandrous hermaphrodites. 
Nematomorphs and kinorhynchs are bisexual.

Generally, aschelminth eggs have relatively little yolk, 
and their embryonic development may be technically de­
scribed as holoblastic cleavage (i.e., division of the entife 
egg into separate though contiguous cells), during which a 
blastula (a hollow, single-layered ball of cells) is formed, 
followed by the formation of a gastrula (a hollow, two- 
layered ball of cells). Gastrulation brings the cells destined 
to form the adult organs, derived from mesodermal and 
endodermal layers, and the reproductive cells into the 
interior. The earliest stages of embryonic development in 
rotifers show a limited form of spiral cleavage, also found 
among the flatworms and segmented worms, but such a 
pattem is much less apparent in other aschelminths.

Development is highly determinate, giving rise to a body 
with a relatively constant number of cells in highly char- 
acteristic positions, little, if any, powers of regeneration of 
lost parts, and lack of capacity for asexual reproduction. 
The cuticle, which covers the body, is molted as the body 
grows in nematodes, nematomorphs, and kinorhynchs. In 
nematodes there are four molts separating four juvenile 
(or larval) stages preceding sexual maturity. Sometimes 
there may be substantial growth after the last molt. In 
kinorhynchs a larva of three segments adds more seg­
ments as it grows.
The terrestrial bacteria-feeding nematode Caenorhabditis 

elegans is of interest to developmental biologists because 
unique features have made it invaluable for the analysis 
of the genetics of development and for other aspects. A 
generation may take as little as 3 l/i days to develop, and 
each hermaphrodite lays between 200 and 300 eggs. The 
sequence of cell divisions and differentiations that trans- 
forms the fertilized egg into an adult worm is known in 
precise detail. A highly predictable sequence of divisions 
gives about 550 cells by the time the juvenile worm 
hatches, with all of its organs formed apart from the sex­
ual organs. The place and function of each cell, muscle, 
or nerve, for example, are determined largely by its place 
in the invariant sequence of binary cell divisions (i.e., its 
cell lineage) as well as by Chemical messages from other 
cells. There are 811 cells in the hermaphrodite and 971 in 
the male, in addition to the eggs and sperm. The juvenile 
(or larva) sheds and replaces its cuticle four times before 
becoming a sexually mature adult.

Hundreds of experimentally induced mutated individu­
als have been bred as self-fertilizing genetically identical 
clones, which are invaluable for the study of the genet­
ics (inheritance) of developmental processes. The clones 
can be stored indefinitely at very low temperatures un­
til required and have been used to study a wide range 
of biologie processes. Self-fertilization by hermaphrodites 
facilitates isolating mutated individuals, while Crossing fe­
males with males makes it possible to map the genes on 
the five pairs of non-sex chromosomes and on the one 
pair of sex chromosomes in the female or on the unpaired 
chromosomes in the male. The DNA of C. elegans has

some 80,000,000 base pairs, about 4,000 genes. Geneti­
cally speaking, it is a very simple animal.

Locomotion. Nematodes have a characteristic sinuous 
movement in which waves travel along the body, which 
generally lies on its side, backward waves driving the body 
forward, forward waves driving it backward. These waves 
are brought about by successive contractions of longitu­
dinal body wall muscles, in dorsal and ventral blocks, 
acting out of phase. The muscles increase the hydrostatic 
pressure in the internal tissues, causing the flexible, but 
not very extensible, cuticle to bend and producing graceful 
body curves. The body waves enable nematodes to move 
efficiently through the fluid-filled interstices of mud, sand, 
and soil or to crawl in thin films of water, using the re- 
sistance offered by surface tension. Nematodes also swim 
with body waves but not so efficiently, some of their effort 
being dissipated as turbulence. Nematomorphs move in a 
way similar to nematodes.

Rotifers and gastrotrichs swim by means of beating cilia 
(protoplasmic hairs), which in rotifers also generate food- 
collecting currents. Many rotifers swim continuously close 
to the water surface, while others loop along over surfaces, 
alternately attaching the corona of the head and the toes 
of the tip of the foot to the surface. Some rotifers are ses- 
sile, remaining attached to an object, sometimes building 
a tube by gluing together particles with body secretions 
so that only the head projects. Gastrotrichs glide by using 
cilia to propel themselves over surfaces. The kinorhynchs 
use the repeated eversion and retraction of the spiny front 
end of the body, coupled with muscle contraction, to pull 
themselves forward.

Behaviour. Although their nervous Systems are simple, 
aschelminths can respond to a range of environmental 
stimuli by, for example, attraction, avoidance, feeding, or 
copulation. They respond to touch, temperature gradients, 
Chemicals, and light. Some species in each class have two 
or more pairs of simple eyes capable of indicating the di­
rection and intensity of light but unable to form an image.

Many nematode males are attracted to females by Chemi­
cal attractants (pheromones) released by the female. Plant- 
feeding nematodes are attracted to the roots of host plants. 
C. elegans, a soil inhabitant, is attracted to a number 
of dissolved salts (sodium, potassium, magnesium, and 
chlorine), some amino acids, cyclic nucleic acids, basic 
Solutions (OH- ), pyridine, and the products of its bacterial 
food. Other Chemicals are repellent. Nematodes respond 
with changes in the pattem of body waves and in the fre- 
quency with which their direction of movement is altered.

Adaptations. The ability of some nematodes and ro­
tifers to survive drying or freezing conditions in a state of 
suspended animation, i.e., cryptobiosis or anabiosis, has 
enabled them to inhabit the driest deserts and the coldest 
polar regions, as long as free water occurs occasionally and 
for long enough periods of time for them to reproduce. 
This ability also allows both groups to inhabit large areas 
of the world where the soil is seasonally arid or frozen. 
The plant-parasitic nematode Ditylenchus dipsaci has been 
revived after 23 years in dried plant material. The animal 
responds to negative environmental signs by changing the 
hydration of its proteins and cell membranes, synthesiz- 
ing antifreezes, such as trehalose or glycerol, and storing 
energy. It is possible to store C. elegans, which does not 
naturally tolerate freezing, in a liquid-nitrogen refrigerator 
at very low temperatures and later to revive it after artifi- 
cially infusing glycerol.

Plant- and animal-parasitic nematodes often have infec- 
tive stages that remain quiescent for long periods. A. lum- 
bricoides eggs may infect a host after remaining for several 
years in the soil. The eggs of the cereal cyst nematode 
Heterodera avenae may have to experience winter chili 
before they will hatch in the spring. After long periods of 
inactivity, the eggs of the potato cyst nematode Globodera 
rostochiensis hatch when stimulated by substances diffus- 
ing from the roots of potatoes.

Nematodes from two different orders, Tylenchida and 
Dorylaimida, have mouthparts forming a hollow needle, 
made of cuticle, that acts like a hypodermic syringe (Fig­
ure 1). Digestive juices from pharyngeal glands can be 
pumped out through the stylet and plant and animal juices

Crypto­
biosis
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Figure 1: The heads of stylet-feeding nematodes.
Tylenchid with (A) stylet w ithdrawn and (B) stylet protruded 
as in feeding. Dorylaimid with (C ) stylet w ithdrawn and (D) 
stylet protruded.

pumped back into the pharynx. Many species from these 
two orders feed on plant roots, puncturing plant cell walls 
with their stylets, but others are predatory or parasites of 
invertebrate animals. Some tylenchids invade plant tissues 
to feed as endoparasites.

Associations. Bacteria form mutually beneficial associ­
ations (symbiosis) with nematodes. The insect-pathogenic 
nematodes Steinernema and Heterorhabditis carry differ­
ent species of Xenorhabdus in their intestines, which their 
soil-living infective juveniles inject into any insect they 
can invade. Bacterial toxins kill the insect, and the nema­
todes then multiply for several generations, feeding on the 
bacteria that proliferate in the cadaver. Some stylet-feeding 
dorylaimids aquire plant-pathogenic viruses, which they 
transmit to new plant hosts while feeding.

Many nematodes feed on fungi, while many soil fungi 
specifically attack nematodes. Some soil fungi possess 
sticky traps for nematodes, and others form loops, which 
close tightly around a nematode that pokes its head into 
the trap. The loops respond to specific Chemicals on the 
surface of the nematode cuticle. The nematode is then di- 
gested. Some fungi only form such traps when nematodes 
are in the vicinity.

The pine-wilt nematode B. xylophilus feeds and multi- 
plies on fungi but can also feed on pine tissues. After a pe­
riod of reproduction some juveniles enter a stage in which 
they can invade the wood-boring larvae of certain beetles 
(Cerambycidae). When they become adults, these flying 
insects carry the nematodes to new pine trees, spreading 
the infection and in due course killing the trees.

FORM  A N D  FU N CTIO N

General form and external features. The great majority 
of nematodes have slender, elongated cylindrical bodies, 
without obvious extemal appendages, that move in grace- 
ful curves (see Figure 2). The extemal cuticle that covers 
the whole body is often transparent and may be smooth, 
but it usually has closely spaced grooves, which at high 
magnification can be seen encircling the body (annula-

tion) and which give the animal a segmented appearance. 
Some have a thicker cuticle with obvious annulation, or 
they may have rows of pits, knobs, ridges, bristles, or other 
omamentation. The mouth, at the anterior end, usually 
leads into a cuticle-lined buccal cavity that may be armed 
with a variety of teeth, jaws, or stylets, depending on 
the kind of food usually ingested. The anus is near the 
posterior end, with a short or long, thin post-anal tail, 
the latter facilitating swimming. Most marine nematodes 
have caudal glands in the tail that secrete mucus through 
a pore or spinneret, enabling the worm to maintain a hold 
on an object and not be washed away. The female sexual 
opening (vulva) is usually mid-ventral but may be any- 
where between the head or anus. The male sexual organs 
usually open adjacent to the anus. Two cuticular rods, the 
spicules, used to open the female’s vulva, open into the 
anus. Occasionally, cuticular flaps that surround the male 
sexual opening also clasp the female during copulation.

The adult nematomorph has an elongated cylindrical 
body resembling a nematode. When the fully grown worm 
escapes from the body o f its host it has a rough, thick 
cuticle that becomes darkly coloured. The tip of the head 
is pale and the hind end is lobed where the anal sex 
organs open. When it hatches from the egg, the head of 
the larva possesses a proboscis with stylets that enable it 
to penetrate the body of an appropriate invertebrate host, 
often an insect, in which it completes its growth. 
Gastrotrichs have a short body that swims smoothly by 

means of cilia, which typically are arranged in bunches 
on the head and in bands along the ventral surface of 
the body (Figure 3). The cuticle may be spiny or form 
plates or scales. Adhesive tubes, the outlet of glands, are 
a feature of gastrotrichs also found in kinorhynchs and a 
few unusual nematodes (e.g., Draconema). In gastrotrichs 
there may be many adhesive tubes situated along the sides 
of the body or merely two at the tips of a forked hind 
end of the body. Kinorhynchs have a short body of 13 to 
14 segments with cuticular body spines (Figure 3). There 
is an oral cone at the front armed with stylets, and there 
are further hinged spines around the first segment. The 
first segment together with the spines and stylets can be 
completely withdrawn into the second and third segments.

Rotifers show a great diversity of body form (Figure 3). 
Cilia surround the anterior end of the body and mouth, 
forming the corona. Cilia may form circumoral rings or 
two or more ciliated lobes or be arranged in other ways. 
In some sessile rotifers the corona, which takes the form 
of a ring of long, thin lobes bordered by stiff bristles, 
replaces beating cilia and serves to entrap prey. Behind 
the head, with its corona, is a trunk region leading, in

male

Figure 2: Female and male Rhabditis oxycerca, a free-living 
soil and freshwater bacteria-feeding nematode; enlarged head 
of female at right.

Darkening 
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pharynx intestine

Figure 3: Representative selection of aschelminths.
(Top) A  marine gastrotrich (M acrodasyida) from a sandy 
beach seen from (A) the side and (B ) above. (Centre) A marine 
kinorhynch from estuarine sand with proboscis (A) retracted 
and (B) protruded. (Bottom ) Rotifers showing (A) a freshwater 
bdeiloid and (B ) a sessile floscularid.

many, to a narrower tail, or foot, often ending in two or 
more toes. The foot often has a pair of mucus-secreting 
glands opening on the toes and the cuticle can be annu- 
lated, superficially appearing to form segments. Some free- 
swimming rotifers have a spherical trunk, sometimes with 
long spines extending from it. Many have the trunk cuticle 
strengthened to enclose the body in armour (the lorica).

Internal features. The graceful body waves by which 
nematodes move are brought about by the altemating con- 
traction of dorsal and ventral longitudinal muscles acting 
on the cuticle and opposed by hydrostatic pressure in the 
body tissues. This hydraulic skeleton affects all aspects of 
the nematode. The cuticle must resist Stretching in length 

The cuticle and circumference and yet remain flexible. The cuticle is a 
multilayered structure strengthened by an internal system 
of fibres, struts, or plates. It is secreted by the layer of 
underlying cells, the hypodermis, before each molt. The 
longitudinal muscles are obliquely striated. C. elegans pos- 
sesses the same molecular and biochemical machinery in

its muscle cells as do higher animals, such as vertebrates, 
but is arranged somewhat differently. The cross-banding 
characteristic of striated muscle fibres in vertebrates is 
replaced by bands making a small angle to the long axis 
of the cell. The sarcomeres (the structural units of striated 
muscle that shorten as the muscle contracts) o f nematode 
body wall muscles in adjacent cells are staggered, instead 
of being arranged side by side. Obliquely striated muscles 
contract more slowly than cross-striated muscles, but they 
can maintain tension when stretched to a greater degree, 
which is important in an animal that must coil and uncoil 
a long body. The mouth leads into a pharynx (or esopha- 
gus), which is a muscular pump opened by intrinsic radial 
muscles and closed by the elastic cuticular lining and fluid 
pressure. The pharynx has a triradiate symmetry (Figure 
4). It forces food through the straight non-muscular intes­
tine. A short rectum leads from the intestine to the anus.

The alimentary canal of gastrotrichs and kinorhynchs 
is like that of nematodes. A buccal cavity leads into a 
muscular pharyngeal pump, which is triangulär in cross 
section. It is followed by a simple intestine, without glands, 
the rectum, and the anus. In the nematomorphs the gut is 
greatly reduced, and during their growth as endoparasites 
food is probably absorbed through the body surface.

The alimentary canal of rotifers is quite different. The 
funnellike mouth leads into a pharynx armed with a com­
plex cuticular organ, the mastax, or trophi, which serves to 
masticate food. (The muscular pharynx is called a mastax; 
hard jaws within the pharynx are called trophi.) It takes 
many different forms but basically possesses a fulcrum and 
movable lateral opposable pieces. Food then travels via an 
esophagus to a saclike stomach, from which it passes to an 
intestine and finally to a dorsal anus. The rotifer alimen­
tary canal is unlike that of other aschelminths, with, for 
example, the digestive glands opening into the stomach 
instead of the pharynx. The mastax is unique to rotifers.

The cuticle is secreted by a hypodermis. Instead of 
blocks of longitudinal muscles, there are discrete Strands 
of muscle in the body cavity, and there are also muscles 
around the stomach. There is a spacious body cavity.
Excretory organs, known as protonephridia, are found in
rotifers, many gastrotrichs, and kinorhynchs; they are not
found in nematodes or nematomorphs. Protonephridia
are tubes, usually paired, sometimes branching, that end
blindly within a cell. The cells, called flame cells from
their appearance, set up a water current with waving pro- Flame cells
toplasmic hairs (cilia or flagella). Their primary function
is not excretion but the expulsion of excess water to the
exterior through an excretory pore (i.e., osmoregulation).
Nematodes and nematomorphs lack flame cells, but ne­
matodes possess one or more ventral cells that contain 
canals running along both sides of the body. These canals 
open to the exterior by a ventral pore.
Aschelminths have a simple brain and Systems o f gan- 

ghonated nerves coordinating the muscles and serving the 
sense organs. In nematodes the brain forms a nerve ring 
around the pharynx. Sense organs take the form of nerve 
endings associated with sensitive hairs or papillae con- 
centrated on the head and around the copulatory organs.
Sensory ciliated pits probably are chemoreceptors.

intestinal canal (with microvilli)

Figure 4: Diagrammatic transverse sections through (A) the 
pharyngeal and (B) the intestinal regions of a nematode.
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Reproduc- 
tive organs

Parasitism

In nematodes there are two deep pockets opening near 
the mouth, each containing a gland and a number of 
sensory nerve endings, the amphids. The structure of 
nematode sense organs shows them to be modified cilia, 
whereas normal locomotory cilia do not occur in nema­
todes. Aschelminth eyes, one or more pairs, located on 
the head or within the pharynx, possess a pigment cup, 
nerve endings, and a simple lens.

The reproductive organs are usually paired and tubu­
lär. The female organs consist of an ovary, an oviduct, 
a receptacle for sperm, and a gonopore to the exterior. 
There may be accessory glands and muscles. The eggs are 
fertilized within the gonad following copulation and then 
secrete a Shell. The egg may contain yolk, as in nema­
todes, or enclose separate yolk cells produced in a separate 
organ, as in rotifers. The testis, which may be single or 
double, passes sperm down a sperm duct to the male pore. 
Often this opens together with the anus. There often are 
accessory copulatory organs forming a kind of penis, as in 
many rotifers. Nematodes have a pair of cuticular rods, the 
spicules, to open the female pore, the vulva, which may 
be located ventrally anywhere between the head and the 
anus. Nematode sperm, rather than swimming with a pro- 
toplasmic hair (flagellum), crawl (amoeboid movement).

EV O LU TIO N  A N D  PALEO NTOLOG Y

The only aschelminth fossils known are some nematodes 
in amber, but these are, in geologie terms, recent fossils, 
being not more than about 100,000,000 years old. They 
are similar to, or the same as, living aschelminths. More 
recent still are parasitic nematodes in fossilized feces.

In the absence of useful fossils, the evolutionary history 
of the aschelminths can only tentatively and incompletely 
be reconstructed from their structure and development. 
There are strong similarities in the pharynx, except in 
rotifers, and in the adhesive tubes or caudal glands. There 
are sufficiënt similarities between gastrotrichs and nema­
todes, especially in their digestive organs, to suggest a 
remote common ancestor. One hypothesis suggests that 
in the Precambrian seas these aschelminths inhabited ma­
rine Sediments, but, whereas the gastrotrichs preserved the 
primitive ciliary form of locomotion, the nematodes lost 
functional cilia (though their sense organs show evidence 
of derivation from cilia) and adopted sinuous movements 
powered by muscles to move through the spaces between 
sand, mud, and soil particles. Both invaded fresh wa­
ters, and the nematodes further invaded the soil. The 
kinorhynchs also resemble both groups in a number of 
organ Systems, but Segmentation and the retractable head 
are unique. Their affinities are much less clear, though 
they remain inhabitants of marine Sediments.

The adoption of parasitism has been accompanied by 
a great increase in the size of some nematodes and ne­
matomorphs. There are sufficiënt similarities between ne­
matomorphs and nematodes to make a distant common 
ancestor likely. The marine nematomorphs are probably 
the most primitive. Reduction of the alimentary canal is 
often associated with parasitism. Of the two nematode 
subclasses, the Adenophorea are the most diverse and, 
except for the Dorylaimida, primarily marine and not 
parasitic, while the second subclass, the Secementea, are 
primarily freshwater and terrestrial, with many parasitic 
species. Perhaps the Dorylaimida and Secementea evolved 
with the rise o f the land flora and fauna, many becoming 
parasites o f plants and animals.

The evolution of the rotifers is not clear. They show 
some resemblance to the smallest flatworms (Turbellaria). 
The most primitive are probably the few marine seisonids, 
with the freshwater forms being more advanced.

Protonephridial organs, present in rotifers, gastrotrichs, 
and kinorhynchs, are probably lacking in nematodes and 
nematomorphs because the locomotory system requires 
higher internal hydrostatic pressure. The characteristic, de- 
terminate pattem of cell division in the embryo giving rise 
to an adult o f few cells, even in the larger parasites such as
A. lumbricoides, perhaps can be explained as a primitive 
feature on an ancestral aschelminth adapted to life in the 
small spaces in marine Sediments, where miniaturization 
was an advantage.

CLASSIFICATION

Annotated C la s s i f i c a t io n .

PHYLUM ASCHELMINTHES (or Nemathelminthes)
Multicellular; bilaterally symmetrical; triploblastic; mostly mi­

croscopie, though some parasitic species many centimetres 
long; body surface, mouth, and pharynx covered by the cuticle, 
sometimes with spines, scales, or mouthparts; pseudocoelom; 
includes a mouth, pharynx, intestine, anus, simple brain, and 
sensory and motor nerves; some with protonephridial osmoreg- 
ulatory organs; some possess simple eyes; without respiratory 
or circulatory Systems; reproduction bisexual, parthenogenetic, 
or hermaphroditic, but not asexual. Development determinate, 
with small numbers of cells in predetermined, predictable po- 
sitions in each species.
Class Rotifera
Microscopie free-swimming, crawling, or sedentary animals; 

feeding and swimming by cilia (beating protoplasmic hairs); a 
ciliated organ, the corona, of diverse form, on the head; the 
pharynx, with mastax; body form very diverse, often with an 
elongated foot.
Order Seisonidea. Marine species on the surface of Crustacea; 
not parasitic; weakly developed corona; bisexual.
Order Monogononta. Mostly freshwater; free-swimming or 
sessile; males smaller and less common than females, often 
seasonal; female with single gonad.
Order Bdelloidea. Mostly freshwater; swimming or crawling; 
corona in two parts; retractable head; female gonad paired; no 
males.
Class Gastrotricha
Microscopie; swimming or crawling by means of cilia, often 

in tufts on the head or in bands on the ventral surface of 
the body; cuticle, often with spines, scales, or plates; muscular 
triradiate pharynx, but without corona or mastax.
Order Macrodasyida. Marine; adhesive tubes, often numer­
ous, along the body.
Order Chaetonotida. Mostly freshwater; distinct head and 
forked hind end on the tips of which caudal glands open; 
protonephridia.
Class Kinorhyncha (or Echinodera)
Marine; microscopie; body with 13 or 14 segments; first seg­

ment (the head) with stylets and spines withdraws into the fol­
lowing segments; movement by protruding and retracting head. 
Class Nematoda (or Nemata)
Elongated; cylindrical; crawling or swimming by sinuous 

movements; no functional cilia or flagella; usually less than 2 
mm long; parasitic species may be larger; cuticle smooth, annu- 
lated, or otherwise omamented; triradiate muscular pharynx; 
no protonephridia.
Subclass Adenophorea
Mostly marine; nonparasitic, except Dorylaimida; usually with 

caudal glands and a single ventral excretory cell and pore; 
amphids (lateral cephalic sense organs) posterior to lips.
Order Chromadorida. Mostly marine and nonparasitic; am­
phids spiral or circular; each ovary usually folded back on 
oviduct.
Order Monhysterida. Mostly marine and nonparasitic; am­
phids spiral or circular; single or paired ovaries outstretched.
Order Enoplida. Mostly marine and nonparasitic; amphids 
pocket-shaped; characteristic stretch receptors (metanemes).
Order Dorylaimida. Mostly soil-inhabiting; many feed by 
means of hollow stylet, others by teeth; amphids a slit or pocket; 
includes parasites of invertebrates and vertebrates; large glands 
(stichosomes) associated with pharynx.
Subclass Secementea
Mostly terrestrial or parasitic; without caudal glands; excre­

tory organs often intracellular canals running along sides of 
the body, opening by ventral pore; amphids inconspicuous 
pores on lips.
Order Rhabditida. Mostly nonparasitic; terrestrial; bacteria- 
feeding; pharynx expands posteriorly into a muscular bulb with 
valve.
Order Diplogasterida. Soil-inhabiting; bacteria-feeding or 
predaceous; pharyngeal bulb; mouth often with teeth.
Order Tylenchida. Many feed on higher plants, others on 
fungi or predatory, using stylet; others, insect parasites; mostly 
terrestrial; characteristic hollow, slender mouth stylet; pharynx 
with bulb, valve, and prominent glands.
Order Ascaridida. Very large intestinal parasites; club-shaped 
or cylindrical pharynx.
Order Oxyurida. Intestinal parasites; pharynx with posterior 
valved bulb.



Order Strongylida. Parasitic; often with nonparasitic larvae; 
males with characteristic copulatory muscular flaps (bursa).
Order Spirurida. Parasites of vertebrates; larval stage in in­
vertebrate host; pharynx with muscular and glandular parts; 
includes Filarioidea transmitted by insects.
Class Nematomorpha
Develop as parasites of invertebrates; free-living; reproduce 

sexually as adults; up to 1 m long; elongated; cylindrical; swim­
ming or crawling by sinuous movements.
Order Gordioidea. Freshwater or terrestrial; single ventral hy­
podermal cord; cell-filled body cavity.
Order Nectonematoidea. Marine; dorsal and ventral hypoder­
mal cords; fluid-filled body cavity.

Critical appraisal. The true evolutionary relationships 
of the five aschelminth classes is a problem because it is 
difficult to reconstruct a possible common ancestor and 
because there are no relevant fossils. Since it is a fun­
damental principle of zoology that the Classification of 
animals should be based on their evolutionary history, 
some zoologists treat each of the five classes as a phylum, 
thereby implying that they are not necessarily more closely 
related to one another than to some other simple inverte­
brates. Except for the Nematoda, there is little difficulty 
in subdividing the classes into orders (or separate phyla 
into classes).

With the Nematoda it is difficult to give a satisfactory 
Classification. One reason for this is that those most con- 
cemed, marine biologists, plant pathologists, and animal 
parasitologists, have worked in isolation, each putting for­
ward classifications that raise the ranks and increase the

subdivisions of the nematode groups on which they work, 
while combining and reducing the importance of other 
groups. The leading authorities have proposed irreconcil- 
able hypotheses on the evolutionary history of the nema­
todes, which underline the different classifications.
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Asia

Asia is more a geographical term than a homoge- 
neous continent. The most diverse of all continents, 
it extends over a latitudinal range of 92° from 

north to south, has the greatest range of land height of any 
continent, is subject to climates ranging from Arctic to 
tropical, and produces the most varied forms of Vegetation 
and animal life in consequence. Similarly, its patterns of 
human adaptation range from the lives of the nomads of 
Arabia and Central Asia to those of the crowded cities of 
the Yangtze Basin and the Gangetic Plain.

Asia is the largest continent, occupying 30 percent of the 
world’s land area, with a mainland area of approximately 
17,000,000 square miles (44,000,000 square kilometres). 
To the east the Pacific Ocean forms its natural boundary; 
the chains of islands that include the component territories 
of Japan, Taiwan, the Philippines, and Indonesia are part 
of Asia. To the west the boundary is generally regarded 
as running southward along the eastem slope of the Ural 
Mountains, after which it turns approximately southwest- 
ward to the northem shore of the Caspian Sea, from 
where it again runs generally southwestward to the Kuma 
River, thence following the Kumo-Manych Depression 
northwestward to the Sea of Azov; from the Black Sea,

the coast of Asia Minor and the Mediterranean coast of 
the Levant form Asia’s western limits, after which the 
boundary runs south across the Isthmus of Suez and along 
the coast of the Arabian Peninsula.

This article treats the physical and human geography of 
Asia, followed by discussion of geographical features of 
special interest. For discussion of individual countries of 
the continent, see specific articles by name, e.g., c h in a , 
in d ia , and Ja pa n . Other Asian countries are treated in 
articles on regions under the titles a rabia  and so u th - 
east asia , m a in la n d . For discussion of major cities of 
the continent, see specific articles by name, e.g., d e l h i,
PEKING, and TOKYO—YOKOHAMA METROPOLITAN AREA. 
For discussion of the history of specific Asian regions, see 
the articles palestine  and isläm ic  w o rld , t h e . Related 
topics are discussed in articles on religion (e.g., bu dd h ism ,
THE BUDDHA AND; HINDUISM*, and  ISLAM, MUHAMMAD
a n d  th e  religio n  o f) and arts and literature (e.g.,
CHINESE LITERATURE; JAPANESE LITERATURE; and  SOUTH
asian  arts). For further references, see also the entries 
for these topics in the Index.

The article is divided into the following sections:

Physical and human geography 158 
General considerations 158 
Geological history 162

Elements and processes in the making of the 
continent

Platforms, shields, and geosynclines 
Endogenetic and exogenetic forces 
The mountain-building process 

The territorial formation of Asia
The composition o f  the Continental platforms 
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The geographic pattern o f  Vegetation
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PHYSICAL AND HUMAN GEOGRAPHY
General considerations
Asia is the most populous of the continents, containing 
more than half the human race. The continent includes 
the two most populous countries in the world—China 
and India—in addition to Japan and Indonesia, each of 
which has a densely packed population; among non-Asian 
nations these last two countries are surpassed in numbers 
only by the populations of the Soviet Union (the territory 
of which also extends into Asia) and the United States. 
Two other Asian countries with very large populations 
are Bangladesh and Pakistan. During most of the 20th

Century the population of Asia grew at a rate faster than 
the world average. There is a general awareness in Asia, 
especially in the most populous countries, of the need for 
some regulation of growth. Nevertheless, it appears that— 
barring an unexpected breakthrough in the acceptance of 
birth control—the population of Asia may reach 3,400,- 
000,000 by the year 2000.

The name Asia is very ancient, and its origin has been 
variously explained. The Greeks used it to designate the 
lands situated to the east of their homeland. It is also 
believed that the name may be derived from the Assyrian 
word asu, meaning “east.” Another possible explanation

Origin of 
the name 
Asia
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is that it was originally a local name given to the plains 
of Ephesus and gradually extended to include Anatolia 
(contemporary Asia Minor) and the rest of the continent.

Geological development has resulted in a configuration 
that includes the Arabian massif and the plains of Iraq; the 
mountain beits of Türkey, Iran, and Afghanistan; the great 
Himalayan mountain chain Stretching from Afghanistan 
to the Burmese peninsula; the Indo-Pakistan subcontinent; 
Central Asia; the vast Siberian lowlands extending from 
the Urals to the Pacific; and the great island chains that 
sweep in arcs from Japan to Indonesia.

As a result of this configuration Asia’s population is 
unevenly distributed. Thus, while there has been a con- 
centration of population on the Arabian plains and river 
valleys, in the Indo-Pakistan subcontinent, in Central 
Asia, especially China, and to some extent in the Pacific 
borderlands and on the islands, there are vast areas with 
a low density of population.

Siberia, which represents approximately one-third of the 
land area o f Asia, has an estimated population of about 
11 persons per square mile (four persons per square kilo- 
metre), compared with an average density of 156 persons 
per square mile in the rest of Asia.

The mountain Systems of Central Asia not only have 
provided the great rivers with water from their melting 
snows but also have formed a forbidding natural barrier 
that has influenced the movement of peoples into the 
area. Migration is possible only through mountain passes. 
As a result the historie movement of population has been 
broadly from the arid zones of Central Asia through 
the mountain passes into the Indo-Pakistan subcontinent, 
from China through Southeast Asia to modern Indone­
sia and Malaysia, and from the Arabian Peninsula and 
from India across the Bay of Bengal into Indonesia and 
Malaysia. The Japanese people and, to a lesser extent, the 
Chinese have remained ethnologically more homogeneous 
than the populations of other Asian countries.

Asia’s Asia has been the birthplace of all the great world re-
religious ligions, including Buddhism, Christianity, Hinduism, Is- 
heritage läm, Judaism, Sikhism, Taoism, and Zoroastrianism. Of 

these, only Christianity moved westward; it subsequently 
exerted little influence, in its religious aspects, on Asia, 
although many Asian countries have Christian minorities. 
Buddhism has had a greater impact outside its birthplace 
in India and is prevalent in various forms in China, Ko­
rea, Japan, the Southeast Asian countries, and Sri Lanka. 
Isläm has spread out of Arabia eastward to Afghanistan, 
Pakistan, and India, and thence to Malaysia and Indone­
sia, as well as west and south to several areas of Africa. 
Hinduism, basically a non-proselytizing religion, has been 
mostly confined to the Indian subcontinent.

Before the Industrial Revolution in the 18th and 19th 
centuries, most principal technical achievements began 
in Asia. Three millennia before Christ, Asians knew the 
arts of cooking and pottery and the use of fire for the 
smelting of ores. They had already progressed from no- 
mads to cultivators, using irrigation and practicing erop 
rotation. They had learned to domesticate animals and 
had invented the wheel, the hamess, the saddle, and the 
chariot. They had begun to use a form of paper and had 
developed elaborate scripts. Early Asians were familiar 
with wood carving, stonecutting, and the casting of metals 
and left monuments of stone and metal that still evoke 
admiration and astonishment. They used the art of calcu- 
lation, including the decimal system, and employed means 
of measurement. Various indigenous Systems of medicine 
were developed, many of which are still in use. In ancient 
times major Asian empire-states arose, employing intricate 
Systems of laws and regulations and delegating power and 
authority to institutions o f government at various levels. 

The impact In the 15th Century Asia’s material advances were en- 
of the West vied by people in Europe. The fabled prosperity of Asia 

prompted the movement of adventurous spirits from 
Western nations to Asia and led to the eventual conquest 
of many Asian countries. The Western impact on the 
civilizations o f these Asian countries, on their attitudes, 
and on the development of their political institutions and 
economie Systems will only be referred to briefly here. 
Even though almost all Asian countries have attained

their independence, the era of European conquest and 
colonization has left an indelible mark on much of Asia.
The Asian countries received many benefits by way of the 
establishment of an infrastructure, a system of posts and 
telegraphs, railway and road networks, ports and harbours, 
public health Systems, modemized educational Systems, 
and the rudiments of an apparatus of modem Western- 
style government—civil, judicial, and military—as well as 
the impetus for Publishing newspapers and magazines. On 
the other hand, there was little progress in industrializa- 
tion. The effect of the neglect of industrial development 
during these years of colonization is still noticeable in com­
mercial relations among many Asian countries. Broadly, 
it may be said that the role of most Asian countries— 
with the exception of Japan and a few others that did 
not feel the impact of conquest and colonization—was 
that of primary producers exporting their products to the 
metropolitan countries, where they were tumed into fin- 
ished products and reexported back to the Asian countries.
As a result, most Asian countries have economies that 
are imbalanced, and efforts to produce greater economie 
integration and coordination among Asian countries have 
had only limited success.

In addition to the uncertain economie Situation, the lack 
of any ethnic, religious, or cultural homogeneity among 
the Asian peoples has made it difficult for a common 
Asian political consciousness to arise. In the struggle for 
independence most of the Asian countries developed a 
political philosophy favouring nationalism. Furthermore, 
since achieving independence, many Asian countries seem 
to have lost the unifying force of emergent nationalism 
and are groping to find a substitute for it. Even the 
doctrine of nonalignment, which formerly seemed to be 
common to several Asian countries, has lost its impetus.

In the economie field Asian countries are caught be­
tween two conflicting forces. On the one hand, the need 
to ensure improved levels of living has led to a desire to 
move toward orderly and planned economie and social 
development. On the other hand, many countries there 
have a long tradition of otherworldliness and austerity.
This conflict of forces may produce a new philosophy 
of economie development in Asia that will reconcile the 
need for material progress with the imperative of not 
abandoning spiritual and religious values.

The political forces that are emerging in Asia cannot be 
ignored. China has begun to play an important role in Asia’s 
world affairs; until 1974 it was the only nuclear power in entry 
Asia. Japan has become one of the great industrial nations into the 
of the world and clearly has the capability to develop into nuclear age 
a nuclear power, although the Japanese, in the light of 
their own experience at the end of World War II, have ac­
cepted a Constitution renouncing war as a sovereign right 
of the nation and abjuring the threat or use of force as 
a means of settling international disputes. India became 
a nuclear power in 1974. Nuclear proliferation in Asia, 
coupled with the region’s political instability, is a matter 
of growing international concern.

The modem political history of the continent has resulted 
in part from the political vacuum created by the with- 
drawal of the colonial powers. The continuing disturbed 
political Situation in the Middle East illustrates this fact.
The difficulties that arose between India and Pakistan after 
their independence in 1947 and between Indonesia and 
Malaysia from 1963 to 1968 are clearly part o f the same 
pattem, as are the conflicts that, during the 1960s, 1970s, 
and 1980s, produced war in the countries of Indochina.

With a new awakening of political consciousness, with a 
new spirit of regional Cooperation, and with a new urge 
at the grassroots level for the improvement of living Stan­
dards, there are positive factors at work that could make 
possible a resurgence of Asia. The high rate of popula­
tion growth throughout most of Asia constitutes perhaps 
the greatest negative factor. Several Asian countries have 
shown, however, that even under existing circumstances 
great progress can be made in the limitation of population 
growth. If this trend becomes more widespread, the chance 
that Asia will become economically stronger and socially 
better developed will be correspondingly increased.

(C.V.N./Ed.)
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Geological history
ELEMENTS AND PROCESSES
IN THE MAKING OF THE CONTINENT

Platforms, shields, and geosynclines. Asia consists, in 
part, of several platforms that have been subjected to 
almost no folding since the Precambrian Era, which last- 
ed from 4,600,000,000 to 570,000,000 years ago. It also 
consists of vast regions of folding, formed later in various 
periods or ages, that originated in geosynclines (large and 
generally linear troughs that gradually subsided over long 
periods o f time and subsequently became filled with thick 
accumulations of sediments). Contemporary geosyncline 
Systems, still not Consolidated by folding, join the shores 
of the Asian mainland to the Malay Archipelago, under- 
lie bordering seas such as the Sea of Japan and the Sea 
of Okhotsk, and extend to the island arcs of the Pacific 
Ocean.

The four The principal Continental platforms of Asia are the Si- 
:ontinental berian Platform in the north, the Chinese Platform in the 
platforms east, the Indian Platform in the south, and the Arabian 

Platform in the Southwest. Those parts of the platforms 
where the Precambrian crystalline bedrock is not covered 
by a sedimentary deposit are called shields; almost all the 
shield areas were dry land during the last 500,000,000

years and include the Aldan Shield in eastern Siberia, 
the North Chinese Shield, the Indian Shield in peninsular 
India, and a large part of the Arabian Shield. In addition, 
the Russian Platform has played an important role in the 
geological history of western Asia. Along its western edge 
the folded structures of the Urals and of Kazakhstan were 
formed at the end of the Paleozoic Era (which lasted from
570,000,000 to 225,000,000 years ago).

Endogenetic and exogenetic forces. Two geological 
forces have molded the Asian continent into its present 
configuration. On the one hand are the endogenetic forces, 
which represent vertical or lateral forces originating deep 
within the Earth and that produce fissures in the Earth’s 
crust through which magma, or molten rock, wells up 
in the form of lava or forms intrusive bodies; when it 
solidifies, this rock, called basalt, is described as igneous 
(rock solidified from the molten state). Exogenetic forces, 
on the other hand, represent those endless processes of 
erosion and Sedimentation that take place on the Earth’s 
surface, where rocks are subjected to weathering and de- 
nudation. Associated with these two forces is a principle of 
equilibrium called isostasy, which represents a theoretical 
balance maintained between large sections of the Earth’s 
crust, which act as though they were floating on a dens- 
er underlying layer. In maintaining this equilibrium, less

Structural features of Asia.
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dense material rises vertically while denser material sinks.
The mountain-building process. Mountain building, or 

orogenesis, is the result of folding or thrusting, which 
occurs when thousands of feet of sediment accumulate in 
geosynclines, causing them to sink deeper, thus either ac- 
tivating, or interacting with, vertical or lateral endogenetic 
forces. In this way the geosynclines themselves, represent- 
ing zones of structural weakness between crustal blocks 
or platforms, are folded upward into new mountain Sys­
tems—a process associated with the upwelling of granitic 
magma and the deformation of metamorphic rock (rock 
that has been altered in composition, texture, or internal 
structure as a result of heat and pressure).

THE TERRITORIAL FORMATION OF ASIA

As a result of folding, the intrusion of granite, the swelling 
Blocks and of the Earth’s crust in response to pressures, the isostatic 
zones of uplifting (uplifting caused by equal pressure on all sides) 
folding of mountains, and the drying up of marine basins that 

lay in the geosynclinal regions between the Continental 
platforms, ancient blocks of the Earth’s crust and weaker 
zones of folding were united to form the Asian continent. 
From the formerly inundated geosynclines, several beits 
of folding—including the Alpine-Himalayan belt—were 
formed in the Late Paleozoic Era, the Mesozoic Era (from
225.000. 000 to 65,000,000 years ago), and the Cenozoic 
Era (which is dated from 65,000,000 years ago to the 
present time).

The c o m p o s it io n  o f  the C o n t in e n ta l p la t fo rm s . The Si-
berian Platform. Greatly deformed schists (metamorphic 
rocks containing micaceous minerals), gneisses (rocks in 
which bands rich in granulär minerals alternate with 
bands containing schistose materials), and granites of the 
Precambrian form the basement of the Siberian Platform. 
Extending between the river basins of the Yenisey and 
the Lena, it surfaces within the boundaries of the Aldan 
Shield, north of the Stanovoy Mountains, and the An- 
abar Massif (mountainous mass), west of the Lena River 
and south of the Arctic. In other areas the crystalline 
bedrock is overlain almost horizontally by sedimentary 
rock, including marine and salt lagoon deposits from the 
Cambrian Period (from 570,000,000 to 500,000,000 years 
ago), marine deposits from the Ordovician Period (from
500.000. 000 to 430,000,000 years ago) and the Silurian 
Period (from 430,000,000 to 395,000,000 years ago), as 
well as deposits from the Permian Period (from 280,000,- 
000 to 225,000,000 years ago) containing strata of coal. In 
the western part of the platform, primarily along the edges 
and in the centre of the broad Tungus syncline (a basin 
formed by a downward bend of rock strata), east of the 
Yenisey River, the Paleozoic strata are cut by numerous 
intrusive sills (layers) o f a dark, fine-grained, basaltic rock 
known as traprock, locally associated with copper and 
nickel ores and volcanic pipes (cylindrical veins of vol- 
canic origin) containing diamond-bearing kimberlite (an 
ultrabasic rock of a subcrustal origin). In the Southern part 
of the platform, the lower layers of the sedimentary cover 
consist of thick layers of Precambrian marine sediments 
analogous to the Sinian System in China. They were 
slightly disturbed at the time of the Baikal folding, which

occurred at the end of the Precambrian and during the 
Cambrian Period. Along the northern and eastem edges 
of the platform, there is widespread distribution of coal- 
bearing deposits from the Jurassic Period (from 190,000,- 
000 to 136,000,000 years ago) and the Cretaceous Period 
(from 136,000,000 to 65,000,000 years ago). Mesozoic 
sedimentary series reach particularly great thickness in the 
depressions of the Vilyuy River and in the depression near 
the Verkhoyansk Mountains, which run parallel to the 
Lena River, both areas having natural gas deposits.

The Chinese Platform. The Chinese Platform consists 
of four separate massifs—the North Chinese, the South 
Chinese, the Tarim, and the Tibetan—which probably 
constituted a single platform in the Precambrian. This 
platform appears to have broken up at the beginning of 
the Paleozoic Era, at which time geosynclinal downwarps 
were formed between the separated blocks. As a result of 
the folding that took place in these downwarps during 
the Paleozoic and Mesozoic eras, mountain ranges arose, 
including the Kunlun and the Tsinling (both in China). 
The Precambrian bedrock is exposed on the surface pri­
marily within the boundaries of the North Chinese massif, 
which contains large deposits of ferruginous (iron-bearing) 
quartzite.

During the Silurian Period and the Devonian Period 
(from 395,000,000 to 345,000,000 years ago), the Southern 
part of the platform—as well as almost all o f it during the 
later part of the Cretaceous Period—was subjected to fold­
ing and faulting deformations that were considerably more 
intense than those experienced by platforms elsewhere in 
the world. These deformations were accompanied by in- 
trusions of ore-bearing granite.

The sedimentary rocks overlying the folded bedrock 
(basement) of the Chinese Platform represent, for the most 
part, marine sediments of the Precambrian and Lower Pa­
leozoic (Cambrian, Ordovician, and Silurian) eras; marine 
and Continental deposits from the Devonian, Carbonifer- 
ous (from 345,000,000 to 280,000,000 years ago), and Per­
mian periods, some of which are coal-bearing; and thick 
layers of rocks of the Mesozoic Era, as well as layers from 
the Cenozoic Era in some of the depressions. Among the 
Mesozoic deposits there is an abundance of red fragment- 
ed rocks that were formed when the prevailing climate 
was hot and dry. The sedimentary cover is thickest in the 
synclines of the Ordos Desert region of Inner Mongolia, 
of the Chinese province of Szechwan, and of the Lower 
Huang Ho, as well as in the Mesozoic downwarp of south- 
eastern Korea.

The Arabian Platform. The Arabian Platform, like the 
Indian Platform, is usually considered to have formed a 
part of the continent of Gondwana, which began to split 
apart during the Paleozoic Era. Gondwana is believed 
to have included Africa, Australia, South America, and 
possibly Antarctica, and the two platforms do have much 
in common with these continents. The ancient basement 
of Arabia is composed of Precambrian crystalline rocks, 
which erop out in the western part of the peninsula as 
the Arabian Shield. To the north and east the bedrock 
is buried under thick layers of horizontal or only slight­
ly disturbed Paleozoic rocks; these are mainly sediments

The four
Chinese
massifs

The
crystalline
bedrock

Picturepoint

Jabal Tuw ayq , a prominent escarpm ent that parallels the bulge in the Arabian Shield near 
Riyadh, in central Saudi Arabia.



164 Asia

Areas of 
depression

from the Jurassic and Cretaceous periods and from the 
earlier part of the Cenozoic Era. These sedimentary strata 
lie within the bounds of the Mesopotamian downwarp, 
which occurs in the Persian Gulf region; here the bedrock 
has sunk to a depth of about two and a half miles and 
contains large amounts of petroleum.

The Indian Platform. The Indian Platform covers a 
large part of peninsular India and Sri Lanka. It consists 
of a Precambrian crystalline shield in which broad gra- 
bens (blocks that have been downthrown along faults in 
the rock on either side) along the Godavari River and 
along the Dämodar River farther to the northeast are 
overlain by horizontal deposits o f the Gondwana system. 
These were laid down between early Carboniferous and 
late Jurassic time. The Deccan Plateau, which forms the 
backbone of peninsular India, is itself overlain by basaltic 
lavas (traprock from the Late Cretaceous Period and the 
Early Cenozoic Era). Along the edges of the platform the 
bedrock is covered by marine deposits from the Jurassic, 
Cretaceous, and Tertiary (from 65,000,000 to 2,500,000 
years ago) periods; in the Gulf of Cambay region, off the 
west coast of India, these contain petroleum deposits. To 
the north, the bedrock lies under Cenozoic deposits that 
reach their greatest thickness in the northern part o f the 
Ganges River Basin, in the marginal downwarp at the 
foot of the Himalayas, and in the Indus Basin. Deposits 
of gas and petroleum are associated with the Cenozoic 
marine and Continental sediments, while the Precambrian 
rocks of the shield contain iron and manganese ores. A 
small Precambrian outcrop, the Shillong Plateau massif, 
occupies the eastern part of the platform.

Mountain folding. The Late Precambrian and the Pa­
leozoic eras. Those Asian zones that were folded during 
the Late Precambrian and Early Paleozoic eras consist of 
various kinds of weakly and strongly metamorphosed vol- 
canic and sedimentary rocks. They are cut by intrusions 
of granite, granodiorite (a quartz-bearing rock formed at 
great depth), gabbro (a coarse-grained, dark igneous rock), 
diabase (a rock of basaltic composition), and serpentinous 
ultrabasic rocks (i.e., igneous rocks containing less than 
45 percent of silica). Deposits of gold, copper, tungsten, 
polymetallic {i.e., containing many metals), and other ores 
are associated with these rocks in many areas.

Regions of Late Precambrian and Early Paleozoic folding 
border the Siberian Platform to the west and south. They 
compose the Yenisey Ridge, the Eastern and Western Sa- 
yan ranges, the Kuznetsk Alatau, the higher (alpine) part of 
the Soviet Altai, the Mongolian Altai, and a considerable 
part of the Khangay and Tannu-Ola ranges. Caledonian 
folding—which is to say, folding that took place during the 
Caledonian (i.e., Silurian-Devonian) orogeny (mountain- 
building process)—is also found in the Taymyr Peninsula 
and on the Severnaya Zemlya Islands, in central Kazakh- 
stan, in the northern chains of the Tien Shan, in the 
Kunlun Range, and in southeastern China. In the portion 
of the Caledonian orogeny that occurred during the Devo­
nian Period, a number of large depressions were formed. 
These included the Kuznetsk and Minusinsk basins and 
the depressions in the central part of Tuva. Large reserves 
of coal are concentrated in the deposits laid down in these 
regions in the Carboniferous and Permian periods.
The fold structures of the Hercynian orogeny were 

formed as the result of tectonic activity (movements of 
the Earth’s crust) that occurred during the Middle Paleo­
zoic (Devonian) and Late Paleozoic (Carboniferous and 
Permian) eras; these constitute a broad are traversing the 
central part of the continent. The Hercynian fold struc­
tures have a northeasterly and southerly trend between the 
Russian and Siberian platforms, and a northwest trend in 
Kazakhstan, along the Salair Ridge, and in the Southern 
Altai; run east to west in the Tien Shan, Kunlun, and 
Tsinling ranges; and run northeast in northeastern China. 
According to geophysical data, the Hercynian fold system 
of the Urals, covered toward the south by a horizontal 
layer of Mesozoic and Cenozoic deposits, is joined with 
the Tien Shan. In addition, a branch proceeds from it 
which passes through the Mangyshlak Peninsula toward 
the Donets Basin.

A considerable area of the original Paleozoic fold zones

was levelled by erosion and subsequently sank, forming 
large depressions that were filled to an overall depth of 
between one and four miles with virtually undisturbed 
marine and Continental sediments of the Mesozoic and 
Cenozoic eras. Associated with these depressions are the 
vast West Siberian Plain; the Turgay Downwarp, located 
to the east of the Southern Urals; the Turan Platform in 
the Amu Darya and Syrdarya basins; the depressions of 
Lake Balkhash and of the lower course of the I-li Ho 
(river); the Dzungarian Basin; the Fergana and Turfan de­
pressions; the Tsaidam Basin; the Tungliao or Manchurian 
lowlands in the Sungari River Basin; and others. Only the 
intermontane depressions, those of Fergana and Turfan, 
were affected by slight folding; in the other depressions 
the strata lie almost horizontal. Deposits of petroleum 
and gas are found in almost all these depressions, from 
Western Siberia to the Tsaidam Basin and Manchurian 
Plain in China.

The Mesozoic Era. The belt o f Mesozoic folding in­
cludes northeastern Siberia (the Verkhoyansk and Chersk 
ranges), the Sikhote-Alin Range in the Amur region, a 
large part of Indochina, and possibly the Trans-Himalayas. 
Folded structures, intersected by numerous granite intru­
sions, were formed in all these areas as a result of the 
crumpling of thick layers o f geosynclinal deposits of the 
Permian, Triassic (from 225,000,000 to 190,000,000 years 
ago), Jurassic, and Early Cretaceous periods. Associated 
with these folding beits are gold, tin, and polymetallic ores. 
Moderately large blocks—such as the Kolyma, Indosinian, 
and other massifs, which resemble the Precambrian or Pa­
leozoic platforms in their structure—are enclosed between 
the branches of the broad Mesozoic folding zones.

Mesozoic folding and the upwelling of magma (molten 
rock) also affected adjacent areas, such as the Hercynian 
mountain zone of Mongolia and the Transbaikalia, the 
Caledonian zone of South China, and a considerable part 
of the Chinese Platform. Deposits of tungsten, tin, mercu- 
ry, and other metals are found in these areas.

The Cenozoic Era. During the Early Cenozoic Era, a 
volcanic belt was formed that extends from the Chukotsk 
Peninsula and the shores of the Sea of Okhotsk through 
the eastern slopes of the Sikhote-Alin Range, in South Ko­
rea, to the southeast coast o f China. It runs approximately 
along the border of the Mesozoic and Cenozoic fold zones. 
This volcanic belt is composed of massive accumulations 
of basaltic, andesitic, and acidic lavas dating from the 
Cretaceous and Early Tertiary periods, with many gran­
ite intrusions. It would seem that a series of volcanoes 
extended through this belt in a long are, resembling the 
volcanic island chains of East Asia.

Areas of Cenozoic folding are confined to two zones— 
the Alpine-Himalayan belt that traverses Asia from west 
to east, and the Pacific Ocean belt that runs through 
the island ares to unite with the Alpine-Himalayan belt 
in Indonesia. The Alpine-Himalayan belt was essentially 
formed on the site of the extensive Tethys Geosyncline. 
This geosynclinal ocean, the remains of which are to be 
seen in the Mediterranean and Black seas and in the ma­
rine basins of Indonesia, divided two distinct continents— 
Gondwanaland and Angara, or Angarida—during the Pa­
leozoic, Mesozoic, and Early Cenozoic eras. In the Alpine- 
Himalayan belt itself there may be distinguished two—and 
in places three—curving folded mountain ranges; at times 
these are close together, and at times they diverge. These 
ranges represent slabs or blocks that were overthrust onto 
one another or onto the edges of the neighbouring plat­
forms, forming gigantic and complex anticlines (convex 
folds). The internal parts o f their folded structures were 
sometimes already formed during the Mesozoic Era from 
Mesozoic and Paleozoic sediments that had accumulated 
in the Tethys Geosyncline, while some slopes and foot- 
hills were formed of Tertiary deposits as a result of less 
violent folding. The thick sand-clay strata of the Ceno­
zoic Era, which accumulated at the base o f the mountains 
and in depressions in front of them, often contain gas 
and petroleum.
The northern series of alpine anticlinoria (i.e., series of 

anticlines and synclines so arranged that together they 
form a general arch or anticline) is formed by the Greater
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Caucasus Mountains between the Black and Caspian seas; 
the Turkmen-Khorasan ranges east of the Caspian; and 
the Selseleh-ye Safid Küh (Paropamisus), Pamir, Gissar, 
and Alai ranges. West o f this System of ranges runs still 
another series of folded structures, separated from the first 
series by deep troughs. These consist of the Pontic Moun­
tains, the Lesser Caucasus, and the Elburz Mountains. 
In the related depressions—the Black Sea, the Kolkhida 
(Rion) and Kura-Aras Lowland, and the South Caspian 
basin—are concentrated layers, from three to six miles 
thick, of Cenozoic deposits, which are folded along the 
edges of the depressions. The Southern series of anticli- 
noria is composed of the ranges of the Taurus, Zagros, 
Makran and Soleymän mountains, the Hindu Kush, and 
the Himalayas. Between the northern and Southern series 
of folded mountain ranges are situated the massifs of 
Menderes and Kirsehir in Turkey, and the central Iranian 
massif. The small Georgian block occupies a similar Posi­
tion between the Greater and Lesser Caucasus. All these 
massifs represent regions Consolidated by Precambrian or 
Paleozoic folding, with surface outcrops of bedrock in 
some places; in others, the bedrock is covered by weakly 
folded sedimentary deposits of the Paleozoic, Mesozoic, 
and Cenozoic periods.

Mountain folding in progress. In the folded ranges of 
Burma, Malaysia, and Indonesia there occurs a transition 
from the beit of alpine folding—formed on the site of 
geosynclines that were already landlocked and drained— 
to a Contemporary geosyncline System in which folding 
is not yet complete. This System, the youngest, occu­
pies the area between the Asian continent itself and the 
Pacific Ocean and includes the folded Systems of the Ko- 
ryak Range; the Kamchatka Peninsula; Sakhalin Island; 
Borneo; Celebes Island; the archipelagoes of the Koman- 
dorskiye (Commander), Aleutian, and Kuril islands; and 
the islands of Japan, the Ryukyus, Taiwan, the Philippines, 
the Moluccas, and the Sundas. Within its structure, geoan- 
ticlinal uplifts, consisting of island arcs and mountainous 
peninsulas, may be distinguished, as well as intermontane 
troughs, the Contemporary geosynclinal downwarps of the 
seas bordering Asia, and deep-sea trenches on the periph- 
ery of the Pacific and Indian oceans. The axial parts of the 
folded ranges and island arcs in this zone are usually com­
posed of Mesozoic and Upper Paleozoic deposits; they are 
cut by recent (Tertiary) intrusions and are crowned with 
a series of active volcanoes. The Tertiary deposits of the 
intermontane troughs attain great thickness and contain 
petroleum deposits, such as those of Sakhalin, Japan, and 
Indonesia; they were folded during the Miocene Epoch 
(from 26,000,000 to 7,000,000 years ago) and the Pliocene 
Epoch (from 7,000,000 to 2,500,000 years ago). In some 
places there are folds in the deposits sedimented in the

Quaternary Period (which began 2,500,000 years ago), and 
as a result of large and recent fractures, Cenozoic lavas 
consisting o f basalts and andesites cover vast areas of the 
island regions o f East Asia.

The Alpine-Himalayan beit and, in particular, the Pacif­
ic Ocean beit are both characterized by the active tectonic 
processes peculiar to geosynclinal Systems. A comparative- 
ly rapid horizontal shifting of different parts of the Earth’s 
crust at a speed of between one-quarter and three-quarters 
of an inch a year is taking place, according to geodet- 
ic measurements taken in Japan and Tadzhikistan. Also 
characteristic is intensive vertical movement. This occurs 
in the form of the uplifting of geoanticlines, accompanied 
by the sinking o f neighbouring depressions and strong 
seismic activity. Disturbances of the isostatic equilibrium 
are concentrated in zones where the contrasting nature 
of the vertical movement is the most clearly manifest. 
The foei of earthquake shocks are not confined only to 
those fractures that rupture the Earth’s crust but include 
also the deeply buried zones of folding that are associated 
with fractures. These zones are tilted from the deepwa- 
ter trenches of the Indian and Pacific oceans toward the 
Asian continent at angles of from 20° to 70°. The sources 
of the earthquake shocks lie from 10 to 450 miles (16 to 
720 kilometres) deep (about 150 miles deep in the Hin­
du Kush region). The characteristic movement originating 
from these foei is overthrust folding and upthrusting, and 
it indicates extreme compression of the Earth’s crust. It 
is assumed that along the deep fractures there occurs an 
overthrusting of the island arcs onto the floor of the 
Pacific Ocean, an underthrusting of the Indian Platform 
under the Himalayas, and an analogous movement along 
the buckled edges of all the other outlying downwarps 
and deep-sea trenches. A considerable thickening of the 
Earth’s crust is taking place in the high mountain regions 
of Central Asia and the Himalayas; here the Earth’s crust 
is up to 40 or 50 miles thick, as opposed to 20 to 25 miles 
thick on the low plains and flatlands. This thickening may 
also be related to the lateral compression that is folding 
the Cenozoic strata.

THE PATTERN OF ASIA’S 
PALEOGEOGRAPHIC DEVELOPMENT

The Precambrian era. Although, on the crystalline 
shields of Asia, rocks may be found that are known to 
have been formed 3,000,000,000 years ago, an adequate 
description of the paleogeography of the continent—that is 
to say, of its geography in different eras and periods of geo- 
logical time—can be given only for the last 1,000,000,000 
years. At the beginning of this period, primitive forms of 
animal and plant life appeared, primarily as algae, when 
the vast marine basins of the Precambrian covered the
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geosynclinal regions of the Urals, the Tien Shan, the Al­
tai, the Western Sayans, and South China, as well as the 
Southern parts of the Siberian Platform and the entire Ira- 
nian Massif. At that time Continental sediments, including 
glacial deposits, accumulated over a considerable part of

the Chinese Platform, while regions of erosion where detri- 
tal material was removed were represented by the shields.

The Cambrian and Ordovician periods. During the Harly 
Cambrian Period, the seas began to transgress, covering 
almost all of the Siberian Platform, a large part of the Chi-
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nese Platform, and the northem parts of the Arabian and 
Indian platforms. The transgression reached its maximum 
extent in the middle o f the Cambrian Period, and the seas 
began to recede during the Late Cambrian, particularly 
from the Siberian Platform. But the sea advanced again 
during the Early Ordovician Period, covering almost the 
entire area of the Chinese Platform. The Cambrian and 
Ordovician deposits on the platforms were primarily lime- 
stone, but there were also red sand-clay rocks. Deposits of 
rock salt were associated with the sand-clay rocks in the 
Southern part of the Siberian Platform, in the northwest- 
ern part of the Indian Platform, and in the eastern part 
of the Arabian Platform. Such deposits, and the nature 
of the marine animal life known from the fossil record, 
indicate that these three platforms were situated in a hot 
climatic zone; judging from the paleomagnetic data, the 
Equator then passed through the Southern part of the 
Siberian Platform.
The Silurian Period. The seas receded during the course 

of the Silurian Period; red sediments and evaporites (se- 
diments formed as a result of evaporation) continued to 
be laid down in the western half of the Siberian Platform 
and in other areas. At the end of the Silurian Period and 
in the course of the Devonian Period, all the platforms 
were uplifted and became dry land, except for some of the 
marginal areas and freshwater basins. Meanwhile, during 
the Cambrian, Ordovician, and Silurian periods, marine 
sandy-clayey and carbonate sediments, tuffs (rocks formed 
of compacted volcanic fragments), and lavas continued to 
be deposited in the geosynclines that separated the Rus- 
sian, Siberian, and Chinese platforms from each other, 
as well as from Gondwanaland. The basins, which were 
separated from each other by islands, gradually dried up 
as the result of the Baikal and Caledonian folding; these 
included the basins of the Sayans, a considerable part of 
the Altai, the Khangarulsk, Tannu-Ola, central Kazakh- 
stan, Kunlun, and South China. Large land areas were 
also subjected to volcanic activity.

The Devonian, Carboniferous, and Permian periods. The 
paleogeography of the Late Devonian, Carboniferous, and 
Permian periods is somewhat similar. In place of the 
present continent of Asia there existed, as before, the 
separate, small Continental blocks of the three northern 
platforms, with the enormous continent of Gondwana- 
land to the south of them. Carbonaceous, detrital, and 
volcanic rocks continued to be deposited in the seas of the 
geosynclines separating these blocks. Calcareous sediments 
were also characteristic of the seas covering the massifs of 
Iran and Turkey, part of the Siberian Platform during the 
Devonian Period, and the Southern half of the Chinese 
Platform in the Carboniferous Period. But the area of the 
marine geosynclinal basins was greatly reduced as a re­
sult of subsequent Hercynian folding. The basins between 
the Russian, Siberian, and Chinese platforms almost dis- 
appeared toward the middle of the Permian Period, at 
which time the area o f present-day Mongolia and West­
ern Siberia dried up. Coal-bearing strata that accumulated 
during the Late Carboniferous and Early Permian periods 
on the Indian, Chinese, and Siberian platforms and in 
the intermontane Kuznetsk, Minusinsk, and Tuva basins 
provide evidence that a humid climate then prevailed. In 
India these strata are underlain by glacial deposits of the 
Carboniferous Period.

The Triassic and Jurassic periods. From the beginning 
of the Triassic Period, the northern platforms, together 
with the folded mountain ranges from the Paleozoic Era, 
formed a large continent embracing three-quarters of mod­
em Eurasia. At the same time Gondwanaland split up 
into several gigantic blocks, separated from each other by 
a series of basins, some of which broadened and coalesced 
to form the Indian Ocean. The geosynclinal basins of the 
Mesozoic Era survived in the Tethys Sea, in Northeastern 
Siberia, in the Amur region, in Indochina, and in the belt 
of island arcs located in East and Southeast Asia. Shal- 
low seas or coal-bearing freshwater basins and swamps, 
especially numerous during the Jurassic Period, at times 
covered the lowlands of Western Siberia, the Turan Plain, 
the Iranian Massif, and the Ordos Desert and Szechwan 
Basin.

The Cretaceous Period and the Cenozoic Era. Toward 
the middle of the Cretaceous Period, the areas of Meso­
zoic folding—located in what are now the Verkhoyansk 
Mountains, Sikhote-Alin, and Indochina—dried up, while 
in the course of the Late Cretaceous Period and the Early 
Cenozoic Era a rapid reduction in the size of the Tethys 
Sea took place. Finally, toward the beginning of the Early 
Cenozoic Era, folding in the Himalayas united India with 
the remainder of the continent, and Asia acquired approx- 
imately the outlines it has today. The island arcs and the 
basins of the marginal seas were shaped at the same time. 
The Cretaceous Period and the Cenozoic Era were 

marked by mighty volcanic phenomena throughout East 
Asia. The Pliocene Epoch and Quaternary Period were 
times of vigorous tectonic movements that not only led 
to the uplifting of folded mountain ranges in the Alpine- 
Himalayan belt and in the island arcs but also rejuvenated 
the relief of the ancient folded mountains of the Urals, the 
Tien Shan, the Altai, the Sayans, and other ranges. Today 
an active belt of contemporary seismic activity Stretches 
from the Hindu Kush through the Tien Shan, Mongolia, 
and the Baikal region to the Sea of Okhotsk.

Contemporary developments. The paleoclimatic and pa­
leomagnetic data indicate that considerable shifting was 
taking place—in relation to the North and South poles 
as well as to each other—of those blocks from which 
the Eurasian continent was gradually formed. During the 
course of the early and middle periods of the Paleozoic 
Era, a considerable rapprochement (bringing together) of 
the Russian and Siberian platforms occurred. In the Late 
Carboniferous and Permian periods the Indian Platform 
was situated much closer to the South Pole and was par- 
tially subjected to glaciation. The Siberian Platform, on 
the other hand, was at that time located in the northern 
humid zone; in the Triassic Period the North Pole evident- 
ly lay at its northeastern edge. At the end of the Paleozoic 
Era the Tethys Sea was several times broader than the belt 
of folding that was formed within it in the course of the 
Mesozoic and Cenozoic eras. There are indications of the 
drift of the island arcs toward the shores of the Pacific 
Ocean and of the spreading of the bottoms of the marginal 
seas, such as the Sea of Japan and others, which originally 
developed and deepened in the middle of the Mesozoic 
Era. (P.N.K.)

The land
RELIEF

Asia is the highest of the continents and contains the 
sharpest relief. The highest peak in the world, Mt. Everest, 
which is 29,028 feet (8,848 metres) high; the lowest place 
on the Earth’s land surface, the Dead Sea, which is ap- 
proximately 1,300 feet (400 metres) below sea level; and 
the world’s deepest Continental trough, occupied by Lake 
Baikal, which is 5,315 feet (1,620 metres) deep and whose 
bottom lies at 4,250 feet (1,295 metres) below sea level, 
are all located in Asia.

Asia is also the most extensive of the continents. The 
farthest terminal points of the Asian mainland are Cape 
Chelyuskin in the Soviet Union (77° 43' N) to the north; 
the tip of the Malay Peninsula, Cape Piai, or Bulus (1° 
16' N), to the south; Cape Baba in Turkey (26° 4' E) 
to the west; and Cape Dezhnyova, or East Cape (169° 
40' W), also in the Soviet Union, overlooking the Bering 
Strait, to the east. The shores of Asia are washed by the 
Arctic Ocean on the north, the Pacific Ocean on the east, 
the Indian Ocean and the marginal seas of the Indian 
and Pacific oceans on the south, and by the seas of the 
Atlantic Ocean—the Mediterranean, the Aegean, the Sea 
of Marmara, the Black Sea, and the Azov Sea— as well as 
by the landlocked Caspian Sea, on the west.

Asia is separated from Australia to the southeast by the 
mingled waters of the Indian and Pacific oceans, and from 
North America on the northeast by the Bering Strait. 
The Isthmus of Suez unites Asia with Africa, and it is 
generally agreed that the Suez Canal forms the border 
between them.

The boundary between Asia and Europe is a historical- 
cultural concept that has changed more than once and is
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only as a matter of agreement tied to a specific border- 
line. The most convenient geographic boundary is a line 
drawn along the eastern slope of the Urals, then turning 
west along the Emba j*iver to the Caspian Sea; west of 
the Caspian, the boundary follows the Manych River and 
the Kerch Strait to the Black Sea. From a statistical-eco- 
nomic point of view, the boundary is taken to run along 
those political-administrative borders of the republics and 
oblasti of the Soviet Union that most closely approximate 
this line, which is to say, along the eastern borders of the 
Komi Autonomous Soviet Socialist Republic; the oblasti 
of Arkhangelsk, Sverdlovsk, and Chelyabinsk; the western 
border of the Kazakh S.S.R.; and along the northern bor­
ders of the kraya (territories) of Stavropol and Krasnodar. 
Some authorities consider, however, that the boundary 
runs along the border between the Russian Soviet Feder­
ated Socialist Republic and the Transcaucasian republics 
(the Georgian S.S.R. and the Azerbaijan S.S.R.).

The area of mainland Asia, including the Caucasian 
isthmus, amounts to about 16,750,000 square miles (43,-
400,000 square kilometres), of which the peninsulas— 
Asia Minor to the west; the Arabian Peninsula, peninsular 
India, Indochina, and the Malay Peninsula to the south; 
Korea, Kamchatka, and the Chukotsk Peninsula to the 
east; Taymyr and Yamal to the north—make up about 
3,000,000 square miles.

The islands—Cyprus, Sri Lanka, the Andamans, the 
Malay Archipelago, the Philippines, Hainan, Taiwan, the 
Ryukyus, Japan, the Kurils, Sakhalin, Wrangel Island, the 
New Siberian Islands, and Sevemaya Zemlya—account 
for another 770,000 square miles.

Asia’s coastline is, variously, high and mountainous; low 
and alluvial; terraced as the result of the land being up-

lifted; or “drowned,” where the land has subsided. The 
specific features o f the coastline in some areas—especially 
in the east and southeast—are the result of active volcan- 
ism; of thermal abrasion (resulting from a combination 
of action by sea breakers and of thawing) by the subter- 
ranean fossilized ice (consisting of fossil ice, subsurface 
ice, and ice-formed rock), as in northeastern Siberia; and 
coral building, as in the south-southeastern area.

A characteristic of the surface of Asia is the predomi- 
nance of mountains and plateaus, which form about three- 
quarters of the total area. The highest mountains and 
plateaus occur in Central Asia (Mongolia, Dzungaria, the 
Kashgar region, and Tibet) and Middle Asia (Turkmenia,
Uzbekistan, Tadzhikistan, Kirgiziya, and Kazakhstan), 
which are also characterized by the vastness of their inte- 
rior drainage basins.

The mountain beits. The mountains are grouped in two Asia’s 
large beits. One extends from the Chukchi Peninsula at the mountain 
eastern extremity of Asia through the Kolyma Highlands, ranges 
the Dzhugdzhur Mountains, and the Stanovoy Mountains 
to the mountains of Southern Siberia (the Stanovoy Up- 
lands, the Sayans, and the Altai) and to the Tien Shan 
and Gissar-Alai. The Chersk and Verkhoyansk ranges are 
the western spurs of this belt.

The second belt, in the west, runs in a latitudinal direc- 
tion and includes the West Asian highlands, the Pamirs,
Karakoram, the Tibetan Highlands, and the Himalayas; it 
then turns to the south and southeast, running through the 
Arakan Mountains to the islands o f the Malay Archipelago.
A generally latitudinal branch springs from it in the Pamirs 
region and runs eastward through the Kunlun, Nan Shan, 
and Tsinling mountains. The western part of the second 
mountain belt consists, for a considerable distance, of two
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Sopka (volcano) Krashenirm ikova on the Kamchatka Peninsula 
in Northeastern Siberia.
Novosti Press Agency

series o f mountain chains that converge in dense knots 
in the highlands of Armenia, in the Pamirs, and in the 
southeast of the Tibetan Highlands; the two chains then 
diverge to encompass the interior plateaus—the highlands 
of Asia Minor together with the Anatolian Plateau, and 
the Iranian and Tibetan highlands. At the margins of the 
highlands the mountain chains change direction abruptly 
in the congested mountain knots, but in the intervening 
areas they curve in flowing arcs.

Along the edges of the Central Asian plateaus extend the 
elongated mountain chains of the Greater Khingan, T’ai- 
hang Shan, and the Sino-Tibetan ranges. The Khingan-Bu- 
reya mountains (Bureya and Lesser Khingan mountains) 
demarcate the Zeya-Bureya Depression; the Manchurian- 
Korean mountains and the Sikhote-Alin ranges separate 
the plains of the Amur-Sungari, the Lake Khanka low- 
land, and the Manchurian Plain. The Coastal ranges in 
the southeast consist of the Nan Ling (South China) and 
Annam mountains. In the east, the Koryak Highlands 
rise in the northern section of the Kamchatka-Koryak 
are; in its Southern portion they form the Central Range 
(Sredinny Khrebet) o f Kamchatka. The marginal seas of 
the Pacific Ocean are bordered by the East Asian islands, 
which form the line of arcs that also extends partly onto 
the continent, running from Bomeo to Taiwan, through 
the Ryukyu Islands to Korea, from Honshu to Sakhalin, 
and from the Kuril Islands to Kamchatka.

Detailed discussion of the Altai Mountains, Himalayas, 
Hindu Kush, Karakoram Range, Kunlun Mountains, 
Pamirs, and Tien Shan can be found at the end of this 
article.

The plains and lowlands. Low plains occupy approxi- 
The mately a quarter of Asia, particularly the vast West Siberian
distribu- and Turan plains of the interior. The remaining lowlands
tion of are distributed either in the maritime regions, such as
plains and Northern Siberia, the Yana-Indigirka lowland, Kolyma, 
lowlands and the Chinese Coastal mainland, or in the piedmont de- 

pressions of Mesopotamia, the Indo-Gangetic Plain, and 
mainland Southeast Asia. In addition, there are the inter- 
montane plains of Kashgaria, Dzungaria, Tsaidam, and 
Fergana and the plateaus of middle Siberia and the Gobi. 
The plateaus inside Tibet, the Tien Shan, and the Pamirs 
lie at attitudes as high as 12,000 feet. Many ranges in Mid­
dle and Central Asia reach elevations of 21,000 to 24,000 
feet, but in other mountain chains and massifs they rarely 
exceed 12,000 feet. To the south of the zone of piedmont 
depressions, partially occupied by seas—the Arabian Sea, 
the Bay of Bengal, the Gulf of Oman, the Persian Gulf, 
and, in the Mediterranean, the Cyprus Basin—lie exten­
sive tablelands and plateaus, including the Deccan Plateau 
in India and the Syrian-Arabian Plateau in the west; these 
are enclosed by marginal mountain ranges, such as the 
Western Ghäts in India; the Oman, Hadramawt, Yemen, 
and Hejaz mountains on the Arabian Peninsula; and the 
Lebanon and Anti-Lebanon mountains in the Levant. 
In Central Siberia are the isolated and uplifted Putorana 
Mountains and, situated to the north of them, the Byrran- 
gas Mountains.

The islands. A large part of the islands of Asia are 
mountainous. The highlands of Sri Lanka rise to 8,279 
feet (2,524 metres), Mt. Kinabalu in Malaysia reaches 13,- 
451 feet (4,101 metres), Fuji-san on the Japanese island 
of Honshu has an altitude of 12,385 feet (3,776 metres),

and many volcanoes of Sumatra, Java, and Mindanao 
reach 10,000 feet (3,000 metres). The Kuril-Kamchatka 
island are, which extends onto the Kamchatka Peninsula, 
comprises the Vostochny (East) volcanic range. Especially 
high is the Klyuchevsk group of volcanoes, where the 
highest active volcano in Asia— Klyuchevskaya Sopka—  
rises 15,580 feet (4,750 metres).

Geologie and climatic influences. Mesozoic and Alpine 
foldings created boundaries between basic types of moun­
tains over vast areas of Asia. The contemporary relief o f Forces 
Asia was molded primarily under the influences of: (1) shaping 
ancient processes of planation (levelling); (2) larger vertical Asia’s 
movements of the surface during the later Tertiary and relief 
Quatemary periods; and (3) severe erosive dissection of the 
edges of the uplifted highlands with the accompanying ac- 
cumulation of alluvium in low-lying troughs, which were 
either settling downward or being uplifted more slowly 
than the adjoining heights.

The interior parts of the uplifted highlands, and the 
plateaus and tablelands of peninsular India, Arabia, Syria, 
and Eastern Siberia, which are relatively low-lying but 
composed of resistant rock, have largely preserved their 
ancient peneplaned (levelled) surfaces. Particularly spec- 
tacular uplifting occurred in Central Asia, where for the 
last 30,000,000 years the amplitude o f this uplift of the 
mountain ranges of Tibet, the Pamirs, and the Himalayas 
has exceeded 13,000 feet. The eastern margin, meanwhile, 
underwent subsidences of up to 2,300 feet. Uplifting as a 
result of fractures at great depths, o f which the Kopet-Dag 
and Ferghan mountains provide examples, and of folding 
over a large radius, of which examples may be seen in the 
Tien Shan and Gissar-Alai, played a large role.

Erosional dissection transformed many ancient plateaus 
into mountainous regions. Majestic gorges were carved
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Dhaulägiri, in the Great Himalayas, Nepal, rising to a height 
of 26,810 feet.



70 Asia

lolian
riief

T olcanic 
ones

into the highlands of the western Pamirs and south- 
eastern Tibet; the Himalayas, the Kunluns, the Sayans, 
the Stanovoy Highlands, the Cherski Mountains, and the 
marginal ranges of the West Asian highlands were deeply 
cut by the rivers, creating deep superimposed gorges and 
canyons. ïn many areas, and especially in those regions 
with dry climates, erosion clearly exposed the struc- 
tural forms, including rock layers of different erosional 
resistance.

Vast areas of Middle, Central, and East Asia, particularly 
in the Huang Ho Basin, are covered with loess (a loamy 
unstratified deposit formed by wind or by glacial melt- 
water deposition). There are broad expanses of badlands, 
eolian (wind-produced) relief, and karst topography (lime- 
stone terrain associated with vertical and underground 
drainage), and features associated with ancient glaciation.

The mantle of Quaternary glaciation embraced north- 
western Asia only to 60° N. East of the Khatanga River, 
which flows from Siberia into the Arctic Ocean, only iso- 
lated glaciation of the mantle debris and of the mountains 
occurred because of the extremely dry climate that existed 
in the northeast even at that time. The high mountain 
regions experienced mainly mountain glaciation. There 
are tracés of several periods during which the glaciers ad- 
vanced—periods separated by warmer interglacial epochs. 
Glaciation continues in many of the mountainous areas 
and on the Severnaya Zemlya archipelago. Karakoram, 
the Pamirs, the Tien Shan, the Himalayas, and the eastern 
Hindu Kush are noted for the immensity of their contem­
porary glaciers.

There is an enormous area of permafrost in northern 
Asia that extends to lower latitudes than in any other part 
of the world. Little snowfall occurs, due to the aridity, and 
deep freezing of the soil takes place.

Several lowlands, primarily Coastal plains, are covered 
with marine sediments as the result of recent advances of 
seas, such as the Caspian and the northern seas.

Volcanism added broad lava plateaus and chains of young 
volcanic cones to the relief of Asia. Ancient lavas and 
intrusions of magma, exposed by later erosion, cover the 
terraced plateaus of peninsular India and Central Siberia. 
Extensive zones of young volcanic relief and contempo­
rary volcanism, however, are confined to the unstable arcs 
of the East Asian islands, together with Kamchatka, the 
Philippines, and the Greater and Lesser Sunda Islands.

Recent volcanism is also characteristic of the West Asian 
highlands, the Caucasus, Mongolia, the Manchurian-Ko- 
rean mountains, and the Syrian-Arabian Plateau. In his­
torie times eruptions have also occurred in the interior of 
the continent in the Lesser Khingan Mountains and the 
Anyuy highlands.

The regions of Asia. In geographical literature the prac- 
tice o f dividing Asia into large regions, each grouping 
together a number o f countries, is common. These di-

visions usually consist of North Asia, including Siberia 
and the northeastern edges of the continent; East Asia, 
including the Continental part of the Southern Soviet Far 
East, the East Asian islands, Korea, and eastern and 
northeastern China; Central Asia, including the Tibetan 
Highlands, Dzungaria and Kashgaria in the Sinkiang 
Uighur Autonomous Region, Inner Mongolia, the Gobi, 
and the Sino-Tibetan ranges; Middle Asia, including the 
Turanian Plain, the Pamirs, the Gissar-Alai, and the Tien 
Shan; South Asia, including the Philippine and the Malay 
archipelagoes, Indochina and the Indian Peninsula, the 
Indo-Gangetic Plain, and the Himalayas; and West Asia, 
including the West Asian highlands (Asia Minor, Arme­
nia, and Iran), the Levant, and the Arabian Peninsula. On 
occasion, the Philippines, the Malay Archipelago, and the 
Indochina peninsula, instead of being considered as part 
of South Asia, are grouped separately as Southeast Asia; 
the Arabian Peninsula and the Levant are also sometimes 
grouped together separately as Southwest Asia.

North Asia. The North Asia region includes platform 
plains, plateaus, and folded mountain ranges. Frost weath- 
ering and permafrost have influenced relief.

In Northeast Siberia are found faulted and folded moun­
tains of moderate height, such as the Verkhoyansk, Chersk, 
and Okhotsk-Chaun mountain arcs, formed of Mesozoic 
structures rejuvenated by neo-tectonic uplifting; the Ko- 
ryak Mountains, formed of Cenozoic structures, are also 
in this region. Volcanic activity took place in these areas 
during the Cenozoic Era. Some plateaus are found in the 
areas of the ancient massifs, such as the Kolyma massif. 
Tracés of several former centres of mountain glaciers re- 
main, as well as tracés of lowland originally covered by 
the sea, such as the New Siberian Islands. The Aldan 
Plateau—an ancient peneplain resting on the underlying 
platform that sometimes outcrops on the surface as the 
Aldan Shield—is located in the region. Tracés of ancient 
glaciation are also to be distinguished.

The North Siberian plains consist of the Middle Siberi­
an Tableland and the Lena-Vilyuy lowlands, which are 
platform plateaus and stratified plains that were uplifted 
in the Cenozoic Era. They are composed of terraced and 
dissected mesas with exposed horizontal volcanic intru­
sions; plains formed from uplifted Precambrian blocks; 
a young uplifted mesa, dissected at the edges and partly 
covered with traprock (Putorana Mountains); and the pe- 
ripheral North Siberian lowland, covered with its original 
marine deposits.

The West Siberian Plain is stratified and is composed 
of Early Cenozoic sediments deposited over thicknesses of 
Mesozoic material, in addition to folded bedrock that is 
Hercynian in the west and Caledonian in the east. The 
northern part was earlier subjected to several periods of 
glaciation; in the south the predominant deposits are those 
laid down by glacier streams, as well as alluvial deposits.
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In the northern part of the region are the mountains and 
islands of the Asian Arctic. The archipelago of Severnaya 
Zemlya is formed of fragments of fractured Paleozoic 
folded structures. Throughout the region vigorous con­
temporary glaciation has occurred.

East Asia. Mountains and plains are characteristic of 
the northern part of Continental East Asia. The main 
features in the northern region include the Khingan-Bu- 
rein mountains; the Sikhote-Alin ranges of Khabarovsk 
and Primorsky kraya (territories) in the Soviet Union; 
the Manchurian-Korean highlands running along North 
Korea’s border with China; the East Korean range of the 
Korean Peninsula; the Zeya-Bureya Depression of Amur 
oblast in the Soviet Union; the Liao Ho in Liaoning 
Province, China; the Manchurian Plain and the North 
China Plain; and the Amur and Sungari rivers and 
the Lake Khanka lowlands. Most of these features were 
formed by folding, faulting, or broad zonal subsidence. 
The mountains are separated by alluvial lowlands in areas 
where recent subsidence has occurred.

The mountains of southeastern China were formed from 
Precambrian and Caledonian remnants of the Chinese 
Platform by folding and faulting that occurred during the 
Mesozoic and Cenozoic eras. The mountain ranges are 
numerous, are of low or moderate altitude, and occupy 
most of the surface area, leaving only small, irregular- 
shaped plains.

The islands off the coast of East Asia and the Kamchatka 
Peninsula are related formations. The Ryukyu Islands, 
Japan, Sakhalin, and the Kuril Islands are fragments, up­
lifted in varying degrees, of the Ryukyu-Korean, Honshu- 
Sakhalin, and Kuril-Kamchatka mountain-island arcs. 
Dating from the Mesozoic and Cenozoic eras, these arcs 
have complex knots at their junctions, represented by the 
topography of Kyushu and Hokkaido. The mountains are 
of low or moderate height and are formed of folded and 
faulted blocks; some volcanic mountains and small allu­
vial lowlands are also to be found.
Kamchatka is a mountainous peninsula, formed from 

fragments of the Kamchatka-Koryakskaya and Kurilo- 
Kamchatskaya arcs, which occur in parallel ranges. The 
young folds enclose rigid ancient structures. Cenozoic 
(including contemporary) volcanism is pronounced. Vast 
plains exist that are composed of alluvia with volcanic 
ashes.

Central Asia and South Siberia. Central Asia consists 
of mountains, plateaus, and tablelands formed from frag­
ments of the Siberian and Chinese platforms, peripherally 
surrounded by a folded area formed in the Paleozoic and 
Mesozoic eras.

The mountains of Southern Siberia and Mongolia were 
formed by renewed uplift of old faulted and folded blocks; 
ranges are separated by intermontane troughs. The alpine 
mountains—the Altai, the Mongolian Altai, and the 
Sayano-Tuvan and Stanovoy highlands—are particularly 
noticeable. They have clearly defined features resulting

from ancient glaciation; contemporary glaciation is also 
very active.

The Central Asian plains and tablelands include the 
Takla Makan Desert, the Gobi, and the Ordos Desert. 
Relief features vary from surfaces levelled by erosion in 
the Mesozoic and Cenozoic eras to stratified plateaus with 
low mountains, eroded plateaus on which loess had accu- 
mulated, and vast sandy deserts covered with windborne 
alluvium and lacustrine deposits.

Alpine Asia—sometimes known as High Asia— includes 
the Pamirs and the eastern Hindu Kush, the Kunlun 
Mountains, the Tien Shan, the Gissar-Alai Mountains, 
the Tibetan Highlands, the Karakoram Range, and the 
Himalayas.

The Pamirs and the eastern Hindu Kush are sharply 
uplifted mountains dissected into ridges and gorges in the 
west. There is thick glacial cover; alpine deserts occur on 
the plateaus.

The Kunlun Mountains, the Tien Shan, and the Gissar- 
Alai Mountains belong to an alpine region that was formed 
from folded structures of Paleozoic age. There are glaciers 
of impressive size centred in this alpine region.

The Tibetan Highlands represent a fractured alpine zone 
in which Mesozoic and Cenozoic structures that surround 
an older mass in the centre have experienced more recent 
uplifting. Some of the highlands are covered with detrital 
desert; elsewhere in this region, alpine highlands are dis­
sected by erosion or are covered with glaciers.

The Karakoram Range and the Himalayas include the 
highest mountains in the world; they were formed by 
uplifting that took place in a zone of Cenozoic folds and 
Mesozoic partially folded areas containing outcrops of the 
ancient bedrock. Contemporary glaciation in the region is 
vigorous.

South Asia. South Asia, in the limited sense o f the 
term, consists of peninsular India and Sri Lanka and the 
Indo-Gangetic Plain.

Peninsular India and Sri Lanka are formed of platform 
plateaus and tablelands uplifted in the Mesozoic and 
Cenozoic eras and subjected to humid-climate erosion ever 
since. Tablelands with uplifted margins and terraced and 
dissected plateaus with lava mantles or intrusions may be 
distinguished.

The Indo-Gangetic Plain is formed from the combined 
alluvial plains of the Indus, Ganges, and Brahmaputra 
rivers, which lie in a deep marginal depression running 
north of and parallel to the main range of the Himalayas. 
It is an area of immature subsidence, in which thick 
accumulations of earlier marine sediments and later Con­
tinental deposits that washed down from the mountains 
have been transformed into sandy deserts in the west­
ern arid region.

Southeast Asia. Southeast Asia comprises the Indochina 
Peninsula and the islands and peninsulas to the southeast 
of the Asian continent.

The mainland consists of the western mountain area and
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the central and eastern mountains and plains. The western 
mountain area of Burma is a zone of Cenozoic folding. 
Mountains of medium altitude are formed of folded blocks 
that decrease in size and altitude to the south; the valleys 
are alluvial and broaden out to the south. The central and 
eastern region of Thailand and of Vietnam is character- 
ized by mountains of low and moderate height that have 
been moderately fractured. The region is one of Meso­
zoic structures surrounding an ancient mass known as the 
Cambodian saucer, with which are associated plateaus and 
lowlands filled with accumulated alluvial deposits.
Archipelagoes border the southeastern margin o f Asia, 

consisting mainly of island arcs with which peninsulas 
are associated. The island arcs are bordered by very deep 
oceanic trenches. These arcs are characteristically very un- 
stable and are volcanically active.

The Indian Ocean arcs—the island chains o f Sumatra, 
Java, and the Lesser Sunda Islands— consist o f fragments 
of alpine folds formed from materials of different ages. 
Cenozoic and contemporary volcanic activity is manifest, 
and volcanic mountains as well as alluvial lowlands may 
be distinguished.

Borneo and the Malay Peninsula are formed from frac­
tured Continental land situated at the junction of the 
Alpine-Himalayan and East Asiatic geosynclinal regions; 
contemporary volcanism is absent. The mountains are 
composed of folded and faulted blocks; the lowlands are 
alluvial.

The Pacific Ocean island arcs, including Celebes, the Mo- 
luccas, the Philippine Islands, and Taiwan, are fragments 
of folded alpine structures that were built up by volcanic 
Products during the Cenozoic Era. Volcanic activity and 
the building of coral reefs continue. Mountain areas of 
moderate height, volcanic ranges, alluvial lowlands, and 
coral reef islets may all be distinguished in the region.

M iddle Asia. Middle Asia includes the plains and hills 
lying between the Caspian Sea to the west and Lake Bal- 
khash to the east.

The area between the Caspian and Lake Balkhash is 
composed of flat plains on Continental platforms of folded 
Paleozoic and Mesozoic bedrock. Individual uplifted por- 
tions form low rounded hills (melkosopochniks) in the 
Kazakh region; low mountains on the Mangyshlak and 
Krasnovodsk peninsulas of the Caspian Sea; and mesas (is- 
olated hills with level summits and steeply sloping sides) in 
areas of earlier marine Sedimentation, such as the Ustyurt 
Plateau and the Kara-Kum Desert. Thick accumulations 
of alluvium have been transported by the wind, forming 
sandy deserts in the south. Original marine and lacustrine 
sediments adjoin the shores of the Caspian and Aral seas 
and Lake Balkhash.

West Asia. West Asia includes the highlands of Asia 
Minor, and the Armenian and Iranian highlands.

The highlands of Asia Minor—the Pontic mountain Sys­
tem that parallels the Black Sea, and the Taurus and 
Anatolian tablelands—are areas of severe fragmentation, 
heightened erosional dissection, and isolated occurrences 
of volcanism.

The The Armenian Highlands, which include the Little Cau-
Armenian casus and the Kurd mountains, are severely fragmented.
Highlands Recent uplifting, in the form of a knot of mountain arcs, 

took place during a period of vigorous volcanism that 
occurred in the Cenozoic Era.
The Iranian Highlands represent a combination of moun­

tain arcs (in the north, the Elburz and Turkmen-Khorasan 
mountains, the Selseleh-ye Safid Küh, and the western 
Hindu Kush; in the south, the Zagros, Makran, Soleymän, 
and Kirthar mountains), together with the tablelands of 
the interior, and the Central Iranian, Eastern Iranian, and 
Central Afghanistan mountains. There are isolated Ceno­
zoic volcanoes, a predominance of accumulated remnants 
resulting from ancient erosion, and saline and sandy des­
erts in the depressions and on the tablelands.

Southwest Asia. Southwest Asia, like much o f Southern 
A.sia, is made up of an ancient platform—the northern 
fragments of Gondwanaland— in which sloping plains oc­
cur in the marginal downwarps. Its principal components 
are the Arabian Peninsula and Mesopotamia.

The Arabian Peninsula is a tilted platform, highest along

the Red Sea, on which the stratified plains have under- 
gone erosion under arid conditions. Block tablelands with 
uplifted margins, Cenozoic lava plateaus, stratified plains, 
and cuestas (long, low ridges with a steep face on one 
side and a long gentle slope on the other) may all be 
distinguished. Ancient marine sands and alluvia, resulting 
from previous subsidence and Sedimentation, now take 
the form of sandy deserts.

Mesopotamia consists of the Tigris and Euphrates flood- 
plains and of the deltas from Baghdad to the Persian 
Gulf. The original lowland is covered with late Cenozoic 
and Quaternary Sedimentation; the elevated plain, on the 
other hand, has been dissected by erosion and denudation 
under the Continental conditions prevailing in the Late 
Cenozoic Era.

CLIMATE

Air masses and wind patterns. The enormous expanse 
of Asia and the abundance of mountain barriers and inland 
depressions have resulted in great differences in existing 
conditions of solar radiation, atmospheric circulation, and The 
climate as a whole. A Continental climate, associated with Continental 
large landmasses and characterized by an extreme annual climate 
range of temperature, prevails over a large part of Asia.
Air reaching Asia from the Atlantic Ocean, after passing 
over Europe or Africa, has had time to be transformed 
into Continental air. As a result of the prevalent easterly 
movement of the air masses, as well as the isolating effect 
of the marginal mountain ranges, the influence of sea air 
from the Pacific Ocean extends only to the eastern edge 
of Asia. From the north, Arctic air has unimpeded access 
into the continent. In the south, tropical and equatorial 
air masses predominate, but their penetration to the cen- 
tre of Asia is restricted by the ridges of the latitudinal belt 
of highlands; in the winter months—November through 
March—such penetration is further impeded by the den- 
sity of the cold air masses over the interior.
The contrast between the strong heating of the land­

masses in the summer months from May to September 
and the chilling in winter produces sharp seasonal vari- 
ations in the atmospheric circulation and also enhances 
the role of local centres of atmospheric activity. Winter 
chilling of the Asian landmass develops a persistent high- 
pressure winter anticyclone over Siberia, Mongolia, and 
Tibet, which is normally centred Southwest of Lake Baikal.
Within the zone o f the anticyclone there is relatively little 
strong air movement in protected basins and lowlands, 
but strong winds may affect the higher mountains and 
passes. The anticyclone is fed by subsiding upper air, by 
bursts of Arctic air flowing in from the north, and by 
the persistent westerly air drift that accompanies the gusty 
cyclonic low-pressure cells operating within the Northern 
Hemisphere cyclonic storm system. Drifts of cold, dry air 
move eastward and southward out of the continent, af- 
fecting eastern and Southern Asia during the winter. Only 
a few of the winter cyclonic lows moving eastward out of 
Europe carry clear across Asia, but they do bring greater 
periodic change in weather in Western Siberia than is typ- 
ical in Central Siberia. The zone of lowest temperature—  
the so-called cold pole—is found in the northeast, near 
Verkhoyansk, where temperatures as low as —90° F (—68°
C) are recorded. The outward drift of winter air creates 
a sharp temperature anomaly on Asia’s eastern margin, 
where the climate is colder than the characteristic average 
for each given latitude. But episodic intrusions of oceanic 
air from the east and southeast moderate this anomaly, so 
that temperatures are not as severe here as in the centre 
of the anticyclone.

The zone where the temperate and tropical air masses The polar 
are in contact—called the polar front— shifts southward front 
in winter. This movement is caused by a displacement, in 
the same direction, of the entire system of atmospheric 
circulation—a displacement resulting from the powerful 
climatic influence exerted by the chilled continent. The 
winter rainy season in the Southern parts of the West Asian 
highlands, which is characteristic of the Mediterranean 
climate, is associated with this southerly movement of 
the polar front. In the more northerly areas of West and 
Middle Asia, the effect of cyclonic action is particularly
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strong in the spring, causing the maximum in annual 
precipitation to occur at this season. In summer, the polar 
front shifts northward, causing cyclonic rains in the moun­
tains of Southern Siberia. In West, Middle, and Central 
Asia, a hot, dry, dusty, Continental tropical wind blows at 
this time. Over the basin of the Indus River the heating 
creates a low-pressure area, known as the South Asian 
(or Iranian) low. The Southern monsoon (a rain-bearing 
wind) advances along its southem edge, bringing copious 
rainfall to peninsular India, the southem Himalayas, and 
mainland Southeast Asia. Farther to the west the hot, dry 
air of North Africa and the katabatic (downward) current 
of air from Europe, blowing from the northwest, sweep in 
the direction of this low-pressure area. The aridity of the 
desert-tropical climate of Arabia and Pakistan is related to 
this phenomenon.

In eastern Asia the Pacific Ocean polar front creates 
atmospheric disturbances during the summer. From the 
warm sectors o f cyclones moving westward through this 
region, the warm and moist summer monsoon blows to­
ward the continent. Becoming chilled as it passes over cold 
ocean currents, this air brings fogs and drizzling rains. To 
the south of 38° N, where the warm Kuroshio (Japan) cur­
rent approaches the coast of Japan, the summer monsoon 
brings protracted rains and high humidity; together with 
high temperatures, this creates a hothouse atmosphere.

The summer period over China is a time of variable air 
movement out of the South Pacific. If that drift is strong 
and the summer Continental low-pressure zone is marked, 
a strong summer monsoon may carry moisture well into 
Mongolia. If neither the drift nor the Continental low is 
strong, the China summer monsoon may fail, falter over 
eastern China, or cause irregulär weather patterns that 
may threaten China proper with erop failure.

Typhoons Tropical cyclones, or typhoons, occur along the East 
and Asian weather fronts throughout the year but are most
monsoons severe during the autumn months. These typhoons are

accompanied by very strong winds and torrential rains so 
heavy that the maximum precipitation from the typhoons 
locally may exceed the total amounts received during the 
normal summer monsoons.
In winter the Pacific Ocean polar front is driven back to 

tropical latitudes by a steady drift of cold, dry Siberian 
air. On the East Asian islands the effect of the winter Con­
tinental monsoon is tempered by the surrounding seas. In 
passing over them, it becomes warmed and saturated with 
moisture; then waters the northwestern slopes of the island 
arcs. Occasionally, however, strong bursts of cold air carry 
cold spells as far south as Hong Kong and Manila.

In winter, Continental tropical air prevails in subequato- 
rial Asia; in summer it is replaced by equatorial ocean air. 
The winter season’s dry and warm winds, directed toward 
the equatorial low-pressure axis, are analogous to trade 
winds but simultaneously act as the South Asian Continen­
tal monsoon. The dry spring that follows changes abruptly 
and dramatically into the rainy summer with the onset 
of the monsoon. The summer monsoon brings enormous 
amounts of rain (up to about 25 inches [635 millimetres] 
in a month). Over the areas of Asia close to the Equator— 
southem Sri Lanka, Malaysia, and the Greater Sunda Is­
lands—equatorial air prevails continuously, accompanied 
by even temperatures and abundant rainfall at all seasons. 
The Lesser Sunda Islands have a subequatorial monsoon 
climate; their wet and dry seasons are regulated by the 
calpndar rhythm of the Southern Hemisphere, which is 
characterized by a wet summer from November to Feb- 
ruary and a dry winter from June to October.

The influence of topography. Differences between the 
climatic conditions of the various regions of Asia are deter- 
mined to a considerable degree by topography. Different 
altitudinal climatic zones are most clearly defined on the 
southem slopes of the Himalayas, where they vary from 
the subequatorial and tropical climates of the foothills, at 
the lowest levels, to the snowy climate of the peaks, at 
the highest altitudes. The degree of exposure also plays a 
large role—the different orientation of the opposite slopes 
of the ridges in relation to compass directions and to the 
prevailing winds. The sunny Southern slopes differ from 
the shady northern ones, and windward slopes exposed

to moist ocean winds differ from leeward slopes, which, 
lying in the wind (and rain) shadow, are necessarily drier.
In addition to the physical isolation o f the leeward slopes
from the moisture-laden winds, the foehn effect is also The foehn
found here. This occurs when a strong wind traverses a effect
mountain range and is deflected downward as a warm,
dry, gusty, erratic wind. Contrasts o f climate resulting
from exposure are manifested clearly in the Himalayas,
the Elburz Mountains, Japan, Taiwan, the Philippines, the
Tien Shan, the Transbaikalia, and many other places.

The isolating barrier effect o f the relief on the climate 
appears clearly in the West Asian highlands and in Central 
Asia. In these regions the surrounding mountains isolate 
the tablelands of the interior from the moisture-laden 
winds. The massiveness of the interior highlands is also a 
significant factor; it favours the formation of local anticy- 
clones over them during the cold months of the year.

During the winter season some o f the cyclonic storms 
that move eastward through the Mediterranean Basin 
are deflected south o f the Tibetan Highlands, Crossing 
northern India and southwestem China and then turning 
northeastward to return to the northern cyclic path. Such 
storms do not offen bring winter rain, but they create 
short periods of cloudy, cool, or gusty weather and bring 
snow to the higher mountain ranges.

Temperature. The average January temperature over a 
considerable part of Siberia is below —4° F (—20° C), 
and in the Verkhoyansk region it reaches —58° F (—50°
C). Along the Coastal areas, the proximity of the Pacific 
Ocean moderates the temperatures to from 23° F to 5° F 
(—5° C to —15° C). The January isotherm (a line connect- 
ing points of equal temperature) o f 32° F (0° C) passes 
through Samarkand, Peking, and the island of Honshu.
An isotherm of 68° F (20° C) is traced along the Tropic 
of Cancer and one o ï 11° F (25° C) along the Equator.
In July, when the average temperature is 86° F (30° C), 
the maximum temperatures are found in West Asia and 
in the Thar and Takla Makan deserts. The 68° F (20° C) 
isotherm moves as far as 55° to 60° N, but near the cool 
Pacific Ocean it bends to the south. Along the northern 
coasts of Asia the average temperature in July is below 
50° F (10° C), which is typical for a tundra climate. The 
greatest amplitude in annual temperature range occurs 
near the “cold pole,” which has surprisingly warm Sum­
mers; the annual range may exceed 175° F (91° C).

Rainfall. Annual rainfall in the equatorial belt is ap- 
proximately 80 inches (2,000 millimetres); it is 80 to 120 
inches and more (300 to 500 inches in places) on the 
windward maritime slopes in South and East Asia. In 
Cherrapunji (Meghalaya) 900 inches of rain feil in seven 
months in 1891. Precipitation is less than 40 inches on the 
lee slopes of the subequatorial regions. In the subtropical 
and temperate monsoon climates there is adequate rain- 
fall, amounting to about 24 to 40 inches. Precipitation is 
less than 10 inches in Eastern Siberia and averages six to 
eight inches (but may be less than four inches in some 
places) in the deserts of West, Middle, and Central Asia.

Climatic regions. The distribution pattern o f rainfall 
throughout the year is varied. Relatively uniform moisture 
is characteristic o f the Asian equatorial zone. Maximum 
summer precipitation and minimum winter precipitation 
are the rule in the subequatorial zones and in other re­
gions with monsoon climates, as well as in those areas 
where there is summer movement of the fronts—the po­
lar front in the mountains of Southern Siberia and the 
Arctic front in the subarctic regions. Wet winters and dry 
summers are typical of the Mediterranean climatic region 
in West Asia, where precipitation is associated with the 
winter activity of the polar front. This polar front activity, 
accompanied by maximum precipitation, occurs in the 
spring in the interior parts of the West Asian highlands.
Summer and winter precipitation merges in some parts of 
Asia. In the Kolkhida climate the summer rains—brought 
by the northwesterly Atlantic air currents— merge with 
the cyclonic Mediterranean winter rains. In some areas 
of Japan and eastern China there is uniform precipitation 
when, in addition to the summer monsoon, the winter 
monsoon brings moisture.

As the aggregate result o f these various meteorological
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pattems, the following types of climate may be distin- 
Types of guished in Asia: the tundra climate (associated with the 
climate cold, treeless plains of the Arctic lowlands of Asia); the 

cold, sharply Continental climate of Eastern Siberia; the 
cold, moderately humid Western Siberian climate; the hu­
mid, subtropical Kolkhida climate; the desert climate of 
the temperate zone; the Mediterranean subtropical climate 
of the western edge o f West Asia; the subtropical desert 
climate; the mountain-steppe highland subtropical climate 
of West and Central Asia; the alpine desert climate; the 
climate of the Eastern Pamirs, Karakoram Mountains, 
and Tibetan Highlands; the climate of the tropical deserts; 
the temperate monsoon climate of the Soviet part of the 
Far East, and northern parts o f Japan and East China; the 
subtropical monsoon climate of Southem Japan and of 
Southeastem China; the subequatorial monsoon climate 
of South Asia, eastern Java, and the Lesser Sunda Islands; 
and the equatorial climate of the Greater Sunda Islands.

Many climatic variants can be distinguished that are asso­
ciated with such local topographical features as the degree 
of exposure o f the slopes, the protective effect of the moun­
tains, and altitudinal zonality, with temperatures dropping 
as the altitude increases. Low temperatures, however, are 
also found in low hollows where cold air stagnates or on 
coasts where air is chilled by cold ocean currents. The 
mountain climates, evidently, represent variants of those 
climates that are determined by latitude. All the various 
features of the types of climate mentioned exert a strong 
influence on other natural conditions, as well as on the 
landscape as a whole.

Urban climate. Distinctive variations of climatic char- 
acteristics result from the cultural and economie activities 
of human society. One example of this is provided by 
the microclimates associated with the cities and with large 
industrial complexes. The emission by the cities of quanti- 
ties of dust and gases produces alterations of temperatures 
and changes in wind patterns. Such conditions are char­
acteristic, for example, of Tokyo and the industrial region 
of northern Kyushu in Japan, of Calcutta and the in­

dustrial area of the northeastern part of peninsular India, 
and of the industrial regions of the Kuznetsk Basin in the 
Soviet Union.

DRAIN A GE

Rivers. Asia is a land of great rivers. The Ob, the Irtysh, 
the Yenisey with the Angara, the Lena ( with the waters 
of the Aldan and the Vilyuy), the Yana, the Indigirka, and 
the Kolyma rivers all flow into the Arctic Ocean. Among Rivers of 
rivers draining into the Pacific Ocean are the Anadyr, the the Pacific 
Amur (combined with the Sungari and the Ussuri), the 
Huang Ho, the Yangtze, the Hsi, the Red River (Song 
Hong), the Mekong, and the Chao Phraya. The Salween, 
the Irrawaddy, the Brahmaputra, the Ganges, the Godä- 
vari, the Krishna, and the Indus flow into the Indian 
Ocean, as also does the Shatt al-Arab, which is the con- 
fluence of the Tigris and Euphrates rivers. Only small 
mountain rivers flow from Asia into the Caspian, the Sea 
of Azov, the Black Sea, and the Mediterranean. The Amu 
Darya, the Syrdarya, the I-li, the Chu, the Tarim, the 
Helmand, and the Tedzhen rivers empty into vast interior 
basins. Some of these rivers end in lakes, some end in dry 
deltas in the sands or salt marshes, and some flow into 
oases, where all the water is used to irrigate fields or else 
it evaporates.
All the Siberian rivers freeze over in the winter, and 

some freeze to the bottom. In spring widespread flooding 
occurs. These rivers are important communication routes, 
being used by boats during the summer and as roads for 
sleighs in winter; they also teem with fish.

In the dry regions, where drainage is landlocked, the only 
large rivers are temporary ones fed by snow and glacier 
water in the mountains; they reach their peak water levels 
in summer. Rivers that are not fed by mountain runoff 
have little water; their levels vary sharply, and periodically 
or occasionally they dry up. The rivers of the monsoon 
climate regions reach their maximum volume in summer 
and are utilized for irrigating the rice fields. The Asian 
rivers in the vicinity of the Mediterranean that are not fed
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Average annual precipitation for Asia.

by mountain snows grow shallow in summer and some­
times even dry up. In the equatorial regions, however, the 
rivers are perennially füll of water.

Lakes. The many lakes of Asia vary considerably in 
size and origin. The largest of them—the Caspian and 
Aral seas—are the remains of larger seas. Lakes Baikal, 
Issyk-Kul, and Hövsgöl (Khubsugul), the Dead Sea, and 
others lie in tectonic depressions. The basins of Lakes Van, 
Sevan, and Urmia are, furthermore, encircled by lava, 
and Lake Telets was gouged out by ancient glaciation. A 
number of lakes were formed as the result of landslides 
(Lake Sarez in the Pamirs); karst processes (the lakes of 
the western Taurus, in Turkey); or the formation of lava 
dams (Tsin Bokhu in Northeast China, and several lakes 
in the Kuril Islands). In the volcanic regions of the east- 
ern Asian islands, in the Philippines, and in the Malay 
Archipelago, lakes have formed in craters and calderas. 
The subarctic has a particularly large number of lakes; 
in addition to lakes formed as a result of permafrost and 
subsidence, there are also ancient glacial moraine lakes. 
Many lagunal lakes occur along low coastlines.

The lakes in the internal drainage basins—such as Koko 
Nor, Tuz, and others—are usually saline. Lake Balkhash 
has fresh water in the west and brackish water in the 
east. Lakes through which rivers flow are freshwater and 
regulate the flow of the rivers that issue from them or 
flow into them; examples of these are Lake Baikal, associ­
ated with the Angara River; Lake Khanka (the Sungacha 
and Ussuri rivers); Tung-t’ing Hu and P’o-yang Hu (the 
Yangtze River); and Tonle Sap (the Mekong). Large res­
ervoirs have also been created by the construction of 
hydroelectric stations.

Subterranean water. In arid regions, subterranean water 
is often the only source of water supply. Large accumu- 
lations are known to exist in artesian basins and beneath 
the dipping plains at the foot o f mountains; these are asso­
ciated with the extensive oases of Middle Asia, Kashgaria, 
and many other regions.

Detailed discussion of Asia’s drainage Systems and wa- 
terways, arranged generally from south to north, can be 
found at the end of this article. The discussion for South­
west Asia includes the Caspian Sea, Persian Gulf, Red Sea,
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The Ganges River winds through the fertile plain east of Delhi, 
in northern India.
Harrison Forman

and Tigris and Euphrates rivers. Treatment of South Asia 
includes the Arabian Sea, Bay of Bengal, Brahmaputra 
River, Ganges River, Indus River, and Irrawaddy River. 
For East and Southeast Asia, the Amur River, China Sea, 
Huang Ho, Sea of Japan, Mekong Delta, Yangtze River, 
and Yellow Sea are covered. Discussion of Siberia’s wa- 
terways includes the Lena, Ob, and Yenisey rivers.

SOILS

The soils of Asia are distinctly marked by the combined 
effects of climate, topography, hydrology, organic nature, 
and the economic activities of man. The horizontal zon- 
ality of the climate, the drainage conditions, the existing 
plant and animal life, and agriculture are each related to 
the considerable meridional extension of Asia, which is 
accompanied, of course, by a horizontal zonality of the 
soil cover, which is especially clearly defined in the plains 
of the Continental sector.

The Arctic zone. In the Arctic, where glacial and Arc­
tic deserts predominate, the processes of soil building 
are manifested only in rudimentary form. The soils are 
saturated and are low in humus. The subarctic north of 
Asia is occupied by a timberless zone of tundra Vegeta­
tion. Beneath the tundras, specifically tundra-type soils are 
formed, which are characterized by poor drainage (asso­
ciated with the proximity of permafrost) and only a short 
period in which the decomposition of organic substances 
is possible. This results in the accumulation of undecom- 
posed organic residues in the form of particles of peat. The 
poor drainage creates an oxygen-free medium in which the 
bluish substance known as gley is formed. Thus, peaty- 
gley soils are most characteristic of the tundra. There are 
widespread occurrences of movement by mud glaciers; 
heaving of the ground because of frost; settling or caving 
in of the ground from thawing; and the formation of stone 
rings around central areas of debris in bouldery regions.

The forest tundra. Farther south Stretches the transi- 
tional beit of the forest tundra, where tundra and sparse 
forest alternate with regularity. Tundra soils alternate with 
the soils of the taiga (the cold, swampy forested region 
to the south of the tundra, characterized by very low 
temperatures). The soils below the frozen taiga are called 
cryogenic (i.e., having very low temperatures). In the

mountainous regions the peaty-gley soils are replaced by 
mountain tundra and weakly developed, often embryonic 
soils of detritus and stony fragments.

The forest zone. The forest zone occupies the largest 
part of the temperate zone. Characteristic of soil forma- The 
tion in the forest zone is the leaching process. The forest leaching 
leaves and needles that fall, together with dead remains of process 
the sparse grass cover, are subjected to decomposition by 
organic acids in the litter of the forest floor; the duration 
of the summer season and the amount of precipitation are 
sufficiënt for complete decomposition of the soluble soil 
components; the soil Solutions transport them and leach 
them into deeper soil horizons (layers). The undecom- 
posed quartz grains remain in the upper horizon, which 
is therefore infertile; this layer resembles light-gray ashes, 
which is the reason soils of this type are called podzols 
(“under ashes”). The various subzones of the forest zone 
are subjected to different degrees of leaching. A dense, 
rusty-brown horizon of wash-down (deposition in an un- 
derlying layer of soil) underlies the podzolic portion of 
the soil profile (vertical section of the soil); its colour is 
related to the accumulation of iron and aluminum oxides.
This layer, called orstein, or iron pan, is impervious to 
water and contributes to the self-swamping of the taiga 
forests. East of the Yenisey River, where the forest zone 
for its entire breadth is in the grip o f permafrost, soil 
drainage (and consequently the leaching process) is made 
more difficult; the transfer of substances is complicated 
by freezing and thawing, and therefore the typical podzols 
are replaced by specific cryogenic taiga soils. Marshes and 
bog-type soils are widely distributed over a considerable 
part of the taiga subzones.
The deciduous forest subzones of Asia form two distinct 

areas. In Western Siberia there are small-leafed, primarily 
birch or aspen, forests on gray forest soils. They are more 
gray in colour than the podzols because of the greater 
amount of organic substances— such as tree leaves and 
a more abundant grass cover—feeding these soils. This 
explains their higher content of humus, as well as their 
greater fertility. The second section of the deciduous forest 
subzone has survived in the Far East, Stretching from the 
Lesser Khingan Mountains in the north to the Japanese 
island of Honshu; in this subzone abundant warmth and 
moisture intensify Chemical weathering, and iron oxides 
accumulate even in the surface soil horizons. In this 
manner brown forest soils, known as forest burozems, are 
formed.

The forest-steppe and steppe. Soil cover in the forest- 
steppe region is formed when the ratio o f precipitation to 
evaporation is in equilibrium and as the leaching process of 
the wet season altemates with the upward flow of the soil 
Solutions during the dry period. Under these conditions, Soils rieh 
with abundant organic material resulting from the dense in humus 
Vegetation, intensive accumulation of humus takes place 
in the soil, and dark-coloured soils are formed that are the 
most fertile in all of Asia; known as chemozems, they are 
the most fertile as well as the thickest of the forest-steppe 
and mixed grass subzones. Characteristic o f the wooded- 
meadow plains of the Amur Basin (the “Amur prairies”) 
are meadow soils that are dark, semiboggy, and offen com­
posed of blue gley. In the drier steppes, where Vegetation 
is sparse, the amount of humus is reduced and the content 
of unleached mineral salts is increased; transport o f the 
dissolved salts to the surface by the upward flow of soil 
Solutions is also intensified. Associated with this process is 
a bleaching and salinization of the soil. The drier steppes 
thus form a transitional zone from the shallow southem 
chernozems to the chestnut soils. Broad expanses of the 
forest-steppe and steppe are under cultivation and serve 
as rieh granaries for the cultivation of grain crops. Severe 
wind erosion occurs during the hot, dry seasons. In many 
areas impoverishment of the soil has also developed as the 
result of surface washout and gully erosion, despite the 
preventive efforts that have been made.

Semidesert and desert. Through inner Kazakhstan and 
Mongolia Stretches a zone of semidesert, and through Mid­
dle Asia, Dzungaria, Takla Makan, and Inner Mongolia a 
beit of temperate zone deserts. A belt of subtropical deserts 
extends through the Levant, the Iranian highlands, and the
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Southern edge of Middle Asia. Beneath the semideserts, 
with their mosaic of desert and arid-steppe Vegetation, 
light-chestnut and light-brown semidesert soils form; these 
are low in humus but contain an abundance of strongly 
alkaline soil. Beneath the deserts, where the supply of 
organic substances, as well as the humus content, is ex-

tremely low, gray-brown soils form in the temperate zone; 
gray desert soils (sierozems) form in the arid subtropics. 
Here there is a great deal of saline soil, and agriculture is 
possible only with the use of irrigation, which is feasible 
in the infrequent oases, where specific cultivated types of 
sierozems have formed.
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Only in western Asia is the tropical desert zone clearly 
defined. Broad expanses of this area are characterized by 
embryonic soils and desert crusts, as well as by blowing 
sands.

The Asian Mediterranean. In the maritime areas of 
Iron- the Asiatic Mediterranean—Asia Minor and the Levant—
hearing xerophytic Vegetation (Vegetation structurally adapted to 
soils exist with very little water) of the Mediterranean scrub-

woodland types, known as maquis (evergreen), shiblyak 
(an association of bushes and scrub characteristic of the 
Balkan Peninsula in Europe), and frigana (low-growing, 
prickly, and cushion-like bushes), is prevalent. The pre- 
dominant soils under such Vegetation are brown; they 
have accumulated iron as a result of the intense Chemical 
weathering during the wet Mediterranean winter and of 
the upward flow of soil Solutions during the dry sum­
mer. Frigana Vegetation, characterized by thom bushes, is 
widely represented in the West Asian semidesert highlands. 
Here soils have developed that are transitional between 
the brown soils and the sierozems.

Detailed discussion of the Arabian Desert, the Gobi, the 
Kara-Kum, and the Takla Makan can be found at the end 
of this article.

The subtropical monsoonal regions. Typical of the mon­
soon subtropics are the evergreen forests of the Southern 
portion of the Korean Peninsula, of southwestern Japan, 
and of southeastem China. Intensive Chemical weathering 
during the simultaneously warm and wet summer mon­
soon season results—as it also does in the more southerly 
torrid zones—in the decomposition and carrying away 
from the soil of many minerals, the accumulation of 
residual iron and aluminum oxides, and the consequent 
predominance of red and yellow soils as well as of pod- 
zolized soils. Agriculture, with the irrigation of rice fields, 
is especially widespread on the alluvial soils of the plains, 
which have been cultivated continuously by farmers for 
thousands of years. Terracing of the slopes is a widely 
applied practice.

The subequatorial and equatorial regions. The sube­
quatorial zones of Asia are covered by savannas (grassy 
parklands) and dry-tropical deciduous forests, primarily 
situated in the rain shadow on the leeward slopes, and 
by wet-tropical evergreen forests on the rainy windward 
slopes facing the sea. Intensive leaching followed by evap- 
oration is characteristic of these soils. Under the wet 
tropical forests, red-yellow lateritic (leached and hardened

Tropical Vegetation surrounding fertile rice paddies on the 
island of Java, Indonesia. The active volcano Gunung Merapi 
rises above the clouds in the background.

iron-bearing) soils predominate; beneath the savannas and 
dry tropical forests there are red lateritic soils that change, 
with increasing aridity, to red-brown and desert brown 
soils. Beneath the dry savannas of peninsular India there 
are unique black soils called regurs that are thought to be 
developed from basalt country rock.

In the equatorial zone (southem Malaysia and the Greater 
Sunda Islands), typical tropical rain forests have devel­
oped. In southwestern Sri Lanka and in Java they have 
been almost entirely replaced by an agricultural landscape 
in which mountain slopes and hills are covered with plan- 
tations of tea, coconut palms, and rubber trees. The soils 
are lateritic and are red-yellow or brick-red, with marginal 
degrees of laterization.

In the valleys of the subequatorial and equatorial zones, 
alluvial soils predominate; they have been developed by 
thousands of years of cultivation and irrigation of the rice 
fields. Artificial terracing of the slopes is practiced on a 
very large scale in the mountainous regions, both for pur- 
poses of irrigation and in order to prevent soil erosion.

The mountains. In the mountains, zones of different 
soil types are found at different altitudes. As a mie they 
are skeletal, underdeveloped soils, clearly reflecting the 
differences in rock stmcture and origin and in the degree 
of exposure of the slopes. The boundaries of the vertical 
zones become higher from north to south; the number 
of zones increases. Mountain soils also correspond to the 
different Vegetation zones occurring at different altitudes. 
Under the mountain forests of the northern portion of 
the temperate zone are mountain-podzolic soils. Moun­
tain variants of the gray forest soils and taiga-cryogenic 
soils have also developed; above the tree line they are 
replaced by mountain-tundra soils. Mountain chernozem 
and mountain chestnut soils develop beneath the moun­
tain steppes in the Southern part of the temperate zone; 
brown mountain-forest soils are found in the wetter re­
gions; beneath the alpine and subalpine meadows the 
soils are of the mountain-meadow type. Mountain red 
podzolized, yellow earth, and other lateritic soils are pre- 
dominant in the wet areas of the lower latitudes; in the 
dry areas mountain brown and gray-brown soils, as well 
as mountain gray soils, occur. The alpine steppe and 
desert soils of Central Asia have a number of distinctive 
characteristics.
The correlation of the vertical soil zones and of the 

landscape zones varies with the whole spectmm of ver­
tical zonality. A zone of forest, followed higher up by 
meadows, with snow cover at the highest altitudes, is 
characteristic of the western maritime regions. On lower 
slopes in the western Caucasus, for example, broad-leafed 
mountain forests occur on brown mountain-forest soils; 
above these are coniferous forests on mountain podzolic 
soils, followed by stunted trees, followed in tum by sub­
alpine and alpine meadows on mountain-meadow soils, 
while near the highest ridges perennial snow and glaciers 
are found. Associations of desert, steppe, meadowland, 
and snow zones are widespread in the interior of Asia and 
sometimes include mountain-forest zones. Thus, charac­
teristic of the Tien Shan, for example, is the predominance 
of mountain-desert and semidesert landscapes, which oc­
cur in association with gray-brown and brown mountain 
soils in the foothills of the ranges, while higher up are 
mountain steppes associated with mountain chestnut soils 
and mountain chernozems. Under parts of the mountain 
forest-steppe and the mountain forests, the soils are pod­
zolized. Above the stunted forest zone in the maritime 
sector, mountain-meadow soils occur beneath the mead­
ows, but here, too, a distinctive snowy type of landscape 
occurs in the vicinity of the ridges.

Typical of the mountains of Eastern Siberia are the taiga- 
tundra spectra that occur in vertical zones; thus, moun­
tain taiga on taiga-cryogenic soils is followed by a zone 
of dwarfed trees, followed by mountain tundra, and then 
finally by bald peaks.

In eastern Asia, the subalpine and alpine meadow zones 
with mountain-meadow soils usually disappear; instead, 
mountain-forest landscape extends as far up as the vicinity 
of the crests and is succeeded only by a zone of stunted 
trees. The spectra of the alpine regions of South Asia (the

Under­
developed
mountain
soils
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Himalayas) are distinguished by the most complex variety 
of Vegetation and soil types. (Y.K.Y.)

PLA N T LIFE

In Asia an immense range of Vegetation is found, resulting 
from the continent’s wide diversity of latitude, altitude, 
and climate. Natural conditions, however, are not entirely 
responsible for the associations of trees, plants, and grasses 
of Asia; natural landscapes have been transformed by 80 
centuries of farming.

The geographic pattern of Vegetation. North Asia. The 
natural landscape has been least affected by man in 
sparsely populated North Asia. Vast plains, continental-

The tundra ity, and the neamess of the Arctic Ocean explain the 
presence here of a zone of tundra—cold, treeless plains 
with permanently frozen subsoil—similar to that found in 
the western Soviet Union and in Canada. In more flour- 
ishing parts the tundra has a discontinuous covering of 
lichens, mosses, sedges, rushes, some grasses, cushions of 
bilberries, and dwarf trees of willow and birch; in the far 
north, lichens grow on favourable hillsides. Thanks to the 
greater number of hours of daylight during the summer 
solstice in June, when the Arctic Circle receives the same 
amount of light energy as the tropics, the tundra at this 
season is covered with bright flowers. Nevertheless, climate 
conditions are extreme; in Severnaya Zemlya, along the 
Arctic coast, thawing begins in May and frosts begin in 
August, although in some years frosts may occur at night 
throughout the short summer. The soil never thaws below 
a depth of two or three feet; consequently, hollows are 
badly drained and turn into peat bogs. Windy conditions 
speed up evaporation, and the frozen soil cannot absorb 
water to compensate for this, so that surface drought of- 
ten allows wind erosion and the transport of sediments 
deposited by annual riverine floods.

The tundra belt extends still farther south on higher 
ground. In the Arctic Urals tundra begins at about 3,000 
feet, but at latitude 53° N it begins at 4,250 feet. Tundra 
extends over large areas of the Chersk, Verkhoyansk, and 
the Kamchatka mountains.

The taiga The taiga zone—a belt of coniferous forest—begins south
of the tundra, after a transitional zone of “wooded tun­
dra” and forest galleries, found along streams between 
the tundra-covered watersheds. Taiga, although essentially 
coniferous, is mixed with hardy deciduous trees such as 
aspen and birch; there are sections of grass and shrub 
steppe in the drier zones. Larches account for 37 per­
cent of the Siberian forest, which covers 2,700,000 square 
miles; pines cover 24 percent and spruce 4 percent. The

Sovfoto

Taiga Vegetation growing on the Siberian Lowland of south 
central Siberia.

geographic distribution o f particular types of Vegetation is 
determined chiefly by climate. Spruce, for example, un- 
able to survive temperatures below —36° F (—38° C), is 
not found east of the Yenisey River. The taiga has a thin 
undergrowth of cranberries and bilberries, and there are 
numerous extensive peat bogs.
In Soviet Asia broadleaf deciduous forest does not extend 

eastward beyond the Yenisey River, where it gives way to 
the coniferous forests o f Central Siberia, reappearing in 
Eastern Siberia near the Okhotsk Sea; here poplars, birches, 
and alders are numerous, as well as various conifers and 
larches. Forests around the Ussuri River include maples, 
ashes, walnut, elms, and lindens, in addition to species 
already mentioned. In the direction of China, as described 
below, the landscape becomes transitional.

South of the Siberian forest, the zone of prairie (con- 
tinuous herbaceous cover) is not uninterrupted; forest 
frequently gives way to steppe (discontinuous cover).

Tibet, which is chiefly dry and cold, has a scattered Veg­
etation of halophilic bushes (bushes flourishing in a salty 
environment) and Artemisia’s tufts.

The Far East. In the Far East, the monsoon climate 
brings hot and rainy summers, giving rise to a great va­
riety of temperate and tropical Vegetation. China has the 
most varied Vegetation of any country in the world, with 
about 15,000 species, excluding mushrooms and mosses.
Far Eastern forests are fascinating to botanists because of 
the variety of their plant life; many trees have large, bright 
evergreen leaves, and there is a dense undergrowth with 
abundant creepers.

Japan has 68 percent of its area under forest, whereas 
China is almost entirely deforested, although sizable tracts 
remain untouched in the remote, rugged regions and 
many small areas have been reforested. The reason for this 
is that Japanese scenery was traditionally respected, and 
strict forestry regulations were severely enforced. The best 
examples of Far Eastern forest are found in Japan; for 
example, in the Kii Peninsula. Conifers are the principal 
species used for reforestation in Japan’s policy of restoring 
its forests in order to meet the industrial need for wood.

North of the Yangtze River, much of China was cov­
ered by prime val deciduous forest, most of which has The “true” 
been removed through farming. South o f the Yangtze the Chinese 
“true” Chinese forest was prevalent before 1800. A wild forest 
growth of trees and shrubs survives, however, throughout 
the cultivated areas, and park-like tree growth and stands 
of bamboo are widespread. The “true” forest included 
60 different genera of tall trees, including—among the 
temperate genera—oak and maple, linden, chestnut, horn- 
beam, and a species o f hickory. Tropical genera included 
magnolia, the tulip tree, the camphor tree, the Spanish 
cedar, liquid ambar (a tropical tree of China), catalpa, and 
lianas (vines). A variety of conifers of both hemispheres 
was also to be found, and in the mountains of eastern 
Szechwan there grew a rare and ancient Chinese conifer, 
the metasequoia. Palm trees are found throughout South 
China and South Korea as well as in the southem half 
of Japan; many varieties of bamboo are also found in 
these regions.

The Peking government is proceeding energetically with 
a program of reforestation. The new forests, however, 
consisting largely of pines, do not resemble the primeval 
Chinese forest.

South Asia. The wettest parts of peninsular India, such 
as the Western Ghäts, and of Southeast Asia have mag- 
nificent forests noteworthy for the variety of their plant 
life. The culturally controlled forests of Java and Sumatra 
alone include over 3,000 species of trees. The variety of 
tropical Vegetation is accentuated by the diversity of influ­
ences, such as that of altitude upon climate. Temperate 
pines are found in Sumatra and in the Philippines, where 
eucalyptus also thrives; oaks occur in the mountains of 
New Guinea; and austral Podocarpus (evergreen trees with 
a pulpy fruit) in the eastern Himalayas. In the seasonal 
monsoonal climatic zone of central Indonesia, Thailand,
Burma, and Southern India, the teak forest thrives as an 
open park-like cover with little underbrush.

A notable feature of South Asian Vegetation is the Dipter- 
ocarpacea family (yielding aromatic oils and resins), which
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Vegetation zones of Asia.
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bamboo, widely used in the making of Utensils; and the 
bark of the paper mulberry, used for making bark cloth 
and paper. In addition, silkworms are fed upon mulberry 
leaves; lacquer is made from Rhus vernicifera (lacquer 
tree); and a multitude of other items are obtained from 
plants, including a styptic for stopping hemorrhage, an 
anti-asthmatic agent made from mahuang (a plant yielding 
ephedrine), and a fine fibre, extensively used in weaving, 
derived from ramie, a plant of the nettle family.

Similarly, the forested areas of Southeast Asia provide 
the sparse population with a wide variety of products: fire- 
wood; timber for construction; foodstuffs from a variety of 
trees, plants, and fungi, including sago, taro (a plant with 
an edible, starchy, tuberous rootstock), and mushroom; 
scented resins from sandalwood and eaglewood (an East 
Indian tree with soft resinous wood); and dyes from a 
variety of tubers. Probably the irrigated cultivation of taro 
and rice began in Southeast Asia.

Wheat is indigenous to the humid hill margins of west­
ern Asia; it still grows spontaneously in the hilly fringes 
of Asia Minor. Cherry, peach, and pistachio trees, as well 
as vines, were domesticated in the mountains of western 
Asia. The large acom cups from the forests of Quercus 
aegilops—a species of oak, in western Asia Minor—are 
valued for the abundant tannin they contain.

Commercial forestry. China and the Indian subconti­
nent, with their enormous populations, are today poor in 
timber resources. The best resources of timber for building 
and for paper manufacture are in Siberia. Japan produces 
about 1,600,000,000 cubic feet (45,000,000 cubic metres) 
of timber annually from its controlled forests. The tropical 
and equatorial forests of South Asia are difficult to exploit; 
because of the diversity of species found in these forests, 
commercially valuable trees are mixed with a majority 
that is of no economic value. Some deciduous forests, 
however, are of commercial interest since they are more 
homogeneous and consist of good quality trees. Included Timber 
in this category are the forests o f teak, sal, and ironwood.
Such forests are important in the Burmese economy, tim­
ber being among the more important exports. The coun­
tries o f Indochina, as well as Thailand, Malaysia, and the 
Philippines, are covered with extensive forests, but only a 
small fraction of their timber resources are commercially 
exploited. As in Burma, teak is the most valuable wood, 
but much of the remaining natural timber is of low quality 
and not easily marketable. It is, nevertheless, increasingly 
being recognized that the forests of these countries form 
potentially valuable resources. Malaysia, in particular, is 
encouraging the development of forestry, and although 
overshadowed by rubber and tin, forestry is one of the most 
important Malaysian industries. In western Asia, Turkey 
has launched a program to increase production from its 
forests and thus reduce lumber imports. (P.Gu./Ed.)
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is here represented by more than 500 species. Mangrove 
thrives in muddy deltas along the South Asian coastline. 
In the southernmost areas, the bogs on the land-side edges 
of the mangrove swamps abound with the semi-aquatic 
nipa palm, the leaf fronds of which are widely used for 
thatching.

Hevea brasiliensis, the most successful rubber plant, is 
found in tropical Southeast Asia, where it was introduced 
from South America in the 1870s; it is particularly impor­
tant in plantations in Malaysia and Indonesia.

Primeval evergreen rain forest remains in a few parts 
of South Asia. Secondary forest, which develops where 
temporary Clearings have been made in the original for­
est, covers a much larger area. In drier tropical areas, 
secondary forest is deciduous; where the dry season is 
particularly long, park forest, with trees spaced at wide 
intervals, is found, as in the “sal” (East Indian hardwood) 
forests of India. Extensive fires in such areas have resulted 
in a herbaceous landscape, as in the cogonales (areas of 
coarse tall grasses, used for thatching) of the Philippines.

In the higher mountains of Southeast Asia the cooler hu­
mid tropical climate gives rise to deciduous and coniferous 
temperate forest at altitudes of between about 4,250 feet 
and 10,000 feet. Above this level, low forests of plants, 
mostly shrubs of the heath family, are often found. Di­
verse types of trees grow in the mountain forests of the 
region. The Arakan Mountains of Burma, for example, 
are covered with a thick mantle of little bamboos. In the 
eastern Himalayas sal is intermingled with Castanopsis (a 
small genus of nut-bearing trees) and pines. Above these 
are found forests of shrubs and trees of the laurel family 
and, higher still, oaks and conifers; between about 10,000 
feet and 13,000 feet, forests of firs occur. The central 
Himalayas present strikingly beautiful landscapes in the 
following upward succession: dry sal forest; pine forest; 
cedars, spruces, pines, and oaks; firs, birches, and tall rho- 
dodendrons; above 13,000 feet, bushes of rhododendrons, 
together with junipers; above 16,000 feet, perpetual snows.

West Asia. In western Asia naturally wild Vegetation no 
longer occurs in clearly defined zones but is dispersed in 
small areas. The region is predominantly arid: desertlike 
depressions such as the Kyzylkum in the Kazakh and 
Uzbek regions of the Soviet Union and the Rub' al-Khali 
(Empty Quarter) of the Arabian Peninsula contrast with 
the moist, well-forested mountains that lie between them. 
Three climatic zones, however, characterize western Asia: 
a Continental climate in the northern regions; a dry zone, 
except where northerly winds bring moisture to the moun­
tains, to the south; and a Mediterranean climate along the 
western edges.

A few examples of the variety of Vegetation associated 
with these climatic zones may be cited. In the valleys of the 
dead rivers of the Kara-Kum Desert grows a stränge tree, 
the saxaul, which is oddly shaped, gnarled, and leafless; 
between the galleries of saxauls the desert is interspersed at 
very wide intervals with bushes and tufts of grass. A fringe 
of steppe covers the area between the Fertile Crescent 
(which sweeps in an arc from the Tigris-Euphrates Val­
ley to the Mediterranean) and the north and west of the 
Syrian Desert. With more than 2,000 species of plants— 
more than in the whole of the Sahara—the borders of the 
latter desert are noteworthy for their floral variety. The 
moist northern slopes of the Pontic Mountains in north­
ern Turkey are covered by magnificent forests of beeches 
and conifers, with an undergrowth of tall cherrylowels, 
hollies, and creepers. This type of forest is also found in 
Georgia and on the northern slopes of the Elburz Moun­
tains in Iran. Along the Mediterranean border of Asia the 
Vegetation is similar to that in other parts of the Mediter­
ranean region: holm oak (an evergreen oak), Aleppo pine 
(characteristic of the city of Aleppo), cistus, mastic tree 
(which yields mastic, used as a chewing gum), and other 
species are found in landscapes of thick underbrush and 
open scrubland.

Man and Vegetation. Vegetation in traditional civiliza- 
tion. Asia’s indigenous Vegetation has provided many ed­
ible products, such as stone fruits, citrus fruits, bananas, 
mangoes, soybeans, and tea; building materials, such as 
wood, bamboo, and thatch; cotton and straw for clothing;

The Himalayas, Stretching from east to west, form a barrier 
largely preventing the movement of animals southward 
or northward. Thus, Asia north of the Himalayas, with 
parts of western Asia and most of the Far East, belongs to 
the Palearctic (literally “ancient Arctic”) zoogeographical 
region. Asia south of the Himalayas is called the Oriental, 
or Indian, Region. The boundary dividing these zones east 
and west of the Himalayas is not well marked, however, 
as there the mountain chains often have a north-south 
trend facilitating migration o f animals between them.

The Palearctic Region. A distinction can be made be­
tween the animal life of the tundra in the north and that 
of the adjacent taiga farther south; the taiga in turn merges 
into the steppes, which have their own distinctive forms 
of animal life. The tundra subsoil is frozen throughout 
the year; hence, burrowing animals cannot live there, and, 
as the tundra is partly free from snow only during the 
short summer, conditions for life are poor. Most animals, 
including reindeer, Arctic hare, Arctic fox, and wolf, live 
here in summer only and migrate in autumn, but the 
lemmings (small rodents of circumpolar distribution) stay, 
feeding on the herbage buried beneath the snow. Hiber­
nation is impossible, for the short summer does not allow 
the necessary accumulation of food reserve in the body.
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Düring the summer, birds are numerous but they also 
desert the tundra in winter, except for such birds as the 
willow grouse and the ptarmigan, which live in tunnels in 
the snow, feeding on berries and leaves. Many species of 
waders, such as the gray plover, the sanderling, and several 
kinds of sandpipers, migrate to the tundra and breed there 
in the summers, feeding principally on the mosquitoes 
in the wet areas. Mosquitoes are also the staple food of 
passerine birds (true perching birds), such as the snow 
bunting and the Lapland bunting. Gyrfalcons (a subgenus 
of large Arctic falcons), rough-legged buzzards, and skuas 
(large, dark-coloured rapacious birds of northern seas) prey 
on these smaller birds and on lemmings. Several kinds of 
geese and ducks, Arctic tern, and three species of divers 
occupy the moist parts.

The taiga The taiga fauna is much richer than that of the tundra.
fauna The taiga is the haunt of brown bear, wolf, glutton (a

kind of wolverine), otter, ermine, sable, lynx, elk, for­
est reindeer, hare, and several kinds of squirrel. Birds 
include various kinds of grouse and woodpecker, pine 
grosbeak, crossbill, siskin, redpoll, red-spotted bluethroat, 
rubythroat, redwing, fieldfare (a medium-sized thrush), 
nutcracker, Siberian jay, and others. Wading birds include 
the terek sandpiper, which frequents marshes and pools.

The rivers of North Asia are inhabited by many com­
mon freshwater fishes and by several kinds of sturgeons, 
including the Sterlet. Lake Baikal has a peculiar animal 
life, including many native species of sponges, worms, and 
crustaceans and a native species o f seal.

The animal life of the steppes differs as much from that 
of the taiga as that of the tundra. It includes many burrow- 
ing rodents, such as jerboas, marmots, and piping hares, 
and, among larger animals, large numbers of antelope. 
The steppes were the original home of the northern cattle 
(Bos taurus), the horse, and probably the Bactrian (two- 
humped) camel; it is doubtful that any of these remain as 
truly wild animals. Typical birds are bustards, quails, sand 
grouse, and the red-legged hobby. Hoopoes and rollers are 
common locally, and bee eaters and the common sand 
martin nest along riverbanks. Waterfowl inhabit the reed 
beds of the great rivers, as do locusts, which migrate in 
almost unbelievably large numbers, devastating crops.

Wild sheep and goats live in the mountains and on the 
plateau to the north of the Himalayas. Tibet is the home 
of the wild yak, which is in great danger of extermination, 
although the domesticated yak survives.

The eastern part of the region, comprising Northeast and 
eastern China, has several peculiar kinds of deer. The 
Siberian tiger, originally native to southeastern Siberia, 
Manchuria, and Korea, has spread southward through 
eastern China into all of Southeast Asia and northern In­
dia. The giant panda inhabits the lower mountain margin 
of China bordering Tibet; the lesser panda is a Himalayan 
animal. Associated with the wastelands of the higher Hi­
malayas is a legendary form of higher animal life—the 
yeti, or “Abominable Snowman.” Some species of animals 
are peculiar to Japan, including a monkey related to the 
tailless Barbary ape of Gibraltar.

The large rivers of China have a rieh fish life, among 
which Psephurus gladius (paddlefish) from the Yangtze 
and Huang Ho is of interest, as it is one of the two sur- 
vivors of an otherwise extinct family, the other remnant of 
which is the paddlefish of North America. Another fresh­
water animal is the giant salamander, found in Japanese 
waters. Southeast Asia and Southern China are the home 
of most of the carp family, from which the various forms 
of goldfish are derived.

The animal life of Asia Minor is much like that o f other 
Mediterranean countries, but that of Israel, Syria, and 
Arabia also includes an African element, such as a species 
of coney and—in Lake Tiberias and the Dead Sea— fishes 
of the African genus Tilapia (the Nile perch). The donkey 
may have been domesticated in Southwest Asia, and the 
dromedary (one-humped) camel was originally native to 
the drier portions of Transcaspia.

The Oriental Region. The greater part of the Oriental 
Region is tropical. The northwestem part is dry and partly 
desert, so that animal life is chiefly confined to the forms 
related to those of the dry parts of the Ethiopian and

Palearctic regions. Elsewhere, monkeys are common. Apes 
are found only in tropical rain forests—being represented 
by gibbons in Assam, Burma, the southeastern peninsula, 
and the Greater Sunda Islands—whereas the orangutan is 
restricted to Sumatra and Borneo, where it is in danger of 
extermination.

The Asiatic distribution of the African lion is now con- Large 
fined to the Gir Forest o f the Käthiäwär Peninsula in game 
India, where it is protected, but a few specimens may still animals 
occur in southeast Iran. The tiger is now found from the 
Himalayas to Sumatra, Java, and Bali, but not in Borneo 
or Sri Lanka. Panthers range all over the region, except 
in Sumatra. Civets and mongooses are numerous. Among 
badgers, the ratel lives in the hilly districts of peninsular 
India and is even to be seen as far west as Israel. Jackals 
are plentiful in India; the striped hyena is confined to 
drier parts. Both are absent from the east.
Flying and ordinary squirrels are common in woodlands; 

the gaur (a large wild ox) is found in India and Burma, 
the banteng (the Malayan wild ox) in Burma and south to 
Borneo and Java, but not in Sumatra.

The most common antelope is the black buck, found 
in open brush-covered wild areas and cultivated plains 
all over India, except on the Malabar Coast; the nilgai, 
or blue buil, and the chousingha (a four-horned antelope 
of northern India) occupy hilly regions south of the Hi­
malayas. Species of deer include musk deer in the pine 
zone of Kashmir, Nepal, and Sikkim; sambar deer prac- 
tically over the whole region; and barking deer ranging 
northward into southernmost China.
Chevrotains (very small, hornless, deerlike ruminants) 

are typical, and wild pigs are also widely distributed. The 
Indian one-horned rhinoceros is protected and confined 
to Nepal and Assam; the Javanese rhinoceros is now re­
stricted to Malaya, Southern Sumatra, and western Java; 
the two-horned rhinoceros ranges from Burma to Suma­
tra. The Indian tapir lives in dense forests in Southern 
Tenasserim, Malaya, and Sumatra. The Indian elephant 
is found throughout the region. Scaly anteaters, or pan- 
golins—also found in Africa—are characteristic. The trop­
ical cattle (Bos indicus), known as Zebu or Brahman cattle 
and recognizable by its shoulder humps, was domesticated 
in India, as was the water buffalo, which is now distributed 
from Egypt to central China and the Philippines.

Game birds are important. The Indian peacock can be Birds 
seen throughout India, whereas another species of peacock 
(Pavo muticus) is restricted to Java. Numerous species 
of pheasants live in the forests of Burma, Thailand, In- 
dochina, Malaya, Sumatra, and Borneo. Jungle fowl are 
unique to the Oriental Region and are the source of all 
domesticated chickens. Pigeons occur in great variety, but 
the number of species of parrots is small compared with 
other tropical regions. Water and wood kingfishers are 
represented by many species. Hornbills show their greatest 
development in the Oriental Region. The Indian hoopoe 
is common in India but is only a migratory bird in the 
southeastern part of the region. Among cuckoos the brain- 
fever bird—an Asian hawk cuckoo that takes its name 
from the suggested effect of its repetitious cry—is well 
known. Eagles, osprey, falcons, hawks, kites, and buzzards 
all occur; in the western part vultures are numerous and 
are found even in towns. The forests are inhabited by 
many species of woodpeckers. The barbets (loud-voiced 
tropical birds) are characteristic, the best known being the 
coppersmith bird. Bee eaters and rollers are common in 
India, but whereas the former can be found as far as the 
Malay Archipelago and beyond, rollers are absent in the 
southeast except in Celebes and beyond. The passerine 
birds are very numerous. The house crow, the Indian 
grackle, and the common mynah are familiar birds in 
India. Drongos (Old World passerines, usually black with 
hooked bills), flycatchers, bulbuls, tailorbirds, orioles, and 
many others are widely distributed, and broadbills are 
typical. Among the herons the white cattle egret is com­
mon throughout the region, whereas spoonbills, cranes, 
and gulls are mostly confined to the western part.
Of the crocodiles the gavial, which has long slender jaws 

and a soft, inflatable nose tip, is restricted to the large 
rivers of northern India; a species of an allied genus
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is found in Sumatra and Borneo; and the mugger (the 
common freshwater crocodile) and the estuarine crocodile 
have a wider distribution. Freshwater turtles and land 
tortoises are well represented. Lizards are numerous, and 
flying lizards are also typical of the region. Chameleons 
are chiefly African, but one species is found in peninsular 
India and Sri Lanka. Snakes are numerous, among them 
the poisonous krait, cobra, and Russell’s viper. Frogs and 
toads are abundant.

The freshwater fish life of the Oriental Region is rich. 
The carp and catfish families have many native genera and 
species. The labyrinth fishes (so named for a labyrinthine 
outpocketing of the gill chamber that permits them to 
take oxygen from air as well as from water), to which the 
climbing perch and the gourami belong, are characteristic 
of the fish life of the region, as are spiny eels.

Insects, arachnoids (scorpions, spiders, and mites), mol- 
lusks, and other invertebrates inhabit this region in great 
numbers. Large bird-winged butterflies, allied to the well- 
represented swallowtails, are typical. Almost all known 
families of scorpions are present. Among land shells the 
absence of Helicidae (a family of land snails having lungs), 
common in the Palearctic Region, is noteworthy. Their 
place is taken by other forms, such as Hemiplecta, and 
by land mollusks having horny or shelly plates on their 
posterior dorsal surfaces. (L.F.deB.)

The people

A discussion of Asia and its peoples cannot entirely exclude 
other parts of the Old World when the origins of man, 
his ethnic divergence, and his migrational wanderings, or 
the evolution and historie development of his linguistic 
and culture Systems are considered. The relatively modern 
division of the largest of the continents into Europe and 
Asia derives from arbitrary decisions made by peoples 
living in the western part of the peninsula of Europe; this 
division has only minor significance in relation to the 
historie patterns of human occupation of the continent. 
The ethnic and linguistic diversity of Asia is greater than 
that of any other continent, because it represents ethnic 
types and linguistic Systems that have evolved in sepa- 
rated regional homelands, as well as repeated patterns of 
modification and intermixture, resulting from both peace- 
ful and militant migrations. Ethnically and linguistically, 
some territories have become highly diversified mosaics in 
which there are mixed and overlapping elements.

EV O LU TIO N  O F ETH N IC PATTERNS

The three Original racial stocks. The peoples of Asia include all 
major the three major racial stocks of Homo sapiens—Congoid
racial (Negroid), Caucasoid, and Mongoloid. The view is here
stocks taken that Congoid racial stocks derived from tropical ori­

gins in the zone extending from Africa eastward through 
the Indonesian Archipelago. It would, however, appear 
that to the east of Africa their original numbers were 
insufficiënt to ensure that they became the predominant 
element among the populations of South and Southeast 
Asia. The contrary belief that Congoid groups east of 
Africa originated in Africa leads to the conclusion that 
the migrating Congoids scattered out very thinly to the 
eastward and were able to contribute only to the skin 
pigmentation of South India and part of Southeast Asia. 
Whatever their origin, Congoid racial stocks at no time 
seem to have penetrated deeply into the Asian mainland. 
At the present time they constitute an element in ethnic 
stocks only in the Southern peninsular fringes of Asia. The 
view here taken is that the Caucasoid racial stocks derive 
from a western Eurasian racial hearth, or region of origin, 
that also includes North Africa, and that Mongoloid racial 
stocks derive from an eastern Eurasian racial hearth. A 
very simplified view of the history of man in Eurasia, 
then, is that the western zone of the continent came to 
be populated primarily by the Caucasoid, or white, ethnic 
groups; that the eastern zone was populated primarily by 
the Mongoloid, or yellow, ethnic groups; and that the 
Southern fringes of the continent were lightly occupied 
in early time by the Congoid, or black, ethnic groups. 
This pattern was apparently derived from the evolutionary

beginnings of Homo sapiens possibly about 40,000 years 
ago, out of predecessor racial stocks, since the basic dif- 
ferentiation of the human species predates both modern 
man and the last glacial era. In considering modern man 
in Asia we cannot speak of distinct races in any definite 
way, as repeated migrational movements since the last 
glacial era have resulted in such intermixed racial stocks 
that the modern Asian cannot be racially defined. While 
it is possible to give a general description of an Indian, a 
Chinese, or a European, this can be done only in terms 
that connote ultimate regional origin in the broadest sense.
In discussing Asian ethnology, therefore, we cannot refer 
to races but only to ethnic groups that speak particular 
languages and that have particular cultural characteristics.
Thus, a Hunan Chinese from central China may be com- 
pared to a Czech from central Europe, or a Japanese from 
the Southern island of Kyushu may be compared to an 
Iranian from Southern Iran. All four belong to the single 
species but show marked differences in physique, language, 
and culture. It is, nevertheless, convenient to stereotype 
Chinese, Japanese, Czechs, and Iranians as members of 
“geographic races,” meaning members of normally sepa- 
rated breeding populations.

Ancient migrations. The two primary prehistorie een- Prehistorie 
tres from which migrations over the continent took place migrations 
were Southwest Asia and a region comprising the Mongo- 
lian plateaus and North China.
From prehistorie to historie times, possibly beginning as 

early as 30,000 years ago, movements from Southwest 
Asia continued toward Europe and into Central Asia; sig­
nificant movements also took place into India. There were 
probably small divergent migrational movements in other 
directions that became swallowed up in later patterns of 
mixing. The Greeks were one of the late groups moving 
westward, about 2100 to 1900 bc , as were the Aryans who 
moved east to invade India from 1600 to 1500 bc . Mon­
goloid migrational movements have always been primarily 
toward Southeast Asia.

Important Mongoloid components, however, also moved 
westward through Central Asia toward the European 
peninsula. Such movements must have begun as early as
10,000 years ago, but they continued into the Christian 
Era as Mongols pushed Turkic peoples westward, setting 
off additional displacements of such peoples as the Finns 
and the Magyars. These westward Mongoloid movements 
also produced, over a period of time, much mixing of 
early Caucasoid and Mongoloid stocks in Central and 
West Asia. Northern Eurasia continued to be inhabited 
chiefly by thinly distributed residual elements of very early 
eastern Asian stocks, although some fairly late northward 
movements of Turkic peoples did take place.

There have been many small-stream movements away 
from the main trends, and these have often complicated 
the ethnic picture of any one region. At least one prehistor­
ie Caucasoid movement penetrated East Asia and today is 
represented by the historie aboriginal population of Japan 
known as the Ainu. A co unterm o vem ent out of India by 
a nomadic ethnic stock about a d  1 0 0 0  contributed the 
Gypsy strain now so widespread in Europe.

Prehistorie countermovements along the China coast car- 
ried early Mongoloid migrants of Southeast Asia northward 
again into Southern Korea and Japan, to leaven the later 
Mongoloid and Ainu stocks, from all three of which mod­
ern Japanese are derived. Similar northward drifts of early 
Mongoloid Indonesians account for a significant share of 
the ethnic ancestry of the population of the Philippines.
Within the broad zone o f Central Asia, prehistorie and 
historie movements have often retraced older migratory 
routes, creating overlapping and fragmented distributions 
of stocks that have yielded the many ethnic groups found 
there today. Secondary and tertiary intermixing of many 
of these regionally derived ethnic groupings has resulted 
in the emergence of regionally and physically distinct eth­
nic groups. Thus, the Uzbeks may originally have derived 
from a Mongoloid stock; some of them migrated westward 
to near the Volga River at an early date, then moved 
southward to become intermixed with Caucasoid-derived 
stocks. Uzbeks are now widely distributed in Central Asia 
and show considerable physical and linguistic Variation.
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Modern movements of peoples. Within historie time the 
aggressive expansion o f particular ethnic groups has either 
driven weaker groups away from their territory or has re­
sulted in the neweomers’ assuming control of the territory 
and reducing the older inhabitants to the status of ethnic 
minorities. Some of these weaker ethnic stocks eventually 
became so diluted by intermixture as virtually to lose their 
identity. In some instances a new and variant ethnic stock 
with a different dialect resulted from the mixing. Some 
areas are now given over to distinct enclaves occupied by 
several diverse ethnic stocks, each following its own way of 
life. Thus, in Southeast Asia, from the riverine and Coastal 
lowlands to the higher mountain uplands, different ethnic 
stocks have been migrating southward to become resident 
in separate altitudinal layers, one above the other. Some of 
this migrational movement in Southeast Asia is as late as 
the 19th Century, but it has been going on for thousands 
of years. Within what are now India and Pakistan the 
general trend, for many centuries, has been eastward and 
southward, producing very discontinuous patterns. Dis- 
continuity also characterizes the ethnic patterns in Central 
and Southwest Asia.

Militant campaigns of Arabs spread Islam and Arab po- 
litical structures out of Arabia westward into Africa and 
Spain and eastward through the Levant into Asia Minor, 
Transcaspia, and India. Beginning in the 7th Century a d  
and lasting until the 16th Century, these efforts spread 
Arab ethnic elements widely in Southwest Asia and north- 
em Africa.

Within recent times, movements of Caucasoid European 
Russians eastward along the Central Asian routes of explo- 
ration, and the penetration of the oceanic fringes of South 
and East Asia by Caucasoid western Europeans, have 
carried Caucasoids to all parts of the Eurasian continent. 
This has resulted in an interbreeding that has produced 
many local and variant mixtures. Since the 17th Century, 
intermarriage between Europeans and indigenous Asians 
has produced many mixtures, including the Anglo-Indians 
of India and the Burghers of Sri Lanka. Intermarriage 
between Chinese men and local women has produced 
many hybrid strains in Indonesia, Malaysia, Thailand, and 
the Philippines. The introduction of American white and 
black soldiers to East and Southeast Asia, during and after 
World War II, has further complicated the ethnic mosaic 
in China, Korea, Japan, Vietnam, and the Philippines. 
Such modern racial mixings are often viewed apart from 
the historie patterns of migration and racial mixing, but 
essentially they form a part of them.

PO PU LA TIO N  D ISTRIBU TIO N  
A N D  R EG IO N A L ECOLOGY

The background. Around 1750 the distribution of eth­
nic groups was relatively easy to describe. The whole 
of northern Eurasia was rather lightly populated by di­
verse ethnic groups of Paleo-Asiatic, Tungusic, and Turkic 
peoples who engaged in hunting, collecting, fishing, or 
herding; some groups, such as the Samoyed, Yakut, and 
Chukchi, had somewhat distinctive single economies or 
had economies that were seasonally mixed. Central Asia, 
Tibet, and Mongolia formed a mixed zone dominated by 
nomadic pastoralism, but the lower plateaus and lowlands 
were sprinkled with agricultural oases in which towns and 
villages were occupied by sedentary crop growers. Popula­
tion was relatively light; mountain regions were occupied 
only in summer, but there were locally dense populations 
centred on such large oases as Tashkent, Samarkand, 
Kashgar, and Urumchi, with smaller groupings around 
lesser sources of water. The Buriat Mongols and the Kirgiz 
were pastoral, whereas the Tadzhiks, Uighurs, and Uzbeks 
were sedentary oasis dwellers. Southwest Asia was then 
inhabited by Iranian, Arab, and Turkish peoples, with 
a scattering of minority ethnic stocks, practicing either 
traditional pastoralism or the agricultural economy of the 
oasis. Population was concentrated around cultivable ar­
eas, water resources, or grass pastures.

South and East Asia showed a more complex dual set of 
patterns. The largest components consisted of the highly 
civilized lowland populations, long settled on their land 
and engaged in sedentary agriculture and handicraft man­

ufacturing. Market towns and cities were scattered over 
the countryside, and many small port towns dotted the 
seacoasts. Population density was heaviest in the best 
agricultural lowlands, which had also been occupied the 
longest, such as the North China Plain, Southern Japan, 
Coastal Vietnam, and the Ganges Valley.

Lesser components included the many diverse ethnic 
groups scattered in wet deltaic lowlands such as those of 
the Ganges, Irrawaddy, Chao Phraya, and Mekong rivers; 
the central plain of Luzon Island in the Philippines; and 
the north coast of Sumatra. Groups were also scattered 
throughout most of the hill and lower mountain coun­
try. Their living Systems varied from simple hunting and 
collecting economies to more complex Systems in which, 
apart from shifting cultivation (the shifting of cultivation 
to new land after a erop has been raised), hunting and 
collecting are also practiced. Generally these lesser areas 
had small populations scattered in hamlets or village Set­
tlements sustained by subsistence economies; only a little 
handicraft manufacturing took place, and trade was con­
fined to minor products. The Näga of northeast India, the 
upland Karen of Burma, and the Miao of Laos exempli- 
fied this life-style. Toward the end of the 18th Century, 
European colonial efforts were beginning to shape the pro- 
duction Systems of eastern Eurasia to conform to patterns 
of integrated world trade. The supplying of Europe with 
raw materials, which was to characterize the early 20th 
Century, was also begun at this time.

The pattern of ethnic distribution. By the late 20th 
Century, great changes had taken place in both the ethnic 
patterns and the associated life-styles in Asia. The divi- 
sions that prevailed in the 18th Century were dissolving 
as the Soviel Union and China extended their economic 
and political control over Siberia and Central Asia, as the 
former colonial lands of South Asia established political 
independence, and as some of the component territories of 
the old Ottoman Empire were reshaped into the modern 
nations of Southwest Asia. Many of the hundreds of small 
ethnic groups were being absorbed into the populations 
of nation-states, many old languages were declining, and 
many formerly distinctive living Systems were remaining 
in existence only as remnants or artificially preserved 
societies. The expansion of dominant ethnic groups was 
steadily restricting the territory available for older, simpler 
societies; and aspects of modern economic development 
were replacing the earlier Systems. It is possible, still, to 
identify the region in which the Yukaghir formerly lived 
as a separate culture group in Eastern Siberia, but—for the 
few hundred Yukaghir who remain—political absorption, 
modernizing acculturation, and internal social decay have 
made the classic description of the group largely a his­
torie one. Many former horse-riding, tent-dwelling, sheep- 
herding Kara-Kirgiz today ride tractors on Soviet state 
grain farms, live in permanent villages, and speak Russian 
in public. Some men of the Chotanägpur hill region of 
eastern India, who formerly engaged in hunting and prac­
ticed shifting cultivation, today work in the steel mills of 
Jamshedpur. The remnant Ainu of northern Japan today 
are gathered into “cultural villages” where their continued 
woodearving and bear dances attract a flow of tourists 
from Southern Japan.

Contemporary developments. Population densities have 
everywhere increased, and planned programs of modern- 
ized agriculture, mineral exploitation, and industrializa- 
tion are bringing cultural change. Some of the small 
ethnic groups are dying out, but larger groups have often 
accepted change and are again increasing in numbers. In 
South and East Asia, increasing lowland populations are 
pressing hard upon the available land as population densi­
ties exceed 2,000 persons per square mile. In Central Asia, 
both Chinese and Russian settlement programs are mov- 
ing peoples from heavily populated regions into frontier 
zones, in order to develop both agricultural and indus­
trial resources. In Southern Siberia the Soviet settlement 
program has spread a thick wedge of European Russians 
and assorted ethnic minorities eastward to the Pacific and 
northward along every river valley to the Arctic Ocean. As 
a result, the Paleosiberian ethnic remnants are being sub- 
merged and absorbed. Old trading posts, oasis towns, and
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Urbanism
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the few old cities of Southern Siberia and Soviet Central 
Asia are being developed into modern industrial centres; 
these are linked to modern transport Systems by which 
raw materials and manufactured products flow back to the 
European regions. Most new cities are populated largely by 
European Russians, with the former Asian ethnic stocks 
remaining chiefly in the rural areas. The modernization 
of South western Asia, through the renascence of Turkey 
and the impact of petroleum exploitation on the Arabian 
Peninsula, has altered many of the old patterns of ethnic 
groupings in these areas. A further alteration of the his­
torie pattern came in 1948 with the creation of the State 
of Israel, to which more than 1,500,000 Jews from the 
Middle East, Europe, and North America have migrated.

Urbanism is becoming marked in many parts of Asia, 
thus heightening regional contrasts in population densities. 
Israel and Japan are among the most highly urbanized 
countries in the world. Asia’s cities are among the largest 
in the world, and many of the newer cities resemble those 
of the West in terms of population, buildings, facilities, 
and congestion.

Ecological factors. Agriculture remains the mainstay of 
Asia, though the percentage of the population engaged in 
agriculture is steadily declining.

Although marginal lands in many parts of South and 
East Asia have been brought under cultivation, and many 
former pastoral ranges in Southwest and Central Asia are 
now irrigated, the broad ecological factors touched upon 
above continue to give rise to zonal distinctions in pop­
ulation and economie activity. Parts of South and East

Asia can support dense populations. Favoured localities 
in the Southwest— for example, in Turkey and northern 
Iran—support large populations. In Southwest and Cen­
tral Asia in general, however, agricultural productivity 
and population density vary markedly with the regional 
pattern of rainfall or the availability of water from humid 
highlands nearby. In the Soviet sector the older pastoral 
nomadism has been transformed into organized transhu- 
mance (seasonal migration of stock between lowlands and 
mountains); consequently, the families that were formerly 
nomadic have become permanent residents in villages, 
and only herders accompany the flocks and herds. North­
ern Asia remains a semi-developed frontier region with 
short-season erop growing in favoured Southern localities, 
even though breeding of newer varieties has extended 
agriculture northward. The Arctic fringe is being devel­
oped on the basis of mineral resource exploitation, but 
only in particular localities. Siberia continues to be lightly 
populated, with the population primarily grouped around 
local centres.

The pattern of language distribution. Language maps 
of an area tend to reflect conditions of the past because 
speech Systems are constantly undergoing change. In the 
past, language maps for the Eurasian continent have often 
shown eight languages— Turkic, Slavic, Tungusic, Chi­
nese, Tibeto-Burman, Indo-Aryan, Iranian, and Mongol—  
almost blanketing the main portion o f Asia and leaving 
other languages predominating only on peninsular ap­
pendages, island fringes, and in small pockets. Except for 
the large eastward expansion of the Slavic group, the map
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reflects distributional patterns that prevailed in the 18th 
Century. At that time, by far the largest language groups, 
by number of speakers, were the Chinese and Indo-Aryan, 
but the Tungusic languages were probably used over wider 
areas. In recent times many of the small ethnic-group 

The loss languages have, for practical purposes, been dying out, to 
of small be preserved only by professional linguists. The Tungusic
ethnic group shows this decrease in usage, in spite of the Soviet
languages practice of Publishing books and newspapers in regional 

languages and the encouragement given to the preserva- 
tion of the more important ethnic languages. Russian is 
now the dominant public language throughout the Soviet 
Union, and in the Asian territories it is spoken by large 
numbers of non-Slavic inhabitants. Similarly, Mandarin 
Chinese is expanding in China at the expense of local 
languages and dialects. In India, however, local languages 
are not losing ground, and language has become a terri­
torial political issue. Meanwhile, the Indian government 
continues to use English as an official language. In In- 
donesia, which has many local languages and dialects, Ba­
hasa Indonesia (the national language) has not yet spread 
throughout the Indonesian state. English remains the most 
commonly spoken single language in the Philippines, de- 
spite the adoption of a national Pilipino language.

Whereas many languages are dying out, as ethnic groups 
disappear or become merged into larger groups, some 
ethnic populations are increasing in numbers, thus in­
creasing the relative importance of their languages. The 
large increase in the population of China now means 
that Mandarin Chinese is the world’s leading language by 
number of speakers. The marked increases in population 
in Japan and the island of Java mean that Japanese and 
Javanese rank much higher on the list of languages, by 
speakers, than formerly. Similarly, Western Hindi, spo­
ken in northern India, is one of the larger languages by 
number of speakers. Though many of the Paleosiberian 
(Paleo-Asiatic) languages are dying out as their ethnic 
users decline in numbers, the Uzbeks and the Tadzhiks, 
for example, have adjusted to Russian control and are 
again increasing in numbers, forming significant ethnic 
components of the Soviet Union, with the result that their 
languages are being maintained. It appears that many an- 
cient languages spoken in Asia have disappeared within 
the last millennium and that others have been greatly 
modified by linguistic change.

Regional situations have sometimes produced multiple 
and overlapping language patterns. Around some of the 
old Central Asian oases and in Southern Siberia, migrants 
from Russia and exiled ethnic groups have created eth- 
nically mixed regional populations. A comparable pattern 
may be discerned in Chinese Central Asia. Such large 
cities as Manila, Singapore, and Bombay show complex 
linguistic patterns. As European Russians have moved 
into the new cities in Transcaspia and Western Siberia, 
Russian has become the language o f the cities; the older 
languages have been confined chiefly to the countryside.

FORM S O F ETH N IC  A D M IN IST R A T IO N

Imperial administration. The older forms of adminis- 
tration, by which political States controlled adjacent and 
frontier ethnic groups, generally used local native leaders, 
who normally were given honorific subordinate titles and 
made responsible for the orderly control of their territo­
ries. The Chinese Empire sometimes entered into treaty- 
like agreements with subordinate States on its periphery 
and either subsidized the non-Chinese States or exacted 
tribute as a token of subordinate or feudatory status. The 
British in India and Burma, the Dutch in Indonesia, and 
the French in Indochina developed Systems of frontier 
agencies that employed resident officials to supervise local 
leaders, who exercised autonomy over what amounted to 
ethnolinguistic groups. The Thai maintained their control 
of Siam (now Thailand) as a buffer state between the 
French and British regions but in their northern area main­
tained the older form of control through native leaders. 
Beyond the reach of these larger imperial States simpler 
ethnic groups maintained their local sovereignty under the 
rule of chiefs, shamans, or clan leaders, sometimes form­
ing limited confederations.

Multiethnic States. The development of modem forms 
of political administration among Asian States has pro­
duced some distinctive regional patterns. The Soviet Union 
was the first state to organize administrative districts on an Ethno- 
ethnolinguistic basis. There are about 100 separate ethnic linguistic 
groups publicly recognized in the Soviet Union, as well as political 
some minoriiy groups never identified, and about 60 o f units 
these are represented by political administrative territories 
at major or minor levels. China under the Communist 
regime has adapted this system and has modified the Im­
perial political structure in regions containing ethnic or 
linguistic minorities—primarily in South and Southwest 
China, Northwest China, and Central Asia. In the Soviet 
Union such ethnic territorialism is relatively fixed and 
stable, but in China there continue to be changes in spatial 
arrangements of autonomous regions as various pressures 
are exerted, for not all minorities have yet been given 
internal territorial autonomy.

In India, with several hundred languages and many va- 
rieties of ethnic groupings, ethnolinguistic recognition is 
made only at the state level. Several of the political States 
of the Indian Union are now bounded by linguistic limits.
Many minorities are not recognized at present, and the 
question of spatial ethnic and linguistic autonomy has 
given rise to considerable unrest within the Indian Union.
The former northeastern Näga tribal agency, however, has 
become a füll state on the basis of its cultural unity. In 
Pakistan the tribal and frontier agencies formed during 
British Indian rule are still preserved; in these agencies, 
spatial autonomy derives from the ethnolinguistic Situa­
tion. Burma worked to resolve the problems of integrating 
ethnic minorities into a modern political structure after 
several upland ethnic minority groups expressed militant 
Opposition to the forms of limited territorial autonomy 
offered by the government. Throughout the rest of South­
east Asia, except for Malaysia, ethnic minorities have 
generally not received formal recognition, and each coun­
try has tended to adopt different means of integrating its 
minorities into the national life.

Malaysia is a multi-ethnic state in which Malays total 
just less than half the total population; Chinese total just 
over one-third; and Indians, Pakistanis, and tribal groups 
almost equally split the remainder. The Constitution makes 
no recognition of the plural ethnic composition; Malay 
is the official language; Isläm is a state religion (although 
religious freedom is guaranteed); and the head of state 
must be a Malay. Quasi-legal political parties, however, 
represent ethnic groupings, and there are—in practice—  
many ways in which all ethnic elements are represented.

In Southwest Asia, minor populations exist in most po­
litical States without formal recognition of their status, 
the minority position deriving from ethnic, linguistic, or 
religious factors. Only in Saudi Arabia and Yemen (Aden) 
is there homogeneity in the three elements. Lebanon is 
ethnically and linguistically Arabic, but its population is 
almost equally divided between Christians and Muslims.
Israel has a sizable Arab minority, and Iran is only half 
Persian in ethnic and linguistic terms. Most other States 
in Southwest Asia have comparable ethnic conditions.

(J.O.Es.)

D EM OG RA PH IC PATTERN S

Asia, which covers about a third o f the total land area of 
the world, has a population of more than half the world 
total. Asia includes the two countries that have the largest 
populations in the world, China and India; these two coun­
tries alone have populations that together are estimated to 
comprise more than a third of the world’s people.

The age structure o f Asia’s population, particularly in 
the developing countries, is predominantly young. One Youth of 
consequence of this is that the number of dependents— population 
particularly children—is disproportionately large in rela- 
tion to the number of employed adults. Another is that, in 
view of the high birth rate, the age structure favours large 
additions in the future to the massive population already 
in existence.

Several Asian countries, aware of demographic trends 
and their adverse effect on economie growth and social 
progress, have embarked on official birth control pro-
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grams, which have met with considerable success. Japan’s 
program has perhaps been the most effective. In Operation 
since World War II, it includes well-publicized family- 
planning services, legalized abortion, and the Provision 
of all forms of contraceptive devices. Programs in China, 
South Korea, Taiwan, India, Pakistan, and Sri Lanka of­
fer family-planning services, birth-control clinics, vasecto- 
mies, and contraceptives (including intrauterine devices). 
The Soviet Union has an ambivalent population control 
policy, and birth rates in Soviet Asia continue to be rela­
tively high. The Southeast and Southwest Asian countries 
lag behind in formal programs, but public consciousness 
and basic planning have grown.

In nearly all countries of the world, more male than 
female babies are born. In advanced industrialized coun­
tries, where maternal mortality is low and where infant 
girls receive as much care as do boys, the male death rates 
are higher than female death rates at every stage of life; 
the numerical excess of males at birth is, in consequence, 
gradually reduced until females outnumber males in the 
older age groups.

Some Asian countries, particularly India and Sri Lanka, 
as well as Pakistan and a few predominantly Muslim 
countries, have a high sex ratio— i.e., the number of males 
per thousand females—in the sense that males outnumber 
females in all age groups, even though in a few categories 
of the population females predominate at birth. This sex 
ratio is unusual, and there is controversy about its cause. 
In some countries social attitudes are held to be responsi- 
ble for the difference in mortality rates of the sexes after 
birth. Early marriages—if not quite child marriages—in- 
crease the initial balance in favour of males because of the 
relatively high mortality rate of mothers in childbirth.

While Asia and Europe are the two most densely pop­
ulated continents, Asia is slightly less overcrowded than 
Europe. The distribution of Asia’s population has tradi- 
tionally followed a pattern of dense settlement in river 
valleys, where the soil is fertile because of perennial irri- 
gation and where double-cropping (the harvesting of two 
crops a year) can sustain large numbers. This traditional 
pattern still exists, despite the emergence of another pat­
tem, represented by the attraction of large and congested 
industrialized cities such as Tokyo, Calcutta, Bombay, and 
Shanghai—cities to which the underemployed rural pop­
ulation often migrates. The depressed rural economy, the 
periodic failure of the monsoon, and the near-famine con- 
ditions that result have contributed to the continual drift 
of population to the towns and cities; often, however, the 
shortage of available jobs results in many unskilled village 
farmers, who come to the city in search of work, ending 
up in slums rather than as operators of factory machines.

While haphazard, unplanned urbanization is proceed- 
ing in many Asian countries, the population in general 
remains predominantly rural. Asia’s population is most 
urban in the Middle East, and in East Asia. (S.Ch./Ed.)

Traditional cultures

Within each area of Asia, different traditional peoples and 
their patterns can be identified, described, and classified 
together in many ways. The following represents simply 
one of many useful classifications.

SIBERIA
The main discussion of Siberian cultures is to be found 
in the section on Siberia in the article u n io n  o f  so v ie t  
so c ia l ist  REPUBLics. Only a sketch is offered here.

Located east of the Ural Mountains, Siberia lies in a 
transitional area in which tundra or treeless plain becomes 
taiga or swampy coniferous forest. Farther south, the taiga 
blends into a forest steppe with alternating stands of trees 
and open, seasonal grasslands. Summers, except in the 
extreme south, are too short to permit agriculture; spring 
floods often inundate the taiga. Farther north are the Altai 
(Kirgiz) and Sayan (Kazakh) mountains, which abut Cen­
tral Asia in the west and the Mongolian People’s Republic 
in the east. Farther east are the mixed broadleaf forests 
of the Amur-Ussuri valleys, with hot summers and severe 
winters. The Pacific maritime coast and Sakhalin Island

complete the geographic picture. The northeastern region 
of China (formerly called Manchuria) sits to the south.

The indigenous populations are primarily Mongoloid 
racially, although generally they are outnumbered in most 
areas by Russian, Ukrainian, and Belorussian immigrants. 
The aborigines still live mainly in separate, virtually 
endogamous villages, though many groups (including rein- 
deer herders) have been collectivized by the Soviets. They 
speak several languages and dialects of the Uralic-Altaic 
family, among them Samoyedic, Tungusic, Mongolian, 
and Yakut (or other Turkic dialects).

The main economie pursuits include small-scale rein- 
deer herding (seven to 10 reindeer per herd, small when 
compared to groups farther north), hunting (deer, elk, 
squirrel), trapping (sable, fox), and fishing. Traditionally, 
the inhabitants have lived either in longhouses and semi- 
subterranean huts in permanent villages or in conical, 
bark-covered tepees at temporary campsites and, for trans- 
portation, have used canoes, rowboats, skis and snowshoes, 
sleds drawn by reindeer or dogs, and, in the east, horses. 
Many aborigines now work in mines and other Siberian 
industrial projects.

Most aboriginal groups are small. The 80,000 Evenki 
(Tungusic-speaking reindeer herders), for example, live 
and wander in an area about the size of the Continental 
United States.

CENTRAL ASIA
The main treatment of Central Asian cultures is given in 
the section on Soviet Central Asia in the article u n io n  o f  
s o v ie t  s o c ia l ist  r e p u b l ic s . Only a brief characterization 
is offered here.

Central Asia extends from western Manchuria to the 
Caspian Sea, along the grasslands, mountains, and 
plateaus of Inner and Outer Mongolia, Tibet, the Central 
Asian Muslim republics of the U.S.S.R. (Kirgiziya, Tajik- 
istan, Uzbekistan, Kazakhstan, and Turkmenistan), and 
Afghanistan north of the watershed of the mountain range 
of the Hindu Kush. An interesting man-made boundary, 
the Great Wall of China, exists in the east. Altitudes and 
local ecology vary considerably from region to region and 
even within regions. The western Turkistan deserts and 
steppes lie close to sea level, whereas the upland Mongo­
lian steppes often exceed 5,000 feet (1,500 metres) above 
sea level. Basically, Central Asia is an arid zone that has 
inland drainage and a Continental climate.

Racially, all Central Asians are Mongoloid variations, 
more Caucasoid to the west (Slavic) and Southwest (Medi­
terranean subvariant). Most speak Ural-Altaic languages—  
usually Turkic dialects but also Mongolian. Other lan­
guage families include Sino-Tibetan (Tibetan in Tibet and 
Chinese near the eastern and Southern borderlands) and 
Indo-European (Tadzhik and Dari Persian). Cyrillic has 
replaced the Arabic script in Soviet Central Asia and Mon­
golian in Mongolia. Inner Mongolians now use simplified 
Chinese characters, but Tibetans, though under great pres­
sure from the Chinese, cling to their own traditional script.

Islam pressed into Central Asia early in the 8th Century 
a d , culminating in the Arab sack of Samarkand in 712. 
Most people as far east as Outer Mongolia and south into 
Chinese Sinkiang became Sunnï Muslims, constituting the 
main orthodox school of Islam, but pockets of Ismaïlïs, 
who consider the Aga Khan as their leader, live scat­
tered in such mountainous areas as the Pamirs and the 
Hindu Kush. Buddhism centring on teachers known as 
lamas and heavily laden with animistic and shamanistic 
beliefs and practices dominates Tibet and neighbouring 
parts of Mongolia and China. Anti-religious drives by the 
Communists of the U.S.S.R. and China have been only 
partly successful.

Often called the belt of “pastoral nomadism,” Central 
Asia also includes sizable sedentary agriculturists, usually 
existing in the loose-knit symbiotic system described ear- 
lier, with modifications wherever Communism has intro- 
duced collectivization of herds and land. Political ties are 
largely kin oriented, and a loosely stratified dass system 
exists along with a hereditary nobility. Slavery was com­
mon until the Russians and British virtually wiped it out 
in the 19th Century. Mongol nomadic patterns dominate:
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groups move year-round within well-defined territories; 
there are few fixed economic centres.

Local ecology greatly influences livestock distribution. 
Fundamentally, sheep and goats are mountain animals 
(though sheep prove to be less adaptable than goats and 
tend to flounder in snow); cattle and camels appear more 
numerously in transitional forest steppes and semideserts. 
Yak and yak-bovine hybrids become important in the 
Pamirs and the higher mountains of Sinkiang, Mongolia, 
and Tibet. Donkeys and mules are found mainly in the 
west, where Central Asia nudges the Middle East. Horses, 
prestige animals throughout Central Asia, are ridden, and 
sometimes their milk is drunk, often as koumiss (ferment- 
ed mare’s milk). (Ed.)

SOUTH ASIA
The subcontinent of South Asia lies south of the Hi­
malayas and Afghanistan. It comprises the countries of In­
dia, Pakistan, Bangladesh, Sri Lanka (Ceylon), Nepal, and 
Bhutan. While these countries together may be thought 
of as constituting a single region, they contain a multi- 
tude of ethnic groups. The peoples of the Himalayas have 
Mongoloid features. The upper-caste groups of the Indo- 
Gangetic Plains are basically Mediterranean in appear-

ance. The tribal and semi-tribal populations of middle and 
Southern India have dark skins, flat noses, and wavy or 
curly hair. The Pashtun (Pathan), Kashmiri, and Sindhi of 
the northwest are tall with long heads, white complexions, 
and wavy hair. The Kadar of Cochin, the Andamanese 
and Onge of the Andaman Islands, and the Vedda of Sri 
Lanka have the Negrito characteristics of dark skins, small 
stature, and frizzly hair. The tribes of the jungles of Bihär, 
Orissa, and Madhya Pradesh share certain characteristics 
with the aboriginals of Australia and are sometimes re- 
ferred to as Proto-Australoid; some of them (the Oraon 
and the various tribes of Gonds) speak Dravidian lan­
guages, while others (the Mundas, the Santäl, and the Ho) 
speak Austro-Asiatic languages.

The South Asian population may be divided into tribal 
and nontribal peoples. The tribes are somewhat detached 
from the mainstream of civilization, having been isolated 
in the forests and hills. They constitute about 6 or 7 
percent of the total population of India and varying pro- 
portions of the populations of the other countries.

A vast number of languages are spoken in South Asia, 
belonging to four different families of languages. In In­
dia alone there are more than 100 separate languages, of 
which 15 have been designated as national languages.

Selected ethnic communities of South Asia.
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The South Asians are predominantly religious in their 
outlook. Their religious orientation pervades every sphere, 
from social and economie life to Science, literature, and 
art. Whether one thinks of Hinduism in India, Isläm in 
Pakistan, Buddhism in the Himalayan States, or tribal re- 
ligions in the hilly areas, one cannot escape the fact that 
the traditional way of life is largely determined by ritual 
and belief. Along with this religious outlook there appears 
to go a tendency to fatalism, a sense that every course of 
action as well as its outcome is up to the gods. This is true 
not only of Hindus and Buddhists but even of Muslims; 
as S.M.H. Zaidi observed in The Village Culture in Tran­
sition: A Study o f East Pakistan Rural Society (1970), 
the Muslims “have a predominantly fatalistic attitude to 
change, believing that no human hand without the will of 
God can change anything.”

Another characteristic of the South Asian peoples is that 
they are predominantly peasants. More than 90 percent of 
them live in villages and depend on simple agriculture for 
their livelihood. The average person lives his whole life 
in the same village. There is much interaction between 
the village societies and the important religious cities such 
as Väränasi (Benares), Mathurä, Ayodhyä, Gayä, Prayäga 
(Allähäbäd), Rämeswaram, Madurai, Cape Comorin (the 
southemmost tip of India), Dwärkä, and Kämäkhya.

Caste groups and tribes. South Asian society is charac- 
terized by a hierarchical social system with a vast efflo- 
rescence of caste groupings. A caste group is hereditary, 
usually localized, and associated with a particular occupa- 
tion; its members do not marry outside the group. There 
are complex relationships of superiority and inferiority 
among caste groups, including restrictions on eating and 
drinking with one another. At the bottom are the so-called 
scheduled castes, or untouchables; in India these amount 
to about 15 percent of the population. These groups en- 
gage in various “impure” occupations such as scavenging, 
sweeping, cattle herding, and leather working.

At the lower levels of society, caste groups are not easy 
to distinguish from tribes. Many scholars, in fact, have 
suggested that caste groups evolved from primitive tribal 

Tribal groups. One difference is that while caste groups are endog-
organiza- amous (the members of a group do not marry outside it),
tion the marital rules among tribal groups are somewhat more

complex. Each tribal group confines its marriage relations 
to the same tribe or subtribe. But each tribe is divided into 
clans or moieties, often named after animals, birds, or 
plants, and these groups are exogamous; i.e., the members 
of a clan must marry outside it. Such division of a tribe 
into several social groups or clans is found both in matri- 
lineal tribes like the Garo and Khäsi of Meghalaya and in 
patrilineal tribes like the Näga, the Munda, the Santäl, the 
Bhïl, and the Gond. Some tribes of southem India have 
a complex social Organization. The Uräli, for example, 
who are matrilineal, have two sets of clans: brother clans, 
among whom marriage is prohibited, and brother-in-law 
clans, among whom marriage is sanctioned.

Even among the tribes of the Himalayas, where there 
is a great tolerance of casual sex relations, both premar- 
ital and extramarital, the rule of clan exogamy is strictly 
followed. Among the Sherpa of Nepal, the term for clan 
is ru (“bone”), implying that the members belong to the 
same father’s bone or blood. A recent study of this tribe 
failed to reveal even a fleeting amorous attachment be­
tween members of the same clan and no marriage between 
members of brother clans. The Dimasä Kachäri of Assam 
have different sets o f clans for different sexes: there are 40 
male clans and 42 female clans, all practicing the system 
of double descent, by which the male child is given the 
clanship of his father while the female child inherits the 
mother’s clan. Very few tribes lack the totemic clan divi­
sion. The Saora (Savara) and Maler of middle India have 
territorial divisions rather than clans, and their marriage 
relations are exogamous within these divisions. The Saoras 
are divided into 17 such exogamous units.

Certain tribes of middle India have clans organized in 
groups or moieties. Among the Gond of Bastar, for exam­
ple, the moieties are composed of 96 and 69 clans. The 
Räj Gond Adiläbäd have four groups of clans, and the 
Muria have five.

While most tribes lead a peaceful life, there have been 
some warring groups. The Baluchi nomadic groups used 
to fight among themselves over pastureland, leadership 
rights, and women. Descriptions o f the Näga teil of their 
weapons, their methods of warfare, and their custom of 
head-hunting.

The basis of the social structure in South Asia is the caste Caste and 
system. Although it is Hindu in origin, the caste system social 
has had a pervasive influence on all South Asian society, structure 
whether based on tribalism, Isläm, Buddhism, Sikhism, or 
Christianity.

In Nepal both Hindus and Buddhists are subject to the 
code of the caste system. Among the Hindus of Nepal 
there are high castes such as the Brahmins, Thäkurs, and 
Chetris. The followers of Buddhism in Nepal are also di­
vided into three main caste groups. There are the Bamas, 
the Udäs, and a mixed caste of heterodox Buddhists. The 
Bamas enjoy a status equal to that o f the Hindu Brah­
mins and observe the same mies of commensality and 
intermarriage. The Udäs are inferior to the Bamas in the 
caste hierarchy. The third group of mixed castes includes 
numerous occupational castes (barber, carrier of light, 
etc.) and professional castes considered to be equivalent to 
the untouchables among the Hindus. The tribes also have 
several categories: the Gurung and Magar are at the top; 
the Newär are in second place followed by the Kiranti, 
the Khambu, the Limbu, and the Yäkhas; below them are 
the Sunwar and Tamang (Mürmi), who are given approxi- 
mately equal status, while the Tibetan tribes including the 
Sherpa are ranked slightly below them; at the bottom of 
the scale are the Tharu, the Thami, the Hayu, the Thakali, 
and numerous other minor tribes.

In Sri Lanka the Goyigama (cultivators) enjoy the highest 
Position, while the castes o f potters and washermen are 
ranked low. These caste groups are endogamous.

The caste hierarchy, even in the traditional system, was 
not entirely rigid. It was possible for caste groups to move 
upward, although slowly. Even tribes have been able to ac- 
quire an appropriate place in the caste hierarchy. The Räj 
Gond of central India, for instance, successfully claimed 
for themselves the rank of Ksatriyas (a ruling and warrior 
dass) on the basis o f their acquisition of political power.
Recent researches have revealed how caste-like groups 
such as the Bhumij, the Mahali, the Bauri in West Bengal, 
the Cheros, the Kharwär, and the Manjhi in Bihär, as well 
as various sections of the Bhïl and the Gond, have been 
assigned appropriate status in the Hindu caste Systems in 
their regions.

Isläm’s claim of equality for all those who profess the 
faith has been greatly weakened in South Asia because 
of caste practices. The Muslim caste system, unlike the 
Hindu, is not based on purity and pollution concepts; nor 
is it sanctioned by religious ideas. Among the Muslim 
castes, the highest are the sayyids and the lowest are the 
sweepers. In Bangladesh the landholding groups of foreign 
(Persian or Arabian) descent are generally ranked high, 
while those who do manual labour that involves ritual 
contamination are ranked lowest.

The hierarchical system in Pakistan may meaningfully 
be compared to the Hindu caste system. In Swät in north­
ern Pakistan there are seven social groups; they are, in 
order of descending rank: (1) persons of holy descent, (2) 
landowners and administrators, (3) priests, (4) craftsmen,
(5) agricultural tenants and labourers, (6) herders, (7) the 
despised group.

Sikhism also, despite its emphasis on equality, has a caste 
structure. The Sikhs are broadly divided into Sardars and 
Mazhabis, the former consisting of higher caste groups and 
the latter of sweepers. Caste restrictions are also rigidly 
observed among the Christians of the west coast, particu­
larly in marriages.

Kinship patterns. The joint family is another basic in- The joint 
stitution in the societies of South Asia. In India the joint family 
family has existed since prehistorie times. The coming of 
Isläm failed to modify the structure of this most ancient 
institution. Despite the industrial revolution and other 
modernizing influences, the joint family continues to exist 
on a large scale.

There are two types of joint families. In the northern
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type, the family unit includes three or four generations 
of males and their dependents: one’s grandfather and his 
brothers, one’s father and his brothers, one’s own brothers 
and cousins, one’s sons, and the nephews and wives of 
all these male relatives plus one’s own unmarried sisters 
and daughters. The Southern type of joint family includes 
one’s mother’s mother and her sisters and brothers, one’s 
mother and her sisters and brothers, one’s own brothers 
and sisters, one’s mother’s sister’s sons and daughters, and 
the children of one’s sisters. The husbands of the women 
of the family live in the houses of their mothers, occasion- 
ally visiting their wives and children. Throughout Nepal 
the members of several generations in the father’s line 
maintain common arrangements for cooking and have 
joint ownership of property under a single head. As in 
India, in some families the relatives on the mother’s side 
may also live with the household in an extended family. 
Throughout Nepal, the kitchen is regarded as a Symbol of 
family unity.

In Bangladesh the largest unit of family organization is 
the patrilocal extended family, in which two or three gen­
erations may live together. The extended family includes 
two or more nuclear or joint families united by male kin- 
ship bonds and living in a cluster of adjacent dwellings. 
It may have as many as 50 or 100 members or as few as 
seven or eight, the average being about 20. The extended 
family includes a number of component property-holding 
units such as the nuclear family, the joint family, and the 
irregulär family (centred around a widow or a widow and 
her unmarried children). As long as the father remains 
alive after his son’s marriage, the joint family is the rule 
rather than the exception. It is clearly related to the sys­
tem of inheritance, by which land is allotted to the son 
only after his father’s death. The joint family is slightly 
less frequent in Bangladesh than in West Bengal but more 
common than in Pakistan.

In Sri Lanka the nuclear family prevails. A Sinhalese 
family generally consists of a husband and wife and their 
unmarried children. It leads an economically self-sufficient 
life under the benevolent and mildly patriarchal rule of 
the father-husband.

Most tribal societies in South Asia have a nuclear family.
Marriage. Patterns of family organization can also be 

viewed in terms of the marriage relationship, the kinship 
system, and the position of the women in the family. 
The organization of the family throughout northern India 
is that of the patriarchal family. The traditional rule of 
avoiding marriage with somebody who is removed by less 
than seven degrees from the father and five degrees from 
the mother is practiced by all castes, from the highest 
to the lowest. In Southern India a man preferably mar­
lies his maternal cross-cousin— i.e., his mother’s brother’s 
daughter.

Among the tribes of the high Himalayas, such as the 
?olyandry Sherpa, the Bhutia (Bhotia), and the Lepchä, it is common 
imong to have more than one husband, usually brothers. The
he Sherpa believe that a polyandrous union is desirable be-
>herpa cause it prevents the fragmentation of property and fosters 

solidarity among brothers. It has been observed that since 
such a marriage improves a woman’s economie prospects 
and assures her the advantage of a younger husband in 
later years, she prefers to marry two brothers. The Sherpa 
style of polyandry differs from the Tibetan practice that 
permits any number of younger brothers to share an elder 
brother’s wife; this is also prevalent among the Khäsa, the 
Toda, and the Näyar, who allow more than two younger 
brothers to share the same woman.

The custom of paying a bride price is prevalent among 
almost all the tribes of South Asia. The bride price may 
be livestock, food, clothing, or even service by the bride- 
groom in the bride’s father’s house. The ease of acquiring 
wives and the freedom of sex relations in the tribal com- 
munities make divorce an easy process.

In Islämic law, marriage is essentially a contract rather 
than a sacrament, as it is among the Hindus. The rules 
of marriage prescribed by the Qur’än have been modified 
in parts of India by the customs of the particular region. 
Marriage among the Muslims as among the Hindus is 
an important family affair, arranged by the elders of the

family. Marriage is possible between almost any boy and 
girl under Muslim law, even within an extended family 
and between cousins. While traditional Muslim law does 
not sanction dowry, the Hindu influence compels it. The 
bridegroom’s family expects the bride’s father to give 
enough in dowry to establish a home for the couple. A 
Muslim can divorce his wife at his own will, but no such 
privilege is accorded to the wife. The custom of pardah 
(wearing the veil) is observed strictly among the Muslims 
of South Asia.

Socialization and education. The birth of a child in the 
societies of South Asia is considered a divine blessing. A 
childless woman is viewed unfavourably. In Hindu soci­
ety a very important ceremony called sräddha, conducted 
after a person’s death, can be performed only by a son. It 
is believed that without this ceremony the departed soul 
is not likely to attain salvation. To the peasantry of South 
Asia, a male child means a pair of extra hands to help on 
the farm. Girls are not highly regarded; having a female 
child is preferred only to remaining childless.

In Hindu society an individual passes through a series Rites of 
of rites from his conception to his death. Several rites are passage 
performed before the birth of a child to ensure his safe 
arrival. After the child is born, other ceremonies are con­
ducted to provide the incarnating soul with a good body 
and prepare it for life.
Next are the rites known as vidyärambha (commence- 

ment of education), upanayana (the sacred-thread cere­
mony), vedärambha (commencement of Vedic recitation) 
and samävartana (convocation). Traditionally a Hindu 
boy was taught by the guru in the gurukula, where he 
led a life of rigorous discipline and purity. He was then 
ready to undergo the ceremony of marriage and become a 
householder in his joint family. A man’s death is mourned 
by the members of the family, his kinsmen, and other 
members of his larger communities. A series of death ritu- 
als are observed by his eldest son in cooperation with the 
kin groups to ensure the deceased freedom from rebirth.
The Indian joint family continues to practice some of the 
traditional rites or samskäras, especially the birth rites, 
the sacred-thread ceremony, the marriage ceremony, and 
the death rites.

Most of the Muslim communities are converts from the 
Hindu religion, and there is considerable similarity in the 
methods of child rearing. One important difference is the 
Muslim ritual of circumcision that usually takes place be­
tween the ages of three and five.

The tribal communities have relatively informal relation- 
ships among kinsmen, in contrast to the highly formalized 
Hindu relationships. The youth dormitory so common 
among the tribes is the traditional institution of the un­
married boys and girls; it provides training in folk songs 
and dances, the moral code, customs and manners, and 
sexual relations. The young learn the arts of life mostly by 
Observation and imitation.

Economie life. Villages and settlements. Most of the 
people of South Asia still live in villages and follow the 
traditional pursuits of an agricultural and pastoral econ- 
omy. In the high Himalayas the tribespeople live with their 
flocks in established summer and winter encampments, 
each of which remains unoccupied for some months in a 
year. The pastoral nomads of the Baluchi tribe in Pakistan 
generally have only temporary encampments. The Dafla,
Apa Tani, Gallong, and other tribes of Assam site their 
villages on the highest parts of the hills, from whence the 
whole valley below is visible. Many tribes site their villages 
in accordance with the will of God as interpreted by their 
shamans. Hundreds of villages of the Santäl, Munda, and 
Ho tribes in middle India are in the forest Clearings. In 
Southern India many tribal villages are located in dense 
forest, and their economy revolves around the forest. In 
western Räjasthän there are dispersed settlements in desert 
or semidesert areas.

In the deltaic plains of West Bengal and Bangladesh, the 
countless rivers and streams have given birth to compact, 
nucleated settlements. More typical of the area are clusters 
of houses scattered along the banks of streams and rivulets.
Each cluster usually forms a separate residential unit con- 
sisting of a number of huts built around a courtyard.
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The linear settlement is much in evidence in the plain 
areas of Orissa, Madhya Pradesh, Andhra Pradesh, Kerala, 
and Tamil Nadu. The abundance of river valleys and the 
prevalence o f the jajmärü  system (in which lower castes 
perform specialized artisan services for the landowners 
and cultivators) serve to maintain the traditional linear 
settlement pattem. The linear settlement is also found in 
fishing villages on the sea, or estuaries, or along big rivers.

Villages vary in size from more than 1,000 people to 
fewer than 50. The villages of the rieh agricultural plain 
areas are usually larger, while those of the hills and forests 
are smaller. Some tribal villages are temporary encamp­
ments of five to 10 huts that pro vide accommodation for 
up to 30 persons. The tribal villages of the Hill Maler, 
the Hill Khariä, or the Bondo highlanders in middle India 
are slightly bigger, composed of 10 to 30 huts accommo- 
dating 30 to 100 persons. Large villages like those of the 
Waromung in Nägäland, having a population of 1,600, 
are exceptional.

The villages of the settled cultivators are large and some- 
what elaborate in layout. Depending on the extent and 
fertility of the land, the population of an average village 
varies from 100 to 500 persons. Hindu villages, especially 
those in the Indo-Gangetic Plain, may have as many as
5,000 inhabitants, divided into a number of hamlets. The 
central part of a village is occupied by the dominant 
castes, while the untouchables live in a far-removed area. 
Every village has a temple located near the settlement of 
the high castes. The houses of the landlords are elaborate, 
while those of the tenants are simple. Most houses are 
built of mud and tiles, with courtyards and parlours.

Food getting. Almost all of South Asia lies in the mon- 
soon beit, and its agriculture depends on the torrential 
rains associated with the monsoon. The vagaries of the 
weather pose a great problem to the peasantry. When 
there is a lack of rain they turn to the rain god, Indra. 
In Nepal the guardian deity Machendranäth, who pre- 
sides over agricultural affairs, is elaborately worshipped; 
the ritual of asking for rain is observed collectively by the 
villagers, who go from shrine to shrine in a procession, 
shouting, “O Lord Mahädeo, give us rain!”

Agri- Agricultural technology is still very simple. While among
cultural the forest tribes the primitive occupations of hunting, food 
organi- gathering, and collecting still predominate, the basis of
zation the South Asian economy is the plow. The Indo-Gangetic

Plain, extending from the Punjab in the west to Bangladesh 
in the east, along with the Coastal deltaic regions of eastern 
India and Sri Lanka, is the largest rice-growing zone in 
the world. In Nepal, Sikkim state of India, and Bhutan, 
intensive plow cultivation is practiced in the valleys and 
plains, but a primitive slash-and-burn type of cultivation 
is found in the hills. Pastoral pursuits are supplemental 
to agriculture in most South Asian villages. There are, 
however, communities, such as those of the Pathan and 
Baluchi in northwestern Pakistan and of the Güjar and 
Gaddi in the westem Himalayan districts, whose entire 
economy revolves around pastoral nomadism. Düring the 
summer they move up the mountains in search of pasture, 
retuming in wintertime to the foothills.
The economy of the tribal peoples is based on hunting 

and gathering. They eat edible roots, fruits, vegetables, 
honey, insects, fish, and various kinds of birds and game. 
Some tribes such as the Birhor in Bihär, the Chenchu 
in Andhra Pradesh, the Juang in Orissa, the Kadar in 
Kerala, and the Paliyan and Paniyans in Tamil Nadu 
depend on the forest as their primary source of food. The 
tribes of the Assam Hills, o f Orissa, of Madhya Pradesh, 
and of Nepal, who practice shifting cultivation (moving 
from one location to another), supplement their economy 
with occasional hunting and gathering. Even agricultural 
tribes such as the Munda, the Oraon, and the Ho of the 
Chota Nägpur Plateau depend on the forest to supplement 
their harvests.

The hunting tribes use various types of bows and arrows 
and trapping devices. They also have simple missiles such 
as the throwing stick of the Oraon and the nonreturning 
boomerang of the Bhïl. Slings are also used to throw 
stones and hardened clay balls. Spears with iron heads 
and wooden shafts are very common. The Buna use mul-

tipronged harpoons with barbs for fishing. The Jarawa of 
the Andaman Islands poison their spearheads.

There are many forms of land tenure in South Asia, 
ranging from common ownership by villagers to individ­
ual ownership by the head of a nuclear family. In the 
past, many landlords gained their property under British 
occupation when they were given tax-collecting rights; the 
tax-farming system led to a great stratification of the peas­
antry. At the same time, the pressure of the population 
upon the land produced a fragmentation of holdings in 
some areas. Since independence there have been various 
attempts at land reform.

A common institution of Indian village life is the Hindu The 
jajmärü  system, practiced all over India under different jajm äni 
names. Each caste group within a village gives certain stan- system 
dardized services to the families of other castes. A member 
of a carpenter or a barber caste, for instance, works for 
a particular family or group of families with which he 
has hereditary ties. The association passes from father to 
son. The system serves to reduce the need for money 
and to minimize competition. It also tends to assure a 
stable labour supply for the dominant agricultural caste 
in a particular region by severely limiting the mobility of 
the lower castes. If a worker leaves his village, he must 
supply a substitute, usually a member of the same joint 
family; but the system gives him rights and advantages 
that make him reluctant to leave and endanger his social 
and economic security.
Another traditional element of economic organization is 

the local market. The weekly or biweekly markets are 
located in open areas between villages where the means of 
communication provide a central place for the economic 
exchange of the region. In the nonmonetary economy of 
the tribal areas of India and Bangladesh, villagers exchange 
their produce for clothes, Utensils, spices, and other ne- 
cessities. Occupational specialists such as barbers, tailors, 
blacksmiths, and potters provide their goods and services.
The agricultural produce from the surrounding regions is 
collected here and sold. The intertribal market is also a 
centre of social, religious, and political life.

Moneylending is an integral part of the agrarian econom­
ic structure of South Asia. In Bangladesh, the so-called 
middle-class farmers lend out their surplus money. In In­
dian villages the moneylenders come mainly from business 
castes and traders who have settled in the tribal villages.

Religion and art. Life in South Asia revolves around The 
religious belief and practice. Belief in supematural entities worship of 
is strongest among the tribal communities; they believe spirits 
that disease and death, failure in hunting or cultivation, 
and all the other hazards of life are caused by ghosts and 
spirits who can be propitiated with the sacrifice of animals.
A study of the religion of the Ho and other tribes of the 
Mundari group has shown that this belief in the power of 
spirits to control the nature and destiny of man is basic to 
their religion. The Buddhist Sherpa observe certain rites to 
protect themselves and their land from evil spirits. Among 
the Muslims of South Asia, the matrix of primitive faith 
is found in the worship of pïrs, or saints, a practice for 
which there is no authority in the Qur an.

The tribes and also the Hindus worship certain forest 
and tree spirits, water spirits, and other spirits in natural 
objects. Among the agricultural tribes, every village has 
in its vicinity a grove (sarna) reputed to be a remnant 
of the primitive forest left intact for the local gods when 
the Clearing was done. This sacred grove is the chief vil­
lage shrine among many Mundari and Dravidian tribes of 
middle India. These tribes have special festivals associated 
with trees. In the festival of Karma, a branch of a sacred 
tree is cut and planted in the village assembly ground, 
and the unmarried young of both sexes dance around it.
The Karma festival is also observed by Hindus in north 
Indian villages.

The Hindus consider the pipal tree {Ficus religiosd) sa­
cred, believing that its trunk provides a habitation for 
Brahma, its twigs for Vishnu, and its leaves for other gods.
Water is poured on its roots by pious people after their 
morning bath. The bel tree (Aegle marmelos) is associated 
with the Siva (Shiva) cult. The small plant tulsi (Ocimum 
sanctum) is associated with Vishnu, and its leaves are of-
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fered to him during worship. The presence of a tulsi plant 
in the courtyard is the mark of a pious Hindu house.

The worship of rivers and springs is of great significance 
among the tribal people, who believe that the indwelling 
spirit causes the water to move. The tribes of Chota Näg- 
pur offer sacrifices to the water spirits. The people of the 
plain consider some of the rivers, particularly the Ganges, 
to be sacred. The spirit of the Ganges is recognized by 
many Hindus as one of the wives of Siva, and there are 
periodic rituals involving bathing in the Ganges and other 
rivers. The non-Aryan hill tribes worship mountains.

Worship of the sun has been common among both the 
tribes and the Hindus. The supreme spirit of the tribes 
of middle India is Singh Bonga (Sun God). Some temples 
have been erected to the sun, notably those at Konärak 
near Puri in Orissa and at Deo near Gayä.

Many tribal peoples and Hindus also worship the mother 
earth. Pious Hindus offer a prayer to her before walking 
in the early morning, and some farmers offer a sacrifice in 
her name before digging the land. Hindu mythology and 
folklore hold that the mother earth rests on the hood of a 
cobra; he is also considered sacred, and a festival is devoted 
to him. Some deities are associated with certain diseases, 
as the goddesses of smallpox (Sïtala) and of cholera (Olä- 
bibi), who are worshipped by singing devotional songs in 
their praise.

According to the scriptures, the Hindu pantheon has 
330,000,000 deities, although even the most detailed texts 
have never tried to list all of them or even all the cate- 
gories of them. There are many shrines to gods such as 
Siva, Vishnu, Ganesa, and their wives, as well as to the 
mother goddess Sakti (Kali or Durgä). A shrine may be a 
pile of stones set up under the village tree or an elaborate 
iconographic creation in stone, marble, bronze, copper, 
silver, or gold. The latter are found at places of pilgrim- 
age. The ancient Ksetra (sacred grounds) celebrated in 
the scriptures have played a significant role in bringing 
together peoples from north and south and from different 
sociolinguistic groups.

Types of Diverse types of priesthood are found among the tribal
mesthood and Hindu communities of India. There used to be tribes 

such as the Korwa and other primitive communities that 
had no priests because they had no gods, their worship 
being confined to the spirits of their ancestors. Some tribes 
such as the Munda, the Oraon, and the Gond have their 
traditional priests, who perform ceremonial observances. 
There are also shamans who are said to have the power 
to eure diseases or other evils caused by malignant spirits. 
They give statements believed to be oracular.

In the Hindu religious system the highest caste group of 
Brahmins are traditionally and professionally the priests. 
Every orthodox Hindu of clean caste must have a Brah- 
min family priest to whom he pays customary dues in 
return for services at weddings, funerals, and other cere­
monial occasions. The sacred specialists popularly known 
as panda are found at places of pilgrimage. Hindu religious 
organizations also sanction a number of ascetic orders, 
mainly at places of pilgrimage.

Isläm as a religion is optimistic and transcendentalist; 
it does not favour either asceticism or extremes of ec­
stasy as does Hinduism. Three types of religious leaders 
are commonly found in the Muslim rural areas of South 
Asia: mullahs, mawlähäs, and pïrs. A mullah is a prayer 
leader and religious functionary who performs various 
ceremonies for the villagers, usually in association with 
a particular mosque or sector of the village. His office 
is hereditary, and he exercises control over secular affairs 
through discourses on Fridays on nonreligious matters. 
The mawlänä is better educated than the mullah in theol- 
ogy and serves as an interpreter of the Qur an. The mullah 
ordinarily supports himself entirely through his religious 
occupation, but the mawlänä generally earns his living 
from a secular occupation. A pïr is a holy man who com- 
mands a following of both Hindus and Muslims in the 
South Asian countries.

Religious The remnants of Buddhism in South Asia are found in
malgams the Himalayan States of Bhutan and Nepal, as well as 

in the Indian territories of Himachal Pradesh, Kashmir, 
Sikkim, and northern West Bengal. The Sinhalese of Sri

Lanka also practice Buddhism. The Himalayan Buddhists 
worship Hindu deities and observe certain Hindu cere­
monies; sometimes they employ a Brahmin priest. Certain 
Himalayan tribes such as the Lepchä, the Bhutia, the 
Limbu, and the Lahaula, who practice Buddhism, com­
bine it with animistic beliefs. The Chakmä of Bangladesh 
profess to be Buddhists, but their religious practices are 
mixed with the folk Hinduism of West Bengal. The same 
fusion of beliefs appears among the Magh of Chittagong, 
who have added the worship of Siva and Durgä to the 
Buddhist observances.
Several other religions, including Jainism, Sikhism, Chris- 

tianity, and Zoroastrianism, are also found in South Asia.
Jainism is the chief religion of the district of Jodhpur 
and of certain trading and business castes. It may be re­
garded as a sect of Hinduism, and intercaste marriages are 
frequent. Sikhism, like Jainism, has a close affinity with 
Hinduism. Sikhs are disciples of their 10 gurus, some of 
whose writings are compiled in the sacred book the Adi 
Granth. The Sikhs are concentrated in Punjab, though 
migrants are found all over India. One of the most remark- 
able figures in the religious history of India was Kabïr (d.
1518), a mystic poet who established a new religious sect 
linking Hinduism and Isläm. Groups of his followers are 
scattered through northern India.

Religion has been both the inspiration and the matrix of 
South Asian art, which is discussed at length in the article
SOUTH ASIAN ARTS.

The cultures of the tribes of all India, the Himalayan 
States, and Sri Lanka are characterized by dances and 
songs. Most of these reflect the community spirit of the 
tribes and their patterns of life. The village akharä (danc­
ing ground) and the youth dormitory, found in most of 
the tribes of India, are important in the development, 
maintenance, and transmission of the tribal dance pattern.
The numerous traditional festivals are inseparably linked 
with singing, dancing, and drumming.

Modern developments. The traditional cultures of South 
Asia are rural, caste oriented, conservative, and religious 
in outlook. They have altered somewhat in the last 150 
years under the impact of British rule and in response to 
modern education, technological development, and polit­
ical change.

The tendency of the lower castes to rise upward acceler- 
ated under British rule. This process of upward mobility 
has been variously named Brahmanization, Sanskritiza- 
tion, and Ksatriyaization. It may be observed both in tribal 
and in nontribal communities. Some of the tribes have 
been greatly influenced by the Ksatriya varna, or dass.
This varna includes a number of caste groups, headed by 
the artistocratic Räjput lineages and differing widely in 
status. Some tribal and lower caste groups have been able 
to distinguish themselves by using the dass name Ksatriya 
or claiming Räjput descent. They marry their daughters to 
men of Räjput lineage. There are also examples of certain 
tribal groups claiming the status of Brahmins in the Hindu 
caste system. The Bauri of West Bengal claim to be Brah­
mins by virtue of their observance of the mouming period 
of 11 days, wearing of the sacred threads, and worship of 
Hindu deities.

Lower caste Hindus have made even more vigorous ef- Attempts 
forts to raise themselves in the caste hierarchy. Organized to 
violation of caste rules by the so-called untouchable castes escape 
developed under the leadership of B.R. Ambedkar, who caste 
finally despaired of eliminating untouchability from Hin­
duism and led his followers into Buddhism. A similar turn 
to Buddhism took place quietly in Sri Lanka. There are 
instances in India of lower caste groups seeking to adopt 
the customs and rights of higher caste groups and being 
prevented from doing so. Such efforts have led to the par­
tial breakdown of the jajm änl system in the villages and 
have also been a factor in the migration of the numerically 
weaker castes to the towns.

Some of the tribes in the hilly and forested areas of India 
were converted to Christianity by European missionaries, 
and made a conscious effort to abandon their tribal tradi- 
tions. After India gained its independence, however, some 
of them foresook their Christianity in order to partici- 
pate in certain political and economie privileges enjoyed
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by the traditional tribal groups. In northeastern India, 
where Christianity is strong among the tribes, they pressed 
demands for separate statehood within India, resulting 
in the establishment of Nägäland, Meghalaya, and other 
tribal States.

The process of modernization and Westernization has 
impinged upon every sector of the South Asian cultures. 
The rate and direction of change differ from region to 
region. South Asia has been selective in what it has ac- 
cepted from the West, mingling its acquisitions with many 
traditional institutions. Thus the new industrial towns are 
treated as modern places of pilgrimage; the secularization 
of society is pursued in terms of religious tolerance; and 
the parties in democratie elections contend in terms of old 
values. South Asia is clearly in a period of transition from 
traditional societies to modern ones, and the course it is 
foliowing is unique. (L.P.V.)

EAST ASIA
East Asia as a cultural entity is here defined as compris- 
ing, first, the Chinese and groups that have been derived 
from the Chinese ethnically or culturally and, second, 
those cultures that were greatly influenced by China at the 
time that they became States. Among the first category, of 
course, are the Chinese themselves, the Taiwanese, and, 
with some equivocation, the Miao and Yao. The second 
category comprises such peoples as the Japanese, Koreans, 
Manchus, and Min-chia. Other peoples have also been 
influenced by the Chinese, but, because they have not 
formed States of their own, this influence is difficult to 
determine and is often not emphasized. This is the case 
among, for example, the Nakhi of Southwest China and 
the Ainu of Hokkaido.

Recognition of ties with China is the most characteristic 
feature of East Asian cultures. It unites peoples as dis­
parate in many aspects of life as the Hui-hui of China’s 
north west, the Japanese, and the Manchus. The area thus 
has a special significance for many of the peoples them­
selves and is not simply a construct of social scientists.

People and languages. Some peoples in Asia more or 
less form a buffer zone around East as well as South Asia. 
These ethnic groups are of diverse origins and cultures. 
The Ainu, situated on the island of Hokkaido, appear to 
represent in ethnic terms a conservative autochthonous 
refugee group that cannot easily be connected with any 
other group. They are linguistically distinct from other 
groups but culturally akin to the peoples of the Soviet Mar­
itime Province and Eastern Siberia. The Manchus, Xojen, 
Daghur, and Monguors are small ethnic groups situated 
along China’s northern and northwestern frontier. The 
first two speak a language of the Tungusic branch of the 
Altaic linguistic family, while the Daghur and Monguors 
speak Mongolian languages, also of the Altaic family.

The Hui-hui (also called Tungan in Chinese Turkistan 
and Panthay in Southwest China), or Chinese Muslims, 
take their ethnic identity from their religion. Those as­
pects of life in which they differ from Chinese are related 
to their practice of Isläm, although they also exhibit a 
greater esprit de corps and competitiveness. There is a 
natural tendency for members of an ethnic unit who 
can communicate readily with members of the dominant 
group to merge with that group, and many Hui-hui have 
seen themselves as predominantly Chinese. But it is also 
true that Chinese Muslims have regarded themselves as an 
alien and superior people to the Chinese.
Extending eastward from the Tibetan ranges and plateau, 

the Tsinling Mountains form a dividing line between 
border groups of Ural-Altaic linguistic affiliation to the 
north and Sino-Tibetan, Tai-Kadai, Austronesian (Malayo- 
Polynesian), Austro-Asiatic, and perhaps independent lin­
guistic affiliations to the south. Most of the non-Chinese 
ethnic groups found along the borders of Tibet and China 
speak a language affiliated to the Tibeto-Burman branch 
of the Sino-Tibetan linguistic family.

The Lolo (or Yi) and Min-chia have occupied the high­
land area of Southwest China for over 1,000 years. A 
number of Lolo traits—among them a language that in- 
dicates an affinity to Tibeto-Burman, a tall stature with 
a high-bridged nose, the use of feit, a mixed pastoral and

agricultural society, and the use of poisoned arrows—ap­
pear to indicate a culture with diverse and distant origins. 
The Lolo seem to be most alike in culture, language, and 
physical type to the peoples of southeastern Tibet. They 
appear to have originated in the same borderland that 
they now occupy, although perhaps more to the west.

The Min-chia have been a part of a centralized political 
system since the 7th Century, when their principal city, 
Tali, was the Capital of the Nan Chao state. The Yüan 
dynasty emperor Kublai Khan conquered Nan Chao in 
1253, but the area around Tali is to this day primarily 
inhabited by the approximately 1,130,000 Min-chia. The 
Min-chia have been rice cultivators for over 1,000 years 
and now are highly acculturated to Chinese ways of living. 
Many speak Chinese as well as Min-chia.

The linguistic affiliation of the Miao and Yao to major 
linguistic groups is still in dispute, but there is no doubt 
but that the two are linguistically related to each other 
and have borrowed heavily from Chinese. Miao names 
for themselves are Hmong, Hmung, or Hmu, followed by 
a further word indicating subethnic affiliation. The Yao 
refer to themselves as Kim Mien, Kim Mun, and Yu 
Mien. The Miao number about 5,000,000 in China and
400.000 in Southeast Asia. The Yao number more than
1.400.000 in China and more than 200,000 to the south. 
Both derive from the Yangtze Valley region and, in the 
case of the Yao, probably from the mountains along the 
east coast of China. They appear to have been recognized 
by the Chinese as ethnic units for over 2,000 years. Both 
are distributed for the most part in small enclaves some­
times no larger than a village, although there are also 
larger settlements. The People’s Republic of China has 
recognized a number of Yao autonomous counties (hsien), 
and an autonomous special administrative district (chou) 
has been set aside for the Miao in Hunan Province, as 
well as two autonomous regions in Kweichow Province. 
The sociopolitical fragmentation of the Miao and the Yao 
has apparently been caused by their countless attempts to 
escape domination and assimilation by the Chinese. The 
last independent Miao group disappeared at the end of 
the last Miao rebellion in 1870. Both Miao and Yao have 
drifted southward, and now both groups are found as far 
south as Thailand.

The original inhabitants of Taiwan (Formosa) were Aus­
tronesian (Malayo-Polynesian) speakers, but, within the 
last 300 years, after the establishment of trading posts on 
the island by the Dutch, the Austronesian speakers have 
been gradually pushed back into the mountains, in part by 
Hakka Chinese from Kwangtung Province but mostly by 
Minnan (Amoy) Chinese from Fukien Province, directly 
across the Formosa Strait. There are now about 16,000,- 
000 Taiwanese. The majority speak one of several dialects 
of the Fukienese languages, a Sinitic tongue. A minority 
speak Hakka, another Sinitic language. Many mainland- 
ers in Taiwan speak Mandarin Chinese. Within the last 
25 years many Chinese have come to identify with the 
family, associational, and professional ties that they have 
established on Taiwan. As a result they and especially 
their children have come to associate more with Taiwan 
than with China.

Japanese is a composite speech in which Austronesian 
was the earliest ingrediënt. A later Altaic influence came 
to overlay Austronesian forms, and many Chinese words 
have subsequently been borrowed.

Korean linguistic affiliations seem to parallel those of 
Japan but with different emphasis. Altaic, specifically 
Tungusic, linguistic influences are very strong, and cul­
tural influences from the north and east have been more 
prominent. The Chinese, for example, conquered Korea 
and established military colonies in the Ist Century bc, 
one such outpost lasting until the 4th Century a d .

By definition the peoples of East Asia turn toward Chi­
nese culture but with varying degrees of ambivalence. Per­
haps the Koreans, Manchus, and Min-chia have been the 
more assiduous students. One can contrast the attitudes of 
these nationalities with the open defiance and antagonistic 
acculturation maintained by the independent Lolo (Yi) 
of the Ta-liang Shan and the belief of the Japanese from 
the lOth Century on that they should be treated as equals

Ethnic and 
language 
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The
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of China
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rather than clients by the Chinese. On the other hand, 
such groups as the Miao, Yao, and some Lolo speakers 
lost their ability to control their affairs to any large ex- 
tent beyond the village level, thus tending to accept the 
Chinese great tradition. In early China may be seen an 
approximation of the feudal system of Europe. Men who 
held political power and an authoritative position were 
overlords and not simply bureaucrats. The political struc­
ture was that of a lineage state; that is, it was considered 
that everyone, or at least everyone of importance, within 
the state was related. Ideally, therefore, a vassal was not 
only a subordinate—a cliënt—but a relative as well. The 
lord should be a more direct descendant, a member of 
a senior generation, or in some way more closely related 
to the founder of the line than the vassal. If the kinship 
relationship between two men who wished to establish 
a vassal and lord relationship was not close enough, it 
appears that genealogical charters could be altered to fit 
social and political needs. The regularized system of inter­
state relationship, called tribute in the literature, between 
China and other countries was modelled upon a system 
of exchange between patron and cliënt that existed in 
feudal China. According to the world view by which the 
tribute system operated, there was only one true universal 
culture—that of the Chinese. The tribute system was the 
means of emphasizing this fact. It consisted of a number 
of ceremonial acts, the most famous of which was the 
füll kowtow, in which the ambassador from the foreign 
court prostrated himself füll length in front of the emperor 
or the latter’s representative. He thus expressed not only 
Submission and subservience in military and civil affairs 
but also obsequious deference in cultural, ceremonial, and 
ethical matters. The tribute system was a means of carry- 
ing on diplomacy between the dominant power—that is, 
the “Middle Kingdom”—and other less equal powers and 
civilizations. Tribute was mostly an exchange of gifts, the 
Chinese often giving more in value than they received. The 
important element was the bringing of the various peoples 
together under the common umbrella of customary law 
and ritual, or attitudes toward virtue. The adoption of the 
Chinese ideographic system, calendar, Classical literature 
and art, court ceremonies, methods of government and 
law, and even dress and music were further aspects of the 
Chinese cultural hegemony.
The crucial period for the development of China and also 

East Asia was after the fall of the Han dynasty, about ad 
220. Han society was comparable to Rome in its general 
complexity of organization and in its decline into equally 
fragmented pieces. Yet a central power was to reappear in 
the 7th Century. The reasons for this revival were several, 
but the most important was that although the barbarian 
areas, especially those that threatened China, could fight 
well and at times conquer China, they never emulated 
it to the same extent that the Western barbarians emu­
lated Rome.

There is some agreement that the pre-modernization pe- 
riods in East Asia can be called “traditional” (“classical” 
has a different connotation and should refer to a period 
preceding the traditional). The traditional period has lasted 
a long time, not without change but with essentially the 
same types of social structures. In China the traditional 
period began during the T’ang dynasty; that is, during the 
7th Century a d . In Korea it began with the Yi dynasty in 
1392 and in Japan with the Tokugawa shogunate in 1603. 
Kinship patterns. The common bases upon which the 

luxuriant growths of East Asian social structure grew are 
few in number and relatively simple. One is the tendency 
to maintain extended patrilocal families; that is, for sons 
to bring their wives to live within the same household or, 
if not, at least close enough for all descendants to form 
a single social, economie, and ceremonial unit during the 
lifetime of the father and very often the mother. Due to 
family or sometimes circumstances of wider importance, 
it may not be practical or even considered desirable for 
sons to live and work together, but almost always one of 
the children will be on hand to care for the aged parents. 
Sometimes, if there are no sons, a man will marry into 
the family, the husband o f a daughter living with his 
wife’s family.

Whether it is a woman or man who manies in, the effect 
seems to be the same. The spouse, or his or her children, 
tends to establish an identity for inheritance and descent 
through residence in the house into which they marry or 
into which they are born.

Another basic element of East Asian social organization 
is the ego-centred kinship system. In such a system an 
individual does not place himself within a kinship group 
by reference to a group in which he has membership but 
rather calculates the distance of each relative from himself. 
He is thus the centre of the kin group, and those too far 
on the periphery cease to be relatives.
This ego-centred system has two forms. One is the kin- 

dred form, the type of kinship system found in the West, 
in which relatives on both the mother’s and father’s side 
are equally considered as kin. The second form may be 
regarded as an asymmetrical extension of the kindred 
form. This is the patrilineal segmentary lineage, which 
emphasizes the relationship between the parent and child 
on the father’s side of the family. The line of descent from 
grandson to great-grandfather is thus given prominence.

Characteristic o f the segmentary lineage is a tendency 
for residence to equal kinship affiliation. Thus, most of 
those who live within the same village or encampment 
are believed to be related. Members may move out to 
form colonies, however, and in this way lose their original 
identity. Other individuals and even families move into 
the residential unit, and in time they or their descendants 
are accepted as relatives. Within any residential area, how­
ever, there is a core group of old families, so to speak, 
toward whom the others gravitate and claim relationship 
of some sort.

The last basic element of East Asian social organization is 
ancestor worship, especially of one’s patrilineal ancestors. 
Shamanistic religious practices often related to ancestor 
worship are prominent.

Apparently most of Europe and northern Asia at one 
time maintained a social organization of the type depicted 
above. It is also found in northern and eastern Africa. 
East Asia is exceptional because not only have many of 
the features of this model been maintained until recently, 
even down to the present, but because they were also 
accompanied by the rise of a centralized state.

Sociopolitical organizations. As stated above, Chinese 
civilization began as a lineage state (one in which political 
subordinates were ideally relatives of inferior rank in the 
lineage) and one in which the patrilineal segment of a 
lineage was of particular importance. Japanese political 
structure was also a political system tending toward a state 
based upon the segmentary lineage. It is almost impossible 
to maintain a strong centralized system of government 
along with a segmentary lineage social organization be­
cause forces for centralization are countered by those for 
Segmentation. In China this “familial feudalism” came to 
an end with the Ch’in dynasty (221 bc), when a bureau­
cratie, authoritative system of government was introduced 
for all China. Although China subsequently became frag­
mented, indeed for a time became a feudal society, it never 
reverted to the lineage state as a form of government.

Japan entered into its bureaucratie period under the im­
pact of Chinese influence, which was at its height during 
the Taika reform era beginning in 645. By the 1 Ith Cen­
tury, however, during the Fujiwara period, local family- 
centred warrior bands held Japan in de facto control. With 
the rise to power of Minamoto Yoritomo (died 1199), 
the welding into a national state o f local centres of power 
based on residence and descent groups reached its climax.

Korean sociopolitical organization managed to combine 
a number of seemingly conflicting factors as late as the 
12th Century: a bureaucratie structure, in part oriented 
around a Chinese-like civil service examination system, 
combined with a very class-conscious society in which lo­
cal power rested largely in the hands of aristocratie estate 
holders. The residents on these estates— slaves, serfs, and 
nobles—were all united by common genealogical charters. 
Unlike Shang dynasty China, however, these lineage es­
tates did not integrate to form a lineage state. Linguistic 
evidence for medieval Korean social organization can be 
found in the use of place-names along with patronymics.
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There are, for example, 84 place-names that qualify the 
Kim surname.

The traditional social structure in all three nations is 
similar in one respect: although segmentary lineages con­
tinued to exist, they were unable to dominate and deter- 
mine the organization of the state. Nor can these be called 
feudal societies.

Taxation and tax reforms and their relation to land 
tenure were important factors in traditional Chinese soci­
ety. Reforms were initiated by the Northern Wei dynasty, 
which controlled North China from a d  386 to 534/535. 
At first, the reforms consisted of limitations to the amount 
of land any individual could control and of qualifications 
on inheritance rights. During the T’ang dynasty (618-907) 
this system was changed to a direct and, as compared to 
the past, heavy tax on land. The emphasis shifted from 
taxing each person equally, as in a poll tax, to a tax on 
resources. As a result, large estates apparently were broken 
up into small, independently owned farms and relatively 
small landlord-owned estates.
A second factor of great importance in shaping Chinese 

traditional society was the commercialization and urban 
orientation that developed in China. The percentage of 
persons living in urban centres in China even today is 
small, but by at least the Ming dynasty (1368-1644) and 
probably already by the Sung (906-1279) the influence of 
city life upon the nation was very strong.

Gentry society. This period in Chinese history is usu­
ally referred to as that of a “gentry society,” a term of 
considerable ambiguity. On the one hand, one can speak 
of the scholar gentry or, more accurately, the degree- 
holding gentry—those called shen-shih in Chinese. Such 
individuals were granted a special legal as well as social 
status because of their success in the examination system. 
Some few members of this group, by continuing up the 
degree ladder, received bureaucratie appointments. These 
may be called the bureaucratie scholar gentry. Then there 
were others who, because of their position as landlords, 
may be termed landlord gentry.

To understand traditional Chinese society one should 
translate gentry simply as important and influential per­
sons and then attempt to understand in what manner 
their pre-eminence was obtained and by what means their 
influence was exerted. Government service, the examina­
tion system, education, landed wealth, wealth in general, 
tenantry, and social mobility can best be examined as 
interrelating within a system of government, as well as 
of society. The summit of the system was the Imperial 
court supported by a minute elitist bureaucracy. The 
court and civil service system were organized as though 
the government was an autocratie, although benevolent, 
despotism. In a formal sense this was true. There was little 
an individual could do to counter the will of the central 
government if he met with its full displeasure. It is not 
fully understood how the theoretical or formal structure 
of the government, which can be deduced from examin- 
ing old Statutes, actually operated. It is, however, evident 
that the government of the various dynasties depended 
upon a client-patron system of structured relationships 
and on informal government to maintain stability in the 
countryside.

By late Ch’ing (1644-1911/12) and Republican times 
this relationship was called kan-ch’ing. To have good kan- 
ch ’ing is to have a sense of well-being, a feeling of being at 
ease, especially in relationships between parties of unequal 
status who are not kinsmen. Those who have good kan- 
ch ’ing are in a position to help each other rather than to 
compete with each other. In other words, it is a personal- 
ization of otherwise contractual relationships.

Landlord-tenant relations. Despite the superficially 
despotic central government, the landlord was primarily 
dependent upon the goodwill of the tenant if he was to get 
his rent. It is true that, should the tenant refuse to pay the 
rent, the landlord could ask for help from the magistrate, 
but such aid, in the short run at least, might prove to be 
very costly, as the landlord would be saddled with all court 
costs besides having to satisfy those greedy lower officials 
upon whose goodwill he had made himself dependent. 
Thus it was better for both parties, tenant and landlord,

to keep the central government at a distance—especially 
military officials. The tenant, of course, normally paid the 
rent. For him not to do so and present no excuse would 
be tantamount to rejecting the landlord’s right to the land. 
But the actual amount to be paid was open to negotiation. 
If drought, flood, too much rain at the wrong time of 
year, insect plagues, or other factors adversely affected the 
harvest, it was the landlord’s Obligation to remit as much 
of the rent as necessary for the tenant to live. The tenant 
was in a better position to know the actual growing con- 
ditions and the real condition of the harvest. If good kan- 
ch ’ing existed, the landlord would not press overly for the 
rent, and the tenant would be fairly honest about paying 
it in good years.

The lack of security in rural areas meant that good re­
lations between landlord and villager were necessary to 
protect the landlord against bandits. In an area in which 
the gentry were well respected, they were able to main­
tain an effective militia (mostly composed of villagers) for 
the defense of the village and their own property. But 
if the villagers hated the landlord, residents of the rural 
area where he lived might offer him no protection against 
bandits coming from a neighbouring area or might simply 
attack him themselves.

More symbolic contributions made by tenants to the 
landlord consisted of gifts o f food and produce presented 
at festivals. During rites of passage (at birth, marriage, 
death, etc.) in the landlord’s house, tenants as well as 
freeholders would contribute labour. The landlord would 
make monetary contributions to his neighbours when they 
needed help. Tenant children often worked as domestics 
in the “big house,” and sometimes a landlord would take 
a tenant girl to be his “little wife” (second, subordinate 
spouse). The tenant was courteous to the landlord, calling 
him “master” or “elder.”

In addition to forgiving rents at times of distress to the 
tenant who fulfilled his obligations, the landlord acted 
as an intermediary between the rural area and the func- 
tionaries of the central government. He had the poise, 
education, and background that made it possible for him 
to argue the case for an accused villager or attempt to have 
the tax rate adjusted or obtain a pai-lou (“memorial”) 
in honour of a faithful widow or earnest local historian. 
It was also expected of landlords to obtain financing for 
bridges, schools, temples, and other semipublic buildings. 
With the aid of the village headman, the landlord or­
ganized the maintenance of public works by means of 
corvée labour (labour exacted in lieu of taxes). At the 
village level this was probably more like a series of days of 
cooperative community effort than unrewarded drudgery. 
This unofficial body of village headman and landlord was 
also responsible for morality in the community. They 
often helped to work out a compromise in a dispute or 
even acted as judges. During the Ch’ing dynasty they were 
responsible for bimonthly public readings of the emperor 
K’ang-hsi’s “Sacred Edict” (Sheng yü):

Be filial and respect the social relationships, be frugal and
diligent, esteem scholarship and eschew unorthodoxy, be law
abiding and pay your taxes.

Sometimes local children were taught along with the chil­
dren of the “big house” by a tutor, or a school was es­
tablished elsewhere for the neighbourhood, usually at the 
Classical (Confucian) temple. These illustrations indicate 
only some of the functions of the client-patron system of 
government.

The burdens of this system lay initially upon the tenant 
but tended to drain the resources of the landlord. It is dif- 
ficult to imagine a landlord maintaining good kanch’ing 
and making a great deal of profit from his landhold- 
ings. But, by investing in urban-based enterprises, such as 
pawnshops, grain shops (in which a surplus could be sold 
at times of greatest demand), and small industries, the 
gentry could recoup its losses.

It was difficult to become wealthy through the owner­
ship of land alone and thereby to acquire gentry status 
because of the rules of equal inheritance by all the male 
heirs. Wealth was often initially acquired in the cities or, 
if acquired in the countryside, frequently by such dubious
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means as banditry. Later this wealth was transferred to 
land both for economie security and for social prestige.

Families and lineages. The extended families o f the 
“big house” were complex organizations including often 
only remotely related individuals seeking patronage. The 
peasant families, on the other hand, tended to be small, 
approximating a nuclear family (parents and children), al­
though the large, extended pattern was the ideal. For many 
the cyclical joint (nuclear-extended) family corresponded 
closest with reality. This pattern, which is a basic feature 
of East Asian social organization, assumes the dissolution 
of the extended family after the death of the parents. To 
the individual the pattern is cyclical, as he is born into 
a household composed of grandparents and their married 
sons, which breaks up into nuclear households upon the 
death of the grandparents. As sons mature it is recreated, 
only to dissolve with the father’s death.

In South China, especially in the provinces of Kwang­
tung, Kwangsi, and Fukien, the client-patron relationship 
was solidified by the continued power of segmentary lin­
eages, the tsu. In Taiwan large lineage organizations were 
rare. Most individuals of Chinese descent resident on the 
island maintained only shallow lineage organizations and 
remembrances of ancestors.

The kindred form of kinship organization was an element 
within Chinese and thus Taiwanese kinship organization, 
but it was not as important for the Chinese as it was for 
the Koreans and certainly not as important as it was for 
the Japanese.

Korean Yi dynasty society developed a gentry similar 
to that of China, but, while in China the importance of 
the gentry lay in their function as community leaders in 
villages where they owned only a small percentage of the 
land, in Korea the gentry (known in Korea as yangban) 
owned most of the land. Koreans possessed a stronger dass 
consciousness, and land ownership was limited mostly to 
the bureaucratie dass.

In recent times at least, the Koreans have tended to 
practice primogeniture rather than equal inheritance by 
all sons. The joint family described for the Chinese has 
thus not been common for the Koreans, although the 
eldest son, after receiving his inheritance, is responsible to 
some extent for the welfare of his younger male siblings. 
The result is a weakly united extended family, a family 
that does not live together but still feels responsible for 
its members. The system of kinship terminology indicated 
by Korean terms of address is much like that of western 
Europe. It indicates the importance of the nuclear family 
and bilateral (paternal and maternal) kindred, while the 
Chinese terms of address indicate an emphasis on patri- 
local residence. Other Systems of kinship terminology in 
Korea show the importance of patrilineal ties, as well as 
the former presence of segmentary lineages.

Tokugawa Japan (1603-1867) was a highly bureaucratie 
state working within a feudal framework. During this time 
there were probably as many civil servants in Japan as 
there were in all of China at the same period, despite the 
difference in size and population. Admittance to the bu- 
reaucracy was limited to the former warrior dass, Samurai 
or bushi, who were placed on stipends in times of peace 
and whose caste position was protected by law.

Because of the exercise in Japan at this time of tighter 
political Controls, especially vigilance by the Tokugawa 
and daimyo (hereditary feudal lord) for signs of disloyalty, 
which might be punished by confiscation of land, there 
was less need for a client-patron system to emerge, al­
though the Japanese form of the segmentary lineage, the 
dozuku, only gradually declined in importance. A client- 
patron relationship existed naturally between the daimyo- 
executive and Z?M.s/ri-bureaucrat, but this relation varied 
from area to area. It tended to be thought of more in 
terms of formal obligations and efficiency rather than as 
one based on Personalities. While in China there had been 
a personalization of contractual relationships, in Japan 
there was a ritualization and formalization, if not to say 
contractualization, of personal relations.

The Tokugawa period was one of increasing urbanization 
and commercialization. There was a development of small 
industries and an improvement of agricultural techniques,

based in part upon specialization and the partial com­
mercialization of agriculture. It became more profitable to 
work the land in small nuclear family groups now that 
farm management demanded more care and a growing 
demand for labour existed in the urban centres. As a 
consequence, the nuclear family came to be the dominant 
form in rural Japan. The position of the nuclear fam­
ily in traditional Japanese society was also strengthened 
by the gradual emergence of a pattern o f primogeniture. 
Primogeniture is relatively less painful in Japan because 
of the respect given adopted sons-in-law, who often are 
the younger brothers who did not inherit the estate into 
which they were born but whose children inherit their 
wives’ estates.

The other groups covered in this section (except the in­
dependent Lolo) were dominated by or integrated into the 
sociopolitical organizations of other East Asian groups or 
cultures during the traditional period.

The Hui-hui, for example, are very similar in social and 
familial form to the Chinese, differing only in those as- 
pects in which religion has been influential. One finds in 
China Chinese-Islämic communities existing as compact 
segregated enclaves, focussing on a single mosque. There 
is more community spirit than among the Chinese, and 
the Islämic minister, chiao-chang, is also the leader of the 
community.

The Situation of the independent Lolo (Yi) of the Ta- 
liang Shan is complex because of the interrelation between 
caste, dass, and lineage affiliation. Only about one-tenth 
of the population of the Ta-liang Shan were Black Lolos 
(Mosu, or Nakhi)—that is, the upper caste of “pure” Lolos. 
The sociopolitical organization of the Mosu was the seg­
mentary lineage with confederations, the latter continually 
rearranging because of feuding over “subjects,” household 
attendants, and slaves. The tripartite grouping into subject 
or White Lolo, attendant, and slave was the result of con­
tact with Chinese. Slaves were recently captured Chinese 
who after several generations came to regard themselves as 
Lolo and became household retainers. Their master then 
would permit them to become White Lolo with the status 
of subject. Members of the lower caste were apparently 
not integrated as kin with the Black Lolo but formed their 
own patrilineages. The relations between Black Lolo and 
subjects and retainers were superficially relaxed and egal- 
itarian. They ate the same food, slept in the same house, 
and observed the same rules of hospitality. One might 
say that the greatest concern of a Black Lolo was for the 
welfare of his subject, because, if he acted wisely, kindly, 
and generously, he could attract followers. This became, 
of course, a point of discord between himself and other 
Black Lolos, as the men he might attract already had ties 
as subjects, attendants, or slaves with other Black Lolo.

Socialization and education. East Asian traditional so­
ciety was dominated by middle-aged men and women. 
Within the joint family it was the wife—a former 
daughter-in-law and later a mother-in-law—whose voice 
was paramount. In the outside world the middle-aged 
man directed affairs after years of apprenticeship. The 
transitions from one stage of life to the next were all grad­
ual, except for retirement. Adulthood was not achieved 
by passing some initiation rite, taking a head, or getting 
married—and certainly not by reaching a certain age—but 
only by acting responsibly. Retirement marked a sharp 
break: within a short time a powerful and authoritative 
adult might be converted into a gentle grandparent.

Children were closely integrated into the household. In 
China, Korea, and Japan especially it was believed that 
they were never able to repay the debt to their parents, 
and thus they strove to succeed and by this means win 
parental approval. This was especially true of brothers 
who had to cooperate in the joint family but who were 
also competing individually for parental approval.

Economie life. Settlement patterns and housing. There 
are basically two house types in East Asia. One type is 
exemplified in its simplest form by the Ainu hut. Uprights 
support a ridgepole connected by rafters to the corners. 
Reed matting is used both for walls and roofing, as well 
as for flooring. The essential point is that the uprights, 
not the walls, support the roof. The other type may be
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exemplified by the Lolo house, which is constructed of 
wooden planks that, together with uprights, support the 
roof. The roof is made of planks held down by stones.
The North Chinese house is fundamentally the Ainu hut 

with elaborations. Large pillars may replace the simple 
uprights of the Ainu, fired bricks the mat walls, and tiles 
the mat roof, but the plan of construction remains the 
same. It is possible for an entire wall of a Chinese house 
to fall away without affecting the stability of the remain- 
ing sections. This is also the traditional house type of the 
Manchus, Hui-hui, Min-chia, Koreans, Taiwanese, Miao, 
and Yao. Significant elaborations include the construction 
of a raised sleeping platform heated by flues from the stove. 
The Koreans prefer a heated floor instead. The house may 
be enclosed within a courtyard among Manchus, Chinese, 
Min-chia, Hui-hui, and sometimes Miao and Yao. Or a 
smooth, hardened earth area, a matang, may be found in 
front of the house, as among the Koreans.

The Japanese house may be seen as a highly original 
synthesis of basic Ainu hut and Lolo house. Uprights are 
used, not necessarily pillars, so that the walls carry some of 
the weight. The mat flooring again suggests the Ainu type.

In the rural areas, houses may be grouped in tight clus­
ters or as isolated farmsteads. By and large the Chinese, 
Manchus, Min-chia, Koreans, Ainu, and Hui-hui live in 
tightly clustered settlements, while the other peoples have 
both. On Taiwan the Chinese-derived population tends to 
live more often in isolated farmsteads reminiscent of the 
settlement patterns of the United States Middle West.
Agriculture and trade. Every one of these societies is to 

some extent dependent upon agriculture. The Ainu have 
perhaps been mostly dependent upon fishing, gathering, 
capturing falcons for sale, trapping, and hunting—espe­
cially to obtain trade goods from the Japanese.

Most Chinese, Min-chia, Koreans, Taiwanese, Hui-hui, 
and Japanese practiced a labour-intensive/land-scarce type 
of agriculture during the traditional period in which the 
primary beast of burden was man.

For South China, Korea, Japan, Taiwan, and among 
the Min-chia rice is the dominant erop. The traditional 
method of growing rice requires the use of a water buffalo 
for preparing the soil, in addition to tremendous amounts 
of human energy for transplanting, weeding, and har- 
vesting. In order to grow paddy, or wet rice, the farmer 
must have more control over his water supply than na­
ture generally assures. To satisfy this need, countless small 
irrigation Systems have been constructed throughout East 
Asia. Only some of the marginally arable land of the Hui- 
hui and adjacent regions in China’s Northwest are totally 
dependent on irrigation. Here waterwheels, placed along 
the riverbank and canals, are used.

The Miao, Yao, Manchus, and Lolo made more use of 
animals and undomesticated plants. The Lolo depended 
as much on pastoralism as on agriculture. The Manchus 
definitely depended primarily upon agriculture, but at 
nearly every point a beast of burden assisted man in 
working the soil. Although the Manchu today grow the 
same crops as the Chinese farmers of the North China 
Plain (corn [maize], kaoliang, wheat, oats, millet, and 
buckwheat), their fields are worked by oxen or horses. 
Goods are transported in carts pulled by animals. Animals 
are fed grain rather than left entirely to scavenge. Only in 
the kitchen garden does Manchu agriculture resemble the 
intensive cultivation of the Chinese.

In all of East Asia during the traditional period a com­
mercial and monetary economy was manifest. Farmers 
produced more than was necessary for subsistence, selling 
their surplus to buy goods at a market or to pay taxes and 

Degrees of rents or repay loans. It is difficult to arrange the traditional 
economie economies of East Asia along a scale, but certainly by the 
develop- beginning of the 19th Century Japan was the most com- 
ment prior mercialized and industrialized. The power of the Chinese 
to modem- gentry and the centralized state, always jealous of their 
ization prerogatives, stifled industrial development in China. The 

same was apparently the case in Korea, whereas Japan’s 
postfeudal society was in this respect more like that of 
Europe.

Religion and art. The syncretic religions found through­
out the Far East developed through the interweaving of

several belief Systems. Ancient contributions were shaman- 
ism—that is, belief in an unseen world of gods, demons, 
and ancestral spirits responsive only to the shaman, or 
priest—and a belief in an impersonal supernatural force. In 
anthropological literature this force is often called mana, 
but in the Orient the term used is tao, the “way,” or “lode” 
as its more fundamental and ancient meaning. This force 
has two aspects, an active and a passive, in Chinese known 
as yang and yin, respectively. Perhaps such beliefs derive 
from the areas to the south, but such a conceptualization 
of nature could also have derived from the philosophical 
underpinning of shamanism. A third ancient element is 
ancestor worship. Important later ingredients have been 
Buddhism and, in Korea, Christianity, which has been 
closely associated with Korean nationalism.

Twentieth-century Tungus (including Manchu) shaman- Features 
ism is probably as close to the ancient shamanistic foun- o f East 
dation of East Asian beliefs as can still be found. There Asian 
is a tendency för a shaman to represent his own lineage, shamanism 
although a shaman does not have to limit his services to 
his kin group. A feature of shamanistic practice is the 
séance, in which the shaman sends one of his souls out 
to meet with spirit helpers whose job it is to induce the 
lost soul, or fraction of a soul, of a patiënt to return. The 
séance demands both control and ecstasy. It is a dangerous 
occupation, psychologically demanding. In one Variation, 
the shaman, instead of sending out one o f his souls, be- 
comes “possessed” by the spirit he has contacted. Much 
of the populär religious Taoism of China uses shamanistic 
séances of the latter type. Sometimes, a priest—that is, a 
person primarily concerned with ritual and doctrine rather 
than with personalized contact with spirits— is prominent, 
as in Japanese Shintö.

In religious terms yang is decidedly better than yin. Chi­
nese saints such as Kuang Ti (supposedly a general who 
lived during the period of the Three Kingdoms, about 
the 3rd Century after Christ) had an abundance of yang.
Graveyard trees, the ghosts o f those who died in child- 
birth, or those without male heirs have too much yin. The 
latter, called kuei in Chinese, supposedly caused much of 
the misfortune in traditional China. It therefore behooves 
people to propitiate the kuei at the same time that they 
take care of their own ancestral spirits. If the kuei cannot 
be placated by offerings made at crossroads or by a special 
festival celebrated at midsummer, then they may hopefully 
be frightened away by “hot noise,” a literal translation 
of the Chinese word for happiness, with firecrackers, red- 
coloured paper, and by chanting Classical literature.

The three-part soul of one’s own ancestor requires care 
after death lest it become a kuei. Generally, one’s own an- 
cestors are remembered by burning incense at the family 
altar. Ancestor worship is very ancient among the Chinese 
and probably among some of the other peoples in Asia, 
but it apparently became important in Japan only after 
the importation of Chinese culture. Before that time the 
Japanese worshipped only the deceased founder of the 
lineage. The reverence bestowed upon the emperor may 
be seen as deriving from this custom.

The social and intellectual life of the peoples of East 
Asia has affected their interpretation of the nature of reli­
gion. The Chinese learned gentleman has tended to be an 
agnostic, whereas his Japanese counterpart is generally a 
Buddhist of the Zen sect. In China and Korea there has 
been both a Confucian activism and a Taoist passivism.
In Japan, on the other hand, Zen encouraged its bushi 
adherents to find their way within the world rather than 
by withdrawing to some lonely and beautiful spot, as in 
the Taoist ideal.

Aesthetically the Chinese gentry and their Japanese coun- 
terparts expressed themselves along similar lines. Funda­
mental to their visual art is the skill perfected in practicing 
calligraphy with brush and ink stone. The novel, a literary 
form dependent on a “middle dass” having leisure time 
and an interest in details of personality rather than simply 
in characters of epic Proportion, developed much earlier 
in both China and Japan than it did in the West. Stylized 
operatic theatrical productions, the Ching-hsi of China 
and the Nö of Japan, were enjoyed by the literati but were 
in form and content simply the most polished of a series
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of musical theatrical productions found throughout the 
area in the form of shadow plays, puppet shows, and tales 
of itinerant storytellers. It is in pornography that a differ- 
ence may be found, the Japanese celebrating an exuberant 
phallicism, the Chinese being more sensual and playful.

Modern developments. For the peoples of East Asia the 
20th Century has been a time of quickening change. The 
Taiwanese have emerged as a distinct ethnic group and 
nation, whereas the Manchus, once the rulers of China, 
have become eclipsed. By the time of the fall of the 
Ch’ing dynasty in 1911/12, most Manchus had become so 
Sinified that they were simply absorbed into the Chinese 
population, though some pockets of Manchus (the Ban- 
nermen) who had developed a strong sense of national 
identity and who resisted absorption by the Chinese re- 
mained. The establishment and sponsorship in Manchuria 
(Northeastern Provinces) of Manchukuo by the Japanese 
in 1932 gave such groups a respite. Now three generations 
removed from the fall of the Ch’ing dynasty and one from 
the unification of China under the Communists, there is 
probably little left of the Manchus as a distinct people.

The Ainu of Hokkaido have in a sense been fighting a 
losing battle against the better organized Japanese since 
the Ist millennium of the Christian Era. The Ainu, un­
til Russian penetration of the Far East, were valued by 
the Japanese as a market. The Russian advance led to 
closer Japanese control over the Ainu and, after the Meiji 
Restoration (1868), to much closer supervision of Ainu 
life. The Ainu were encouraged to become sedentary farm­
ers rather than moving on from plot to plot. This often 
led to their neglect of fishing and other traditional occu- 
pations. Large numbers of Japanese have since settled on 
Hokkaido, which has led to intermarriage, and for over 
100 years now the Ainu have been encouraged to become 
successful within the framework of modern Japan. De­
spite discrimination by some Japanese, especially up to 
the time of World War II, the Ainu have accepted assim- 
ilation into Japanese society. To what extent the old ways 
will continue to be observed by some families cannot be 
ascertained, but as a distinct people the Ainu may soon 
disappear except in the ethnographic record.

The fate of the Min-chia was sealed much earlier, in the 
Yüan dynasty (1206-1368), when Kublai Khan conquered 
the Nan Chao state. The Min-chia were encouraged to 
become Chinese literati, and they have since then com- 
peted for Chinese honours with even greater fervour than 
the Chinese themselves. They achieved a high measure of 
success in Chinese society so that over the centuries they 
have become very Sinified. At the present time no polit­
ical, social, or cultural Situation of a nature that would 
slow the Min-chia’s rapid assimilation into the Chinese 
population seems likely to come into being.

Ethnic One might assume that the Hui-hui are also on the way
wareness to losing their distinct identity, but in fact the victory
if the of the atheistic Communist Chinese has heightened the
/luslim ethnic awareness of the Islämic Hui-hui, who have main-
lui-hui in tained their religious bonds. During the last quarter of the
ffiina 19th Century they were the victims of extreme religious

persecution, in the course of which millions of them were 
killed. Now only tolerance and a real end of discrimina­
tion by the Chinese will lessen the Hui-hui’s resistance 
to being assimilated. They have apparently been allowed 
to play a part as a nominally autonomous group by the 
Chinese Communists.

In one sense the Ta-liang Shan (independent) Lolo (called 
Yi by the Chinese) have created one of the more success­
ful countercultures to the Chinese. They have maintained 
their independence and identity during 2,000 years of Chi­
nese pressure. During this time they were able to elaborate 
a social and ceremonial organization of their own and 
to develop a non-Chinese and non-alphabetic writing sys­
tem. But also during the years, other Lolo groups, which 
are closely related to the independent Lolo in speech and 
culture yet living outside the mountain fastness of the Ta- 
liang Shan and under Chinese jurisdiction, have increased 
in number until there are about 5,450,000 of them, not 
including the Nakhi, Lisu, Lahu, and Akha. There are, 
however, far fewer independent Lolo left: Chinese control 
is obviously gaining.

The so-called acephalous political organization (i.e., lack- 
ing a governing head or chief) of the Lolo, Miao, Yao, 
and other groups in Southern and southwestern China has 
given them certain advantages. The primary advantage 
lay in the inability of the Chinese to be done with them 
by one decisive battle or campaign. But it has proved a 
disadvantage as well, as it has left them unable to deal 
with the gradual encroachment of the Chinese onto their 
lands, first as individuals, later as officials. Only by en- 
slaving the Chinese and destroying their settlements were 
the Lolo along the Szechwan-Yunnan border able to hold 
their own. Once deprived of the strength to carry out such 
drastic measures and forced to deal with the powerful gov­
ernment of the People’s Republic of China, the Lolo, like 
the other non-Chinese peoples of Southern and southwest­
ern China, will probably find within a generation or two 
that all that remains o f their ethnic uniqueness are some 
folk-art motifs and a few officially sponsored folk festivals.

Paradoxically, the 50,000,000 non-Chinese of Southern 
and southwestern China have been able to maintain their 
own culture and language for thousands of years; yet, now 
that a government of China exists that pays special atten­
tion to them and that is sometimes sympathetic to them, 
they are likely to become totally acculturated. The reason 
for this is that they live scattered in small enclaves among 
the Chinese population.

As pointed out already, the Taiwanese control most as- 
pects of their lives and, through their domination of the 
provincial government, the careers of many “mainlanders” 
on the island. The latter are attempting to re-Sinify the 
Taiwanese by teaching Mandarin Chinese in the schools, 
by the cultural-restorations movement exemplified by the 
building of a beautiful new national museum, and by 
other government services and programs. But the fact that 
the Taiwanese own the land and control the resources, 
plus their greater numbers, suggests a different direction 
of development. If Taiwan is allowed to settle its own 
affairs, it is more likely that the Taiwanese will absorb the 
“mainlanders” than vice versa.

China and the West. Traditional East Asian culture, 
based on the tribute system and the respect for Chinese 
intellectual values, ended when it proved impossible to 
ignore the West and when the West would not agree to 
be just a somewhat different type of barbarian to be in­
corporated into the established order. Had the demands 
of the West been only those of imperialistic barbarians, 
they could have been dealt with in the classical manner. 
As it was, the dominant powers of the Far East had to 
see themselves as students instead of teachers. To accept 
this meant the destruction of the mythology underpinning 
the tribute system. The Westerners refused to kowtow and 
insisted on recognition at the national level. They defeated 
the Chinese militarily but did not thereupon attempt to 
conquer China and set up a new dynasty. Within a short 
time China lost suzerainty over Korea, over the Tungus 
on the northern watershed of the Amur, over the Khalkha 
Mongols, the Tibetans, the Vietnamese, the Ryukyuans, 
the people of Tannu Tuva, and the majority of Kaza- 
khs and Kirgiz.

The response of the Manchu court to this Situation was an 
attempt at antagonistic acculturation; that is, an attempt 
at learning the technology of the West without accepting 
Western values or allowing any changes in Chinese social, 
political, or economie organization. This response allowed 
the court to survive during the initial stages of the revo- 
lutionary period, which began in China partly because of 
the weakness of the court and its foreign origin but also 
because of a growing awareness that the gentry system 
was inadequate to supply services feit to be essential to 
a modern state. The use of modern arms at first enabled 
the court to put down rebellion, but by the 20th Century 
the buildup of foreign mercantile and industrial centres in 
the major Coastal cities and the activity of Western mis- 
sionaries in the interior had awakened a growing desire 
for modernization and a reassertion of China’s identity. 
It was only natural that the original leaders in the anti- 
Ch’ing movement should have come from those areas in 
closest contact with the West. The government tried to 
meet their demands by changing from the Classical system
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of education to one stressing Western thought, by allowing 
the development of industry, and even by accepting the 
idea of a constitutional monarchy—in fact, abandoning 
the earlier attempt at antagonistic acculturation. But the 
anti-Manchu sentiment that had been released was too 
strong to halt the fall of the Ch’ing dynasty in 1911/12.

China from the fall of the Manchus until 1950 found 
itself bound by a number of severe contradictions. Those 
who had given the revolution intellectual force stressed 
individualism, Western intellectualism, Science, universal 
education, democracy, national reconstruction, and an 
improvement in the peoples’ livelihood, as well as other 
liberal and populär measures. These measures were all 
suited to the needs of the times. During previous periods 
of Chinese history, such as the Ch’in (221-206 bc) and 
the Sui (ad  581-618), the Chinese had been quite able to 
rework their institutions drastically. The new reformers, 
however, had no real power base in the countryside. Their 
strength lay in the Westem-influenced treaty ports and 
was suspect to the majority of Chinese. Those who soon 
came to have real power, the warlords who from 1912 
to 1949 controlled most of China independently of the 
central government, did not understand the nature of the 
changes that were needed. Most of the warlords had aban- 
doned Classical ideals, it is true, but they had not replaced 
them with those of the West. In fact, they were primarily 
opportunists or chauvinistic nationalists. The head of the 
Kuomintang, Chiang Kai-shek, reflected the desires of the 
nation to reconcile the different factions, and he might 
have been successful in doing so had the Japanese not 
sought to prevent the emergence of a modem China.

In some areas modemization did occur. There was lim­
ited industrialization; a socially conscious literary move­
ment exemplified especially by the pai-hua (vernacular- 
language) movement led by Hu Shih and the bitter essayist 
Lu Hsün; the building of railroads and motor roads; the 
organization of one of the more efficiënt postal services 
in the world; and a nationwide, although not compulsory, 
school system. But the basic problem was that the leaders 
lacked the power to deal with the patron-client relation­
ship that had held the traditional society together. As the 
warlords of China increased services, as industrialization 
continued, as classical principles well adapted to the main- 
tenance of good kan-ch ’ing were abandoned in favour of 
individualism, and, most importantly, as the old-fashioned 
gentry lost their ability to intercede for the welfare of the 
community, the traditional institutions became means of 
exploiting the farmers. This was the case because, as the 
power of the government increased, the restraint on the 
landlord that had made it essential that he keep the respect 
and goodwill of his neighbours and tenants was removed. 
The government gave the landlord protection from ban­
dits of whatever derivation and assured the collection of 
rents. It became no longer necessary for the landlord to 
maintain a good standing in the community in which he 
owned land. In the area near major cities in which this 
process had evolved furthest, landlords, now often urban 
industrialists, divorced themselves entirely from the Prob­
lems of the land and appointed an estate manager who 
collected a set amount of rent and kept whatever else he 
could squeeze out of the farmers.

The client-patron system had functioned amazingly well 
in traditional China. Few such holistic Systems, encom- 
passing political, educational, artistic, social, ethical, and 
economie goals, have lasted so long and with such vigour. 
lts major weakness—its lack of consistent service (in re- 
gard to the Provision of regulär admittance to schools, 
for example) and justice—was also a major virtue, as it 
accompanied a government that lay lightly upon the cit- 
izenry. But it became impossible to retain only a part of 
the system—namely, privileges for the gentry and nepo- 
tism in government. These were not destroyed until the 
Chinese Communist Party had fled to the countryside to 
lead a revolution in the classical Chinese manner.

The Communists’ main thrust was a reorganization of 
society from the village level upward, with the cooperation 
of all “progressive” elements in an attempt to do away 
with “feudalism.” This involved the elimination of vestiges 
of the client-patron system, along with many other associ­

ated traditional values, such as the hierarchical position of 
men in Chinese family life. Emphasis was placed upon the 
services individuals could offer the community and state 
regardless of the status of the person and his connections 
(kuan-hsi) or how those of higher rank feit about him 
(kan-ch ’ing). In summary, the personalized, traditional so­
ciety was considered exploitive and inefficiënt. Thus, the 
old lines of structural personalization were discarded and 
new ones established, such as farm cooperatives, women’s 
clubs, literary movements, and anti-Japanese militia and 
erop improvement committees.

Non-Communist East Asia. Korea became gradually 
weaker under the Yi dynasty (1392-1910). The Yangban 
(gentry) took over once-public lands and then did not pay 
taxes. To make up for the deficit the freeholders were 
taxed more heavily. They could not afford the taxes and 
lost the land, which thereupon passed into the hands of 
the bureaucratie landlord dass. When famine occurred 
the central government had no reserves to alleviate the 
Situation. Meanwhile, the intelligentsia, unaware of the 
real peril, indulged themselves in factional disputes more 
serious perhaps than those that had contributed to the 
fall of the Ming dynasty in China (1368-1644). The West 
largely bypassed Korea, which remained oriented along 
traditional lines after China had long been opened up to 
Western trade, missionizing, and interference and after 
the Meiji Restoration had set Japan on a path of mod- 
ernization and industrialization. The Yi dynasty would 
probably have been swept aside in due time by a Christian- 
or Tonghak- (a syncretic revitalistic religious response to 
the West including elements of both Eastern religion and 
Christianity) led rebellion if Japan had not invaded Korea 
first and conquered it.

The Japanese conquest increased the Korean sense of 
national unity and in many ways modemized the country. 
South Korea is one of the more industrialized States in 
Asia, and a land-reform program is in effect.

Japanese society at the beginning of the 19th Century 
had the strengths of feudal values interwoven into a bu­
reaucratie system of government. lts people were ready, 
however, to discard the remnants of the feudal dass Sys­
tem. It seemed better to be a prosperous businessman 
than a penniless samurai.

In recent times some novel social forms have emerged 
in Japan, in the development of which the Japanese have 
been able to draw upon a number of value Systems. One 
of these has been Bushido, the hierarchical and authori- 
tarian conception of the role and status of the bushi ser­
vice bureaucrat, based on a mixture of classical Chinese, 
feudal Japanese, and bureaucratie values. With its strong 
emphasis on loyalty in a vertically ordered system of two- 
person reciprocity, this way of the samurai is one of the 
important values that have shaped modern Japan.
Another hierarchically structured model dominant in 

some parts of Japan has been the dözoku, the combina- 
tion of kith and kin with landlord and tenant. In other 
areas, relations between landlord and tenant, although 
influenced by the dözoku model, tended toward abuse 
by the landlord after a strong central government had 
assured his rights. This led to the growth of unrest and 
militancy among the rural population, finally suppressed 
in the 1930s.

The paternalistic model of organization in Japanese in­
dustry, known as oyabun-kobun, is probably inspired by 
both the Bushido system of values and the dözoku (segmen­
tary lineage). The result has been security for the worker, 
füll employment, and ordered advancement with a mini­
mum of division along dass lines and in the professions.

The third organizational model has been drawn from 
the local kindred kinship group and the cooperating local 
group, the buraku (hamlet). These local units have become 
especially important since a land reform that occurred 
after World War II brought an end to landlordism in rural 
Japan. These two sources have provided the inspiration 
for egalitarianism and a desire for consensus found among 
the Japanese.

The populace is also divided into associational frames of 
reference such as industrial firms and villages. Differences 
in rank and status are important, but dass is not impor-
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tant, except for former outcaste groups such as the Eta. 
Economically, the system probably works as well if not 
better than that of the West, because it does not tend to 
cause social alienation.

The interaction of these various concepts in the political 
arena has been a mixed blessing. Perhaps some unique 
adjustment—allowing for efficiency in government, the 
desire for consensus, and homage to rank while furthering 
egalitarianism—will be achieved in the future.

In the 20th Century East Asia as a cultural entity, as 
defined and described at the beginning of this article, 
was badly shaken by the collapse of traditional China. 
At times it has seemed that Japan was destined to take 
China’s place, but Japan’s defeat in 1945 changed this. 
Up to the early 1980s China has directed its attention to 
its Inner Asian frontiers and to internal social, cultural, 
and economie change, while Japan, South Korea, and 
Taiwan have concentrated more on industrialization and 
on developing their international trade. Given a contin- 
uation of present circumstances, one might predict the 
end o f East Asia as a psychological reality within another 
generation. (F.B.B.)

SOUTHEAST ASIA
Southeast Asia, in its broadest definition, comprises those 
Continental margins and offshore archipelagoes of Asia 
lying south of China, north of Australia, and east of 
India. Its Continental portion embraces the autonomous 
nations of Burma, Thailand, Laos, Kampuchea (formerly 
known as Cambodia), and Vietnam. Its insular portion 
consists of the island nation of Singapore, at the tip of 
the Malay Peninsula, and it can be defined to include the 
two sprawling archipelago nations of Indonesia and the 
Philippines. It also includes Malaysia, a political amalgam 
of two northern Borneo States and the Malay States of the 
peninsula. In addition, there is the independent Sultanate 
of Brunei in northern Borneo. The region extends over
2,000 miles (3,200 kilometres) from north to south and
3,500 miles (5,600 kilometres) from east to west.

Most of Southeast Asia has a stable, homogeneous trop­
ical climate. Its large, shallow archipelagic seas and ex­
tensive fringing bays help stabilize the region’s average 
monthly temperatures at around 81° F (27° C).

Four vast, southward-flowing river Systems shape Conti­
nental Southeast Asia’s topography and major settlement

Distribution of Southeast Asian peoples and cultures.



Asia 201

Language
commun­
ities

Chinese,
Indian,
and
Islämic
influences

patterns. They are the Irrawaddy and Salween (Burma), 
Chao Phraya (Thailand), and the Mekong (marking the 
Thailand-Laos frontier and traversing both Kampuchea 
and Vietnam). The shorter, eastward-flowing Red River 
(Song Hong) reaches the Gulf of Tonkin farther north, 
near the Chinese border. All except the Salween flow 
through broad alluvial plains and fertile deltas, where in­
tensive rice agriculture sustains dense population centres 
and large cities. No comparably large river Systems exist 
in the islands. Closest in length are the huge meandering 
rivers of Borneo, the world’s third largest island. The other 
major Indonesian and Philippine islands are, unlike the 
mainland, volcanic. Their topsoils support an intensive 
rice agriculture.

Ethnic groups. Southeast Asia has one of the world’s 
most ethnically diverse populations. In Burma alone, be­
tween 125 and 140 languages are spoken; in the Indonesian 
archipelago well over 200 distinct languages are in use. 
This complex ethnolinguistic mosaic, with all its cultural 
diversity, has been studied only in part, and major Prob­
lems of descriptive ethnology and linguistics still abound. 
The political frontiers obviously have little to do with the 
human social boundaries in the region: the Laos-Thailand 
border along the Mekong River, for example, divides in 
two the large Lao ethnic community of the mid-Mekong 
Basin, and the northern Burma-Thailand border splits 
the Shan people into only nominally separate “national 
communities.”
Many of the region’s languages, though mutually in- 

comprehensible, belong to three widespread language 
families— Sino-Tibetan, Mon-Khmer, and Austronesian 
(Malayo-Polynesian). The scattered languages of the Sino- 
Tibetan and Mon-Khmer families are indigenously re­
stricted to the peoples of the mainland, while the lan­
guages of the Austronesian family are indigenous both to 
portions of the mainland and to the two archipelagoes. 
Two of the mainland’s most important language groups— 
Tai and Vietnamese—cannot be conclusively placed in 
any of these families; like many of the mainland’s smaller 
“independent” languages, their origins and ancient histor- 
ical connections are still in doubt. Independent in another 
sense are the several important Chinese languages (Hakka, 
Hokkien, Cantonese, etc.) spoken by the largely urban 
Chinese of both the mainland and the archipelagoes; while 
forming a subgroup of the Sino-Tibetan family, these lan­
guages are not indigenous to the region, having recently 
been spread there by Chinese immigrants.

By the early Christian Era, Chinese and Indian mer- 
chants had already extended their trading networks well 
into Southeast Asia. Lured by the area’s natural wealth, 
they had opened both overland and maritime trade routes 
to tap its minerals, spices, and jungle products. Into the 
Neolithic villages and port settlements, they had peacefully 
begun to introducé the skills, social patterns and religions 
of two major civilizations. From about a d  100 to 1500, 
Indian, rather than Chinese, civilization became imprinted 
most explicitly in the region. Chinese influence spread 
overtly only among the people of Vietnam. Throughout 
“farther India” (Burma, Southern Thailand, Kampuchea, 
and Southern Vietnam), on Coastal west Malaya, in east- 
ern Sumatra, and on Java’s north coast, pioneer Indian 
settlements grew up along the trade routes. As they 
waxed commercially, they expanded their religious and 
political influence. Indian Sanskrit scholars, monks, and 
priests settled and helped consolidate these communities 
into regional, theocratie, and socially stratified “Indianized 
States,” economically based upon irrigated rice agriculture. 
These Indianized States were variously and at different 
times either Buddhist or Hindu-Brahmin in their domi­
nant religious orientation. Until the mid-14th Century they 
struggled among themselves for political supremacy and 
the control of regional trade. In doing so they implanted 
Indian religions, legal codes, social patterns, cosmologies, 
syllabic writing Systems, classical literature, graphic arts, 
drama, and music throughout much of Southeast Asia.

A second major historical influence has been that of 
Isläm. Between the 13th and the 15th centuries Arab and 
Indian Muslim traders began to dominate the maritime 
trade with the Coastal peoples of Sumatra, Malacca, the

Malay Peninsula, and many of the islands eastward to 
Mindanao. Often settling and intermarrying among the 
local ruling families of these scattered principalities, they 
imparted a pervasively Islämic way of life. Isläm embod- 
ied a monotheistic philosophy of religious brotherhood, 
revealed and concretely charternd by the Qur an. It con- 
trasted with the already widespread polytheistic Hinduized 
religion that emphasized caste-segmented ritual and a va­
riety of beliefs. By the 17th Century, missionaries and 
converted chieftains (sultans) had widely extended Isläm 
along the trading routes to Indonesia’s Spice Islands (the 
Moluccas), into the Southern Philippines, and, on the 
mainland, even among the Cham population of Southern 
Vietnam. While also helping to undermine Java’s Indi­
anized state of Majapahit, Islämic culture had begun by 
this time to penetrate deeply—mainly in insular Southeast 
Asia—into the belief Systems, languages, literatures, and 
domestic law of many indigenous peoples.

Despite the spread of Indian, Islämic, and Chinese civ­
ilizations into the region, Southeast Asia’s interior, less 
accessible peoples have retained certain widespread, in­
digenous culture traits from the pre-Christian era. These 
include slash-and-burn (shifting field) agriculture, the ter- 
race irrigation of wet rice, and the domestic use of chick- 
ens, pigs, and water buffalo. Other such traits are a highly 
diversified use of bamboo (to construct houses, tools, 
weapons, musical instruments, containers, etc.), separate 
premarriage dormitories for men and women, megalithic 
monuments, pile-supported dwellings, and multifamily 
longhouses. Associated patterns have included trial mar­
riage, the blood feud, headhunting, strong local patterns of 
etiquette and custom, weak institutions o f political leader- 
ship, and the practice of making decisions through rituals 
of ordeal and divination. Most of the technologically sim­
pler peoples of even the remote interior have acquired 
the use of iron and the blacksmith’s skills. Yet, such has 
been their generally ingenious, careful, and effective use 
of all available plant and animal resources that the French 
geographer Pierre Gourou was able to describe Tonkinese 
peasant life in northern Vietnam before World War II as 
a “civilization of the vegetable kingdom.”

The Burmese, Thai, Khmer, and Laotian peoples. The 
lowlands of Burma, Thailand, Kampuchea, and Laos 
are each occupied by one politically predominant ethnic 
group—respectively, the Burmese, Thai, Khmer, and Lao. 
They probably total about half of mainland Southeast 
Asia’s population. The Burmese inhabit the valleys of 
the Irrawaddy, Sittang, and Chindwin rivers, the Arakan 
Coast, and the Tenasserim panhandle; they extend north­
ward to about 25° N. The Thais live on the alluvial plains 
of the Mae Nam Chao Phraya (Chao Phraya River) and its 
tributaries in central and south Thailand. The Khmers in­
habit Kampuchea’s interior plain drained by the Mekong 
and Tonle Sap rivers. The Lao occupy both banks of 
the Middle Mekong River and extend into Thailand. Al­
though separated by language, ethnicity, and nationality, 
these peoples are alike in their agrarian economy, social 
organization, and adherence to Theraväda Buddhism.

These mainly rural peoples live in settlements that vary 
from compact house clusters to the more common lin­
ear communities extending along rivers, irrigation canals, 
roads, or paths. The size of a settlement may range from 
a few families to over 3,000 people. Houses are rectan- 
gular, gable-roofed, and usually built on piles two to six 
feet above the ground; they range in width from 10 to 25 
feet and in length from 20 to 40 feet. Most have plaited 
bamboo walls and floors, with thatched roofs; houses built 
of planks with roofs of tile or sheet iron usually proclaim 
wealth and high status. Better houses may contain several 
rooms and have shuttered Windows; poorer houses often 
consist of single compartments opened only by doors. 
Kitchens, often essentially wood-framed earthen hearths 
with stones to support cooking pots, may be separately 
partitioned, sometimes occupying rear verandas. Roofed 
front verandas, reached from the ground by short ladders, 
serve among the Burmese and Thai for other household 
chores and for sociability. Furnishings are usually simple 
but may include low eating tables, bed mats, storage bins, 
baskets, water jars, shelves, Buddha images, household al-
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tars, and spirit houses. Almost every settlement includes 
a Buddhist temple compound and, additionally, among 
the Burmese, a brick pagoda containing a religious relic. 
Temple compounds in the larger settlements of all these 
peoples may also contain monks’ quarters, meeting halls, 
and tomb monuments.

Rice, the major erop and staple food, is grown in many 
different varieties, usually selected for their productiv- 
ity and endurance under local conditions. It is generally 
grown in permanent, diked heids watered by rainfall 
or—as in Burma’s dry zone—by irrigation. Both annual 
cropping and multicropping are widely utilized. Draught 
buffalo (water buffalo) and bullocks are commonly used 
to plow and harrow the heids for rice planting; animal 
dung, ashes, and paddy stalks are frequently, if erratically, 
used as fertilizer. Common planting techniques include 
broadcasting, dibbling, and transplanting from seedling 
nurseries, depending upon local soil and water condi­
tions. Hand sickles are generally used for rice harvesting. 
Threshing and winnowing techniques are quite varied and 
include trampling by buffalo.

Supplementary vegetables, tree crops, and other crops 
are also widely grown, both in house-plot gardens and 
in rotation on multicropped rice heids. Vegetables in­
clude beans, eggplants, tomatoes, onions, garlic, chillies, 
cucumbers, yams, sweet potatoes, white potatoes, gourds, 
cassava, peppers, ginger, mint, turmeric, and other exclu- 
sively local plants. Tree crops include bananas, coconuts, 
mangoes, durians, betel nuts, citrus, jackfruit, papaya, 
guavas, tamarind, and sapodilla. Other crops, sometimes 
raised commercially, include rubber, cotton, corn (maize), 
millet, sesame, sugarcane, and various condiments. No 
single farming household, however, will normally raise 
more than a few of these items. Burma’s Tenasserim area 
specializes in tree crops, while in Kampuchea the sugar 
palm (Borassus flabellifer) has become a national Symbol 
because of its local importance as a source of thatching 
material, fruit, sugar, and juice.

A major animal food is fish—fresh, dried, or salted. Al­
though particularly important in the Burmese diet, it is 
found everywhere in local trade and, especially in its dried 
and salted form, readily reaches even communities distant 
from fishing areas.

Social organization typically is based upon the nuclear- 
family household— i.e., essentially parents and their un­
married children; there is no tradition of extended-family 
groups or clans. Traditional society is largely stratified in 
hereditary ranks according to degree of royal ancestry, 
aristocratie background, and even religious or military 
achievement. The variety of such ranking has allowed 
individuals to move from one rank to another and oc- 
casionally even from the bottom of the traditional social 
ladder— i.e., from among formerly indentured people and 
slaves.

teligious Religion is a blend of Theraväda Buddhism and local 
>ractices spirit worship. Buddhist theology posits that man under-
mong goes a cycle of separate existences and that all animate
nainland life is endowed with individual souls. The moral and be- 
luddhists havioral guidelines of his faith enable a devout Buddhist 

to progress toward his goal of Nirväna by acquiring merit 
during his lifetime. There are many merit-earning acts. 
They include becoming a monk, financing construction of 
a temple, having one’s son ordained as a monk, visiting 
Buddhist shrines, contributing to the repair of a temple, 
giving daily food to monks, entering the monkhood as a 
novice, attending the temple on all Buddhist holy days, 
and generally obeying Buddhist precepts. Conversely, by 
flouting Buddhist precepts, one can diminish one’s stock- 
pile of merit and even risk being reincarnated as a less 
desirable form of life in the next existence. Devout Bud­
dhists are enjoined from taking life and usually even 
refrain from killing mosquitoes. Yet, this does not prevent 
most from eating meat or fish. If another person kills an 
animal, no merit is lost by eating its meat. The fisherman 
loses no merit because his catch is thought to die from 
leaving the water and not from the fisherman’s action.
The worship and propitiation of local spirits provides 

the complementary, non-Buddhist religious dimension. 
Known as nats in Burma and phi in Thailand and among

the Lao, these spirits are ubiquitous, are thought to ex- 
ercise great influence over daily human fortune, and are 
susceptible to approach and manipulafion. The Burmese 
formally recognize 37 major nats and a horde o f lesser 
ones; the Thai, Khmer, and Lao recognize comparably 
large numbers. There are spirits of one’s house, village, 
and rice field; there are many others of lakes, rivers, forests 
and of objects and periods. Equally various are the rituals 
necessary to keep them placated and amicable. Accidents, 
sickness, epidemie, drought, floods, and domestic Prob­
lems are generally blamed upon the malevolence of spirits.
Individual households and villages maintain shrines for 
placating their respective guardian spirits, usually through 
offerings of food and flowers. Male and female mediums 
can, when in trance, communicate with certain spirits and 
ascertain from them the shape of future events.

Because entering the monkhood is a major merit- 
generating act, most men spend part of their lives as 
monks. A young man will be initiated at about 14 years of 
age as a novice monk and remain in the monkhood tem- 
porarily, for several months or half a year. His initiation, 
a ritual re-enactment of Lord Buddha’s own renunciation 
of material wealth and assumption of monastic discipline, 
is a major festive occasion; the initiate’s head is shaved, 
and he receives a new name, recites the monastic vows, 
and dons the monk’s orange robe. During his monkhood 
the novice obeys the same rules governing diet, celibacy, 
and material possessions that discipline the senior monks.
He lives in the temple monastery, begs his morning food 
in the community, and recites the sacred texts. He usually 
leaves the monastery without taking the examinations for 
advancement in the monkhood. He may return later in 
life either for another short period or to enter the monk­
hood permanently.

The full-time Thai Buddhist monk usually assumes an 
active pastoral role in the community o f his home tem­
ple. The role commits him to officiate at the weekly 
temple services and at the monthly and seasonal rituals.
Normally, it also requires that he conduct individual fam­
ily ceremonies, as invited, for weddings, house blessings, 
cremations, and ordination of novices. He is a locally 
influential religious counsellor on important matters such 
as determining auspicious dates for personal activities. He 
may even study sajjaad, or magical hêaling, and thus ex­
tend his leadership into matters of health.

Since illness is often attributed to hostile spirits, its eure 
is not an established responsibility of the professional Bud­
dhist monk. There are many sorts of locally recognized 
healers. Among the Thai, they include the spirit doctor 
(maw phiï), who, through therapy such as text chanting, 
body massage, and the use of herbal medicines, is able to 
coax out, or extract, the hostile intrusive spirit. A maw 
khan specializes in recalling a patient’s wandeling personal 
soul and thereby restoring his health. Mediums can often 
diagnose illness by singling out the responsible phi and 
even, when in trance, contacting it directly for therapeu- 
tic advice. Such healers and diagnosticians may employ 
explicitly Buddhist Symbols and ritual acts, while the 
pastoral monk, on the other hand, may utilize “magical 
healing” among his congregation; yet, healers and monks 
seem seldom to conflict. Using different techniques, they 
both provide some “mental-health” therapy; in addition, 
the healers are frequently astute both as physical therapists 
and as physicians.

The Vietnamese. The Vietnamese are heavily concen- 
trated in the northern Red River Plain of Tongking and 
in the Southern Mekong Delta area. They are settled 
only thinly along the coast between. In the north, where 
population density is very high, rice cultivation is supple- 
mented by root crops such as manioc, taro, and sweet 
potatoes; in the south, more exclusively rice-growing areas 
predominate. Villages tend to specialize in pursuits such as 
metalworking, silk production, and Coastal fishing; trade 
between such specialized communities has traditionally 
been important.

Chinese influence has profoundly affected Vietnamese Chinese 
society, setting it apart from the mainland societies farther cultural 
west. Vietnamese use paternal surnames and, for purposes influence 
of ritually honouring their paternal ancestors, congregate in Vietnam
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into patrilineal clan groups. The oldest male of the clan’s 
senior branch usually conducts the ritual and maintains 
the ancestral clan shrine, its altars, and its commemorative 
tablets. Since this vital responsibility descends only among 
males, the importance of having male children is stressed 
more than in Thailand or Burma. Vietnamese Buddhism, 
formally of the Mahäyäna school, is also of Chinese ori­
gin. Far fewer men enter the monkhood in Vietnam than 
in the westerly Theraväda mainland countries. Those who 
do usually become full-time professionals; they follow pri­
marily scholarly pursuits, do not beg for daily food in their 
communities, and play little or no pastoral role. Some 
become divination specialists, making use of Taoist ritual 
techniques, another Chinese cultural influence.

Vietnamese society has also incorporated traditional Con- 
fucian social doctrine binding subject to ruler, son to 
father, wife to husband, younger to older brother, and 
friend to friend in ideally respectful, permanent relation­
ships. These ties have closely supported Vietnam’s tradi­
tional hierarchical Systems of civil and religious authority 
extending from the supreme emperor down to the village- 
level “council o f notables.” The intervening bureaucracy, 
mainly educated Mandarin landholders, has traditionally 
represented the emperor and is split into a number of 
ranks, each with its special privileges, powers, and status 
trappings. One could attain or better one’s rank in the 
Mandarin bureaucracy through education and by passing 
examinations in Chinese characters and Classics. While 
this fostered some mobility both in rank and in residential 
location among the bureaucracy, the peasantry remained 
closely rooted to its villages. This “rootedness” is religious 
in nature, exemplified in the villagers’ attachment to local 
clan shrines and also in the Vietnamese dinh. The dinh is 
a walled compound containing a sanctuary for the village’s 
patron deity—often a legendary or historical personage—  
together with sanctuaries for lesser local spirits. While the 
dinh does not contain monk’s quarters, it often provides 
a meeting place for the discussion of village affairs. Above 
all, it is a focal point for the discharge of the villager’s 
crucial ritual obligations to the locally powerful deities 
and to the numerous spirits that, in traditional belief, 
control his world.

Mon- The Indochinese hill peoples. In Vietnam, as through-
tagnard out Southeast Asia, the lowland peoples tend to be cultur-
cultures ally distinct from their upland neighbours, even when they

belong to the same ethnolinguistic group. Vietnam’s own 
interior hill peoples, the many groups collectively known 
by the French word Montagnard (Mountaineer), have tra­
ditionally been despised by the surrounding Vietnamese, 
Khmer, and Thai as “savages.” Like the other scattered 
hill and mountain peoples of northern Thailand, Laos, 
and Burma, most are economically dependent upon shift­
ing field cultivation and upon supplementary trade in the 
products of forest and of local craftsmanship. Mostly they 
live in scattered, impermanent settlements often located 
on steep slopes at high altitudes. They are predominantly 
and elaborately animistic in their religious beliefs and 
ritual practices, and their community leaders are usually 
endowed with some shamanistic ability as curers, diviners, 
or trance mediums.

Rice is the most desired food and usually also the sta­
ple erop among the mainland hill peoples. Some groups 
acquire it mainly by trading other crops for it, such as 
tea and opium. In Laos the hill peoples are generally self- 
sufficient in rice but also produce cane, wax, Spanish 
peppers, shellac, cardamom, and many other trade items; 
these often pass through the ethnically Laotian, river- 
mouth trading villages along the Mekong tributaries to 
their ultimate lowland buyers. In return, the mountain 
farmer receives such essential items as cloth, steel tools, 
and salt. Today, he also receives an increasing flow of 
Western consumer goods and even cash.

Varieties Indonesia. Rice farmers o f Java and Bali. The peoples 
of of Indonesia may be divided into several categories. The
Indonesian first includes the irrigation rice farmers of the strongly 
societies Hinduized inland areas of Java and Bali. These two peo­

ples comprise about half of Indonesia’s total population, 
and their densely settled homelands reflect Indonesia’s se- 
verest population pressures. But the Balinese have escaped

the Islämization experienced by the Javanese; their ex- 
pressively rich religion, Ugama Bali, shows the widespread 
influence of classical Indian cosmology, ritual organiza­
tion, and litany. Such influence may also be seen in the 
ancestral shrines, village temples, and courtyard structures 
adorned with Hindu art motifs carved into wood and 
volcanic stone. While both Balinese and Javanese share 
a common, pervasively Hinduized cultural heritage, the 
Balinese retain certain old Hindu caste distinctions and 
stress status differences more formally than the Javanese, 
especially those between aristocrat and commoner. By his 
simultaneous membership in a number of groups based 
on kinship and occupation, the typical Balinese villager 
also participates in a formally structured local community.

Islämic peoples o f Indonesia. The second category of so­
cieties includes the trade-oriented Islämic peoples scattered 
along the Coastal and riverine portions of the archipelago. 
Economically, these peoples range from full-time mer- 
chants to petty traders who supplement their livelihood 
by occasional gardening and cottage industry. In religious 
orientation, they are Muslims and share a fundamental 
respect for Qur anic tradition and law. While linguistically 
facile in Malay, which serves as their commercial lingua 
franca, they also speak a variety of native languages. The 
three largest constituent societies are those of the Malays 
of lowland eastern Sumatra and western Borneo and the 
mutually similar Makasarese and Buginese societies com- 
posed of peoples who stem from southwestern Celebes but 
are today scattered widely along the coast of the archipel­
ago. Other small societies include hamlets, villages, and 
port-town enclaves of mixed Javanese, Arab, Portuguese,
Indian, Chinese, Dutch, and other ancestries.

Marginal peoples. A third category of Indonesian so­
cieties comprises mainly isolated peoples unaffected by 
Indian or Islämic influence. Their economy has consisted 
mainly of shifting-field rice cultivation or, as in extreme 
eastern Indonesia, the gardening of sago and various root 
crops. By the late 19th Century, several of these peoples 
had experienced Christian-missionary influence. Until the 
20th Century, many retained their traditional customs of 
sporadic intervillage warfare and headhunting. Their tra­
ditional religious beliefs were richly animistic, with con- 
spieuous emphasis upon ancestor-revering ritual. Included 
in this category are the Toradja of central Celebes, the 
scattered Dayak peoples of Borneo, a number of inte­
rior peoples of Nusa Tenggara (principally the islands of 
Lombok, Sumbawa, Flores, Timor, and Sumba), several 
smaller Sumatran groups (Gayo, Rejang, Lampung), and 
certain peoples of Seram and the Moluccas in extreme 
eastern Indonesia.

Major Sumatran peoples. Three other major peoples 
inhabit Sumatra: the Achinese of the island’s northern 
end, the interior Batak somewhat farther south, and the 
upland Minangkabau of west central Sumatra. None has 
experienced the extensive Indian cultural influence feit in 
Java and Bali. Yet, historically, all have adopted foreign 
religions: the Achinese and Minangkabau have long been 
Islämized, while the Batak have been significantly and in- 
creasingly influenced by Christian missionaries. All three 
peoples depend heavily upon rice agriculture (both wet 
and dry) and share western Indonesian patterns both of 
language and of material culture.

The Minangkabau have traditionally occupied handsome, The 
multifamily wooden longhouses (rumah gadang). To- matrilineal 
gether with the historically cognate Minangkabau Malays Minang- 
of the Malay Peninsula (Negeri Sembilan state), they kabau 
probably constitute the world’s largest matrilineal society.
Each Minangkabau man and woman, even after mar­
riage, maintains permanent membership in his or her 
maternal, natal longhouse. Hence, Minangkabau fathers 
often split their residence between their wife’s and their 
own natal longhouses. Their children, growing up in 
the mother’s longhouse, tend to experience their fathers 
as “visitors,” whereas their frequently co-resident uncles 
(mother’s brothers) of the same longhouse often become 
equally or more familiar. In his wife’s longhouse a man 
holds no property and, at best, only exercises supervisory 
control over his wife’s property affairs. In his own natal 
longhouse he inherits property through his mother and
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exercises influence, control, and even formal leadership 
both in the property and the ritual affairs of his maternal 
“Corporation.” He tends to assume a partial “father role” 
toward his sister’s children, while, with his own children, 
he partially relinquishes it to his wife’s brothers. By Islämic 
law he is entitled to four wives simultaneously, but polyg- 
yny among the Minangkabau has been relatively rare. So 
also has been the observance of Islämic property law, 
which favours males as heirs over females, for it conflicts 
sharply with Minangkabau customary laws of inheritance.
Although matrilineal organization is unique among the 

Minangkabau in Indonesia, it may once have been more 
widespread. It also occurs in Negen Sembilan and even 
among certain Montagnard groups in Vietnam, such as the 
Mnong. The traditional Minangkabau clans have steadily 
subdivided into more numerous, locally autonomous sub­
clans and have lost some of their traditional ways. In 
Negen Sembilan the introduction of smallholder rubber 
cultivation in the early 1920s began to divert labour away 
from the traditional wet-rice cultivation, which had been 
a major source of economie strength for the matrilineal 
clan.

The Javanese. Three culturally similar ethnolinguistic 
groups predominate on Java and the nearby isle of Ma- 
dura: the Javanese, the Sundanese, and the Madurese. 
The Javanese, occupying central and eastern Java, are 
most numerous.

Sedentary Most Javanese are lowland sedentary farmers, tilling 
ärm small irrigated rice fields and household gardens. A large
;ommun- Javanese population also inhabits the mountainous inte- 
ties rior, growing cassava as a staple erop. Upland villages
n Java consist mostly of dispersed hamlets; in the lowlands 

relatively nucleated communities predominate, although 
usually strung along roads or rivers. Rural houses are 
small, rectangular, and usually built close together on the 
ground. House frames are of wood, walls of plaited bam­
boo, roofs of thatch, and floors of tamped earth. Small 
gardens, rice granaries, and livestock yards (for chickens, 
goats, and buffalo) frequently augment the rural family 
homestead. The countryside is interlaced by many hun- 
dreds of densely populated, contiguous rural settlements. 
The average “landed” farmer owns perhaps 1.24 acres (0.5 
hectare) of cultivable land; many others own far less, and 
millions subsist entirely by renting or sharecropping land. 
Most rural Javanese live at a bare subsistence level.
Javanese society divides into two major strata: a small 

upper stratum and a large lower stratum of rural villagers 
and manually employed townspeople. Javanese also recog­
nize a vertical division into two religious groups: the santri 
and the abangan. Santri Javanese seriously observe Isläm­
ic principles in their daily life; they conduct the five daily 
prayers, fast during the pasa month (Ramadän), refuse to 
eat pork, attempt to make the Mecca pilgrimage, pay their 
religious tithes, and obey other Islämic obligations. Aban­
gan Javanese proclaim no such devotion and ignore, or 
even flout, most of these observances. Most Javanese are 
abangan, but santri are found widely throughout Javanese 
society. In the ancient, princely court areas of central Java 
and in many towns, there are conspicuous localized santri 
communities of merchants, craftsmen, and entrepreneurs. 
Scattered santri families are widely influential also among 
the nobility, in urban intellectual circles, and in rural 
villages.

The Javanese life cycle is strongly influenced by non- 
Islämic religious beliefs about cosmic and social order. 
While one’s social position and ultimate fate are fore- 
ordained, correct family-focussed ritual helps prevent ac- 
cidents, illness, and misfortune. The central ritual, or 
selamatan, is basically one of distributing sanctified food; 
this explicitly generates spiritual awareness and emotional 
equilibrium within the family, particularly during crises. 
Major family selamatans are performed during pregnancy 
and at childbirth, circumcision, betrothal, marriage, and 
death. An elaborate series of protective selamatans also 
follows childbirth until, on the 245th day, the postnatal 
crisis period ends and the baby ritually “descends to Earth” 
during a major family selamatan. Another selamatan 
series also follows a death; it usually symbolizes the de- 
ceased’s gradual metamorphosis into an idealized, sacred

forebear who will continue, it is believed, supernaturally 
to assist his living descendants. Participants in such family 
selamatans include one’s kinsmen, neighbours, and—to 
recite the appropriate Qur anic verses and prayers—local 
religious leaders.

Social order and emotional self-control are also domi- Child 
nant values in Javanese child rearing. Whatever his social rearing 
stratum, a Javanese child begins early to learn the complex and 
language etiquette and other behaviour denoting respect marriage 
toward his parents, other senior kinsmen, and—more ceremonies 
widely—all senior people. Discipline begins at about two 
years of age and variously assumes the form of scolding, 
bodily punishment, supernatural punishment (by ghosts, 
monsters, evil spirits), or invidious comparisons with older 
siblings or unrelated age peers. The shy and withdrawn 
Personalities of many adult Javanese seem to be partly the 
result of this conditioning. Among preadolescents, boys 
tend to expand their outside social contacts more widely 
than girls; the latter, even when in school, maintain re- 
sponsibilities at home in cooking, paddy threshing, and 
care of younger siblings. For boys, circumcision between 
the ages of 10 and 15 marks the transition to adolescence 
and, among abangan, to the ideally proper “Muslim” sta­
tus; for girls the transition is observed by a selamatan at 
first menstruation. Many Javanese parents avoid impart- 
ing sexual knowledge to their children. Chaperonage of 
unmarried women is fairly common, especially in upper 
Javanese society, and premarital pregnancy brings great 
shame to a girl’s family. Abortion is considered sinful.

Marriage celebrations involve the most intricate and im­
portant rituals of the Javanese life cycle. Weddings are 
occasions of great display, rieh in Hindu-Buddhist sym- 
bolism. While most marriages are probably no longer par- 
entally arranged, parental approval remains an important 
factor. Young men often send intermediaries to gain the 
approval of a girl’s guardian, who, following Islämic law, is 
usually her father or brother. Getting married is a protract- 
ed process of betrothal (negotiation, gift exchanges, for­
mal announcement), setting an auspicious wedding date, 
holding the ceremony, paying the bride price, celebrating 
the subsequent wedding selamatan, and possibly carrying 
out postwedding familial exchanges. The usual marriage 
age, especially in rural areas, is 15-18 for girls and 17- 
20 years for young men, and a newly married couple is 
usually not expected to be economically or residentially 
independent. The couple frequently lives for several years 
with the bride’s parents.

During and after middle age, many Javanese become in- 
creasingly preoccupied with the relationships between nat­
ural and supernatural phenomena. Comprehending them 
requires sensitivity to kebatinan, problems of inner expe- 
rience, as well as observation and knowledge. These are 
sought through individual and group meditation (sudjud), 
with the aid of systematic exercises, recitations, prayers, 
devotional offerings, abstinence, and visits to ancestral 
graves. The primary devotional Symbol tends to be “one 
god,” who may also be identified with a particular angel, 
ancestor, or spirit. Javanese meditation groups differ in 
their concepts of life, death, the afterlife, and the spirit 
world, but they usually claim that their philosophy repre- 
sents ilmu kedjawen, or “Javanese Science.” While much 
of the imagery is indigenous, it also conspicuously includes 
both Hindu-Buddhist and Islämic symbolism.

The Western tendency to make a sharp dichotomy be­
tween the natural and the supernatural is generally alien to 
most Javanese. Their religious philosophy contemplates, 
instead, the fundamental continuity of man with nature 
within the known and sensed universe. It stresses the 
inexorable dependence of man upon superior forces and 
teaches the value of constant awareness of—and mystical 
surrender to—these forces. As such, it evokes the expres- 
sion of the pervasive Javanese values of harmony, balance, 
and aesthetic sensitivity.

The Philippines. Some 70 ethnolinguistic groups are 
found in the Philippine archipelago. The dominant, ag- 
gregated society, however, consists of the mainly lowland- 
dwelling Christians on the few large islands, and the label 
Filipino usually refers to these people. They include a num­
ber of large ethnolinguistic groups, which, while strikingly
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similar in overall culture, differ in languages, food habits, 
art forms, dress, housing, and ritual practices. Roman 
Catholics constitute most of the national population. The 
non-Christian minority peoples are either Muslim or pa- 
gan. Those professing Isläm, derogatorily labelled Moros, 
constitute a small percentage of the national population.

Filipino Christians. Christian Filipino society centres 
upon the nuclear-family group. The father officially heads 
the family, but women occupy a high social position and 
exercise much authority, as suggested by their control 
of 80 percent of Filipino business firms and their fairly 
dominant position in the scientific-academic community. 
Within the nuclear family, respect for elders is inculcated 
early in life; honorific pronouns and articles are obligatory 
in speech to parents and elders. Collective responsibility 
within the family is highly valued; older siblings must 
care for and, if necessary, make considerable sacrifices for 
their younger siblings, especially in educational opportu- 
nity. Stinginess toward close relatives is a serious breach 
of fundamental Filipino social values.

Social relationships outside the nuclear family are dis- 
tinctively pattemed. The individual recognizes relatives 
on both the matemal and patemal sides. By carefully 
bestowing gifts or services upon individual members of 
his kindred group, a Tagalog develops enduring ties of 
reciprocal Obligation called utang na hob, literally “debt 
of the inside.” Two persons become linked through a long 
period of altemating indebtedness that leads to a com- 
plementary relationship wherein obligations often cease 
to be calculated. While seldom explicitly discussed, such 
partnerships can involve deep feelings of mutual gratitude 
and friendship. Normally, an individual’s social network 
includes many such dyadic ties in different stages of devel­
opment. Even a child’s Obligation to care for his parents is 
thought ultimately to rest upon basic indebtedness to the 
parents for their gift of life. To renege upon one’s utang 
na hob  obligations is a grave breach of personal trust; it 
causes shame (hiya) and can even lead to violent revenge 
by the aggrieved.

Filipino society is stratified according to wealth, occupa­
tion, and education. Wealthier upper-class people usually 
live in small towns or regional capitals, in non-Malay- 
style houses; they tend to have professional occupations. 
People of different status levels frequently establish rit­
ual kinship ties with one another through the widespread 
Spanish Catholic custom of ritual co-parenthood (com- 
padre). This can facilitate an even wider extension both 
of utang na hob  relationships and of entire patron-client 
networks, the latter being an essential ingrediënt of politi­
cal power. Socially important family alliances may also be 
Consolidated by marriage. While national law and Ilocano 
custom both prescribe equal property inheritance, Ilocano 
parents, like other Filipinos, will often bestow all their 
property on only one heir. While concentrating family 
resources effectively, this custom also perpetuates parental 
control over “key” marriages and family linkages among 
many groups.

Rural settlements among the Christians are made up 
of Malay-style houses (bamboo, pile-supported, thatch- 
roofed) with their associated rice fields, gardens, and groves 
of coconut and bamboo. Domesticated animals are mainly 
chickens, pigs, and water buffalo. In areas of shifting agri­
culture, the farmer will often move away seasonally from 
his home to small guardhouses near the crops in distant 
fields. Where plantation-scale sugar or copra is grown, as 
in the Visayan Islands, Filipino worker settlements may 
be conspicuously large and compact.

Other Philippine societies. The Islämic peoples of 
the Philippines fall into several categories. The interior 
Maranao of Mindanao’s Lake Lanao area, while primarily 
wet-rice farmers, also maintain vigorous cottage industries 
in mat making, weaving, woodwork, bronzework, and 
brasswork. Less conspicuous as craftsmen but depending 
both on fishing and rice farming are the Magindanao, the 
Philippines’ largest group of Islämic people, who inhabit 
the Cagayan River Valley inland from Cotabato. The Tau 
Sug, mainly occupying the northern Sulu Archipelago, 
depend upon extensive maritime trade, pearl diving, hand- 
icrafts, dry- (and some wet-) rice agriculture, and a varied

horticulture and arboriculture. The Samal of the southem 
Sulu islands maintain homes, mosques, and agricultural 
plots ashore but live much of the time on boats, where they 
engage in fishing and maritime trade. Only their Coastal 
dwellings and Islämic community ties separate many of 
these Samal from the pagan Bajau, impoverished fisher­
men of the same area who live exclusively aboard small 
family houseboats. The Yakan, of Mindanao’s Zamboanga 
Peninsula and Basilan Island, are fishermen, craftsmen, 
and gardeners but only occasionally Islämic.

Social organization among these groups remains signif- 
icantly traditional. The larger societies are composed of 
locally powerful social pyramids usually headed by hered- 
itary aristocratie chiefs, or datus. A pyramid includes the 
datu and his close kinsmen (including in-laws) of highest 
social rank, the usually related nobility of lesser rank, 
and a large subordinate group of dependent local retainers 
and commoners linked by ties o f kinship, fealty, or debt 
bondage. A datu's title will often proclaim his allegedly Power 
direct descent from the Prophet and symbolize his consid- of the 
erable local authority in both religious and civil matters. datu 
In practice he usually shares this power with an Islämic re­
ligious adviser (kadi) and a council of ranking noblemen.
Both locally and in their extemal ties to the greater soci­
ety, such sociopolitical pyramids are sustained by intricate 
combinations of leadership charisma, kinship solidarity, 
respect for hereditary rank, family size, alliances by mar­
riage, and control over resources, such as rice land and 
slave labour. Polygyny, cousin marriage, and hypergamy 
(female marriage upward) are three enduring customs by 
which, particularly among the nobility, kinship ties are 
used to bind groups together and become major channels 
of alliance between families of equal rank within different 
local pyramids.

Most small Sultanates and principalities among the 
Maranao and Magindanao have this pyramidal organiza­
tion. The Maranao are more politically fragmented and 
more recently Islämized than the Magindanao. The Tau 
Sug, ethnically the core population of the traditional Sul­
tanate of Sulu, have been Islämized since the 15th Cen­
tury. Historically vigorous in resisting all foreign political 
and religious domination (Spanish, U.S., and Christian 
Filipino), their small datuAod principalities maintain a re­
gionally marked tradition of political coordination. Today, 
the Tau Sug are still widely regarded as conspicuously 
proud, aggressive, and devotedly Islämic. For their close 
neighbours, the less Islämized Samal, the Tau Sug have 
constituted an ethnically distinct superior social dass.
While a Tau Sug man may marry a Samal, rarely if ever 
does a Tau Sug woman marry “down” with a Samal. The 
Samal maintains a similar dass position toward the Bajau, 
who, as they have begun to settle ashore and adopt Is­
läm, are increasingly allowing their women to marry “up” 
among Samal men.

In their social organization, economy, technology, dress, 
art, and proud religious identity, the Islämic peoples of 
the southem Philippines are most immediately similar in 
culture to the Coastal peoples o f southem Celebes and 
of western and northern Borneo, such as the Banjarese, 
Makasarese, Brunei Malays, and others. The similarities 
stem largely from their common experience of Isläm, 
their traditional dynastie interrelationships, and their col­
lective antipathy toward Christian colonizers. Today, the 
Philippines’ Islämic groups constitute an increasingly self- 
conscious political minority with distinct Problems of na­
tional assimilation.

The many pagan minority peoples o f the Philippines live 
mostly in the highlands of Luzon, where they are collec- 
tively called Igorot (“Mountaineers”), and of Mindanao.
They range from the small hunting bands of pygmy Negri- 
tos (on Luzon and Palawan) to the physically “Malay” 
terrace rice farmers (such as the Ifugao) of northern Lu­
zon, the Visayan Islands, and Mindanao.

Modern developments. The traditional customs have 
changed greatly. Except for Thailand, the nations of the re­
gion have all experienced the colonial imposition of west­
ern legal and administrative codes. Burma and Malaysia 
knew the Pax Britannica, and Indonesia experienced pro- 
longed Dutch rule. The Philippines were subjected to
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successive Spanish and U.S. administrations. Laos, Kam­
puchea, and Vietnam underwent French administration. 

The Localized patterns of customary law remain. Many pa-
persistence gan and Islämized peoples of the Southern Philippines 
Df old ways and northern Borneo have intricate conceptions of proper 

interpersonal behaviour and impose sanctions, especially 
fines, for violations of Standards. These often involve 
questions of sexual and marital propriety and give rise 
to constant village-level litigation before local headmen 
or “native-court” adjudicative bodies. Below the level of 
litigation, sensitivity to minor local custom, or folkways, 
remains exceedingly widespread, especially throughout in­
sular Southeast Asia. Few topics are more common in 
the folklore of the Malay languages area than themes of 
“other villages having other ways.”
Divining is still common. Sarawak peoples such as the 

Iban (Sea Dayak) predict future events with the aid of a 
rich lore about the flying formations and habits of partic­
ular birds. They and other Borneo peoples also often read 
the entrails of recently killed animals to determine future 
events. Trial by ordeal is probably still common among 
many mainland hill peoples and in some interior regions 
of the archipelagoes; in the 1960s ordeal by water immer- 
sion was in occasional use before certain “native courts” 
of eastern Sabah (Malaysia). The reading of horoscopes is 
widespread throughout the region, even among educated 
urban people. The Burmese and Javanese have rich tradi- 
tions of horoscopy, drawing judgments of the future from 
an enormous array of temporal, chromatic, auditory, and 
physiological cues.

The major religions have been dealt with above. In ad- 
dition to the creeds introduced from outside, indigenous 
beliefs in natural and ancestral spirits are exceedingly 
common. Often they are fused with Buddhist, Islämic, 
and Christian elements, but they are found in plain form 
among the smaller, more isolated, and still essentially pa­
gan peoples. The widespread practice of revering ancestral 
spirits expresses the generally sacred significance of family 
continuity. The Vietnamese clan shrine is but one major 
example. The practice occurs in various forms among the 
Balinese, Batak, Burmese, Thai, Makasarese, and other 
peoples.

Ethnic Ethnic styles and stereotypes have a subtle but important
mages and influence on personal judgments and social relationships 
egional in Southeast Asia. Among Filipinos, the Ilocano is stereo- 
>atterns typed as industrious, tough, frugal, and without a sense of 

humour; the Bicolano is supposedly even-tempered and 
religious. Among Islämic Indonesians, the Makasarese is 
thought to be excessively proud, quick to take offense, 
and implacably vengeful. Such stereotypes are likely to be 
even cruder among culturally less similar peoples. Among 
the Burmans (the major ethnic group of Burma), for ex­
ample, the Shan peoples of northern Burma tend to be 
regarded as uniformly “untrustworthy.” Throughout much 
of Southeast Asia, immigrant Chinese businessmen are 
considered unfailingly industrious, penurious, and shrewd 
to the point of dishonesty. The Chinese often reciprocate 
by Stereotyping others, as in Malaysia, as lazy, untrust­
worthy, and superstitious.

With all their diversity, Southeast Asia’s people have 
several cultural patterns in common. Women command 
substantial social and economic authority; only among 
recently immigrant Arabs and Indians are they distinctly 
excluded from any social sphere, although on formal oc­
casions there is often a physical Separation of the sexes. 
The prevalent type of family organization is that of the 
nuclear, monogamous family linked to both maternal 
and patemal kinsmen; unilineally organized large family 
groups are found only among the patrilineal Vietnamese, 
the unilineal peoples of Sumatra and the Malaysian state 
of Negeri Sembilan, and among several hill groups of the 
mainland and of eastern Indonesia. Widespread sensitiv­
ity to, and preoccupation with, social status is another 
conspicuous pattern. This is visible in the still-traditional 
court etiquette of Thailand and central Java, but it is 
also apparent in the widespread sensitivity to language 
“levels” and to the implications of making a “proper” 
marriage. Such sensitivity goes with an equally widespread 
concern for maintenance of self-esteem, or “face”; there is

an elaborate personal etiquette for maintaining outwardly 
harmonious social relations and thereby avoiding the in- 
fliction of shame or indignity upon another person.

The growth of population and the expansion of cities are Population 
among the most important of recent trends in Southeast movements 
Asia. Manila, Ho Chi Minh City (formerly Saigon), Kuala 
Lumpur, and Bangkok are among the world’s fastest grow­
ing cities. This urban growth opens up wide opportunities 
for the intermingling of different groups and cultures.
Some population shifts have resulted from government 

programs. Vietnam’s numerous postwar relocation and 
reeducation camps and resettlement schemes have forced 
vast numbers of uprooted Vietnamese civilians and Mon- 
tagnards to settle among new neighbours and cope with 
new economic circumstances, often under very adverse 
conditions. The Indonesian government has resettled sub­
stantial numbers of Javanese in new communities in cen­
tral Sumatra. Similarly, the Philippines government has 
resettled Christians from the crowded Visayan Islands to 
the northern and western sectors of Mindanao. Rural­
development projects in Malaya have relocated substantial 
numbers of land-poor Malays to pioneer areas cleared for 
future rubber plantations.

In the 1960s newly opened rubber and palm-oil planta­
tions in eastern Sabah (Malaysia) drew substantial numbers 
of Indonesian immigrant labourers from the Makasarese 
area of Southern Celebes and from Indonesian Timor. 
Timber-cutting operations attracted many Christian Fil­
ipino labourers south to interior Mindanao. Among the 
Lawa hill peoples of northern Thailand, the increased 
costs of maintaining their trained timbering elephants has 
forced many to seil their animals and seek wage-labour 
jobs in the lowlands. Families and whole villages of Meo,
Lahu, and Yao hill peoples have moved into northern 
Thailand from upper Burma and Laos in search of new, 
high-altitude farming areas for the cultivation of opium 
poppies. Thousands of Vietnamese families, dislocated 
since 1965 by the massive destruction of their agricul­
tural resources through Saturation bombing and herbicide 
spraying, have had to leave their home communities in 
search of new livelihoods.

The cities and suburbs of Southeast Asia have become 
commercial centres for the sale of foreign manufactures; 
they symbolize a transnational culture of salaried eco­
nomic prosperity, literacy, white-collar employment, and Rise of 
recreation. As centres of government for new, multi-ethnic national 
nations, one of their most urgent tasks is to develop that languages 
basic vehicle of national culture, the national language.
Bangkok is energetically fostering early school education 
in the national language (Thai) and literacy in its Indian- 
derived writing system. The Indonesian language, devel- 
oped from the literary Malay language of Sumatra, is 
universally taught in Indonesian schools and has come to 
be widely spoken and read (in a Romanized alphabet) by 
younger Indonesians. Malaysia’s new national language, 
another dialect of literary Malay written in a Roman­
ized alphabet, is being vigorously promoted as a common 
medium to link the large resident Chinese population 
with the Malays and other indigenous peoples of Sarawak 
and Sabah. In Manila a version of Tagalog written in a 
Roman alphabet has been declared a national language 
and is gaining acceptance. Burmese and Khmer, both 
written in Indianized scripts, are routine school subjects 
in Burma and Kampuchea. Vietnamese, mostly written 
in the Romanized Quoc-ngu script, is increasingly being 
taught among Southern Vietnam’s hill peoples.

New nonlinguistic skills are also spreading. Road build­
ing in Thailand, Malaysia, and the Philippines has taught 
local workers the use of motorized equipment ranging 
from bulldozers to passenger vehicles. In northern Thai­
land, Mindanao, and northern Borneo, the chain saw has 
enormously accelerated local timber-cutting operations. In 
Borneo this tool, together with growing access to inex- 
pensive outboard motors, is revolutionizing the economy 
of many communities along the rivers. In Vietnam and 
Thailand the U.S. military forces trained thousands of 
Vietnamese and Thai in such skills as helicopter Opera­
tion, ordnance logistics, aircraft maintenance, and the use 
of electronic computing and tracking Systems.
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The
Fertile
Crescent

Other tendencies to cultural “homogenization” include 
an increase in inter-ethnic marriages. In the cities of Java 
they even occur on a significant scale between ethnically 
different Christians and Muslims. Another aspect is the 
displacement of traditional codes of behaviour among ur­
ban immigrants: in Sabah (Malaysia), for example, rural 
Dusun women coming as nurse trainees to the Capital 
city discover that their “native law and custom” does not 
apply to social or sexual behaviour in the city.

Movements reacting against cultural uniformity have also 
developed, usually as efforts to reassert traditional cul­
tural values. Since Indonesia obtained its independence, 
the Javanese have experienced a great proliferation of 
meditative sects, or aliran kebatinan, each usually led by 
a local guru, or teacher. Many aliran meet regularly to 
examine the detailed ramifications of “Javanese Science” 
and to repudiate materialistic secular values such as effi­
ciency, individual success, and Western scientific attitudes. 
Nativistic local leaders have also been conspicuous in 
Borneo, Sumatra, Burma, the Philippines, and peninsular 
Malaysia; to rally and hold followers, they often invoke 
the symbols, episodes, and folk heroes of regional history. 
In some instances these groups have developed into armed 
revolutionary movements. (P.R.Go.)

SOUTHWEST ASIA
Southwest Asia—or the so-called Middle East, if Egypt is 
included— may be defined as the region extending from 
Egypt to Iran. Countries included in the area are thus 
Egypt, the Sudan, Saudi Arabia, Yemen (Sana), Yemen 
(Aden), and Oman; Kuwait and the small Persian Gulf 
States; and Israel, Jordan, Lebanon, Syria, and Iraq. The 
total land area is approximately 2,700,000 square miles 
(7,000,000 square kilometres). The area has, in the 20th 
Century, been given other appellations, including the Le­
vant, the Near East, and the Mashriq (Arabic for “the 
East”), as well as the Middle East.

From the perspective of its cultural geography, Southwest 
Asia may be divided into two types of region: the arid, 
infertile desert areas that are the home of the nomadic 
Bedouin and the fertile, cultivated river valleys of the set­
tled agriculturalists.

The great plateau is a notable physical feature of the 
Arabian Peninsula and constitutes most of the desert area 
of the peninsular landmass. Barren, except for occasional 
oases and the Najd, a pastoral tableland in the north, the 
peninsula is fronted to the west by mountains rising in the 
Hejaz, the holy land of Isläm, to some 9,000 feet (3,000 
metres) and further south, in the Yemen, to some 14,000 
feet. The south central portion of the peninsula, an area 
of some 40,000 square miles (100,000 square kilometres), 
descriptively named, is known as ar-Rub' al-Khali (the 
Empty Quarter). Here, the average summer temperatures 
are in excess of 120° F (49° F).

The outstanding geographical feature of the remainder of 
Southwest Asia is the Fertile Crescent, an arc of territory 
Stretching from the Nile Valley of Egypt through present- 
day Israel, Lebanon, Jordan, and Syria, into Iraq. At each 
horn of the Fertile Crescent there is a river valley—to the 
east that of the Tigris and Euphrates rivers, in Iraq, and 
to the west that of the Nile, in Egypt. These valleys are 
composed of rich and fertile masses of alluvium deposited 
year after year on a substratum of sand and rock. In Egypt 
this deposit is almost 40 feet deep. As they are annually 
replenished, these valleys are continually refertilized. They 
also provide irrigation and drinking water.

Ethnic groups. Southwest Asia has the longest cultural 
history of any region in the world and was in fact the birth- 
place of human civilization. Thee monotheistic religions— 
Judaism, Christianity, and Isläm—originated there. As a 
land bridge connecting Asia, Africa, and Europe, it has 
been traversed by numerous peoples, many of whom left 
small groups in the region. Its cultural evolution has been 
such that, until recently, minority groups were permitted 
to retain separate and distinct entities, so that the most 
conspicuous fact about the Middle East has been its de­
mographic heterogeneity; its population is a mosaic of 
peoples.

Among the earliest inhabitants of the region were the

Sumerians, believed to have been of an Armenoid physi­
cal type—roundheaded, of moderate height, and of heavy 
build. They spoke a language with certain agglutinative 
features suggestive of the Mongoloid family of languages. 
The ancient Egyptians were of the Mediterranean physi­
cal type—longheaded, dark-haired, relatively slender, and 
of moderate stature, speaking a separate language classi- 
fied as Hamitic.

Additional early peoples in the area were the Akkadian, 
Babylonian, and Assyrian in vaders and conquerors of 
Mesopotamia, the Amorites of northern Syria, the Ara- 
maeans o f inner Syria, the Canaanites o f the Levant coast, 
and the Hebrews of the hill country. All o f these peoples 
are generally classified as Semites—not because they pos- 
sessed any unique physiological feature but because they 
all spoke languages assigned to the North Semitic family 
and because they are generally believed to have originated 
somewhere in the central Arabian Peninsula. Arabic, the 
primary Contemporary South Semitic language, was ap- 
parently originally spoken by a small group of traders, 
townsfolk, and desert nomads in the district of Mecca and 
Medina. Arabic was the language of Muhammad and his 
early followers, and, with the rise and expansion of Isläm 
in the 7th Century, it quickly replaced most other languages 
of the Mashriq. Within the region, Egyptian, Palestinian, 
Syrian, Iraqi, and Yemeni dialects of Arabic are spoken 
today. Some of these differ only in pronunciation, while 
in other instances the colloquial forms may be quite wide 
apart. Other languages spoken in the region are Hebrew, 
which is one of the official languages of Israel (the other is 
Arabic); Aramaic, which is reputed to be still spoken in a 
few villages of Syria; Kurdish, an Indo-European language 
spoken by the approximately 10,000,000 Kurds resident 
chiefly in Iraq, Turkey, Iran, and Syria; and FärsI, spoken 
by the majority of Iranians.

Settlement patterns and economic organization. The fel- 
lahin (“villagers”). Agriculture has long been and still con- 
tinues to be the predominant way of life of the majority 
of the peoples of the Middle East. Spread along the Fertile 
Crescent and in the isolated oases of the deserts, the over- 
whelming majority of the people were—and still are—  
peasants. Despite widespread urbanization, more than 
two-thirds of the people may still be classified as fellahin.

Family solidarity and the need for security have always 
precluded a pattern of isolated farmsteads. Instead, the 
peasants gather together in villages, ranging from modern 
and well-off communities in Lebanon (particularly among 
the Christians) to the miserable mud and kerosine-can 
huts of seminomadic tribesmen. Despite such disparities, 
however, a broad cultural pattern can be discerned, espe­
cially in the Arabic-speaking regions.

Landownership is complicated by the fact that landed 
property, or the right to work other people’s landed prop­
erty, is divided among the children, with boys sharing 
equally but with a girl’s share equalling only half that of 
a boy. Complex fragmentation of agricultural land results, 
with the dispersed small plots, sometimes termed “dwarf 
holdings,” rarely economically feasible. High-interest loans 
are often not met, and as a result the accumulation of large 
tracts of land in the hands of a few wealthy landowners 
is quite common; many debt-ridden peasants are conse- 
quently forced into sharecropping. In virtually all of the 
newly independent nations of the Middle East, land re­
form is one of the basic tenets of revolutionary programs. 
Much, however, still remains to be accomplished.

Throughout the region village layout is strikingly similar. 
At the centre is the mosque, or church, bordered by a 
few small shops of the grocer, blacksmith, and cobbler. 
Some five to 10 twisted alleys, just wide enough for a 
donkey with its side baskets, wind between the walls of 
low, flat-roofed houses and then narrow into even smaller 
lanes that generally end where the fields begin. The village 
square functions as a marketplace for itinerant peddlers 
and is the scene of village ceremonial events.
The homes, whether of stone blocks or sunbaked bricks, 

consist of a few rooms and a courtyard. When a son 
manies, a new room is added along the side of the house, 
on the roof, or in the courtyard. Stables are uncommon, 
and the fellahin share with their animals the same dirt-
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and dung-littered courtyard and, in winter, the same room 
for sleeping.

Furniture among the peasants is limited and strictly utili- 
tarian. Since squatting on the floor is the normal position, 
whether doing the housework or eating with the fingers or 
with a piece of bread dipped into a common bowl, there is 
no need for tables and chairs or forks, knives, and spoons.

A ehest, a pile of bedding stored away during the day in 
a recess in the wall, a cradle, a few straw mats, a kerosine 
lamp, and perhaps one or two cheap carpets constitute 
the essential furniture. Kitchen needs are met by a few 
clay jars for keeping the drinking water, a large grain bin 
coated with clay and sealed at the top but open at the 
bottom for access to the daily need, a copper kettle, a few 
handwoven baskets, some locally made earthen jars, and 
a variety of imported bowls and basins. A few coffee cups 
on a tray for occasional visitors, a few photographs of the 
sons (daughters are rarely photographed, and their pictures 
are certainly not on view), some religious prints or calli- 
graphic verses of the Qur an, and a newspaper photograph 
of the local national leader complete the inventory of the 
typical village home.

Water is generally a scarce commodity. If the peasants 
are fortunate, they may have a well in the courtyard. 
Generally, however, water is obtained from common vil­
lage wells, springs, or ponds. When these dry up during 
the long arid summer months, animals and humans share 
the same distant, often polluted, ponds or streams. Piped 
water to the courtyards or to the village centre is not un- 
common among wealthy villagers or in areas in which the 
government has embarked on special rural development 
programs. In some regions of Iraq and Egypt and along 
the rivers of the Levant, although water may be readily 
available, it often is a source of malaria and other dis­
eases. Flush toilets are very rare, as are outhouses. Urine 
is generally disposed of in the courtyards, along the paths, 
or in the fields. Fecal matter is spread in the fields.

Animal dung, in treeless regions, is the prime source 
of fuel. Women and children carefully gather the dung, 
shape it, dry it in the sun, and store it on the roof or in 
the courtyard. The family oven, in which bread is baked, 
is generally in the courtyard and is a dome-shaped mud 
affair with a low opening.

The diet is simple and generally monotonous. Its main- 
stays consist of unleavened bread, accompanied by rice 
and a few vegetables, usually onions and garlic, and, de- 
pending on the region, olives or dates. In season, small 
amounts of fresh fruit and green vegetables may be added. 
Tea and coffee are luxury items paid for out of a limited 
budget. Meat and fat are eaten, by most, only at special 
ceremonies such as a wedding, birth of a son, or great 
holidays or in honour of a distinguished visitor.

Health and Standards of health and education well demonstrate the 
education poverty of the peasants. Malnutrition is chronic, and 
among the infectious diseases are endemic. It is estimated that per- 
fellahin haps nine-tenths of the fellahin suffer from a variety of 

dysfunctional or debilitating diseases such as trachoma, 
typhoid, dysentery, intestinal worms, and tuberculosis. 
Western-type medical aid is still not widely available 
among peasants, and their main recourse continues to be 
the traditional village practitioners. Schooling, despite the 
fact that most countries of the Middle East have enacted 
laws requiring compulsory education, is uneven and spo- 
radic. Illiteracy among rural adults, particularly women, is 
still the rule.
The way of life for the early Zionist farmers working the 

marginal lands of Palestine often was as difficult as that 
of their fellow Arabs. It was the attempt to break out of 
that pattern that led to the development among the Jews 
of collective forms of agriculture— variants of the kibbutz 
and the moshav—designed to maximize their financial 
and labour input, to raise their agricultural returns, and 
to improve their collective Standard of living.

The Bedouin. The Bedouin, as one observer has put 
it, are more glamorous than numerous. They have rarely 
constituted more than 15 percent of the total population 
of the Middle East, and in the late 20th Century their 
numbers were rapidly decreasing, even in the Arabian 
Peninsula, as they voluntarily migrated to the towns to

work for the oil industry or to settle on government- 
sponsored tracts of land.

The homeland of the classical, traditional Bedouin is an 
area of the northern Arabian Desert, Stretching into Iraq,
Syria, and Jordan. The Bedouin are nomads in varying 
degrees, but the true Bedouin are those who possess only 
camels and who spend their summer months camped 
around wells or streams and the rest of the year ranging 
the desert. In kinship they tracé their origin back either to 
Qahtän, an ancient patriarch who lived before Abraham, 
or to Ishmael, son of Abraham and Hagar. Collectively 
they constitute the asïlïn, a closed circle of numerous 
tribes or tribal confederations.

The material culture of the Bedouin is limited. The chief 
possession is the home—a long, low, black tent of woven 
goat hair. Men and women have separate divisions within 
the tent. The male side, away from the wind, is left open; 
it has a carpet, spread before a portable stove, or coffee 
hearth, with a mortar for grinding the coffee, a coffeepot, 
and cups. This is the social centre of the household, the 
meeting place for guests, and the site for the transaction 
of all tribal affairs.

Clothing is simple: a long robe of thick material, a large 
headcloth wound around the head and held in place by a 
black goat-hair cord and rawhide, and heelless sandals.

Water is generally too scarce to be used for washing, and 
sand or animal urine is substituted for use in daily ablu- 
tions. The diet is limited, consisting of a variety of milk 
products such as curds, buttermilk, and cheese, dried fruit, 
particularly dates, and, when obtainable from the fellahin, 
grains such as wheat, barley, or rice. Meat, as among the 
peasants, is a luxury eaten only when an animal has died 
a natural death or for a special ceremony. The meals are 
served first to the older men of the tent, then to the youn­
ger men and boys, and finally to the women and the girls.
The sexes do not intermingle during mealtime. The inade­
quate diet and low Standard of nutrition result in a people 
who are small, even stunted, and slightly built. By the age 
of 40, particularly among the women, old age has begun.

Raiding was the traditional means of supplementing the Bedouin 
deficiencies of life in the arid zone. The Bedouin took by raiding 
force from the peasants what they lacked in foodstuffs, 
material goods, and even women and children. Successful 
leadership in raids could be a most effective means of 
developing reputation and power, a practice that to this 
day has not been completely curtailed.

Social organization. In certain respects the fellahin and 
the Bedouin share a similar social structure, and thus 
the pattern traditionally common to both can be broadly 
sketched. The model described is that o f the classical, 
idealized, Arab way of life.

The family. The family is the most fundamental and 
important feature of Arab social structure. The family is 
extended—that is, it is headed by an elderly man and 
consists of his wife, or wives, his married sons and their 
wives and children, his unmarried sons, and his unmar­
ried daughters. Daughters, when they marry, leave their 
own extended families and become incorporated into the 
extended families of their husbands, even though their 
moral conduct continues to be the responsibility of the 
original family.

The extended family may total a dozen or more persons, 
all of whom live in one house or in a number of adjoining 
houses or, as among the Bedouin, in a number of tents 
pitched next to each other. The extended family functions 
as one entity in economie, political, and military ventures.

The family is patrilineal— i.e., an individual belongs only 
to the family of his father—and patrilocal (young couples 
when they marry take up residence in or near the house of 
the bridegroom’s father). It is also patriarchal: the father is 
the head of his family, and the elderly male who is head 
of the entire extended family is the absolute ruler over 
the entire group, traditionally. Even to this day, in certain 
respects, he has jurisdiction over life and death.

Pride in descent forms one of the most significant traits 
in the ethos of the peoples of the Middle East. Emphasis 
on noble ancestry and lineage is a matter of great impor­
tance among the Bedouin and to a lesser extent among the 
fellahin. Tribal and village genealogists tracé an individ-
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ual back from his individual extended family to his sub- 
hamülah (a cluster of extended families) to his hamülah 
(a large group of families tied together by an actual or 
assumed genetic relationship) and to his subtribe (ashïrah) 
and tribe (qabïlah). Beyond his tribal affiliation, a man’s 
lineage will be traced to his supposed progenitor dating 
back to early biblical sources. This tribal pedigree, even 
among the villagers, can play a fundamental role in de- 
termining and justifying positions of traditional authority 
and political power.

Marriage and divorce. There is a strong tradition of 
endogamous marriage (that is, of marriage within a very 
small social circle), ideally with the father’s brother’s 
daughter or, failing that, within the same village or tribe 
or having the same social status. A man may be married 
to more than one wife simultaneously (polygyny). 

Prevalence The prevalence of polygyny among the Arabs has been 
of greatly exaggerated by Western commentators, and the
polygyny practice has always been the exception rather than the

rule, especially in modern times. The simple biological 
problem of acquiring a surplus of young females plus 
the economie cost of paying their bride-prices and then 
adequately supporting them and their offspring all have 
prevented any more than 4 to 5 percent of the married 
men from having more than one spouse.
Traditionally marriages are arranged and consummated 

when the women are still in their teens. This is considered 
highly proper and beneficial. An old Arab saying holds 
that there are only three things in life a man must do 
quickly: bury the dead, serve a guest, and marry off a 
marriageable daughter.

Great prestige is attached to the male’s procreative ability 
and to the regulär delivery of live, preferably male, chil­
dren. Status is achieved through the production of large 
families; a childless couple is regarded with contempt. 
Only the extended family with many children, preferably 
boys, can be a strong family, providing economie and 
political security. The injunction to “be fruitful and mul- 
tiply” thus provides a constant goal.

Term, or temporary, marriage, usually referred to as 
mutah, dates back to pre-Islämic days and still survives 
in certain parts of the Middle East. Term marriages were 
contracts made with women by soldiers, traders, and trav- 
ellers under which the couple were legally married for the 
day, the length of the caravan journey, or for another 
defined time period. At the stated end of the period the 
contract was no longer binding. Children born of mutah 
marriages held all the rights of the offspring of ordinary 
marriages, but the term wife could not inherit from her 
husband nor he from her.

The announcement of the birth of a child to the father is 
based upon long-standing traditions. ïf  the infant is a boy, 
the father will be told bishärah, meaning “good tidings” 
or “reward.” The father will ordinarily give a modest gift 
to the individual who first brings him this news. Among 
those who can afford it, a sacrifice of a sheep or a feast is 
also common. If the infant is a girl, no reward will be given 
for the announcement, neither will there be a celebration.

Traditional divorce in Arab Muslim society is extremely 
simple. The male is the sole initiator of such an action. 
The wife can neither oppose a divorce nor initiate one on 
her own behalf. The husband pronounces the traditional 
formula, “I divorce thee,” in the presence of two wit- 
nesses, and the divorce is effected. The wife must return 
to her father’s (or brother’s) family and can claim only 
that portion of the bride-price that was stipulated in the 
original marriage contract to be paid in the event of such 
an occurrence. If a wife should leave her husband and he 
later agrees to a divorce, she forfeits any part of the bride- 
price. After the divorce a man may marry immediately, 
but the woman must wait three months to make sure that 
she is not pregnant. If she is pregnant, she cannot remarry 
until she has given birth to the child and reared it, during 
which time the father (her former husband) must support 
her. All children belong to the father and, in the event of 
a divorce, must be delivered up to him.

Among the Arab Muslims no stigma is attached to di­
vorce, and divorced women as a rule remarry as soon as 
they are permitted to do so.

Socialization. Shortly after birth, the infant will be 
rubbed with salt and oil, not only to cleanse him but also 
to enable him to grow up to be modest and courteous.
The infant will then be wrapped in swaddling clothes for 
a time period ranging from 40 days to six months.

Nursing may last for 18 months to three years. A mother 
is traditionally prohibited from weaning her child before 
two years. The extended nursing period postpones another 
pregnancy (suckling periods are generally connected with 
an abstinence from intercourse), and it is believed to make 
the child strong.

To mothers it is said: “pampering a girl disgraces thee; 
pampering a boy makes thee rich.” The boy will therefore 
be nursed longer than the girl. As soon as the child shows 
the slightest signs of restlessness, he will be breast fed. As 
a consequence, the female is seen as sympathetic and the 
woman’s breast as a Symbol of compassion.

If for some reason, such as illness, a child is nursed by 
a woman other than its mother, certain protocol must be 
observed. A woman may not give her milk to another 
child or have another woman give her child milk without 
her husband’s permission; for the child belongs to the hus- 
band’s patrilineage, and that important decision rests with 
him. Furthermore, a boy and a girl nursed by the same 
woman are considered to be brother and sister and can 
never marry. Nursing relationships can also be a method 
of adoption (especially of an orphan): if a woman wishes 
to adopt a stränge child or even an adult, she does so by 
offering her breast.

One of the most important events in a Muslim and Jew- The 
ish boy’s life, not only for himself but also for his parents, religious 
is circumcision. The rite of circumcision is a religious rite of cir- 
duty, and no male can enter heaven uncircumcised. The cumcision 
age at which circumcision is carried out varies: it may be 
done shortly after birth or in childhood, but it must be 
done before marriage. Fathers will ordinarily have their 
sons circumcised soon after birth, not only because it is 
less painful then but also because of fear that the boy 
might die before the father has fulfilled the commandment 
of circumcising his son.
Among Muslims, the rite of circumcision proceeds in a 

program similar to that of a wedding. It is preceded by an 
evening of joy in village festivities, henna (a dye) is put 
on by the woman, and a new outfit is provided for the 
child. Festival garments decorated with flowers and leaves 
are worn, and, in similar fashion to a bride, the boy is led 
in procession around the village in his new outfit. After 
the ceremony there is a feast at which presents are given.
Several boys may be circumcised at once, or the circum­
cision may be combined with a wedding to save expenses.
There is a further connection between circumcision and 
marriage, for, as it is the duty of the father to marry his 
children before his death, he attempts to find a suitable 
mate for them as soon as possible. A boy thus often 
acquires his bride at his circumcision ceremony, although 
he will not marry her until sometime after puberty.

The early socialization of a boy and a girl into the tra­
ditional family of the Middle East differs profoundly. The 
growing boy is trained to become an obedient member 
of his family, able to subordinate his wishes to those of 
his father and elder brothers. The fact is impressed upon 
him that the interests of his family always come first and 
that he must govern his actions to enhance the collective 
strength of his family. The girl, on the contrary, is not 
only weaned earlier than the boy but, by the age of five 
or six, is already being consciously prepared for moving 
out of the home of her parents and into the home of 
her mother-in-law. There, she will fill a subordinate and 
even a servant role—a role that will be improved only as 
she bears sons.

Religion and health. A discussion of the predominant 
religion of the area, Islam, can be found in the article 
isl ä m . But some understanding of the function of religion 
in the traditional Middle East can be grasped from an 
analysis of its role in the peoples’ approach to health, dis­
ease, and death.

Philosophy o f illness. The essential philosophy under- 
lying the traditional system of medicine in the region is 
that illnesses and injuries are subjective affairs arising from
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one’s own acts or omissions or caused by someone or 
something that is possessed with power. Illnesses or injuries 
do not just randomly occur—they befall a certain victim, at 
a given time and in a definite manner, because of specific 
causal actions.

Two essential elements of this philosophy are belief in 
animism and animatism, or, more specifically, the belief in 
the existence of evil spirits (animism) and of the “evil eye” 
(animatism), or the power of certain persons or objects to 
affect and influence the human body—and nature as well, 
in certain circumstances.

Evil spirits abound in the environment, ready to pounce 
on the unsuspecting victim. Strong, healthy, mature indi­
viduals are the least susceptible to such attacks; the most 
susceptible are infants and children, the weak, the ill, the 
aged, and normally healthy individuals in certain circum­
stances (women during menstruation, pregnancy, or while 
giving birth, for example).

The presence of strong, healthy, mature individuals near 
the susceptible person is a strong deterrent to evil spirits. As 
one cannot rely on such persons to be constantly on duty, 
however, various inanimate objects with strong power to 
repel the evil spirits are called into play. Common objects 
of this nature are the Hand of Fätimah (beloved daughter of 
Muhammad), which may have inscribed on it holy words 
in Arabic or Hebrew and which is generally worn around 
the neck (Cochin Jews may put it around the abdomen); the 
shield of David (a six-pointed star); and blue beads, pieces 
of jewelry, or bits of cloth that are worn around the neck or 
attached to the clothing (blue is particularly repugnant to 
the evil spirits and the evil eye). Sometimes a concoction of 
evil-smelling herbs will be placed in a bag and worn close 
to the body, or various religious phrases will be written on 
paper and sewed into the clothing or put into a bag and 
worn on the body.

The Bible also possesses the power to repel evil spirits, and 
thus some Jewish mothers place a copy of it beneath the 
pillow. Another practice, but less common, is the preserva- 
tion of the foreskin that is cut off during the ber-it mila 
(the ceremony of circumcision conducted on every Jewish 
male child when he is eight days old), by drying the piece 
of skin and powdering it. It is then sewn into a piece of 
cloth and kept under the pillow or among the blankets of 
the child’s bed.

Evil spirits fear the name of Allah, which strikes terror into 
their hearts and weakens them and forces them to withdraw 
or repels them completely. Consequently, his name is ut- 
tered frequently while a person is engaged in the everyday 
routine of life. Otherwise healthy individuals must, under 
certain circumstances, be particularly careful to invoke Al- 
läh’s name. When, for example, a Muslim couple is about 
to engage in sexual intercourse, the male must first say a 
prayer: “I seek refuge in Allah, from the accursed Satan, 
in the name of Allah, the Beneficent, the Merciful.” If this 
prayer is not spoken, the evil spirit will enter the woman, 
and the child she conceives will be evil, bad, or a devil, 
or the woman herself might fall ill. A prayer to Allah also 
ensures conception—the mere physical act of intercourse is 
no guarantee.

Vulnerability o f women. From the moment of concep­
tion until the last birth pang, the pregnant woman is espe­
cially sensitive to evil spirits. Each of her actions is carefully 
watched by them, and, should she commit a transgression 
or fail to constantly invoke the power of Allah, retribution 
will be certain to follow. The afterbirth provides powerful 
protection for the newborn child and so must be saved. 
It may be left attached to the child for a period of some 
hours or overnight, and it then must be preserved in or 
near the house.

Women during menstruation are thought to be very dan- 
gerous. They are not only considered impure and unclean 
but also, if not actually possessed by a spirit, likely to be 
transmitters of the actions of evil spirits. They must there- 
fore be separated from others, particularly from the ill and 
women in labour. Women during menstruation sometimes 
must leave the home and live in a menstruation hut or 
tent for the entire period, returning to their homes only 
after they have been purified. When a woman is permitted 
to remain in the home, she is subject to numerous restric­

tions: She must sleep on the floor or on a low bed, must 
have no sexual relations with her husband, must not even 
touch him or his bed, and should not prepare any meals or 
enter a home in which there is an ill person or a woman 
in labour. Such restrictions are only practicable within the 
extended family, and disintegration of the extended family 
ïeads to forced abandonment of many such practices. The 
beliefs themselves, however, may persist, as may anxieties 
when the taboos are broken.

Safeguards against the evil eye. The prevention of ill­
ness to the inner body by the evil eye—as distinct from 
the prevention of illnesses caused by evil spirits—is based 
on the principle of misleading, deceiving, and deluding the 
evil eye. The evil eye is particularly feared, and more than 
half of all deaths are attributed to it. It is attracted to the 
healthy, the beautiful, the happy, and to children.

In the Middle East, possessors of the evil eye are often 
women. Psychologists have argued that the evil eye is in 
reality an envious eye, and the entire corpus of preventive 
measures seems to be based upon the principle of not 
attracting its attention (or envy). The youngest are a par­
ticular attraction to the evil eye. Thus children, esteemed 
the greatest blessings, are kept dirty, ragged, and unkempt, 
particularly when out in public. The child may be called 
“Oh, dirty one” or “Oh, evil one” and similar names, in 
order to disguise the true feelings of the parent. The child 
may be given a false name, and its true name kept a 
secret, in order that the real name may not be overheard 
and utilized for negative purposes. The child will never be 
praised in public or boasted about; on the contrary, it will 
constantly be decried and complained about. A male child 
may be dressed as a girl and referred to in the feminine, 
since females have less prestige. Such practices against the 
evil eye are especially likely to be followed if there have 
been previous infant deaths in the family or if there is 
only one child.

To arouse disgust in the eye of the beholder is far healthier 
than to arouse admiration; and praise when given must be 
denied or deprecated. Inquiries about personal or family 
health, business, or status should be responded to with shak- 
ing heads and gloomy predictions. Boasting is considered 
the fool’s way of courting disaster, as is the disclosure of 
one’s future plans. It is possible, however, to accept praise 
or note good looks, good health, or good fortune if one is 
careful to constantly invoke the name of Allah and to deny 
the force of the evil eye.

Particularly valuable as a defense against the evil eye are 
amulets. Blue beads are the most common type, and they 
may be worn on the person or placed in the house or on a 
dog, horse, cart, or automobile.

If, despite such precautions, evil spirits do gain access to 
the body and illness sets in, medicine is brought into play. 
Curative practices are clearly recognized, however, as being 
less successful ultimately than preventive measures, and 
their purpose is partly to provoke emotional comfort and 
security to the patiënt and his family.
The local practitioner gives the family his undivided at­

tention, identifies and names the disease, makes a positive 
prognosis, and initiates certain measures to evict the evil 
spirits or draw away the evil eye. These include smoking, 
drinking, chanting, praying, burning, bloodletting, emet- 
ics, purgatives, and massages. A burning blue rag may be 
snuffed and the smoke inhaled to weaken or frighten out 
the evil spirits, especially during childbirth. Charms and 
holy phrases written on paper may be soaked in a liquid 
and then drunk in order to internalize the holy power. The 
spittle of a holy man may be applied to the disturbed organ 
of the body. The patient’s name may be changed so that 
the evil spirit may somehow be misled and lose the patiënt 
or never find him.

Drastic, painful measures may be taken to force out the 
spirit. A red-hot nail may be pressed against the abdomen 
of an infant a number of times to force out the evil causing 
dysentery; it may be pressed against other parts of the skin 
to evict the evil spirit causing smallpox or rheumatism, or 
it may be pressed against a “boil” under the tongue to 
enable the baby to take the breast. The entire family may 
be required to chant special prayers, songs, or phrases or 
to fast or suffer other discomforts. Parents may have to

Curative
practices
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abstain from sexual relations, and members of the family 
may be required to travel on a pilgrimage. There may be 
bargaining on the part of the family, and precious animate 
or inanimate objects may be sacrificed to appease the evil 
spirit. The patiënt, recipiënt of this rich fund of strength, is 
as a result emotionally able to endure the physical discom- 
fort during the prescribed course of curative Treatment and 
is mentally prepared for possible death should the treatment 
not succeed.

If the patiënt should die it is because he or his family, 
consciously or unconsciously, committed offenses and at- 
tracted the evil eye or permitted evil spirits to enter the 
body to the extent that no power was able to avert the evil 
and save the patiënt.

It is clear that both patiënt and practitioner operate within 
a cultural framework of knowledge, beliefs, and values that 
explain their respective actions. The patiënt and his fam­
ily search their thoughts and actions to ascertain how the 
misfortune could have occurred or by whom it could have 
been inflicted. The practitioner, on his part, listens to the 
family’s statements and the patient’s complaint and then 
formulates his diagnosis and treatment. The success in such 
treatment in a certain number of cases inspires further faith 
in the system. There are few cynics among the patients and 
few charlatans among the practitioners.

Within this medical system may be distinguished three or 
four types of local practitioners specializing in particular ar­
eas and methods of treatment. Their sex, role, or status may 
vary, or they may specialize in eures for external complaints 
such as sores and wounds; or they may practice preventive 
and curative medicine for the internal body. The latter is 
generally a male of senior years and of religious-medical 
standing. To fulfill his role he must be well versed in the 
concepts of animism and animatism. Such knowledge alone, 
however, is not sufficiënt; he must also have a personality 
that will inspire confidence and elicit information from the 
patiënt and his family. In addition, he must be aware of the 
significance of Symptoms and complaints, certain of which 
may or may not be expressed. He must possess to a high 
degree the quality of sensitivity and intuitiveness, for many 
of his diagnoses will be based upon implicit understanding 
and tacit agreement. He must have the ability to quickly 
analyze and evaluate the relations between the patiënt, his 
family, and his community.

Modern developments. A process of Westernization, 
modernization, and development has increasingly come to 
dominate Southwest Asia. The evolution of the traditional 
folk culture of the fellahin and the Bedouin is being radically 
altered, and even rural peasants want to live the supposed 
good life that is made possible by Western technology. The 
town in the region is the focal centre of this Westem- 
ization process, and from there it is dispersed throughout 
the countryside and into the desert. It is useful, therefore, 
to examine the traditional town and the ways in which 
it is changing.

Classical urban pattern. Urban life began in this area 
of the world, and it is not uncommon to find towns still 
extant that have been occupied continuously or intermit- 
tently over the past 4,000 years. While the Bedouin and the 
fellahin have long remained rather constant in their culture, 
the towns have constantly reflected the effects of political 
changes, military invasions, and population movements. 
Thus, whereas the nomads and villagers were compara- 
tively homogeneous in both population and occupational 
structure, the towns contained separate quarters (harat) for 
various ethnic and religious populations and also contained 
a fange of occupations and social classes.

The typical Arab town of the Middle Ages consisted of 
a mosque, a palace, a bathhouse, a school, a khän (hos- 
telry for foreign merchants), a hospital, and a maydän (an 
open field for the horse and cattle market). Two main 
thoroughfares ran through the town at right angles to each 
other, leading from the four gates of the thick and heavily 
fortified walls. From the centre a network of narrow streets 
and alleys radiated into the residential quarters. Each of 
these quarters was also walled, frequently with its own 
bathhouse and school, as well as a mosque, church, or 
synagogue. The cemeteries and the maydän were outside 
the town walls.

Such was the typical town during the classical Arab period. 
With the conquests of the Ottoman Turks in the 16th Cen­
tury came urban poverty, exodus, and decay. Only within 
the 20th Century has there been a redevelopment of the 
urban centres.

20th-century urbanization. Rapid, unplanned, and un- 
controlled urbanization is a marked feature of the Contem­
porary Middle East. The 3 percent annual rate of population 
growth (the population of the region is apparently growing 
faster than any other major region of the world, except for 
Latin America) is causing great pressure on available agri­
cultural land and is pushing the excess population into the 
urban centres. The growing difficulty in finding additional 
land for cultivation and the chronic weaknesses in the 
implementation of agricultural reforms are aggravating the 
already serious Situation of large numbers of a redundant, 
underemployed rural labour force.

Other factors are also at work in the acceleration of 
the urbanization process: improved roads and transporta- 
tion have made the towns increasingly accessible; increased 
Communications, particularly through radio and television, 
have spread the attraction of the cities as centres of educa­
tion, health, employment, recreation, and a totally different 
way of life; and the discovery and exploitation of oil have 
brought thousands of workers into the cities in search of 
employment. The flow of Capital from oil revenues has 
revolutionized the cultures of some of the countries of the 
area, particularly Saudi Arabia and Kuwait, and it has had 
a direct impact on the economy of cities in nearby coun­
tries as well.

Israel holds third place in the world in proportion of ur­
ban dwellers to total population. In Kuwait, some half of 
the total population lives in localities of 100,000 and more 
inhabitants, and, in Lebanon and Syria, the proportion is 
one-third. This large-scale urbanization has been primarily 
a 20th-century movement, particularly since World War II.

Urbanization has resulted in a series of physical changes 
and Problems. The uncontrolled growth of what were for 
the most part medieval towns has led to their mushrooming 
over surrounding areas at a rapacious rate. Most cities have 
doubled in size within the past few decades, and some— 
Beirut, for example—have incorporated surrounding towns. 
Greater Baghdad and Kuwait have spilled over their city 
walls. In Israel, almost the entire Coastal plains from Haifa 
in the north to below Tel Aviv-Yafo in the south is grad- 
ually evolving into one continuous metropolitan area. The 
megalopolis, as well as the metropolis, is becoming a signif­
icant term in the Middle East.

As in many other regions of the world, acute urban Prob­
lems have accompanied this movement. Traffic in urban 
land, with building for quick, speculative profit, has be­
come a major economie activity and has often had the 
result of greatly modifying traditional values and behaviour. 
Slums and shantytowns, a hallmark of metropolitan growth 
in underdeveloped countries, are extensive. In the Middle 
East, rural migrants build simple one-room shacks. Lacking 
sanitary amenities, these are crowded next to each other 
and quickly deteriorate into unhealthy slums. Sections of 
greater Baghdad, for example, are ringed by slum dwellings 
mainly of the sarïfah type—a one-room house constructed 
mainly of reed matting. It is estimated that there are more 
than 44,000 sarïfahs in greater Baghdad—nearly 45 percent 
of the total number of houses.

The emergence of a large and rapidly growing unskilled 
(and therefore underemployed or unemployed), illiterate, 
and unhealthy peasant population in the towns may create 
a new version of the lumpenproletariat. With little to lose 
and much to gain, these people may profoundly and rad­
ically alter traditional religious and familial values and be­
haviour. Juvenile delinquency, petty thievery, Prostitution, 
and mob violence frequently accompany such changes. Vi- 
olence, of course, may be aggravated by political figures. 
Acute xenophobia, directed particularly at traditional “im­
perialist” powers, and the brutal elimination of incumbent 
leaders are two of the more obvious by-products. During 
the July 1958 revolution in Iraq, for example, Street mobs 
ran amok in Baghdad, pillaging and burning at will. Scores 
were slaughtered, including King Faysal II and Prime Min­
ister Nuri as-Said.

Problems
accom-
panying
urbaniza­
tion
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In certain respects the general life of the majority of 
the people has been materially improved. The traditional 
scourges of the region—disease, poverty, and ignorance— 
are slowly weakening their grip. Clothing, housing, house­
hold effects, kitchen Utensils, communication equipment 
such as radio and television, and transportation facilities 
are becoming increasingly available from the cities of the 
coast to the towns and villages of the interior and even to 
the peoples of the desert.

New social classes have developed, and the traditional 
cleavage of a small wealthy dass supported by a mass of 
poverty-stricken peasants and nomads has been somewhat 
modified. The upper classes are frequently educated in the 
West, and their financial resources, their educational inter- 
ests, and their way of life all oriënt them away from their 
own country’s traditions.

The new A new and increasingly numerous middle dass has de- 
middle veloped. The traditional dass of craftsmen, merchants, ar- 
class tisans, and professionals has been augmented by a rapidly

growing white-collar population of educated persons who 
go into law, politics, journalism, clerical and higher admin­
istration, and religious and teaching positions. This dass 
frequently manifests an aversion to rural life and earning a 
living by one’s hands.
As a result, the emerging middle dass of the Middle East, 

it has been argued, is lopsided when judged by Western 
Standards. It has a profusion of white-collar workers and 
“intellectuals,” many of whom are chronically unemployed 
or underemployed and underpaid. Conversely, this dass 
lacks a sufficiënt number of doctors, engineers, architects, 
chemists, and technicians.

Disenchantment with many of their own cultural values 
and with many aspects of their way of life and disillu- 
sionment with much of what the West has to offer have 
resulted in pronounced dissatisfactions and frustrations. To 
the extent that such general discontent prevails, one might 
predict a continuation of the social and political instability 
characteristic of much of the area for the greater part of the 
20th Century. (An.S.)

The economy
RESOURCES
Continental immensity and geological diversity explain the 
mineral wealth o f Asia, which includes reserves of almost 
every important mineral. Abundant reserves of coal, oil, 
natural gas, and uranium, iron, bauxite, and other ores are 
either being exploited or await development; much wealth 
also remains to be surveyed. Difficulty of access, however, 
sometimes constitutes a banier to exploitation.

Mineral resources. Coal Asia has enormous reserves 
of coal, amounting to more than half of the world’s total, 
but they are unevenly distributed. The largest reserves are 
found in China and especially in the Asian part of the 
Soviet Union; Taiwan, Japan, North Korea, South Korea, 
Vietnam, Indonesia, and India have smaller but economi­
cally important reserves. Burma, Thailand, Malaysia, and 
the Philippines have only insignificant amounts o f poor 
coal. In Southwest Asia both Turkey and Afghanistan 
have small economie reserves.

Chinese coal reserves are chiefly high-grade coals. Every 
province has at least one coalfield, but the largest reserves 
are in Shansi and Shensi in the north. Szechwan, Shan- 
tung, and the Northeast (Fu-shun, in Liaoning Province) 
are old coal-producing regions with good reserves, and a 
coal-mining region with large reserves has been developed 
in central Anhwei, north of the Yangtze River. Mines 
in Ningsia and Kansu supply northern industrial plants, 
but their reserves are not clearly known. The long-known 
reserves in western Hopeh are being exploited.

In the Soviet Union are found the world’s largest proven 
Coal coal reserves, but the extent and quality of Siberian depos-
reserves in its are not fully known. There are more than 200 fields 
Siberia that are worked, but as new economie developments oc­

cur, the regional mining picture shifts somewhat according 
to the quality of the coal and the cost o f transport. The 
brown coals o f the Moscow Basin and the higher quality 
coals of the Donets Basin o f the eastern Ukraine continue 
to be important in the west, and the Vorkuta field west

of the Urals and south of the Arctic coast helps supply 
the western zone. The Ural Mountains are not rich in 
coal, but there are some small fields o f lower grade coals.
The Karaganda fields in Kazakhstan in the southeast have 
huge deposits, but the coal is high in ash, and mining 
there is not expanding since newer sources of better coals 
exist in Western Siberia. The Ekibastuz field, north of the 
main Karaganda fields, is a producer of high-quality coal.
Most of the known coal supplies of the Soviet Union lie 

in Siberia. The Kuznetsk Basin in Southwestern Siberia 
has become a giant producer. The Minusinsk Basin in 
the central region o f Western Siberia, the Kansk region 
to the north along the Trans-Siberian Railway, the Cher- 
emkhovo area west of Lake Baikal, and the Bureya Basin 
in the southeast are the major areas of production. Many 
smaller deposits are worked to supply local regions, such 
as the small and scattered fields north of Vladivostok, on 
Sakhalin Island, or in the hilly valleys of southeastern- 
most Turkistan.

Petroleum and natural gas. At least two-thirds of the 
world’s known oil and gas reserves are found in Asia; the 
proportion may prove higher with the continued explora- 
tion of Siberia and the seas of southeastern Asia. Many 
of the island chains bordering eastern Asia have geologi­
cal formations favouring petroleum accumulation, and oil 
fields are in production in Sumatra, Java, and Borneo.
Western Asia has the largest known oil reserves, located 
in Iran, Iraq, and the Persian Gulf area of Arabia. Other 
regions in Southwest Asia have only small amounts of oil, 
and known petroleum reserves on the Indian subconti­
nent are small.

Malaysia is the only important oil-producing area on the 
mainland of Southeast Asia, although offshore waters may 
yield production after further exploration. The Philippines 
are negligible as a producing region, and the petroleum 
production of Japan is also small. North and South Korea 
appear to have virtually no prospects of production, but 
China has a number of oil-producing fields in Szechwan,
Kansu, Sinkiang, and the Northeast. The Tsaidam Basin 
in northwestem Tsinghai Province is also a producing 
region. Some oil has been produced regularly from oil 
shales found in the Northeast, and natural gas is exploited 
in Szechwan.

In the Soviet Union, Siberia has overtaken Southwest 
Asia in the production of oil and natural gas. The older 
fields lie in the Southern Volga Basin and in the margins 
of the Caucasus Mountains. The flanks of the Ural Moun- The Soviet 
tains have a number of large oil fields and small gas fields. oil and gas 
The northern Volga Basin, along the western flank of the fields 
Ural Mountains, once contained the leading producing 
regions for oil. Major gas fields are located in the north- 
eastern Ukraine south of Kharkov and in the Carpathian 
foothills of the western Ukraine. Uzen, on the Mangysh- 
lak Peninsula on the eastern shore of the Caspian Sea, is 
a major gas-producing field that also yields oil. Another 
major field is that o f Gazli in the Kyzyl Kum Desert south 
of the Aral Sea, and the rich gas field in the northern Ob 
River Basin at Berezovo indicates that the entire Ob Basin 
may yield natural gas. In the Lena River Basin, north of 
Yakutsk, there are large proven gas reserves.

Uranium. Reserves o f uranium ore are found in Asia’s 
ancient crystalline rocks. The Soviet Union, China, and 
India have their own supplies o f uranium. The Soviet 
Union, in particular, has rich ore fields in Kirgizia, be­
tween Osh and Tuya Muyun, Chinese uranium resources 
are probably in northern Sinkiang and Southern Hunan.

Iron. All portions o f Asia have deposits of iron ore, al­
though not every political state has its own private supply.
South Korea, Taiwan, Sri Lanka, and several smaller eoun- 
tries in Southwest Asia appear to have only small iron- 
ore supplies. Japan has far less than needed by its large 
iron and steel industry and depends largely on imported 
supplies. The Philippines has more ore than needed by its 
modest industrial needs and is an ore exporter. Malaysia 
nroduces a considerable volume. Thailand, Burma, and 
Pakistan have fair amounts of relatively low-grade ores, 
and Vietnam and Turkey have good ores in substantial 
volume. Indonesia and India both have large deposits of 
good iron ores that are reasonably distributed.



Although formerly regarded as deficiënt in iron ores, 
China contains huge quantities of varying grades of ores 
that are widely distributed and often located close to coal 
supplies. Regional centres o f ore mining, smelting, and 
fabrication are located at An-shan, a Southern area of 
the Northeast; near Peking; in Southern Anhwei, west of 
Shanghai; in central China, east of Wu-han; in Southern 
Inner Mongolia, north of Pao-t’ou; in central western 
Kansu; and on Hainan Island, óff the Southern coast. 
Large iron ore deposits also occur near Chungking in 
Szechwan. Iron ore in small local volumes is widely lo­
cated in Kweichow and Yunnan in the Southwest. China 
ranks among the world’s major producers of iron ore.

The Soviet Union formerly depended largely on iron ore 
from the Krivoy Rog and Kerch basins of the Southern 
Ukraine, but huge deposits of magnetic ore have been 
found near Belgorod. Iron ore has long been extracted

from the Ural Mountains, and further deposits have been 
found at and near Magnitogorsk in the Southern Urals. 
There appears to be a virtually unlimited supply of low- 
grade ore in the Kustanay Basin east of the Southern 
Urals in southwestern Siberia. A major iron ore range, at 
Kachkanar, west of the Northern Urals, contains low-grade 
ores. Large deposits of medium-grade iron ore have been 
found north west of Lake Baikal, close to the Cheremkhovo 
coal deposits. Smaller deposits have been located in the 
Murmansk Peninsula and at several locations in Eastem 
Siberia. The Soviet Union has become the world’s largest 
producer o f iron ore.

Ferroalloy metals. Asian resources of nickel are not 
extensive. There is a notable Soviet nickel-ore field at 
Norilsk (in Northern Siberia); Indonesia also possesses 
reserves. Japan and the Philippines both produce consid- 
erable quantities of nickel.
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Asian countries with reserves of chromium include Tur­
key, the Philippines, India, Iran, Pakistan, and Cyprus; 
reserves are also found in Soviet Asia.

Manganese is found in abundance. The Soviet Union 
has large reserves in Central Asia and in Siberia, and 
India also possesses large quantities. Chinese reserves are 
considerable, but those of Japan are limited.

Southern China has exceptionally large reserves of tung- 
sten. Tungsten reserves of Soviet Asia are also important, 
as are those of molybdenum.

Nonferrous base metals. Asia is not richly endowed with 
copper ore. In Soviet Asia the principal fields are Almalyk, 
southeast of Tashkent; Dzhezkazgan, west of Karaganda; 
Kounrad, Lake Balkhash; and in the Kuznetsk Basin. 
Japan’s widespread copper-ore reserves are of medium 
importance, and the Philippines have limited reserves. 
China has deposits in Kansu, Hopei, Anhwei, and Hupeh, 
but production is insignificant. Turkey, Israel, India, and 
North and South Korea have small reserves.

Significant reserves of tin exist along a north-south axis 
running from southwestem China through the Malay 
Peninsula to Indonesia. Thailand, Burma, Vietnam, Laos, 
and Yunnan Province in China also have deposits o f tin. 
Soviet Asia has substantial reserves in Transbaikal and 
also in the Sikhote-Alin Range.

Soviet Asia’s lead and zinc reserves— the largest in Asia— 
are located in the Kuznetsk Basin and in central and 
eastem Kazakhstan. China also has abundant reserves 
of zinc and lead ores, and North Korea has important 
lead resources.

Asia has enormous reserves of bauxite. In Soviet Asia 
bauxite fields are located in Kazakhstan and in the Sayan 
Mountains. There are also large reserves in India, Indone­
sia, the Philippines, and Malaysia, as well as significant 
reserves in China.

Important quantities of mercury occur in south central 
China and in the Soviet regions of the Ukraine and Sibe­
ria. Magnesite is common in Asia. There are large reserves 
of antimony in central China; Turkey and Thailand also 
have substantial reserves.

Precious metals. Many Asian countries have produced 
gold from alluvial stream deposits in past centuries, and 
some continue to do so. Small volumes of alluvial gold are 
produced in Burma, Kampuchea, and Indonesia, and the 
headwaters of the Yangtze River in the Tibetan border re- 
gion yield some gold. India formerly was a large producer 
of gold from lode mines, but the best ores appear to have 
been exhausted. Japan, North and South Korea, Taiwan, 
and the Philippines have significant gold-ore reserves and 
periodically produce gold from small lode mines.
The Soviet Union has produced gold from lode mines in 

the Central Ural Mountains for centuries, and in the 19th 
Century there were several gold rushes to work alluvial 
stream deposits in Siberia on the Lena and Yenisey riv- 
ers. In the late 20th Century, Soviet gold production was

considerable, and lodes were worked in several Siberian 
locations, centring on the upper reaches of the Kolmya 
River. The lode at Auezov in eastem Kazakhstan, south 
of Semipalatinsk, potentially allows the Soviet Union to 
rival South Africa in rank as a gold producer.

Platinum is mined near Norilsk in the Central Siberian 
Plateau in Northern Siberia.

Nonmetallic resources. Reserves of asbestos are local- 
ized; it is abundant in China, South Korea, and Soviet 
Asia. Mica is abundant in Soviet Asia and is also found 
in large quantities in India. Asia has abundant reserves of 
rock salt, but the hills and “glaciers” of salt in southem 
Iran have not been exploitable. Reserves of sulfur and 
gypsum are abundant in Central and West Asia. Japan 
has large reserves of sulfur. In Vietnam phosphates are 
obtainable from sedimentary fields and from apatite. The 
Soviet Union has large deposits of phosphates in the Man- 
gyshlak Peninsula on the eastern shore of the Caspian Sea 
and other scattered deposits of lesser value. Diamonds are 
produced in east central Siberia.

Water resources. Asia’s water resources constitute a 
vast potential, both for generating hydroelectricity and for 
irrigation. In the arid parts of the continent, water is pri- 
marily used for irrigation.

Siberian rivers have an excellent hydroelectric poten­
tial, for when dammed they provide low falls with an 
enormous volume of flow. Extreme cold and low winter 
water levels, however, hinder their exploitation. Thanks 
to abundant precipitation and great differences in water 
level, the Soviet Far East has an immense potential for hy­
droelectricity, although the remoteness of Eastem Siberia 
discourages industrialization.
Japan, a country of high man-made waterfalls but rela- 

tively small volumes of water flow, has already hamessed 
almost all its rivers that have a hydroelectric potential; 
this potential, however, is increased by heavy rains, par- 
ticularly in summer.

The waterpower potential of northem China is extreme- 
ly limited because the flow of the Huang Ho and other 
northern rivers is erratic, and all carry heavy volumes 
of silt. The hydroelectric potential of China south of the 
Tsinling Mountains, however, is great. The Yangtze River 
has a considerable waterpower potential, particularly near
I-ch’ang, although this site would be expensive to develop.

The hydroelectric potential in the Indian subcontinent is 
subject to regional variations. The Western Ghats, which 
slope down abruptly to the western maritime plains, per- 
mit high waterfalls; unfortunately, the rivulets that rise 
on the summit have an insignificant volume of winter 
flow. Rivers of the eastem slope of the Deccan, such as 
the Mahanadi and the Godavari, lend themselves to the 
construction of dams with low falls and great volumes of 
flow, as also do the Himalayan rivers entering the Ganges 
Plain. The Himalayan ranges offer rich possibilities for the 
utilization of high waterfalls for generating hydroelectric-

Siberian
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ity, but in winter their waters are very low, and most of 
the sites would be expensive to develop.

Biological resources. Widely varying climatic condi- 
tions, particularly in the distribution of rainfall, have 
produced terrains in Asia ranging from tundra and desert 
to forest and alluvial plain, each supporting its appropriate 
plant cover, on which, in turn, typical animals and birds 
subsist. The Arctic north of the continent and large areas 
of the central mountain massif—known as “the roof of the 
world”—are practically uninhabitable. In addition, even 
where there is water—and nowhere is water conservation 
pursued more carefully than in Asia—there are still many 
areas of undrained swamp. Much else is desert. By far the 
greater part of Asia remains uncultivated. Prime resources 
are the extraordinarily intensive agriculture made possible 
by irrigation of the alluvial soils of the great river deltas 
and courses; the forests, with commercially valuable spe­
cies o f trees; the flocks of sheep and goats supported by 
Asia’s semiarid deserts and grasslands; and the produce of 
the intensively fished surrounding seas of South and East 
Asia.

Timber resources. Much of Northern Siberia, south o f  
the Arctic Circle, is covered by coniferous and mixed 
forest, which is commercially exploitable. The great de- 
ciduous forests o f northeast India, Burma, Thailand, and 
Malaysia contain teak and other important hardwoods, as 
well as bamboo. Mangrove forests line the waters of the 
Ganges and Irrawaddy deltas and many small Stretches of 
coast along the Malay Peninsula, Indonesia, and the Phil- 
ippines. But in the Indian subcontinent lowland, forest has 
yielded place to cultivated land, as a result of population 
expansion; agriculture has similarly reduced the natural 
forest areas of China to insignificance, except in northern 
Manchuria. Japan, on the other hand, is relatively heavily 
forested in relation to its area and population, although 
much of the present cover is planted forest. More than 
half of the Philippines still carries heavy forest, but good 
commercial forests cover only one-third of the country. 
These forests produce valuable hardwoods and the soft 
“Philippine mahogany.”

Crops. In Soviet Asia, the black-earth belt across South­
ern Siberia is cultivated with grain crops, of which wheat is 
the most important, as also are areas of the Soviet Central 
Asian republics. Grain crops, chiefly wheat, are cultivated 
in North China—where soybeans are also grown—and 
in Japan. Intensive use of water resources from wells, as 
well as from irrigated rivers, has enabled grain crops to 
be raised in Iraq, Iran, Pakistan, and northern India. The 
great staple of South Asia is rice. It is the chief food erop 
of Japan, South China, Taiwan, Southeast Asia, the In- 
donesian islands, the Philippines, Burma, Sri Lanka, and 
parts of India and Pakistan, and is found in Iran, south- 
western Asia, and elsewhere.

Of plantation crops, rubber, from a Brazilian plant im- 
ported in the 19th Century, is cultivated in Malaysia and 
Indonesia and also in India and Sri Lanka. Tea is grown 
on commercial plantations in the uplands of northern In­
dia and Sri Lanka for export and in China and Soviet Asia 
on small holdings for domestic consümption. Sugarcane is 
harvested in Java, the Philippines, India, and Central Asia; 
and tobacco is grown widely, notably in Turkey, Soviet 
Asia, China, and Indonesia. Citrus fruit is produced in the 
Mediterranean lands, in the Soviet Central Asian repub­
lics, and in China and Japan. Date palms are cultivated, 
particularly in Arabia. Licorice is grown in Turkey. Asia 
is also a producer of opium from the poppy.

Semi- Livestock. The uncultivated steppe lands and deserts o f
nomadic Central Asia and Mongolin support flocks of sheep and 
pastoralism goats. Seminomadic pastoralism is the rule there, as it is 

in parts o f Afghanistan, Pakistan, Iran, and Arabia. In 
Central Asia, the horse and the yak are the riding animal 
and the beast of burden, respectively; in Arabia, the camel 
is both. Cattle are raised in agricultural areas. Hides, wool, 
and other animal products are important economically. 
Reindeer herds are kept in the northern tundra of Siberia, 
where they feed on mosses and shrubs. In Siberia, valu­
able furbearing animals have long been hunted. In India, 
Burma, and Thailand elephants still work as draft animals 
in the lumbering industry; particularly in Southeast Asia,

the water buffalo is an important draft animal as well as 
a milk and butter producer. Angora goats are herded in 
Anatolian Turkey to pro vide the silky mohair for which 
they are noted. Silkworms are reared for silk in China,
Japan, India, and Soviet Central Asia.

Game birds. North of the Himalayas, such game birds 
as ptarmigan, grouse, plover, and various kinds of water- 
fowl are found. South of the Himalayas, pigeons, pheas- 
ants, and other game birds are taken. Various kinds of 
hawk and falcon, trained to hunt, have their habitat in 
Arabia and other parts of Asia.

Seafood. Fish and other sea creatures and various kinds 
of crab and shrimp are intensively fished off the coasts of 
China, Japan, and Southeast Asia. The sturgeon, prized for 
caviar, is fished commercially, particularly in the Caspian 
Sea and the rivers o f Siberia. (P.Gu.)

Resource development. The utilization o f Asia’s natu­
ral resources has depended, to a large extent, not only Factors in 
on the development of technology but also on political resource 
circumstances. Thus, until the end of World War II and develop- 
the beginning of the process of decolonization in Asia, ment 
most Asian countries were not free to develop their own 
natural resources independently and without reference to 
the economie interest of a metropolitan power. Cultural 
attitudes also affect the utilization o f resources. Cattle, for 
example, which are a source of immense wealth in many 
developed countries, are a drain on scarce resources in In­
dia, where cultural taboos prohibit the slaughter of cattle 
either for food or for the conservation of resources when 
the animals are no longer productive.
The value of natural resources also varies with the pre- 

vailing technology. For example, with the application of 
new technology to the production of cereals, the same area 
of land can give greatly increased yields. The application 
of modern technology has also produced improvement in 
many other areas, such as in Japan for the production 
of silk or of cultured pearls. Technology may also make 
it possible to exploit mineral wealth that was previously 
unusable because of problems o f accessibility or of juxta- 
position of other minerals.

INDUSTRY
Mining. Asia produces a variety of minerals. Many of 

these are mineral fuels, such as coal and petroleum. The 
largest Asian producers of coal are the People’s Republic 
of China and Soviet Asia, folio wed by India and Japan.
Very small quantities of coal are produced in a number 
of other countries. The Arab countries of Southwest Asia 
are the principal producers of petroleum in the world.
The biggest producer among the Asian countries is Saudi 
Arabia. Soviet Asia was second, followed by Kuwait, Iran, 
the United Arab Emirates, and Iraq. The biggest producer 
of natural gas is Soviet Asia, followed by China, Saudi 
Arabia, Iran, and Indonesia.

The largest producers of iron ore and ores for ferroalloys 
are China, Soviet Asia, India, and North Korea. Together 
these four account for almost all the production of the 
region. India and China are among the major world pro­
ducers of manganese ore and between them account for 
virtually all of Asia’s output. Asia’s biggest producer of 
chromite is the Soviet Union, followed by the Philippines,
Turkey, India, and Iran. There is also some production of 
tungsten in China, the Soviet Union and North and South 
Korea, while nickel is mined in Indonesia, the Soviet 
Union, and the Philippines. Soviet Asia has become an in- 
creasingly important producer o f many of the ferroalloys.

Asia is one of the world’s main producers of tin-in- 
concentrates (tin ore that has been partially processed to 
increase the concentration of tin), providing more than 
half of the world’s total production. Malaysia alone ac­
counts for about half of Asia’s production, followed by 
Indonesia and China. There is also considerable produc­
tion of copper ore in the Soviet Union, the Philippines,
China, and Japan.

The bauxite produced in Asia represents only a small part 
of total world production, although production in Soviet 
Asia has increased. Development of the Eastern Siberian 
gold mines has given Soviet Asia a leading position in 
the world’s production of gold. Asia produces more than
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one-tenth of the world’s sulfur, principally from Japan 
and China. Asia also accounts for much of the world’s 
production of graphite, from North and South Korea and 
from China.

Heavy industry and engineering. Despite the fact that 
the continent has such a variety of mineral resources, 
metallurgical industries have not been fully developed, 
except in Japan and in Soviet Asia. The major producers 
of steel in the region are Japan and China. Japan, China, 
and India are the major steel consumers, although the 
consumption of steel is increasing in Soviet Asia, Pakistan, 
and the Philippines; Hong Kong is one of the main con­
sumers on a per capita basis. Japan, China, and India are 
also the region’s leading producers of metallurgical coke.

The production o f aluminum is concentrated in three 
countries—Japan, Soviet Asia, and China. India has a rel- 
atively well-developed aluminum industry. There is also 
some production of copper, zinc, lead, and tin in Asia, 
with Japan and Soviet Asia leading in the production of 
zinc and lead and Malaysia in the production of tin. Ja­
pan, China, and India are leading consumers of tin.

Japan produces every variety of engineering goods, from 
tankers and locomotives to miniaturized electronic equip- 
ment. Since World War II India has also gradually diver- 
sified its engineering industries and now produces heavy 
Capital goods (machines and tools used in the production 
of other goods), various types of industrial machinery, 
prime movers (engines and other sources of motive pow­
er) and boilers, diesel engines, sewing machines, machine 
tools, agricultural machinery, and all types of electrical 
equipment. India also produces radio receivers, metal 
manufactures, railway rolling stock, automobiles, bicycles, 
and precision instruments. China has also made consider­
able progress in the field of engineering industries. Other 
Asian countries have primarily concentrated on the pro­
duction of durable consumer goods.

Chemical and petrochemical industries. The consump­
tion of nitrogenous and phosphatic fertilizers has greatly 
increased in Asia, largely because additional countries have 
begun to use the advanced techniques and improved seeds 
that have now become available. The major consumers 
of fertilizers, on a per acre basis of arable land, have 
been Japan, South Korea, and Singapore. Because o f their 
vast size and the increased use of fertilizers, India and 
China are, in absolute terms, among the major consum­
ers. India has greatly increased its production, especially 
of ammonium sulfate, and has also experimented with 
fertilizers that have a much higher nitrogen content, such 
as urea. Production of phosphatic fertilizers has also been 
increased in Asia.

Asia also produces and consumes basic Chemicals, such as 
caustic soda, soda ash, and sulfuric acid; Japan and China 
are the leading producers of these, followed by India.

The consumption of pulp and paper throughout the 
continent has grown steadily, largely because of higher 
Standards of living. The major consumers are Japan and 
India, and the major producers are China, Japan, Soviet 
Asia, and India.

Various surveys undertaken under the auspices of the 
United Nation’s Economie and Social Commission for 
Asia and the Pacific (escap) have shown that there is 
considerable scope for the manufacture of petrochemical 
Products in Asia.

Manufacturing and textiles. The textile industries, par­
ticularly cotton, have expanded greatly in Asia since World 
War II. Japan and Hong Kong are among the world’s 
largest exporters of cotton textiles, and China, Taiwan, 
Singapore, Pakistan, and India have also entered the in­
ternational market. The industry produces cotton yarn, 
cloth, and finished garments. There is also some process­
ing of wool (both yarn and woven fabrics) in the region. 
China, India, and Turkey are among the main producers 
and consumers; China is Asia’s chief producer of woollen 
fabrics. Japan and India have also become major produc­
ers of woven rayon and acetate fabrics. Japan has also 
turned to noncellulose synthetic fibres, especially nylon, 
acrylic, and polyester fibres.

Industrial development in the region has made relatively 
significant progress, though in absolute terms progress has

been limited; in relation to its size and vast population, 
the contribution of Asia to total world industrial output 
has been small. There is, however, a discernible trend 
toward a transition from light to heavy industry in many 
countries of the region; the development of Soviet Asia is 
dramatic, and it is likely that the continent will have an 
increasing share of world production.

Timber, fisheries, and animal husbandry. Logs are ex- 
ported from China, Soviet Asia, Malaysia, Indonesia, 
and the Philippines to industrialized and timber-deficient 
countries, especially Japan. Thailand and Burma produce 
special varieties of timber such as teak. Thai teak is also 
exported to Europe.

Soviet Asia has an enormous forest area. The wood 
ranges from pine around the Bratsk area to a mixture of 
pine, larch, aspen, birch, and other species in the region 
south of Lake Baikal. Logging and transport operations 
are highly mechanized and have been facilitated by a road- 
building program.

Bamboos are an important component o f wet evergreen, 
moist deciduous, and dry deciduous forests in the tropical 
parts of Southeast Asia, principally in Burma, Kampu- 
chea, Sri Lanka, India, Indonesia, Laos, Malaysia, Papua 
New Guinea, Pakistan, the Philippines, Thailand, and 
Vietnam. At higher altitudes and in temperate climates 
in Asia, as in Bhutan, China, Japan, and Nepal, many 
of the genera found in tropical parts are represented by 
different species, and other genera are common in China 
and Japan. Pure bamboo forests are common on slopes 
where temporary cultivation has been carried on in Bur­
ma, Bangladesh, and other parts of Asia.

Asia has a considerable potential for increased develop­
ment of its fisheries. Japan has shown how far afield a 
well-organized fishing fleet can go in search of fish. In 
general, the Problems of the fishing industry stem from 
lack of adequate Capital and advanced technology, which 
tend to restrict fishing to Coastal and offshore areas and 
make it difficult to extend the fishing to the deep seas. 
Because of a widespread lack o f refrigerated transport and 
storage, there are also the Problems of preserving fish after 
the catch and of transporting the catches to centres of 
consumption. In some countries freshwater fish are also 
an important addition to the diet o f the local people; the 
raising of fish in culturally controlled ponds is important 
in Southern China, Indonesia, and the Philippines. While 
the dairy industry is important in a few countries such 
as India, Pakistan, Soviet Asia, and Turkey, there is not 
much large-scale development of beef-cattle farming; So­
viet Asia, however, has attempted to develop such pattems. 
Both China and Japan are discarding their traditional ta- 
boos against the use of milk products, and both countries 
have growing urban dairy industries. China, the world’s 
largest producer of pork, is the only producer in Asia, with 
Japan as a distant second. The poultry industry has made 
rapid strides during recent years, and the production of 
both eggs and broiling chickens has gathered considerable 
momentum. The availability of feed for poultry is one 
of the major limiting factors in growth and development 
of the industry. Straw, obtained from rice crop, is the 
primary fodder for livestock in Southern Asia. Cattle feed 
is usually supplemented by concentrates, such as oil cake.
The raising of sheep and goats for meat and wool is espe­

cially important in China, India, Pakistan, and Iran; these 
animals are also raised in practically all the other countries 
of Asia. The sheep population of Southeast Asia is small.

In spite of the large number of cattle and sheep in the 
region, the hides and skins industry has not been fully 
developed. Technological Problems in connection with 
both the flaying of skins and their curing have not been 
overcome.

Handicrafts. Traditional cottage industries and handi- 
crafts continue to play an important role in the economies 
of all Asian countries. They not only constitute an im­
portant manufacturing activity in themselves but also are 
often the only available means of providing additional 
employment and of raising the level of living for both 
rural and urban populations. In view of the growing world 
market for products of traditional Asian cottage industries 
and for Asian handicrafts, there is room for considerable
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expansion, especially in standardizing production and in 
marketing products in advanced countries.

Other industries. Asian countries are at different stages 
in developing their pharmaceutical industries. The progress 
of the industry in Japan is comparable to that achieved 
in western Europe and the United States. Great progress 
has also been made in India and, in some respects, in 
Pakistan, but these two countries have not reached the 
stage of being self-supporting in technology, raw materials, 
or equipment. China has begun to develop an industry 
based on a distinctive biending of Occidental and na­
tive pharmaceutical manufacturing. In most of the other 
countries the pharmaceutical industry is only a processing 
industry based on basic drugs, imported in bulk, which 
are then marketed as capsules, tablets, and injectibles. In 
many Asian countries traditional medicinal products and 
treatments are still populär, especially in rural areas.

International tourism has developed significantly. The 
most visited places include Hong Kong, Japan, Thailand, 
China, Singapore, India, Pakistan, Turkey, Syria, and Is­
rael. Hong Kong and Singapore each have a big entrepöt 
trade and attract visitors partly because they are duty-free 
ports. With the gradual lifting of the “bamboo curtain” be- 
ginning in the 1970s, the number of tourists visiting China 
has increased. There is considerable scope for further de­
velopment of tourism in some Asian countries, for many 
of them have ancient monuments and natural attractions 
of great beauty. Unfortunately, many of the places that 
are most interesting to tourists are not easily accessible.

POWER
The per capita consumption of power in Asia outside 
the oil-producing countries of the Middle East tends to 
be very small compared with the world average. Japan is 
the biggest producer of power in Asia, and its generation 
capacity amounts to nearly half the region’s total. The 
electricity output by public Utilities and similar bodies in 
the Asian countries includes thermal power, hydroelectric 
power, and nuclear power. All these types of production 
have progressed rapidly in Soviet Asia.

Thermal power has become the most important source 
of supply among the various types of electric power gener­
aled in the region, particularly in the Middle East. There 
is an increasing tendency to operate thermal power sta­
tions for meeting regulär demand and to build—or plan—  
hydroelectric power stations to serve during peak demand 
periods. In countries such as Afghanistan and Sri Lanka, 
however, hydroelectric power generation is well developed 
and is several times greater than the generation of thermal 
power.

Nuclear power plants have been developed in a number 
of countries. Japan completed its first atomic power plant 
in 1967, with a capacity of 160 megawatts, and has con- 
structed more and more such plants. India commissioned 
its first nuclear power station at Tarapur in early 1969 
with a capacity of 200 megawatts, and others were subse- 
quently constructed.

In the construction o f steam thermal power stations, 
there has been a tendency toward a larger unit capacity 
operating at very high pressure and temperature. The So­
viet Union has made extensive use of geothermal power 
in Asia, with geothermal plants at Makhack Kala, Tash- 
kent, Lake Baikal, and Kamchatka. Japan has two small 
geothermal plants. The only other Asian country to use 
geothermal power is the Philippines. Small gas-turbine 
generating stations have also been installed in many coun­
tries. Pakistan uses natural gas from the Sui gas field for 
both thermal and gas-turbine generation.

AGRICULTURE
The most important modern development in Asian agri­
culture is the evolution o f new high-yielding strains of 
cereals. This development is being utilized in several Asian 
countries and has had a marked influence on the yield 
per acre of cereals since the late 1960s. Rice is the staple 
food crop among most Asian countries. Asia produces 
some 90 percent of the world’s total supply of rice. Except 
in the Middle East, India, Pakistan, Afghanistan, Soviet 
Asia, and Malaysia, rice occupies more land area than any

other single crop. In the Middle East, Afghanistan, India, 
Pakistan, and Siberia wheat is the dominant crop, while in 
Malaysia rubber occupies the greatest land area, with rice 
ranking second. The total percentage of land under rice 
cultivation, as compared to total arable land, is highest 
in Vietnam, Bangladesh, and Sri Lanka; it varies between 
25 and 50 percent in most Asian countries outside the 
Middle East.
In spite of the fact that the region is the world’s largest 

producer of rice, most countries (among them Sri Lanka 
and Indonesia) are not self-sufficient in rice. Thailand, 
the Philippines, China, and Japan are notable exporters 
of rice. Barley is grown in China and India, among other 
countries. Com (maize) is grown in China, Soviet Asia, 
India, the Philippines, Thailand, and North Korea. India, 
China, Pakistan, and Soviet Asia also grow sorghum and 
millet.

Asia produces several plantation crops, of which the 
most important are tea, rubber, coconuts, sugarcane, and 
pineapples. The major producers of rubber are Malay­
sia, Indonesia, Thailand, India, and Sri Lanka. India and 
Sri Lanka predominate in plantation tea production, and 
China, Taiwan, and Japan produce several types o f tea 
on small holdings. Coconuts are an important crop in the 
Philippines, Indonesia, India, and Sri Lanka. India, the 
world’s leader in sugarcane production, produces primar- 
ily for domestic use, whereas the Philippines, Indonesia, 
and Taiwan produce both for domestic consumption and 
export. The Philippines, Taiwan, and Malaysia produce 
pineapples, which are canned for export.

The continent produces a variety of tropical and subtrop- 
ical fruit, mainly for domestic consumption. Transport 
facilities, where available, can be used only for limited 
distances. In view of the climatic conditions and the 
general lack of refrigerated transport, consumption tends 
to be seasonal and confined to areas close to centres of 
production. Among the main varieties of fruit produced 
are bananas, mangoes, apples, oranges and other citrus 
fruits, pineapples, papayas, and some specialities such as 
mangosteen (a dark reddish-brown fruit) and durian (a 
large oval fruit with a prickly rind, a soft pulp, and a 
peculiar odour). Taiwan, the Philippines, and Malaysia 
export bananas to Japan.

Except in a few countries, the canning of surplus fruit 
has been developed only to a limited extent. In view of 
the tremendous potential for the production of fruit, there 
is vast scope for increased canning for export, both of 
fruits and of fruit juices. The fruit canning industry has 
markedly increased in Taiwan.

The same factors affect the production o f vegetables. 
Vegetables are produced mainly for local consumption, 
and only tubers can be transported over distances and 
stored for any period o f time. In Taiwan successful efforts 
have been made in the canning of mushrooms and aspar­
agus, both of which have come to be among the country’s 
leading exports.

The traditional method o f irrigation in Asia is by gravity 
water flow. The water from upstream storage reservoirs or 
diversion dams is carried through canals to field distribu- 
taries. The fields adjoin one another, and the water is able 
to flow from one field to the next; it may, however, take 
some time for the water to move across the terraced fields 
back to the canal System. The disadvantages of this system 
include the loss of water by evaporation and seepage and 
the possibility that the continuously flowing water will 
carry with it soil nutrients, fertilizers, and pesticides. In Ja­
pan and Taiwan water is moved by small electric pumps, 
which operate continuously during the growing seasons.

By the late 20th Century more attention was being given 
to the use o f underground water by lift. The use of ordi- 
nary pumps as well as o f deep-bore well turbine pumps 
has become common, especially in India, Pakistan, and 
Iran. Such irrigation avoids some of the disadvantages of 
flow irrigation and allows for easier drainage.

Of the crops cultivated in the region, rice, sugarcane, 
and, in Soviet Asia, sugar beets need the most water. 
Cereals other than rice, legumes, and root crops can be 
grown even on rain-fed land.

The availability of an assured source of water supply

Methods of 
irrigation
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is an important element in the new technology, which 
also requires the use of fertilizer in conjunction with the 
improved cereal seeds that have been developed. Huge ir­
rigation projects in Southern Siberia, southwestern Soviet 
Asia, and Pakistan are rapidly altering traditional agricul­
tural patterns.

TRADE
Several centuries before the Christian Era, Asian countries 
had commercial relations among themselves as well as 
with the countries of the West. In the earliest days nomad- 
ic tribes carried on this trade over considerable distances, 
using harter as the medium of exchange. Particularly im­
portant in such trade were fine textiles, silk, gold and 
other metals, various precious and semiprecious stones, 
and spices and aromatic products. There was a consider­
able expansion of trade during the Greek era around the 
4th Century b c , by which time various land routes had 
been well established connecting Greece, via Asia Minor, 
with the northwestern part of the Indian subcontinent. 
Further development of land and sea routes, especially to

South India, occurred during Roman times. This East- 
West trade flourished in the first four centuries a d  but 
was subject to considerable vicissitudes in later centuries. 
During this period there was also a great expansion of 
trade to Southeast Asia and to China through what are 
now Malaysia and Kampuchea.
After Spain, in the 15th Century, became interested in dis­

covering a direct sea route to Asia—an interest that led to 
the discovery of the Western Hemisphere—the era of the 
great circumnavigators arrived in the 16th Century. Portu­
gal was one of the first countries to dream of establishing 
a monopoly over the lucrative spiee trade with Asia. The 
Dutch and the British started similar enterprises at the 
turn of the 17th Century, each country establishing its own 
East India Company. The British began by centring their 
activities on the Indian subcontinent and extended their 
interest to Burma, Ceylon (now Sri Lanka), and present- 
day Malaysia. The Dutch first concentrated on Ceylon 
but later expanded into and concentrated on Southeast 
Asia. The French were able to establish only minor foot- 
holds on the Indian subcontinent, but their 19th-century
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Penetration of Indochina was more successful. Spain was 
content with the control it had established over the Phil­
ippines. Over the course of time these European trading 
Companies developed into colonial empires.

The export trade of Asia was formed by these historical 
circumstances. In the days before the East India Com­
panies, the products o f Asia were those demanding the 
exploitation of human skills, such as silk and textiles, 
and such precious Commodities as spices and aromatic 
products, which depend especially upon climatic and soil 
conditions and careful human labour.

With the development of the East India Companies and 
The colon- the further assumption of colonial rule, a new pattern of 
ial trading trade emerged. Generally speaking, the colonial countries 
System became the exporters o f raw materials and imported the 

finished products from their metropolitan rulers. During 
this period tea and tobacco also entered into international 
trade, and jute became a monopoly product of the Indian 
subcontinent. Until the end of the 19th Century Japan had 
trading relations mainly with Korea and China and gener­
ally remained somewhat aloof from world trade. China 
was the first country of Asia to have any significant trade 
relations with the Western Hemisphere; these were chiefly 
with the United States.

The latter half of the 19th Century and the early part 
of the 20th constituted the heyday of colonial rule. By 
the first decade of the 20th Century, Japan had emerged 
as a major military and naval power and gradually de­
veloped into an important trading partner with the rest 
of the world. The era that followed was that o f the col- 
onies’ struggle for political independence, which reached 
its climax immediately after World War II. Fifteen years 
after World War II the great British, French, and Dutch 
empires had virtually ceased to exist in Asia.

As a result o f the achievement of independence by the 
former colonies, the emergence of the People’s Republic o f  
China, and the development of Japan into one of the ma­
jor producing and trading countries of the world, the old 
established patterns of trade have changed considerably. 
Most of the newly independent countries have planned 
their economie and social development and have tried—  
with varying degrees o f success—to diversify their produc­
tion and to develop new industries, even if they cannot 
wholly overcome the handicaps of the colonial past.

Internal trade. In view of the division of labour that 
existed between the colonial countries and the metropol­
itan powers in colonial days, it is not surprising that 

Com- the economies of the independent countries of Asia are
petitive often more competitive than complementary. In the case 
economies of certain countries, such as the Philippines, Sri Lanka, 

India, Afghanistan, Iran, and Pakistan, their intraregional 
exports have amounted to only a small fraction of their 
total exports. Iran, Afghanistan, Taiwan, South Korea, the 
Philippines, and India imported only about one-tenth of 
their requirements from other Asian countries by the early 
1980s. Japan, the most developed of Asian countries, ex- 
ported only about one-third of its products to developing 
esc AP countries, and Japan received from these countries 
only about one-fourth of its imports.
Asia is the biggest producer of rice in the world; rice is 

indeed one of the most important Commodities of intrare­
gional trade, and it is the most important export item of 
such countries as China, Pakistan, and Thailand.

There has been an effort on the part of Asian countries 
to improve their trading position by joining in commodity 
agreements. Malaysia, for example, is a member of the In­
ternational Tin and Rubber Agreement. Other Asian coun­
tries are members of the International Sugar Agreement. 
The Asian Coconut Community was established in 1968, 
with Sri Lanka, India, Indonesia, Malaysia, the Philip- 
pines, Singapore, and Thailand participating. Bangladesh, 
India, Indonesia, and Sri Lanka were instrumental in the 
formation of the International Tea Promotion Association 
in 1979. Participation in these commodity agreements is 
not designed so much to promote intraregional trade as to 
help stabilize the prices of the primary products produced 
in Asia that then enter into world trade.

China was one of the main trading partners of the So­
cialist bloc of countries in Europe, especially the Soviet

Union, in the early days after the revolution. China has 
since sought trade contacts with other Asian countries. In 
many cases trade agreements between China and other 
Asian countries are in the form of harter agreements. Chi- 
na’s most important trading partners in Asia have been 
countries such as Japan, Burma, Sri Lanka, India, Indone­
sia, Malaysia, Pakistan, and Singapore.

In 1958 a special effort was made to promote intrare­
gional trade by the establishment, under the auspices of 
ECAFE, of intraregional trade talks. An important intrare­
gional organization has been the Association of South East 
Asian Nations (asean), which was established in 1967 
to promote the economie and social development of the 
region. The asean has fostered joint economie ventures 
among member States (Indonesia, Malaysia, the Philip- 
pines, Singapore, Thailand, and Brunei), and has worked 
to reduce trade barriers.

There has, however, been little effort at trade integration 
on a regional or subregional basis in Asia. In this respect 
Asia lags behind Latin America and, to some extent, Af- 
rica. Trade between India and Pakistan, which could be 
of great mutual benefit, is hampered by political relations 
between the two countries.

Many Asian countries are engaged in diversifying their 
intemal production. Their goal is generally self-sufïiciency 
rather than specialization and division of labour among 
a number of countries. As Asian countries increasing- 
ly become industrialized, however, and as they make 
greater use of their individual natural advantages, trade 
among the countries of the region could become more 
complementary.

External trade. The extemal trade of Asian countries 
has been considerably affected by the political ties that ex­
isted in colonial times, when important trade connections 
were established and when a certain trade pattern devel­
oped that proved convenient for both trading partners to 
continue. This convenience extended even to payments 
arrangements; the former British colonies were part of the 
sterling area, while the former French colonies found the 
franc a convenient medium of exchange. In addition, a 
System of Commonwealth preferences existed within the 
sterling area in Asia.

Several factors have tended to interfere with this pat­
tern since the 1960s: the European Economie Community 
(eec) was formed, with a new system of preferences;
Japan became a major producer of both consumer and 
Capital goods and a major market for the commodities 
exported from other Asian countries; and China began to 
take increasing interest in trade with countries outside the 
Socialist bloc.

The main items exported from the developing countries Major 
of Asia are rubber, tea, crude petroleum and petroleum export 
products, rice, sugar, copra, coconut oil and palm oil, items 
cotton and cotton fabrics, jute and jute fabrics, tin-in- 
concentrates, tobacco, wood products, iron ore, wool, and 
hides and skins. Spices, which were such an important part 
of the trade with Western countries in earlier centuries, 
now form a very small part of the total exports of Asia.
Since the major exports of the developing countries of 

Asia are primary products, both their volume and price 
depend upon external demand, which fluctuates according 
to the level of industrial activity in developed countries.
As a result there are great fluctuations both in the volume 
and price of exports. Further, there has been a tendency 
on the part of developed countries to replace some of 
these primary products with synthetic products, such as 
synthetic rubber and nylon and polyester fabrics. The de­
veloping countries are faced, therefore, with the problem 
that, even when they are able to increase their volume of 
exports, there is no corresponding increase in the value of 
their exports. In addition, the price of the consumer and 
Capital goods exported by the advanced countries to the 
developing countries has been steadily rising since the end 
of World War II.

The main imports of the developing countries have been 
machinery and transport equipment (including trucks, au- The main 
tomobiles, and tractors); other manufactured goods; chem- imports 
icals, including fertilizers; food, beverages, and tobacco, 
especially cigarettes; mineral fuels; and oils and fats. There
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has been a decline in British exports to the sterling bloc 
countries of Asia in the postwar period. The major trading 
partners of France in Asia have been the countries o f Indo- 
china and the Middle East, while The Netherlands trades 
extensively with Indonesia. West Germany has developed 
considerable trade with Asia in the postwar period.

Since 1959 the Soviet Union has increased its trade with 
Asian countries, especially Burma, Sri Lanka, India, and 
Indonesia, which have been pursuing a neutralist foreign 
policy and have accepted military and economie aid from 
the Soviet Union as well.

The United States has been the biggest provider o f eco­
nomie aid to many Asian countries in the postwar period; 
there has also been a concurrent increase in trade between 
the United States and Asian countries. The dominant 
Asian trading partner of the United States is Japan; others 
include Saudi Arabia, Taiwan, South Korea, Hong Kong, 
Indonesia, Singapore, Malaysia, and the Philippines.

In its efforts to trade with countries outside the Socialist 
bloc, China has increased its trade with such countries as 
the United States, the United Kingdom, Australia, Cana­
da, and France; it has also entered into a series o f trade 
agreements with Japan. Trade between China and the 
United States came to a virtual standstill in 1950, when 
the United States imposed an embargo on hundreds of 
commodities; while the ban continues to apply to traffic in 
certain strategie goods, in 1971 it was lifted for other com­
modities. As a result, in the late 20th Century the United 
States became one of the largest exporters to China. China 
has also been working to extend its trade relations with 
the newly independent countries in Africa.

During the 20th Century petroleum has become an im­
portant part of the trade of West Asian countries o f West 
Asia with the rest of the world. Iran and the Arab countries 
are among the chief beneficiaries of this trade. Originally, 
the Western powers had considerable economie superior- 
ity, which they used to negotiate terms that were less 
advantageous to the producing countries. The producing 
countries, in their turn, began to work closely together to 
protect their common interest; negotiations have result- 
ed in much better terms for the producing countries, as 
shown in the strength of the Organization of Petroleum 
Exporting Countries (opec) formed in 1960.

TRANSPORTATION
Reference has already been made to the main transport 
Systems that linked Asia and the Western world. Until the 
19th Century the land, or caravan, routes, supplemented 
by oceangoing vessels, were predominant. In the latter half 
of the 19th Century there was a major shift to seagoing 
vessels. Rail transport has begun to play a progressively 
more important role, mainly in the internal movement of 
passengers within individual States and in the transport of 
heavier goods over longer distances. Concurrently, there 
has been considerable development of ports and harbours, 
linked to their hinterlands by rail and road. Air transport 
has proved to be not only the speediest but also offen the 
cheapest means of transport, especially for costly items 
of relatively small weight and bulk. Air transport plays a 
particularly important role in landlocked countries— such 
as Afghanistan, Nepal, and Laos—and in the opening up 
of relatively inaccessible areas.

Within Asian countries animal transport remains the 
main means for the local transport o f goods from one 
village to another or from the villages to a central market- 
place. The animals, used for plowing during the cropping 
season, are also used for transport o f goods at other 
times. The diesel truck, however, is rapidly replacing draft 
animals for intemal traffic, and there is a simultaneous 
development of roads and highways in most countries.

Inland navigation is important in certain countries; a 
good river and canal System is capable of carrying goods 
and passengers at small cost over considerable distances. 
Among the countries having a well-developed inland wa­
ter transport system are Bangladesh, Burma, Thailand, the 
former Indochina countries, and China. There are also 
great riverine ports such as Calcutta, Rangoon, Bangkok, 
and Ho Chi Minh City; oceangoing ships can navigate the 
Mekong River to inland ports such as Phnom Penh (Kam-

puchea) and can sail up the Yangtze River to Wu-han 
(China). Ultimately, it may be possible to connect even 
Laos with the sea by an extension o f inland navigation 
facilities on the Mekong. The Yangtze, Sungari, and Hsi 
rivers of China provide a wide network o f routes for mo- 
torized barges, supplementing traditional water transport. 

For the movement of petroleum products there has been 
some development of pipelines, especially in West Asia 
and western and southwestern Soviet Asia. Pipelines have 
considerable advantages, such as economy and speed, but 
they also have the disadvantage of being subject to politi­
cal vicissitudes when they cross international boundaries. 
Meanwhile, there has been considerable development of 
large oil tankers, which, through economies of scale, can 
compete with the most efficiënt pipelines and can also 
effect point-to-point delivery. (C.V.N.)

Administrative and social conditions
HISTORICAL DEVELOPMENT

The Pre-European era. The first sophisticated Organi­
zation of space, people, and cultural system is customarily 
attributed to ancient Southwest Asia. In the earliest times 
there emerged the concept of a normal political state ruled 
by a god-king to whom all resources belonged and who 
held total power over the human population. Whereas 
some early States were city-states, the long-term trend was 
toward the spatial state that included rural hinterlands. 
States rose and feil in the ancient Orient as the conceptual 
system spread both westward into the Mediterranean Ba­
sin, as well as into the peninsula of Europe, and eastward 
into India and China. Historically, Indian political Systems 
dominated South and Southeast Asia, Chinese Systems 
controlled East Asia, and variations on the original mod­
el continued in Southwest Asia, while steadily changing 
variations developed new pattems in the Mediterranean 
Basin and the European peninsula.
At the end of the 15th Century, at the time of Vasco 

da Gama’s voyage to India (which signalled the dawn of 
European influence in Asia), the Situation on the con­
tinent was approximately as follows: East Asian systems 
were relatively stable; the political Situation in Southeast 
Asia was in a state of flux, as several States were in decay, 
and Islämic political missionaries from Arabia had not yet 
succeeded in consolidating their influence; South Asia was 
similarly in a state of flux as the Mughal Empire struggled 
to achieve spatial hegemony over the Indian subcontinent; 
Southwest Asian political systems were experiencing a pe­
riod of readjustment as the Turkic peoples penetrated the 
region and began to assume control; Central Asia was ex­
periencing the last phase of the expansion o f the Mongols, 
as well as the spread of Islam; no formal political States 
had so far evolved in the Siberian zone.

The evolution of European contact. The evolution of 
Europe’s political relationship with Asia may be conve- 
niently divided into two phases. The earlier phase that 
characterized the modern political geography of Asia was 
one in which some of the States of the European peninsula 
were able to introducé political Controls into the unstable 
parts of the remainder o f the Eurasian continent. The 
second, and more recent, phase has been characterized 
by the withdrawal of these Controls from the whole of 
the Southern zone, despite the fact that varying economie 
and political links remain operative. In the northern zone, 
however, where at an earlier stage no political States were 
in existence, the current phase is marked by the integra- 
tion of the territory into the Soviet Union, a state centred 
on the eastern part o f the European peninsula.

South and East Asia. The earliest European contacts 
with parts of southem and eastem Asia aimed at trade in 
the exotic products o f the East; Europeans used their sea- 
power to establish control over the trade routes. The Euro­
pean countries fought each other for the monopoly of the 
Eastem trade and established trading posts (“factories”) at 
various points extending from Persia to South China and 
to the East Indies. The Portuguese, who were the first to 
arrivé in India (1498), Malaya (1511), and southem China 
(1514), began to trade with these areas and established 
the first European trading posts there. The Dutch and the
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British followed not long after and the French and the 
Danes a little later. By 1700 the coasts of Southern and 
southeastem Asia were dotted with European-controlled 
trade ports. Gradually these ports became points of terri­
torial expansion, as Europeans increasingly intervened in 
the hinterlands so as to extend their control over produc­
tion and trade. Some areas, such as Burma, Thailand, and 
Vietnam, were of little trading interest to the Europeans, 
and others, such as China, Korea, and Japan, declined 
to deal with the Europeans freely. By 1700 Portuguese 
power was in decline and the primary division of trading 
territories resulted from wars between the Dutch, English, 
and French, the Eastem conflicts offen mirroring those 
in Europe itself. As a result, the Indies became a Dutch 
preserve, India became a British zone, and Spain held 
the Philippines. Only in the jatter had the Christianizing 
of Asians as well as the acquisition of territory been an 
initial objective.

Political settlements in Europe after the conclusion of 
the Napoleonic Wars (1815) affected Southeast Asia. The 
Indies became totally Dutch, Britain acquired control over 
Malaya, and France gave up its claims to large territories 
in India in favour of Britain. The trading Companies of 
The Netherlands and Great Britain ceased to operate in 
1798 and 1858, respectively, and territorial political ad- 
ministration was assumed by the two governments. France 
returned to Southeast Asia somewhat later, taking over 
weak political States unable to resist encroachment, in 
order to establish power in Indochina. During the 19th 
Century the United Kingdom took over Burma by stages, 
finally annexing it to India, and eventually assuming po­
litical control over a portion of western Borneo never ef- 
fectively occupied by The Netherlands. The United States 
took over the Philippines from the Spanish in 1898. The 
German effort to gain control over the Chinese Shantung 
Peninsula was thwarted by other European powers, so that 
Germany had to be content with a long-term lease on 
the territory of the city of Tsingtao in Southern Shantung, 
and a railroad-building concession. Germany did, howev­
er, become a political power in the Pacific islands in the 
late 19th Century. During the last half of the 19th Century, 
European countries pressured China into granting small 
holdings, called treaty ports, which were guaranteed by 
treaties, and these dotted the China coast and extended 
up the Yangtze Valley as far inland as Chungking in 
West China.

Thailand (then called Siam) remained free from political 
encroachment, and both Korea and Japan spurned all 
European effort to establish trade or to obtain political 
privilege. Late in the 19th Century, however, Japan began 
its own political expansion, first in the form of establishing 
a sphere of influence, and then by conquest, taking over 
the Kuril Islands to the north and the Ryukyu Islands 
to the south, in 1875, and gained Korea and Taiwan in
1895. In 1905 Japan obtained Southern Sakhalin and then 
gradually gained control of Manchuria, finally establish­
ing the puppet state of Manchoukuo there in 1932. The 
expansion of the Turkish Ottoman Empire in Asia Minor 
left much of Arabia outside organized political control, 
and numerous small sheikhdoms continued to exist inde- 
pendently around oases in Southern Arabia and along the 
Persian Gulf.

Central Asia. In a d  1400 the pastoral empire of the 
Golden Horde ruled all of Central Asia and much of east- 
ern European Russia. During the 15th and lóth centuries 
Russian agricultural colonization spread eastward, and the 
exploitation of fürs and forest timber products began; by 
the end of the 16th Century, Russian explorers had crossed 
the Urals. In 1639 the first Russian explorer reached the 
Pacific Ocean at the Sea of Okhotsk, and in 1650 the Rus- 
sians and the Chinese reached their first impasse over the 
control of trade and territory in the Amur River Valley. 
As in Siberia there were only small and fragmented ethnic 
territories lacking formal political organization, Russian 
political control was rapidly and easily achieved there. 
Expansion east of the Caspian Sea, however, proceeded 
more slowly, and it took until the énd of the 19th Century 
to bring the many Islamic pastoral societies under control 
and to extend Russia’s boundaries to the frontiers of Persia

and Afghanistan in the south and to China in the Central 
Asian zone.

THE CONTEMPORARY PATTERN
The end of colonialism. During the late 19th and ear­

ly 20th centuries the European powers were educating 
Asian peoples in methods of modem political adminis- 
tration and economie development. Political and cultural 
nationalisms gained in strength after 1900, focussing on 
traditional culture systems in the various regions. Political 
independence came to parts o f southwestern Asia between 
1920 and 1926, after the collapse of the Ottoman Empire, 
as a result óf a deliberately planned Separation of various 
ethnic groups. Conflicts and changes continued in South­
west Asia as the Century progressed, heightened by the 
setting up of the State of Israel in 1948.

The Japanese wartime confrontation with and subsequent 
defeat of Western military power in Southeast Asia in 
1942 gave an enormous psychological stimulus to nation- 
alistic movements for political independence even during 
the Japanese occupation, and each colonial mier was faced 
with demands for the end o f colonial status as World War 
II came to an end with the defeat of the Japanese.

The United States in 1935 had promised the Philippines 
independence in 1945; this promise was fulfilled in 1946, 
after World War II, and this first release from external- 
ly administered status in the East was the forerunner of 
other moves. Political independence came to India and 
Pakistan in 1947; Ceylon (now Sri Lanka) and Burma 
in 1948; Indonesia in 1949; Cambodia (now Kampuchea) 
in 1954; nominally to both Vietnam and Laos in 1954; 
and to Malaya in 1957, with the Borneo colonies being 
added in 1963 to form the Federation of Malaysia. Singa­
pore withdrew from Malaysia to become an independent 
state in 1965. After Indonesia annexed Portuguese Timor 
in 1976, British Hong Kong and Portuguese Macau re­
mained the only European colonial holdings in Asia. The 
Soviet Union has largely avoided charges of imperialism 
in Central Asia and Siberia because territories there have 
been given the status of autonomous republics within the 
federal union.

Problems of Asian nationalism. Three major conflicts 
occurred after World War II in which Western powers 
and their allies, Asian or other, were drawn into wars with 
Communist-supported Asian forces. The first o f these was 
the French war in Indochina (1946 to 1954), which end- 
ed with the withdrawal of the French and the nominal 
independence of the territories o f the region. The second 
was the Korean War (1950 to 1953), in which North Ko- 
rean troops, later supported by the Communist Chinese, 
invaded South Korea, whose government was supported 
by United Nations forces; the result was a perpetuation 
of the division o f the country into North and South by 
a cease-fire agreement. The third conflict was the war in 
Vietnam in which the United States supported the South 
Vietnamese government against Communist North Viet­
nam; fighting later spread to Laos and Cambodia. The 
government in South Vietnam collapsed in 1975, and on 
July 2, 1976, the two Vietnams were formally united as 
the Socialist Republic o f Vietnam.

By the beginning of the 1970s Asian nationalism had 
recovered internal political and cultural control from the 
Western powers in all the larger countries of Asia, except 
in the Asian part of the Soviet Union. Within the Soviet 
Union, Russian strength has been sufficiënt to prevent 
outright rebellion, although the flight of some pastoral 
ethnic groups has continued back and forth across the 
boundary between the Soviet Union and China. Political 
independence has been much more completely achieved 
than has economic independence or social and economic 
advancement. Internal stability has also sometimes been 
threatened by regional or ethnic imbalances, as in East 
Pakistan (now Bangladesh). Japan has emerged as the 
most ethnically unified nation-state in Asia, and its great 
economic development from 1945 has resulted in relative 
internal stability. Elsewhere in Asia, political and cultural 
conditions have been in flux, as nationalistic groups, ethnic 
minorities, and political parties strive for the attainment of 
different objectives and as different nation-states attempt
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to pursue their national interests. Contrasts between tra­
ditional rural societies and modern urban industrial pop- 
ulations raise new kinds of problems. The establishment 
of the People’s Republic of China in 1949 represented 
one of the major political developments of the Century in 
Asia and is fraught with long-term consequences for South 
and Southeast Asia. In Southwest Asia the Arab-Israeli 
conflict threatens to create worldwide repercussions if the 
conflicting interests cannot be reconciled.

Continuing European linguistic influences. Europe has 
imprinted many permanent marks upon Asian cultures. 
Perhaps this is most noticeable in the continued use of 
European languages. Russian, English, and French are the 
dominant languages used, but German, Spanish, Dutch, 
and Portuguese are also employed in particular regions. 
Thus, German ethnic minorities in Soviet Central Asia 
continue to use German; older Filipinos speak Spanish;

Indonesians use Dutch; and Portuguese is employed in 
Macau, Timor, and former Portuguese India. Vietnam, 
Kampuchea, and Laos continue to use French as a lingua 
franca, and French is taught in many schools. Dutch is the 
lingua franca of the educated dass in Indonesia and is still 
taught in some schools. Pilipino is the official language 
of the Philippines, while English serves as a lingua franca 
and is taught throughout the schools. In Malaysia, India, 
and Hong Kong, English has an official status, is taught in 
schools, is spoken widely among the educated classes, and 
is the language of parliamentary debate. In parts of South­
west Asia, French and English are commonly spoken and 
are often taught in schools. Within Soviet Central Asia 
and Siberia, Russian is becoming more widely used and is 
the only common language. English, the most widely used 
non-Asian language, is a lingua franca throughout East, 
South, and Southwest Asia. (Jo.E.S.)

HISTORY
Prehistory

The traditional picture of Asia as the cradle of mankind 
provided the impetus for Western scholars to search this 
part of the world for the vestiges of man’s biological 
and cultural beginnings. The romanticism of this notion 
has been tempered by scientific discoveries indicating that 
man had inhabited Europe and Africa as long as Asia, 
but Asia was nonetheless important in its broad spectrum 
of climatic zones, from Arctic to temperate and tropical, 
its mountain ranges and grassland steppes, its inland seas 
and Arctic tundra, plus other ecological settings to which 
prehistorie and modem man had to adapt both biolog- 
ically and culturally. Since the Formation of the present 
geological features of Asia during the period of mountain- 
building activity in the Middle Tertiary (about 35,000,000 
b p  [Before Present]) the continent gave rise to major taxa 
of primates that included the dryopithecine apes of the 
Miocene-Pliocene age (21,000,000 b p ) and the earliest 
known hominid, Ramapithecus punjabicus. With the on­
set of the Pleistocene (about 2,000,000 b p ), Asia was one 
of the habitats of the australopithecines, who, by middle 
Pleistocene times (500,000-200,000 b p ), were replaced by 
Homo erectus forms. Evidence of Neanderthal man and 
later Homo sapiens (modem man) appeared during the 
upper Pleistocene, which began about 150,000 years ago. 
Thus, the major events of human evolution are represented 
in the paleontological and archaeological record of Asia.

THE FOSSIL RECORD OF PREHISTORIC MAN IN ASIA 

Areas of human occupation. Human occupation in Asia 
from 100,000 years ago until about 35,000 years ago, a 
period that includes the geological-climatic events of the 

Effects of third interglacial and the initial glaciation of the Würm 
glaciation (Last) Glacial Period, was restricted to a considerable de- 

gree by the extension of ice sheets that covered portions 
of eastem Europe, the Tibetan plateau, and the diago­
nal mountain chains of Central Asia during periods of 
peak glaciation. These conditions blocked passage between 
Europe and eastem Asia save for narrow corridors not 
covered by ice. For this reason, high-altitude glaciated re­
gions in western Asia and in the Himalayas are poor in 
prehistorie sites. The Bosporus remained dry land during 
much of the Pleistocene and formed the main avenue of 
communication between the Near East and the Black Sea. 
During periods of maximum glaciation, the Caspian Sea 
rose 250 to 300 feet (76 to 91 metres), and in this condition 
of flooding by waters fed by glacial melt it formed with 
the Volga River a spillway into the Black Sea. The Aral 
Sea enlarged in rhythm with the Caspian, and to the south 
and the east of the Ural Mountains a vast swamp marked 
the limits of glacial ice. With the onset of interglacials, of 
which the third is the one relevant to the period of time 
under consideration, these landlocked bodies of water be­
came lowered while the Black Sea was elevated, since it 
was fed by oceans expanding in size from water liberated 
by melting marine glaciers. During these peak glacia­

tion periods, portions of Asia were isolated from Europe.
Thus, with the onset o f the Würm glaciation some 70,- 

000 years ago, climatic conditions effectively separated the 
Neanderthal populations of western Europe from those 
Neanderthals of western Asia whose occupation sites are 
recognized today in the Zagros Mountains of Iran and just 
north of the Elburz Mountains and Hindu Kush in Iran,
Soviet Central Asia, and Afghanistan. With the onset of 
the second phase o f glaciation (Würm II Stadial) 40,000 
years ago and during a short period of milder climates 
in Europe and western Asia, the Neanderthal occupations 
were replaced by the sites of early modem hominids.

The Bering Strait formed an effective land bridge between 
northeastem Asia and the New World during the glacial 
epochs but ceased to serve as such with the elevation of 
sea levels during the Third Interglacial and again after the 
Würm glaciation. The former Continental landmasses of 
the Sunda Shelf and Sahul Shelf in Southeast Asia were 
separated at the close of the Pleistocene as sea levels rose.
These areas were dry during the Riss and Würm glacia- 
tions and provided a passageway for populations moving 
from Southeast Asia to Australia. The geographical bound- 
ary of Wallace’s Line, running between Bali and Lombok,
Bomeo and the Celebes, Mindanao and Sangi, isolated 
the Australian fauna, including man, from Southeast Asia 
during the upper Pleistocene. South Asia was affected by 
glacial activity in the Himalayan region but in the south 
that area retained a tropical ecological setting throughout 
most of the Pleistocene. The upper Pleistocene of China 
is characterized by deposits o f yellow earth, or loess, upon 
which man settled. The climate remained cold and dry for 
much of this period in China.

Remains of Neanderthal man. More than a dozen sites Neander- 
with fossils of Neanderthal man have been located in the thaloids 
Near East. Prehistorie research began there in 1864, when from 
Louis Lartet (who later disco vered Cro-Magnon man) re- western 
discovered in Syria an ancient settlement observed some Asia 
30 years earlier. In 1878 an inventory o f Stone Age arti- 
fact discoveries was compiled, but the first fossil find of 
early man in western Asia was made in 1900 at Grotte 
d’Antelias, in Lebanon. The remains of a seven-year-old 
child were recovered in 1938 in Lebanon at Ksar ’Akil, a 
rock-shelter near Beirut dated to 43,750 years b p . Discov­
ery of an adult Neanderthal skull was made in 1925 at 
el-Zuttiyeh (Robbers’ Cave) at Lake Tiberias in Israel—  
the “Gdilee Skull” now datable to 70,000 years b p . In 
its vicinity is the cave of Har Qedumim (Jebel Qafzeh), 
where Neanderthal bones o f comparable antiquity were 
recovered in 1933-35. The cave at Amud, also in this 
region, yielded in 1961 bones dated to the period of the 
Würm I Stadial of the last Ice Age (70,000-50,000 b p ).
Near Jerusalem the Shuqbä (Shukbah) Cave contained 

human remains that had been deposited at the end of 
Neanderthal occupation of this part o f Asia— Le., at about
35,000 years b p . The most critical discoveries in Israel 
are from two caves adjacent to one another in the Mt.
Carmel range—Maghärat at-Tabün, excavated in 1929-
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Political divisions of Asia.

34, and Maghärat as-Skhül, excavated in 1931-32. The 
age of occupation deposits at at-Tabün ranges from 70,- 
000 to 37,750 years b p . The occupation of as-Skhül may 
have been slightly later, but both caves have yielded Ne­
anderthal fossils with many physical features characteristic 
of later Homo sapiens hominids.

The original designation Palaeoanthropus palestinus as- 
signed to the Mt. Carmel hominids was later dropped from 
use. The Turkish sites of Karain near Adala, excavated in 
1949, and Musa Dagi have yielded teeth that may belong 
to the Würm I hominids, but the dating of these sites 
remains uncertain. Shanidar Cave in Iraq was excavated 
from 1953 to 1960. lts deposits range in age from 60,000 
to 44,950 years b p  and include the bones of a child and 
several adults. The two sites of Würm I date in Iran are 
the Kermanshah Cave, near Bisitun, and the Tamtama 
Cave, near Orümïyeh (Urmia). Excavation of these fossil- 
bearing deposits began in 1949.

Fossils of Neanderthals were found in the Soviet Union 
in 1924 at the cave of Kiik-Koba, in the Crimea. Two 
skeletons, both missing skulls, appear to have been pur- 
poseful burials. The deposit dated to the early part of 
Würm I, while at another Crimean site, called Staroselye, 
excavated in 1952, the fossil remains date to 35,000 years 
b p . Teshik-Tash cave, in Uzbekistan, yielded in 1938-39 
a child burial o f the Würm I—II Interstadial, but the skel- 
etal remains unquestionably belonged to a Neanderthal 
population. Less certain is the dating of an alluvial de­
posit containing some prehistorie human remains found 
in 1925 along the lower Volga River at Undory. Aman- 
Kutan Cave, in Samarkand, has the earliest dated fossil 
Neanderthal in Central Asia.

In eastem and Southeast Asia, hominid fossils resem- 
bling the western Asiatic Neanderthal hominids have been

recovered from sites that date from the early part o f the 
upper Pleistocene and even into the beginning of post- 
Pleistocene, or Recent, times (10,000 b p ). The taxonomie 
status of these hominids is uncertain, but they have been 
given the colloquial appellation of Neanderthaloids, even 
though some populations of this hominid group were con- 
temporaries of Homo sapiens sapiens, who emerged in 
western Asia, Europe, and Africa by the beginning of the 
Würm II Stadial of the last Ice Age, about 40,000 years b p .

Since the excavation in 1922 at Sjara-osso-gol River in 
Ordos, China has provided numerous loci with human 
remains. This site may have been inhabited contempo- 
raneously with the occupation of the other Ordos site, 
Ti-shao-kou-wan, which was investigated in 1957. Both 
appear to be of upper Pleistocene date (c. 150,000-10,000 
b p ).

Earlier than these is the Ting-ts’un site, in Shansi, exca­
vated in 1954 and dated to the Third Interglacial (100,-
000-70,000 b p ). Still more ancient is the human skull 
from the cave at Ma-pa, in Kwangtung, which may be late 
middle Pleistocene; i.e., c. 125,000 years b p . Other series 
of Neanderthaloids appear in the fossil record of Java at 
the upper Pleistocene site of Ngandong, on the Solo River.

At the time of the excavation of 11 skulls from Ngandong 
in 1931-32, the specimens were named Homo (Javanthro- 
pus) soloensis, but modem systematists regard these fossils 
as similar to the Chinese Neanderthaloids and to the Ne­
anderthals o f western Asia. Two skulls from a limestone 
terrace overhanging an ancient lake near the village of 
Wadjak, in Java, were discovered in 1890, and these con- 
stitute the earliest discovered fossil hominids from Asia, 
although they were not reported until 1921. They have 
been dated to the very end of the Pleistocene or possibly to 
the beginning o f post-Pleistocene times (c. 10,000 b p ), but
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1 . Amud
2. el-Zuttiyeh
3. Har Qedumim
4. Mt. Carmel 

(Maghärat at-Tabün 
Maghärat as-Skhül)

5. Mugharet el-Kabareh
6. WädT Maghärah 

JORDAN
7. Shuqbä 

LEBANON
8. Abri Bergy
9. Grotte d'Antelias

10. Ksar 'Akil

1 1 . Niah 
CHINA 
1 2. Chai-sha 
1 3. Ch ang-yang 
1 4. Ch'i-lin Shan 
1 5. Chou-k'ou-tien 
1 6. Kai-t'o-tung 
1 7. Ma-pa 
18. Sjara-osso-gol 
1 9. Ting-ts'un
20. Ti-shao-kou-wan
21. Tzu-yang

22. Kermanshah
23. Tamtama 
IRAQ
24. Shanidar 
JAPAN
25. Aichi-ken
26. Ushikawa 
JAVA
27. Ngandong
28. Wadjak 
PHILIPPINES
29. Rio Pasig

30. Aman-Kutan
31. Kiik-Koba
32. Malta
33. Molodova
34. Oundory
35. Staroselye
36. Teshik-Tash 
TURKEY
37. Karain
38. Musa Dagi

Major sites of Upper P leistocene hominid remains in Asia.

they resemble the Ngandong Neanderthaloid specimens in 
a number of striking ways. Fossil evidence of Neanderthal 
man has not been reported from Southern Asia, although 
this region contains artifactual materials made by homi­
nids of the period of time under consideration.

A few bone fragments from a late middle Pleistocene de- 
posit (c. 125,000 b p ) at Ushikawa, on the Japanese island 
of Honshü, were reported in 1957, but the bones are too 
incomplete to make possible a reliable identification of 
their taxonomie status.

Homo sapiens remains. In western Asia the first ap- 
pearance of modern Homo sapiens coincides with the 
onset o f the Würm II Stadial o f the last Ice Age, about
40,000 years b p , approximately the same period of time 
that sapiens hominids replace Neanderthals in Europe and 
Africa. As noted above, Neanderthaloid hominids persist- 
ed in eastem and southeastem Asia until the close o f the 
Pleistocene, but they appear to have constituted isolated 
populations in this part o f the world, where modem-type 
sapiens had also appeared by late upper Pleistocene times 
(c. 30,000 b p ).

The earliest date for Homo sapiens in Southeast Asia is 
37,650 years b p , assigned to a skull specimen discovered 
in 1959 at Niah Cave, in Bomeo. Late upper Pleistocene 
is also the date for the Chinese fossils found in 1930 at the 
Upper Cave of Chou-k’ou-tien, near Peking, in 1951 at 
Tzuyang (formerly Tzeyang), in Szechwan, in 1956 at Kai- 
t’o-tung in Laipin, Kwangsi, and at Ch’i-lin Shan, in the 
same province. Fossils were also found in 1958 at Chaisha 
(formerly Liukiang), also in Kwangsi; this site may have 
lower deposits dating to a period Contemporary with the 
Würm I Stadial (70,000-50,000 b p ), as is certainly the case 
at the site o f Ch’ang-yang (Lungtung), in Hupeh Province, 
investigated in 1957.

Japan has yielded a sapiens specimen in the fossil record 
taken from Aichiken, in Honshü, in 1958, but the date 
can only be specified as upper Pleistocene. In 1921 a 
skull with Negrito or Pygmv features was reported from 
an alluvial deposit of the Rio Pasig near Manila, but the 
dating of this specimen from the Philippines is uncertain.

Southeast Asia’s record of sapiens fossils does not com- 
mence until the beginning of the geological Recent period

(i.e., after 1 0 ,0 0 0  b p ), save for a single hominid lower 
molar found in northern Indochina in a deposit of uncer­
tain antiquity. Similarly, southem Asia does not provide 
a sapiens fossil series for this period; the earliest skeletal 
remains, coming from Sai-Nahar-Rai near Allahabad in 
north-central India, date to 10,345 to 10,311 years b p .

The Late Stone Age (Mesolithic) site o f Bellanbandi 
Palassa in Sri Lanka (Ceylon) has yielded a dozen skele­
tal specimens of H. sapiens from a deposit dated about 
5000 years b c .
In the Near East, Lebanon offers two Pleistocene sites 

with sapiens fossils: a cave at Abri Bergy, near Antilas, 
which was excavated in 1948, and the previously men- 
tioned site of Ksar ’Akil, which has a middle Würm 
deposit (c. 40,000 b p ) superimposing the portion of the 
shelter from which the Neanderthal specimens had been 
removed in 1938. Similar hominids came from an upper 
level of the Har Qedumim cave, in Israel, as well as from 
the Mugharet el-Kebareh and Wadï Maghärah (Mugharet 
el-Wad) caves of the Mt. Carmel Range, where excavations 
in 1931 provided data on late upper Pleistocene occupa- 
tions. At Malta, in Siberia, a late Würm (c. 15,000 b c ) 
sapiens specimen was recovered in 1929, but other sites 
in the Soviet Union have provided few skeletal remains 
from this period.

MORPHOLOGY OF ASIAN FOSSIL REMAINS

Neanderthal morphology in western Asia. The Classifica­
tion of upper Pleistocene Asian hominids as Neanderthal, 
Neanderthaloid, and sapient forms becomes meaningful 
when the physical anthropologist compares the osteologi- 
cal and dental anatomy of the fossils from the sites just 
discussed. Some Neanderthal specimens of western Asia 
closely resemble the Würm I Neanderthals o f Europe with 
regard to the possession of a massive supraorbital torus 
(browridges), a low-lying forehead, large face with large eye 
sockets (orbits), large nose, dolichocranic or mesocranic 
cranial form, chinned or chinless mandible, buiging of the 
occipital bone (at the back of the skull) into a “chignon,” 
taurodont molars, a cranial capacity with a mean of about 
95 cubic inches (1,550 cubic centimetres), and a range 
from 78 to 104 cubic inches (1,270 to 1,700 cubic centi-
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metres), inclusive, of both sexes, a modern-like dentition 
(apart from taurodonty), and a body conformation that 
was burly and muscularly well developed. The misconcep- 
tion that Neanderthals walked with slightly flexed knees 
and a hunched posture was based upon the examination 
of a Neanderthal skeleton from La Chapelle-aux-Saints, 
in France, an arthritic and aged male. The retroversion 
of the head of the tibia (large bone of the lower leg) was 
also considered to be indicative of a slumped posture and 
plodding gait.

Recent reinvestigation of the La Chapelle specimen and 
other Neanderthal skeletons does not indicate that this 
hominid’s locomotor pattem was significantly different 
from that of later and modern hominids. Stature ranged 
from about 61 inches (154 centimetres) for females to 68 
inches (173 centimetres) for males.

The Asiatic specimens that show the most striking phys- 
ical resemblances to European specimens of Neanderthal 
man (such as those from La Chapelle-aux-Saints and La 
Ferrassie, in France, Spy, in Belgium, and the Neander 
Valley specimen, in West Germany) are from Amud and 
Shuqbä, in Israel, as well as some of the skeletons from 
the series of the Mt. Carmel caves, from Shanidar, in Iraq, 
and from Kiik-Koba, Aman-Kutan, and Teshik-Tash in 
the Soviet Union.

Other Neanderthal fossils of western Asia, however, bear 
closer phenotypic similarity to the Third Interglacial Nean­
derthals of Europe as represented in the sites of Ehrings- 
dorf, East Germany, and Steinheim, in West Germany, 
and Fontéchevade, in France, where the specimens exhib- 
it less morphological specialization than do the Würm I 
inhabitants of Europe. These Third Interglacial Neander­
thals are more like modern hominids in their possession of 
lower mean cranial capacity, with a range of 67-89 cubic 
inches (1,100-1,450 cubic centimetres) for both sexes, the 
absence of an occipital “chignon,” less muscular marking 
of the cranial vault, Jonger faces, and a tendency toward 
linearity of body build. The postcranial long bones are not 
bowed, as is the case with many Neanderthal specimens 
of Europe and western Asia of Würm I times. With these 
more modem-looking Neanderthals may be associated the 
western Asiatic fossils from Ksar ’Akil, in Lebanon, Har 
Qedumim, el-Zuttiyeh, and the majority of specimens 
from the Mt. Carmel series in Israel and those from the 
Soviet site of Staroselye. The specimens from Maghär­
at at-Tabün and Maghärat as-Skhül have been studied 
in greatest detail and are recognized by most physical 
anthropologists as representative Neanderthal populations 
evolving into the sapient type of humanity that has dom- 
inated this part of the world for the past 40,000 years. 
For the other sites of western Asia noted earlier, either 
the fossil evidence is too fragmentary or the comparative 
anatomical studies are not sufficiently complete to permit 
Classification beyond the statement that a Neanderthal 
phenotypic pattern seems to be represented.

Neanderthal morphology in eastern Asia. For the Ne­
anderthaloids of eastern Asia, the fossil record is less 
complete. Incisor teeth from Sjara-osso-gol and Ting-ts’un 
are “shovelled,” a feature found in high frequency among 
living peoples of modern Asia and not unknown among 
Homo erectus specimens at the middle Pleistocene site 
of Chou-k’ou-tien. Cranial bones from Ti-shao-kou-wan 
and Ma-pa are thick, the skull from the Southern China 
locality having a capacity of about 75 cubic inches (1,225 
cubic centimetres) as well as robust features similar to 
the skull vaults from Ngandong. Yet the Javanese skulls, 
which are 11 in number and the only case of a population 
series for this period of time, have a mean cranial capacity 
well under this value, the means for males and females 
being 71 cubic inches (1,158 cubic centimetres) and 64 
cubic inches (1,042 cubic centimetres), respectively. The 
range of cranial capacity for the series is 63-77 cubic 
inches (1,035-1,255 cubic centimetres). In this feature the 
Chinese and Javanese Neanderthaloids do not resemble 
the Neanderthaloids of Broken Hill and Saldanha Bay, in 
Africa, but are more like the middle Pleistocene Homo 
erectus specimens from Asia, from which phylogenetic line 
they most likely evolved. Similarities with Homo erectus 
are also obvious in the pronounced angularity of the oc­

cipital bone (at the back of the skull), platyrrhinic nasal 
indices (indicating wide nasal openings in the skull), the 
thickness of the parietal bones (at the sides of the skull), 
and the location of the maximum width of the skull at 
points just below the parietal area. Yet the frontal torus 
(browridge) is of the divided pattem, as it is in Nean­
derthals, rather than forming a continuous bar. It is with 
the Wadjak specimens that cranial capacities increase to 94 
cubic inches (1,550 cubic centimetres) for the female and 
100 cubic inches (1,650 cubic centimetres) for the male. 
Specific features of large and chinned mandibles, broad 
and flat faces with broad noses and massive browridges, 
alveolar prognathism (forward projection of the tooth- 
bearing portion of the upper and lower jaws), and deep 
palates have led physical anthropologists to note the close 
similarity of the Wadjak specimens to modem aborigi­
nal Australian and Melanesian populations rather than 
to modem Asians. Even less is known of the postcranial 
anatomy of these Neanderthaloids, but stature estimates 
based on two modern-looking tibial bones (from the lower 
leg) directly associated with the Ngandong crania suggest a 
height of about 70 inches (178 centimetres) for the male. 
The stature of the Ti-shao-kou-wan specimen is estimated 
for a thick-walled femoral (thigh bone) fragment as 66 
inches (167 centimetres) if the specimen was male and 63 
inches (160 centimetres) if female. The humerus (upper 
arm bone) from Ushikawa is thought to belong to a fe­
male less than 55 inches (140 centimetres) in height, and 
it differs from the humeri of modern Japanese by its nar- 
rowing of the proximal (shoulder) end and the pronounced 
thickening of the cortical area of the bone. The short 
stature and stocky body build of the greater number of 
Neanderthals and Neanderthaloids is considered by some 
anthropologists to have been an adaptive mechanism for 
surviving cold climatic conditions, where increased body 
bulk helps conserve body heat. Certain features of the 
Neanderthal-Neanderthaloid face have been explained as 
thermal adaptations to cold stress. The taller and more 
linear body conformation of the Solo specimens is espe­
cially interesting in view of the fact that this particular 
population lived in the tropical belt, where cold adapta- 
tion was not a factor of survival.

The Asian sapiens fossils. The Homo sapiens fossil 
specimens are not unlike contemporary Asiatic popula­
tions, with the exception of the skull from Niah Cave, 
which resembles more closely the skulls of Australians 
than Bomeans in structural features. Three of the sev- 
en specimens from the Upper Cave site at Chouk’ou- 
tien have been compared to contemporary populations 
of Ainus, Melanesians, and Eskimos, and a broad range 
of phenotypic and polymorphic features may have been 
common in this part of Asia during later Pleistocene times 
(30,000-10,000 b p ). Very similar to the skeletal anatomy 
of present occupants of eastern Asia are the specimens 
from Tzu-yang, Kai-t’o-tung, Ch’ang-yang, and Chai-sha, 
Kwangsi, save that the male postcranial skeleton from the 
latter site suggests a low height of 150 centimetres, which 
is just on the upper border of Pygmy stature. The skull 
fragments from Aichi-ken in Japan are sapient, as are the 
other fossil remains from upper Pleistocene sites in west­
ern Asia noted above.

LIFE-STYLES OF PREHISTORIC MAN IN ASIA
Stone-tool industries. The life of Asiatic hominids of 

this period can be reconstructed in large part from archae- 
ological data of preserved stone tools and weapons. Two 
technological traditions are represented in deposits dated 
to the middle Pleistocene (c. 125,000 b p )— the bifacial- 
hand-ax and cleaver-tool industries of western and central 
Asia and the chopper-chopping-tool traditions of eastern 
and southeastern Asia. The transitional zone of these two 
traditions occurs in India, where it has been defined as the 
“Movius Line,” after H.L. Movius, an American prehis- 
torian who has conducted research in Asia. The bifacial- 
hand-ax and cleaver-tool tradition is called Acheulian 
in Europe, Africa, and western Asia, where it appears 
stratigraphically earlier than the flake-tool industry called 
Levalloisian, although flakes and bifaces occur together in 
some sites in this area.
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Acheulian hand axes have been found in deposits in 
the caves of Mt. Carmel, in Israel, in Jordan and Syria, 
Turkey, Arabia, Iran, Iraq, Afghanistan, and eastward to 
Armenia, the Crimea, and the Caucasus Mountains. The 
Narmada Valley of India is particularly rich in hand axes, 
the first discovery of a paleolithic tooi in South Asia hav- 
ing been made in the Madras area of India as early as 
1863. Levallois flakes made by a prepared core technique 
occur in increasing frequency with the dawn of the upper 
Pleistocene in India, where they are a final phase (dating 
from c. 150,000 years ago) of another flake-tool tradition, 
called Soan. Apart from a few isolated cases of hand axes 
in China, the only place in Southeast Asia where these 
tools appear is in Java, where they are associated with the 
Patjitanian tooi industry, which also has certain Levalloi- 
sian features. Chopper-chopping tools also appear in Java 
during this period, as do tooi industries called the San- 
giran flake industry and the Ngandongian industry. These 
are marked by the presence of antler picks, stingray barbs, 
and bola stones as well as small stone flake tools.

With the advent of colder climatic conditions and the 
onset of the Würm I Stadial (70,000 b p ) in western Asia, 
the bifacial-hand-ax industries were replaced by flake- 
tool traditions; one of these was an evolved Levalloisian 
and another the Mousterian tooi industry, in which stone 
flakes were retouched to make tools but not specifically 
manufactured from prepared stone cores. The Mousterian 
tradition is intimately associated with Neanderthal man 
in western Asia, as is seen at Ksar ’Akil, the caves of Mt. 
Carmel, a number of sites in Jordan and Syria, Kiik-Koba 
in the Crimea, Shanidar in Iraq, Teshik-Tash in central 
Asia, Molodova in the western Ukraine, and far eastward 
in the Ordos region near the Great Wall of China. In 
Southern Asia, the later phase of the Soan tooi tradition 
resembles the Mousterian. Elsewhere in eastern and South­
ern Asia, the chopper-chopping-tool tradition persisted 
until the close of the Pleistocene (c. 10,000 b p ). In Burma, 
in the vicinity of the Irrawaddy River, a silicified wood or 
tuff was manufactured into choppers and retouched flakes. 
These tools represent the Anyathian industry. The Tam- 
panian industry of Malaysia is another local Variation of 
the chopper-chopping-tool tradition. On the shores of the 
Sea of Azov in the Southern U.S.S.R. this tradition merged 
with the limits of diffusion of the Mousterian tradition. At 
the upper Pleistocene localities of Chou-k’ou-tien, quartz 
flakes with working at both ends occurred with choppers, 
chopping tools, and small scrapers. A tooi tradition of 
flaked stone balls and bifacial choppers but no bipolar 
flaking is called the Fenho industry, and its Third Inter­
glacial date marks the transition to the upper Pleistocene 
traditions that have features of the Asiatic Mousterian in 
combination with older styles. In eastern and southeastern 
Asia many elements of this culture persist into terminal 
Pleistocene times, when Mesolithic cultures, characterized 
by small-blade microliths, replaced the older traditions.

Fire, shelter, and cultural data. Human occupation 
during the upper Pleistocene included the areas inhabited 
by Homo erectus of the middle Pleistocene as well as 
extensions into areas that earlier hominids had not en­
tered. Biological and cultural adaptation to cold climatic 
conditions permitted settlement of higher altitude regions 
of Asia, and with the retreat of the ice sheets man fol­
lowed game fauna into the newly opened country. Cold 
climates were made more tolerable by the use of caves 
and rock-shelters, some of which served as places of burial 
as well as hearths and industry sites. Open-air encamp- 
ments continued to be used in some regions, however. 
Fire, which has been reported in Asia as early as 360,000 
years ago from evidence of charcoal and charred bone at 
the Homo erectus deposits of Chou-k’ou-tien, in China, 
was controlled by the hominids of the upper Pleistocene, 
thus enabling them to move into wider areas of settlement 
and survive under a wide range of ecological settings. The 
control of fire by man, along with cave dwelling and the 
wearing of skins sewn together with bone awls, enabled 
prehistorie man to survive the cold conditions of the later 
upper Pleistocene. Tracés of fire are found in most of the 
open-air, cave, and rock-shelter sites where skeletal and 
artifactual remains have been preserved, but the tracés of

charcoal and calcined bones do not appear in disturbed 
deposits, as at Ngandong. Among the undisturbed sites are 
the caves at Mt. Carmel, Aman-Kutan, Molodova, and 
Ch’i-lin Shan. Neanderthal man practiced burial of the 
dead at the Mt. Carmel caves, Kiik-Koba, Teshik-Tash, in 
the Upper Cave of Chou-k’ou-tien, Ksar ’Akil and Malta.
At Molodova, the remains of a hut can be identified by 
the oval of mammoth bones and tusks enclosing some 15 
separate hearths. This is evidence of open-air housing dur­
ing a warm phase o f the upper Pleistocene, although caves 
and rock-shelters continued to be the most common form 
of habitation in areas where they were naturally present.
Evidence of cannibalism occurs at Solo, as it does in sev­
eral Neanderthal sites of Europe. The presence of diseased 
and aged individuals in the Neanderthal community at 
Shanidar speaks of a more humane aspect o f upper Pleis­
tocene life. Pictorial or plastic art does not appear in the 
archaeological record for Neanderthal man and emerges 
only with the presence of Homo sapiens.

Throughout a broad geographical range of habitation in 
the Asiatic landmass, upper Pleistocene hominids were 
successful hunters of large game animals. For the western Game 
and central Asiatic Neanderthals these were Paleoarctic animals 
fauna, which can be identified as cold adapted or warm 
adapted according to their occurrence in periods of high 
glaciation or interglacial-interstadial recessions of the ice.
In Israel, the warm-elimate fauna are marked by remains 
of hippopotamus and rhinoceros, cold-climate fauna by 
deer and antelope. In central Asia the cold-adapted wool- 
ly rhinoceros, mammoth, and reindeer were abundant.
South and Southeast Asian fauna were distributed also in 
southem China and merged with the Paleoarctic fauna of 
northern China. In India, some of the fauna of the middle 
Pleistocene survived until well into the late upper Pleis­
tocene, as suggested by the presence of certain species of 
bovids. The persistence of tropical conditions throughout 
much of the Pleistocene in Southern and Southeast Asia 
gives a very different faunal picture from that of western 
and Central Asia.

PHYLOGENETIC AFFINITIES 
OF ASIAN FOSSILS TO MODERN MAN

Physical anthropologists are cautious in assuming phylo- 
genetic affinities o f living human populations to specific 
hominid fossil specimens of the Pleistocene, although some 
scholars have asserted that the living races of man can 
be recognized in the ancestral hominid record as far back 
as the middle Pleistocene. Beyond a few thousand years, 
however, physical resemblances of particular osteological 
or dental features between living and extinct populations 
become fewer in number and more tenuous as reliable 
data for establishing phylogenetic lines and classifications, 
and it is no longer a common practice in physical anthro- 
pology to attempt a “racial phylogeny” for a population 
beyond the limits of a few millennia. The traditional racial 
categories of Veddoid, Caucasoid, Mongoloid, Australoid, 
and the like are no longer regarded as particularly mean- 
ingful in relation to knowledge of prehistorie man.

In western Asia, the Natufian people of the Mesolithic 
of Israel do not resemble the present populations of the 
Near East; hence, it is not surprising that still earlier hom­
inids, such as the Neanderthals of western Europe, fail 
to reflect obvious connections with contemporary Israelis,
Lebanese, Syrians, etc. In Southeast Asia, the Neander­
thaloid specimens from the sites of Solo and Wadjak in 
Java and Niah Cave in Borneo do not resemble the pre­
sent inhabitants of mainland and island Southeast Asia, 
although some features of Neanderthaloid crania appear 
in the contemporary native populations of Australia and 
Melanesia. With the coming of Mesolithic (Middle Stone 
Age) post-Pleistocene cultures (after 12,000 b p ) in South­
east Asia, the populations bearing these new traditions 
are represented in the osteological record by only a few 
specimens that are similar in anatomically significant ways 
to modern Southeast Asians. The earliest known fossil 
specimen of a Pygmy or Negrito population in Asia has 
come from Indochina, but it is only as ancient as the Affinities 
Neolithic Period of culture (c. 8000 b p ). The antiquity of of pygmy 
Pygmy populations in Malaysia, the Philippines, Anda- peoples
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man Islands, and New Guinea remains unknown, but it 
no longer seems reasonable to conceive of a “Pygmy race” 
binding these dwarfed Asiatic groups to Pygmies of Africa. 
Pygmy populations of Asia bear many more resemblances 
of physical characters to the macropopulations surround- 
ing them than to more distant Pygmy populations.
Skeletons that can be reasonably identified as Chinese 

first appear in the Far East around 3000 b c , although 
some phenotypic variables, such as shovel-shaped incisors, 
which appear in high frequency in populations of Asiatic 
descent, occur as well in Homo erectus fossils from Chou- 
k’ou-tien. The high frequency of Chinese characters in the 
indigenous populations of Southeast Asia is explained by 
historie movements of Chinese into regions to the south of 
their ancient cultural area. In southem Asia, the hominid 
skeletal record has been recognized as useful in drawing 
some phylogenetic affinities between living Indians and 
their ancestors of a few thousand years ago, but the ev­
idence for Pleistocene man in India was established upon 
the discovery of stone industries rather than upon a rieh 
fossil record. It is with the food-producing Neolithic (New 
Stone Age) cultures of Asia that biological similarities 
between extinct and contemporary human populations 
become apparent, but this represents an antiquity of only 
four or five millennia. It was from Asia that man moved 
last to the uninhabited vastness of Oceania, Australia, and 
the Western Hemisphere. Movements of Asian people 
into Europe has continued to the present day in eastern 
Europe and the Aegean. (K.A.R.K.)

The ancient world

The history of Asia in the past 2,500 years is primarily 
the result of the interaction of five main influences: (1) 
Chinese, (2) Indian, (3) Islämic, (4) European, including 
Russian, (5) Central Asian. Of these, the first four rep- 
resent different kinds of civilization. The fifth has little 
originality but has been of significance in affecting the 
distribution of peoples and of political power.

China has molded the civilization of eastern Asia includ­
ing Japan, Korea, and Annam and has been a primary 
influence on Mongolia, Tibet, Thailand, Kampuchea, and 
Burma. Wherever Chinese influence exerted itself, it in- 
troduced Confucianism, a distinctive style of art and, 
above all, the Chinese script.

Flindu and Indian influence has mainly expressed itself through Hin-
Buddhist duism and Buddhism. These are nöt merely religious in
influences nature but have carried with them Indian art and litera- 

ture and offen an Indian alphabet, as in Tibet, Java, and 
Kampuchea. Indian influences have affected the peoples 
of Central Asia and Southeast Asia, including the Malay 
Archipelago (the East Indies) and Indochina. Buddhism 
spread into China and Japan, but Indian culture on the 
whole has itself been little affected by Chinese art, litera- 
ture, or ethics.

Islam spread widely in all directions from its original 
home in Arabia. It subjugated Southwest Asia, in which it 
is still the principal religion, and also eastem and north­
ern Africa. It spread for a time into eastern Europe and 
Spain. In the other direction it got a firm hold in the 
northwest and northeast o f the Indian subcontinent, and 
the States o f Pakistan and Bangladesh now cover these two 
areas. Beyond India it reached the Malay Archipelago (the 
East Indies), where it submerged earlier Hindu influences. 
Through Central Asia it reached and affected China, but 
it gained no foothold in Japan and Indochina. Islam, like 
Buddhism, took with it everywhere a special style of art 
and culture. It was usually accompanied by the use of 
the Arabic alphabet, and the vocabulary of this language 
forms a large part of the languages of the Muslim peoples.
Central Asia has been the region into and through which 

these various powerful influences have been projected. 
Archaeological excavations have shown that early in the 
Christian Era there flourished in the Tarim basin small 
States, such as Khotan and Kucha, which possessed a 
mixed culture comprising Chinese, Indian, Iranian, and 
even Greek elements. Buddhist, Christian, and Mani- 
chaean edifices have been found as well as libraries in 
many languages, two of which were previously unknown.

Through Central Asia, Greek influences and later Islam 
penetrated India, and Buddhism passed from India into 
the Far East and into parts o f Southeast Asia.

The various tribes or peoples of the area have no com­
mon name. Linguistically they fall into several groups, 
such as Turks, Mongols, and Huns; and, in the face o f dif- 
ficult Communications and terrain, only occasionally did 
several of the groups come together in one state. In histo­
ry, Central Asia has acted rather like a sponge, absorbing 
pressures and sooner or later transmitting them. Time 
and again these pressures have produced invasions of the 
peripheral regions, and in the Christian Era the following 
may be mentioned: the early invasion of Europe by the 
Avars, Huns, and Bulgarians; the conquest of northern 
India by the White Huns; the conquest o f Russia by the 
Mongols; the conquests of Timur; the conquest o f  Asia 
Minor and eastem Europe by the Turks; the invasion of 
India by the Mughals; the conquest of China first by the 
Mongols under Kublai Khan and later in the 17th Century 
by the Manchus.

THE MIDDLE EAST

The ancient Middle East, or Near East, is a historical con­
cept denoting the extent, in space and time, o f the earliest 
civilized societies. Through archaeology, it is known that in 
this area the change from food gathering to food produc­
tion first began and that the diffusion of agriculture, not 
only in the knowledge of grains but also in the technique 
of harvesting, took place. Toward the 3rd millennium b c  
the emergence of river-valley civilization in Mesopotamia 
and Egypt set this area apart from the peasant cultures of 
the rest of Asia and Europe. The cradle of Mesopotamian Tigris- 
civilization was the southernmost part of the Tigris-Eu- Euphrates 
phrates valley, and there the first cities arose. As is known valley 
from the remains of their pottery, the earliest settlers of 
this marshy plain had descended from the highlands of 
southwestern Persia. These people were probably Sumeri- 
ans, speaking a very remarkable language, which has not 
been brought into relation with any known tongue. Physi- 
cally they belonged to the Mediterranean group of peoples.
The high civilization of the Sumerian south penetrated the 
Semitic-speaking peoples of the middle regions of the val- 
leys, whence arose the Akkadian dynasty under the ruler 
Sargon. The Akkadians finally absorbed the Sumerians, 
and out of this mixture emerged the state o f Babylon un­
der Hammurabi, the lawgiver, in the 18th Century b c . But 
the epics and books of wisdom of the Sumerians remained 
the classical texts of both Babylonians and, later, Assyr- 
ians. The Sumerian civilization had invented writing, at 
first as a practical requirement o f the Organization of their 
temples. They used pictograms, later supplementing them 
with phonetic signs. The form o f the society that built the 
earliest cities has been called theocratie socialism. Its basis 
was a well-balanced mixed economy in which agriculture, 
stock breeding, and hunting existed side by side. Through 
the export of rugs and textiles, weapons and jewelry, the 
influence of Sumerian civilization permeated the whole of 
the ancient Middle East.

The Babylonian state collapsed before invaders, the Kas- 
sites, from Elam, who controlled Babylon for five cen­
turies. They adopted the civilization and Semitic language 
of their subjects. The Hittites, who first invaded Babylonia 
about 1595 b c , created a considerable empire covering 
northern Syria and the greater part of Asia Minor in the 
14th Century b c . In the archives found at their Capital, 
eight languages are represented, including Sumerian and 
Akkadian. Subsequently the Assyrians, who seem to have 
been an offshoot of the Babylonians using almost the same 
language, asserted themselves and in the 1 Ith Century bc  
became the chief power. Their empire gradually broke up, 
finally succumbing before the Medo-Persian power at the 
close of the 7 th Century b c . Babylon itself was taken by 
the conqueror Cyrus the Great of Persia in 539 b c , but its 
culture and religion continued to exercise great influence 
long after the Persian conquest.

In Egypt the cultural continuity was even stronger than 
in Mesopotamia, and there was never any change corre- 
sponding with the displacement of Sumerian by Akkadian Egyptian 
in Mesopotamia. Whereas that land was dotted with au- civilization
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tonomous cities, Egypt began in the upper reaches of the 
Nile Valley as a royal domain, which extended to cover 
the whole valley and to found a Ist dynasty about 3100 
b c . The administration and major activities of society 
were centralized to an extreme degree; and it was accepted 
that in the person of pharaoh, the living king, a god had 
taken charge of the people. With relatively minor breaks 
the established order continued for many centuries, Egyp- 
tian influence at times reaching eastward to the upper 
Euphrates. Up to about 1200 bc  the history of the ancient 
Middle East had passed through two main phases, the 
emergence of the first great civilization in Mesopotamia 
and Egypt and subsequently the gradual spread of that 
civilization to the periphery. About 1200 bc  new waves o f  
invaders broke into Asia Minor and the Levant, destroy- 
ing the Hittite Empire and disrupting Egypt, and after this 
the Creative power of the Middle East waned. Its main 
achievement was in the consolidation of acquired knowl-, 
edge. From this period the centres of power move both to 
the west and to the east of Egypt and Mesopotamia.

As has been seen, Persian power in the 6th Century bc  
destroyed the Assyrian Empire and in 539 bc  captured 
Babylon and created the Achaemenid Empire. The Per- 
sians, with whom the Medes are often coupled, appear to 
be Aryan in origin, their language and religion offering re- 
markable analogies to those of the early Hindus in India. 
These two peoples appear to have had a common origin 
in central Asia. The Achaemenid power at its greatest ex­
tended from the Oxus and Indus in the east to Thrace in 
the west and Egypt in the south, but it feil before Greece 
after lasting for more than 200 years. Darius and Xerxes 
were repulsed in their efforts to subjugate the Greek pen­
insula; and Alexander the Great of Macedonia conquered 
their successor, Darius III, in 331 b c . But the greater part 
of the empire continued to exist under new masters, the 
Seleucids, as a Hellenistic power that was of great impor- 
tance for the dissemination of Greek culture in the east. 
About the same period (227 b c - a d  226) the Parthian Em­
pire arose under the Arsacids in Khurasan. The Parthians 
were probably a Turanian tribe who had adopted Persian 
customs. At one time their power stretched from India to 
Syria. They withstood the Romans but succumbed to the 
Persian dynasty of Sassanids, who ruled for about four 
centuries, establishing the Zoroastrian faith as their state 
religion and maintaining an equal conflict with the eastern 
Roman Empire. But in the 7th Century a d  their power was 
overwhelmed in the first rush of the Muslim conquest that 
established Islam in Persia and in the neighbouring lands.

INDIA AND INDIANIZED ASIA

The subcontinent of India is divided from the rest of 
Asia by the Himalayan mountain ranges. This has by no 
means kept India in isolation, but it has resultëd in the 
growth over a period of two to three millenniums of a 
Hindu civilization that in many of its aspects is unique. 
Archaeologists have unearthed the remains of a city civ­
ilization on the upper Indus valley that appears to have 
flourished in the 3rd millennium and to have had affini­
ties with Sumerian civilization.

Hindu civilization came about in the Ist millennium bc  
he as a result of the intermingling of Aryan and pre-Aryan
.ryans cultures. Entering India sometime between 1800 and 1500

Bcy the nomadic Aryans settled in the northwest, thence 
gradually during the I st millennium bc  encroaching east­
ward on the pre-Aryan peoples in the Ganges valley and 
producing a multiplicity of settled States and a fusion of 
cultures. Society came to be dominated by a hereditary 
priestly dass of Brahmans. Political multiplicity is a char- 
acteristic of India’s history, and the occasions on which 
most of the subcontinent was united under one rule were 
few and relatively brief. Such periods occurred during the 
Mauryan rule o f Asoka in the 3rd Century b c , the Delhi 
Sultanate in the 13th and 14th centuries a d , the Mu- 
ghal Empire of the 17th Century, and British rule in the 
19th Century.
India lacked a common political consciousness probably 

because its social consciousness had developed so strong- 
ly. The Indo-Aryan culture of the northern plains spread 
across the Southern part of the peninsula during the second

half of the Ist millennium b c , and the Dravidian peoples 
of the south (Tamils, Kanarese, etc.) were at one with the 
north in accepting Hinduism and the caste system, a divi­
sion of the population into groups, based partly on race, 
partly on occupation. In Hinduism, India cradled the old­
est surviving world religion. India’s greatest achievements 
lie in the intellectual and cultural field, and its religious 
and philosophical systems and Sanskrit literature stand 
among the finest achievements of the human mind. From 
the 4th Century b c  two scripts were in use—Kharosthi in 
the northwest and the more important Brahmi elsewhere.
From the latter, regional modifications developed not only 
for India but also for Central and Southeast Asia. Indi­
an grammar, law, architecture, sculpture, painting, music, 
arts, and such crafts as metal casting, enamel work, jew- 
elry, and ivory and wood carving were highly developed.
In India the invention of calculation on a system of nine 
digits and zero took place. Indian art and Science grew 
directly from its religions and philosophies.

In the main this was a Brahmanical achievement, but in 
the 6th and 5th centuries b c  various reactions to Brah- 
manism began, the most important being the doctrines 
of Gautama Buddha, which in the form of Buddhism 
grew into one of the greatest religions in the world. For 
many centuries the intellectual development of the Hin­
dus depended mainly on the interaction of Buddhism 
and Hinduism, but Buddhism was finally absorbed and 
disappeared in India. But it proved acceptable on the 
frontiers and spread far and wide. Ceylon was converted.
In the northwest it crossed the passes into Afghanistan 
and moved along the trade routes through Turkistan into 
China, bearing with it in literature, sculpture, and painting 
various material forms of Indian culture. It passed into 
Korea and Japan, gradually adapting itself to its new envi- Spread 
ronments. In the 7th Century a d  Buddhism was imposed of 
on Tibet, and the country remains a stronghold of the Indian 
faith. To the south, in the early centuries of the Christian influences 
Era, Buddhism followed the trade routes across the seas 
to Southeast Asia; and, as a result, mixed cultures sprang 
up in which Indian influences are discernible. In this 
direction, unlike the movements to the north, Hinduism 
also followed Buddhism; and petty Indianized kingdoms 
in Burma, Thailand, Malaya, Indonesia, and Indochina 
were set up, and a movement of traders, scholars, and 
travellers took place. Some of the greatest surviving ar- 
chitectural creations in the Indian world—for example,
Borobudur and Lara Jonggrang in Java and Angkor Wat 
in Kampuchea—were conceived and built in Southeast 
Asia. The kingdom of Champa in Indochina marked the 
farthest reach of Indian culture. There it came directly 
into contact with Chinese civilization, which had molded 
the adjacent empire of Annam. Champa was overrun by 
Annamite armies in the 15th Century a d .

In general, the contacts between India and the west took 
place on the material plane. Trade, for example, between 
the Roman Empire and Southeast Asia via Southern India 
was considerable even in the early centuries of the Chris­
tian Era. On the whole, western Europe was little affected 
by India until the end of the 18th Century.

SOUTHEAST ASIA

The peoples of this extensive region belong to many races, 
of whom the first with a determinable history were the 
speakers of the Mon-Khmer languages still used in Pegu 
Division of Burma and Kampuchea (historica! Cambod- 
ia). Early in the Christian Era, Indianized kingdoms were 
established in Cambodia and in Champa.

Cambodia. The earliest Cambodian, or Khmer, king­
dom, founded in the Ist Century a d , is known only by its 
Chinese name, Fu-nan. Many of the features that distin- 
guished later Khmer kingdoms made their first appearance 
in Fu-nan between the Ist and 6th centuries. Based upon 
the Mekong delta and a well-developed irrigation system,
Fu-nan was prosperous and carried on a flourishing trade 
with China and India. As a kingdom it was organized in 
the Indian fashion, with a god-king reigning from a holy 
mountain in the Capital at Vyadhapura (Ba Phnom) over 
surrounding vassal kingdom that extended from Southern 
Vietnam in the east to the Malay Peninsula in the west
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and northward over the Korat plateau. Continuous con­
tact with India gave Fu-nan a cultured bureaucratie elite, 
accomplished in the arts and Sciences and techniques of 
statecraft and artistic expression, while the social structure, 
manner of life, and beliefs of the Khmer peasant remained 
fundamentally unchanged.

Intemal dynastie struggles brought about the fall of Fu- 
nan in the latter half of the 6th Century and of its succes- 
sor state, Chen-la, founded on Phum Basac in the middle 
Mekong valley, in the 9th Century. It was Jayavarman II 
(reigned c. 790-850) who established the Capital in the 
region of Angkor, where he and his successors construct- 
ed grand monuments. The power of the Khmer Empire 
reached its height under Suryavarman II (reigned c. 113- 
c. 1150), who built the famous Angkor Wat, the mins of 
which still stand. His armies ranged as far as North Siam 
in the west, the Bay of Ban Don in the south, and as far 
north as the fringe of the Red River delta of Tongking.
Domestic instability caused by the accession of weak mi­

ers to the monarchy left the Khmers open to the attacks 
of their neighbours, and their difficulties were compound- 
ed when Buddhism began to undermine the Brahmanical 
hierarchy of the state; yet Jayavarman VII (reigned 1181— 
c. 1215/19) was able to extend the empire farther afield 
than any of his predecessors. The empire quickly crum- 
bled in the 13th and 14th centuries; first as the Thai in 
the west seized power from their Khmer overlords and 
the Chams expelled an occupying army, and then as the 
Mongols extended their support to the Thai and Chams, 
invading Cambodia from Champa in 1283.

Champa. Champa was an ancient kingdom of Indo- 
china extending over the southeastern Coastal region of 
modern Vietnam from Tourane (Da Nang) in the north 
to Cape Varella in the south. It was occupied by the 
Chams, a people of Indonesian stock who had come in 
contact with the higher civilizations of the Chinese then 
ruling Tongking and of Indian merchants from overseas. 
This latter Indian influence prevailed, and Champa be­
came a powerful state, second only to the Khmer Empire 
of Cambodia.

Appearing during the 2nd Century a d  under the name 
of Lin-yi in Chinese histories, Champa first comprised 
four small States named after Indian regions: Amaravati 
(Quang-nam), Vijaya (Binh-dinh), Kauthara (Nha-trang), 
and Panduranga (Phan-rang). Unified later under strong 
dynasties, these States disappeared one by one in the same 
order (from north to south) in the course of 14 centuries 
during which the Chams retreated under the pressure of 
the Vietnamese. Eventually the race was almost complete- 
ly annihilated.

Other peoples. Meanwhile, the Burmese, who are lin- 
guistically allied to the Tibetans, entered Burma from 
the northwest. By the 16th Century, Burma had become 
a united kingdom. The Thais, or Siamese, who speak a 
language of the Chinese type but use an Indian alphabet, 
infiltrated from Southern China and took power in Thai­
land in the 13th Century. The Annamites and Malays are 
discussed above. All these peoples have been closed about 
by the cultures of India and of China, and the higher 
elements of their civilization have been taken from these 
two primary sources.

EAST ASIA

China and Sinicized Asia. Chinese civilization appeared 
in northern China in the latter half of the 2nd millennium 
b c . The discovery at An-yang in Honan province in 1899 
of thousands of bone fragments, many of them inscribed, 
has confirmed the existence of the Shang dynasty (18th— 
12th Century b c ), which previously had been thought to 
be legendary. Early Chinese civilization grew in the Huang 
Ho plain extending south ward toward the Yangtze and 
westward and northward along the Wei and Fen valleys 
in Shensi and Shansi provinces. During the Chou dynasty 
(1111-255 b c ), the great formative age of Chinese civiliza­
tion, the intervening areas populated by groups of a lower 
culture were conquered and absorbed.

In Han times (206 b c - a d  220) the centre of Chinese cul­
ture was still in the north, but by the Sung dynasty (960- 
1279) the Yangtze valley began to outweigh the north

in population and importance. Chinese expansion to the 
north, which reached the steppelands during the Chou 
dynasty, was much slower, and it came to a halt on the 
steppe, among the nomadic herdsmen, where the Chinese 
system of settled agriculture could not be applied. This 
conflict between two ways of life resulted in the building 
by the Chinese of a series of defensive walls, finally linked 
together by the Ch’in dynasty into the Great Wall.

Korea and Annam came under Chinese dominance in 
the Ch’in-Han period, but the former broke free again in 
the 4th Century a d  and the latter in the lOth Century. 
Both absorbed Chinese culture. On the other hand, Japan, 
which was a united power by the 4th Century a d , never 
came under Chinese rule. Japan, however, received the 
first elements of higher culture from China through Ko­
rea, and in later times Japan set itself with determination 
and success to absorb Chinese culture.

In early historical times in China, society was dominated 
by a hereditary ruling dass whose religion, involving the 
cult of heaven and of the family and clan, was not shared 
by the masses. The miers were the custodians of the 
written language and of the traditions, and the scholars 
among them gradually formed during a period of political 
troubles a system of ethics and political theory that the 
philosophers Confucius and Mencius preserved and trans- 
mitted to posterity. These thinkers, moreover, had evolved 
the rational, ethical ideal of the mier, the “son of heaven,” 
holding the mandate of heaven but not himself divine, 
and capable of being replaced if his conduct betrayed his 
Position. Theirs, too, was the ideal of the supremacy of 
learning and of the scholar-mler that became the accepted 
Standard of the mandarin (higher civil-service) administra­
tor of Imperial China.

Many centuries passed, however, before the ideal of gov­
ernment through bureaucracy, selected on the basis of 
learning, reached its fulfillment. Not until the T’ang dy­
nasty (a d  6 1 8-907) was the examination system, through 
which the mandarins were selected, functioning fully. This 
administrative system undoubtedly provided the backbone 
of the remarkable political continuity of the Chinese Em­
pire and helped to strengthen the ideal of political unity, 
“all under heaven,” which was throughout a feature of 
Chinese political theory. The actual achievement of unity 
under the Ch’in dynasty (221-206 b c ) set the Standard for 
the following 2,000 years, a unity that persisted through 
about 20 successive dynasties. Different as was the empire 
of the 19th Century from that of the Ch’in, it had in 
fact undergone no major political revolution in the inter­
im. Rebellions might take place, provinces might break 
away, rulers might change or be changed, but the sys­
tem persisted.

China’s artistic achievement, like its ethical and political 
system, was greatly influenced by the scholar bureaucracy. 
This is especially tme of those arts that were based on 
the written character, whether in the form of literature or 
calligraphy or a great deal of Chinese painting. But the 
mainstream of Chinese culture was also affected from the 
outside. New ideas, especially in the early centuries of the 
Christian Era, entered freely from India and the Iranian 
world. Of these, Buddhism was much the most important, 
competing with Confucianism for the allegiance of the 
upper classes, deeply penetrating the later Taoist religion, 
and providing a pattem for the Organization of the Taoist 
Church. With Buddhism, too, came a deep influence on 
all Chinese art.

An outstanding characteristic of Chinese civilization was 
its inventiveness, which produced, among other things, 
paper, printing, gunpowder, the mariner’s compass, the 
sternpost rudder, and the wheelbarrow. Chinese silks, ce- 
ramics, jades, and bronzes early found a market in other 
parts of Asia and in Europe. The expansion of the West­
ern (Former, or Earlier) Han dynasty (206 b c - a d  25) into 
Central Asia opened up a major caravan route through 
Turkistan that for centuries provided a link with the Ro­
man world. China’s relations with the nomad peoples af­
fected the movements of peoples throughout Central Asia, 
from time to time creating repercussions in the Middle 
East, in Europe, in northern India, and in Iran. By the 2nd 
and 3rd centuries, Chinese influence was feit in Korea in
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the north, and a Southern sea route was opened from In­
dia and the west around Malaya to Annam and Southern 
China; and by these land and sea routes trade and trav- 
ellers passed freely. After the rise of Islam in Southwest 
Asia, trade by sea flourished, and Arab ships were to be 
seen at Canton and Chinese junks in the Persian Gulf.

In the 8th Century the caliphate and the T’ang empires 
came into direct land contact and conflict (a d  751). 
Overland contact, interrupted from time to time by the 
pressures of the steppe peoples, was maintained from this 

The time until the 13th Century. Then a sudden major out-
Mongol burst of the Mongols created for a short period a single
empire empire reaching from Southern Russia to the Pacific, al-

lowing Europeans for the first time to visit and write 
about China. The Mongol Empire soon dissolved, but the 
legend of Cathay that was born in European minds lived 
on and, in the 16th Century, played its part in inducing 
the Portuguese to venture around the Cape of Good Hope 
and the Spaniards to cross the Pacific. Thus there came to 
the West a more detailed knowledge of Chinese civiliza­
tion, which in the 18th Century created in Europe a craze 
for things Chinese. But by this time the Chinese Manchu 
Empire was decaying, its administration corrupt and its 
inspiration dead.

Japan. Japan had early begun to assimilate Chinese cul­
ture introduced both directly and via Korea, and in a d  645 
a deliberate and Wholesale introduction of Chinese forms 
of government took place. But the Imperial administration 
remained subordinate to a number of great landed-warrior 
families who fought among themselves for control of the 
country. The Fujiwara, the Taira, and the Minamoto bore 
the brunt of the struggle, the Minamoto emerging victo- 
rious and in 1192 establishing a dual system under which 
an emperor ruled in name while the real power rested in 
the hands of a hereditary military chief called the shogun. 
This system was carried on by the Ashikaga family (1338— 
1573) and the Tokugawa family (1603-1868). In the 16th 
Century the Portuguese reached Japan and attempted to 
introducé Christianity. In the resulting ferment, ideas of 
conquest developed among a remarkable group of leaders, 
one of whom, Hideyoshi, organized the invasion of Korea. 
Death interrupted his plans, and a reaction set in under 
his successor, Ieyasu, who decided on a policy of isola- 
tion. Christianity was forbidden, and Japan was closed to 
foreigners, and it so remained until after 1854. The early 
history of Japan was chiefly remarkable for the single- 
minded way in which its people were able to close ranks 
and follow a set line of policy such as deliberately setting 
out to copy Chinese culture, adapting Chinese forms of 
government, or shutting out the foreigner.

Islam

The term Islam covers the peoples and States that accepted 
the faith and law of Islam and professed to live by them. 
Islam begins with the life and teaching of the prophet 
Muhammad in Arabia in the early 7th Century a d . The 

Early first Muslim state in Medina erupted in successive waves
conquests of conquest over Arabia into the Fertile Crescent and

across Persia into Central Asia. lts influence reached into 
China and northern Asia; at the same time, it had also 
pushed westward across northern Africa to the Atlantic. 
Fresh impulses of conquest took Islam into Southern Eu­
rope and through Spain into France. By sea first and then 
by land, Islam was also carried into India, thence by sea 
again southeastward to Malaya and the East Indies. The 
heart of the Islämic world, however, was and is the Mid­
dle East. The caliphate under the Umayyads of Damascus 
(661-750) and then the. 'Abbasids of Baghdad (750-1258) 
became the principal power.

Wherever Islam was accepted it carried with it a sense of 
unity based on its strictly formulated faith and on its holy 
law, which, despite much Variation of custom over so vast 
a zone of conquest, remains a common ideal and pattem 
of belief and conduct for the whole Muslim world. Wher­
ever it has gone it has taken its language, Arabic, which is 
the holy tongue of Islam, the language o f the Qur’än and 
of the traditions of the Prophet. Almost all the languages 
of the Muslim world have borrowed heavily from Arabic

and are written in its script. The art and architectural 
forms of Islam, too, are distinctive, proclaiming the uni­
ty of the Islam cultural pattern. Through their military 
and political power, reinforced by their culture, the Mus­
lims brought together two formerly conflicting worlds, the 
diversified Mediterranean tradition of the ancient Middle 
East, Greece, and Rome and the rieh civilization of Persia, 
a fusion which produced great scientific and Philosoph­
ie developments. Islämic scholars preserved something of 
the heritage of Greek antiquity, which was later handed 
on to Christian Europe. Through the Arabs the Chinese 
art of papermaking and the Indian system of numerals 
reached Europe.

Arab power was explosive and quickly burned itself out, 
and by the 1 Ith Century fissiparous tendencies produced 
a singularly complete collapse of the empire of which 
the European crusaders and traders in the 12th and 13th 
centuries took advantage by invading the Middle East.
But the peoples on the periphery carried Islam with them.
The khanate of the Golden Horde, which between 1241 
and 1395 ruled from the Danube to the Urals, was a 
Muslim state, as also were its successors in the Crimea, 
the Caucasus, and the Volga. In the 14th Century the 
Islämized Ottoman Turks brought large areas of Europe 
under Muslim rule and created an Ottoman Empire that 
lasted until 1922. Muslim dynasties ruled in Persia, and 
Islam was carried through Central Asia in two main waves 
into northern India by the Turks (1000-1526) and the 
Mughals (1526-1707). The Muslims never fully subju- 
gated Southern India, but their rule in the north under 
such rulers as Akbar and Shäh Jahän was brilliant, both 
politically and culturally. But Hindu powers, especially in 
western India, struck back at the Muslims in the 17th 
Century, creating disorder and disrupting the empire. In 
these disturbed conditions, European trading Companies 
already established on the Indian coasts, especially the 
English and the French, were drawn in to compete for 
political supremacy.

Through trade Islämic influence had reached out in 
the 16th Century from India to Malaya and Indonesia, 
peacefully overlaying Hindu culture in the main centres, 
though not in Bali.

The influence of Asia on Africa was until the 19th Century Asian 
greater than that of Europe. The ancient Middle East drew influences 
on the resources both in men and material of the regions in 
beyond the Upper Nile Valley. The ancient Abyssinian Africa 
kingdom was founded by Semites from Southern Arabia, 
and Islam penetrated both north and south of the Sahara 
across to westem Africa. There was a continuous Arab 
migration to eastern Africa, resulting in the founding of 
a series of cities on the coast. There was also an ancient 
connection between India and eastern Africa, which was 
reinforced in the 19th Century by Indian immigration.
The great civilizations of Asia spread out over immense 

areas. Although they were separated one from the other by 
distance and slow communication, their contacts were nu- 
merous and between them the cross-fertilization of ideas 
and material culture was extensive. They were slow grow­
ing and slow changing, based in the main on subsistence 
economies. Their upper classes, however, created an active 
trade in ideas and luxury goods and in each civilization 
developed a way of life, whether Indian, Chinese, or Is­
lämic, that was chiefly remarkable for its inner harmony.
Each religion or ethical code formed a way of life for 
its peoples, and all aspects of life served to express this. 
Nevertheless, that their ways of life were very different one 
from the other is to be seen, for example, in their respec- 
tive attitudes toward history. The Chinese regarded the 
writing of their own history as an important state function 
and a significant branch of literature. Official historians 
were regularly at work producing official histories of each 
dynasty. In this way the doctrines of Confucianism were 
perpetuated, and the official record of the times was made 
to conform to the accepted doctrines. What man did in 
life was taken to be suprem ely important. The civiliza­
tions of the ancient Middle East and of Islam produced 
histories and chronicles justifying the ways of God to man 
and, in the case of Islam, seeking to show that a good 
Muslim would be a good rul er or a good subject. What
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a Muslim did was necessarily important. In contrast, the 
Brahmans of India disregarded their own history. They 
did not regard the recording of man’s practical activities as 
of any significance compared with spiritual issues. These 
differences illustrated the fact that Oriental civilizations 
did not find uniform Solutions to their problems.

The modern era
ASIA AND WESTERN DOMINANCE

At the close of the 15th Century—that is, about a quarter 
of a Century before the Mughals began to conquer northern 
India and a half-century before the last great dynasty of 
China (the Manchu) established itself—a Portuguese fleet 
under Vasco da Gama found its way around the Cape of 
Good Hope into Indian waters. While the Mughals went 
on to conquer the Indian mainland, the Portuguese made 
themselves masters not only of Indian waters but of all the 
eastem seas. Where they led, the Spanish, Dutch, French, 
and English followed. Above all, trade was sought, espe­
cially in silks and spices; but various attempts were also 
made to spread Christianity, especially by the Portuguese 
and Spanish, who had themselves feit the proselytizing 
impact of Islam in Europe and North Africa and were not 
reluctant to carry the fight to the East.
During the 15th to the 19th centuries Europe itself 

was changing rapidly. Nation-states were growing up. The 
foundations of a scientific, industrial, and technological 
revolution were laid. Europe learned how to navigate the 
oceans, apply sea power, wield artillery, organize represen- 
tative government, cultivate religious toleration, and use 
money and credit in trade. Thus, it was a supremely con- 
fident Europe that began to feel its way along the coasts 
of the traditional, slow-changing societies of Asia.

The Portuguese quickly established themselves in Goa 
(India) and Macau (Macao) off the Chinese mainland; 
the Spanish took the Philippines in 1565. The rivalries 
of Europe were extended to Asian waters, and the Dutch 
evicted the Portuguese and Consolidated a spice empire in 
Java and Sumatra, centring on Batavia (Jakarta). Between 
1740 and 1805 the French and British on the coasts of 
India struggled with each other for supremacy, which the 
British won, in the process being drawn into the vacuum 
that the collapse of the Mughal Empire had created. Dur­
ing the 19th Century British power easily spread across 
India to the Himalayas, and the whole subcontinent and 
its people became a major field of British investment. To 
protect this, new British bastions of power were erected in 
Aden, Persia, Arabia, Burma, and Singapore.

Meanwhile the French, pushed out of India and fore- 
stalled in Burma, established control over Cochin China, 
Annam, Tongking, Laos, and Cambodia. The indepen­
dence of Siam (Thailand) was preserved because of its 
buffer position between the British in Burma and the 
French in Indochina.

In the Middle East, the Ottoman Empire was crumbling 
under internal stresses and external pressures. In 1882 the 
British took control of Egypt in order to safeguard the 
new route to India through the Suez Canal (1869), and 
the French, who had already crossed the Mediterranean 
into northern Africa, later found a foothold in Syria. The 
Far East was to some extent protected by distance and the 
rivalries of the European States elsewhere, but in 1842 and 
thereafter China was forced to open some of its ports to 
foreign trade and residence and to accept treaty provisions 
giving a special position to foreigners, an “Open Door” 
status that was substantially maintained until the 1930s. 
Beginning in 1854, the United States opened Japan, under 
arrangements similar to those forced on China, and, in 
tum, Japan opened Korea (1876).

Meanwhile, across central and northern Asia, Russia was 
advancing by military force, political manipulation, and 
colonization. By 1900 Russia was established on the Pacif­
ic coast, and both China and Korea were being threatened 
from land and sea.

THE RECOVERY OF ASIA
By the late 19th Century the peoples and governments of 
Asia had begun to react to the impact of Europe. Japan,

a tightly organized, compact island state, moved first by 
again making a deliberate decision to acquire the ma­
terial power and organization of the apparently superior 
power, this time the European. By 1894 the legal and 
judicial order had been modernized; a new school system 
had been created; the foundations for a modem economy 
had been laid; the military system had been modernized; 
and a constitutional system had been established (1889). 
These changes enabled Japan to negotiate revision of its 
“unequal” treaties with the Western States. lts new power 
also enabled Japan to defeat China in 1894-95 and Russia 
in 1904-05. These two wars enlarged Japan to include 
Formosa (1895) and Korea (1910) and gave it a position 
in Manchuria from which to move in empire building on 
the Asian mainland.

European domination in Asia, together with the intro- 
duction of “Western learning” into Asian countries, gave 
rise to nationalist movements. Capitalist enterprise and 
higher-education policies in the Islämic world, China, 
Southeast Asia, and India had brought into existence new 
intellectual and middle classes, which sought to introducé 
into their several countries the political and economie 
institutions of the West but, at the same time, to reject 
Western political and economie supremacy. Everywhere 
in Asia nationalism and anticolonialism formed the Coor­
dinates of these movements. Although nationalism itself 
tended to isolate the Asian countries into self-contained 
units, the individual nationalist movements interacted on 
one another. The victory of Japan over Russia and the 
early successes of the Chinese reform and revolutionary 
movements stimulated action elsewhere in Asia. The Unit­
ed States, after displacing Spain in the Philippines (1898), 
committed itself to Philippine autonomy. The rise of the 
freedom movement in India encouraged similar develop- 
ments in Ceylon, Burma, and Indonesia. The revival of 
Islam in the Middle East after World War I stimulated 
Muslim consciousness in India and Southeast Asia.

In China the first reaction to the Western impact was 
anti-Manchu as well as antiforeign. The failure of the 
Boxer Rebellion (1900) inaugurated a period of Man­
chu reform designed to avoid revolutionary change. Re- 
volutionaries were, however, successful in replacing the 
dynasty with a parliamentary republic in 1911-12. The 
traditional provincialism, however, soon made ineffective 
the national parliamentary republic, although China as a 
state retained its identity. National political unity began 
to be reestablished when the Kuomintang, or Nationalist 
Party, took over the government of China (1928). At the 
same time, however, Marxist-Leninist ideas were intro- 
duced into China with the organization of the Chinese 
Communist Party, affiliated with the Communist Interna­
tional. In the ensuing struggle the Nationalist government 
maintained its ascendancy until 1949. The establishment 
of the People’s Republic by the Chinese Communist Party 
not only inaugurated the Communist phase of the Chinese 
revolution but also enabled Chinese and Russian influ­
ence to replace Western in a number of peripheral areas. 
Japan’s defeat in World War II resulted in the loss of its 
empire. Korea became independent but was divided. But 
following the occupation entailed by defeat, Japan again 
quickly reestablished itself economically and resumed its 
position among the important States.

In the Indo-British empire an effort was made by the 
British to establish forms of representative and responsible 
government. But the attempt to hand over power roused 
the self-consciousness of the Muslim and Hindu commu- 
nities so that the subcontinent, when freed in 1947, was 
also partitioned into two independent countries—Pakistan 
and India. Nationalism had been sufficiently strength- 
ened in Burma and Ceylon during World War II so that 
Britain was obliged to concede independence by 1947. A 
new relationsip with Malaya was similarly established a 
decade later. With British imperial responsibilities being 
thus largely liquidated, other European powers began to 
yield their positions. The United States granted indepen­
dence to the Philippines in 1946. The Dutch gave way 
to the Indonesian nationalists (1949); and the French, by 
1954, had been compelled to withdraw from Indochina. 
The U.S. occupation of Japan was officially terminated
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by the peace treaty that became effective in 1952. Thus 
the tide of the West in Asia was reversed after World War
II. Intemal political and economie stability, however, had 
not always been fully established following independence. 
In the background the U.S.S.R., on the landward side, 
strengthened its grip on central and northern Asia, and 
the United States, on the seaward side, sought to fill the 
power vacuum left by the Japanese defeat in the Pacific, 
with the U.S.S.R. supporting Communist Vietnam against 
the United States and its anti-Communist allies. In the 
Middle East the Arab and Muslim States had regained or 
reasserted their independence, but they were small, weak, 
and divided. Continuing hostility to the new Jewish state, 
Israel, after its proclamation (1948), as well as fear of 
European domination, served at least as a symbolic bond 
of union for the Arabs. Turkey, which had become a re­

public in 1923, deliberately, abandoned Isläm as the state 
religion and under Kemal Atatürk began to tum itself into 
a modem Westemized nation-state.

Economie and social developments in Asia had not kept 
pace with the rate of political change. An enormous in­
crease in population, especially in India, China, and Japan, 
had occurred; and, except in Japan, the masses were 
probably poorer at the close of the period of European 
dominance than they had been at the beginning. The dis- 
parity between the masses and their new, mainly middle- 
class miers had become more glaring than ever; and the 
new nations of Asia, though free, were neither secure nor 
stable. In short, the influence of the West had created 
revolution in Asia and had complicated, not simplified or 
clarified, the problems facing Asians.

(C.H.Ps./Hd.M.V./Ed.)

ASIAN GEOGRAPHICAL FEATURES 
OF SPECIAL INTEREST

Mountain ranges
ALTAI MOUNTAINS
A great topographic spine of Inner Asia, the Altai straddle 
parts of China, Mongolia, and the Soviet Union, Stretch­
ing more than 1,000 miles (1,600 kilometres) southeast 
to northwest, from the Gobi (desert) to the West Siberian 
Plain. The jagged mountain ridges, whose name derives 
from the Turkish-Mongolian altan, meaning “golden,” 
separate the waters of such great rivers as the Ob (flow- 
ing north to the Arctic Ocean) and its major tributary, 
the Irtysh, from the rivers draining into the vast Central 
Asian basin. There are three main prongs of the system— 
the Soviet, Mongol, and Gobi Altai; and the Soviet peak, 
Belukha, at 14,783 feet (4,506 metres) is the highest point. 
Although historically these mountains have been some- 
thing of a remote barrier, the Altai are now famous for 
their mining and hydroelectric potential, while the ancient 
ways of life of their peoples are being rapidly transformed.

Physical features. Physiography. The Soviet Altai lies 
in eastem Kazakhstan and the Gomo-Altai sector of 
the Russian Soviet Federated Socialist Republic. A belt 
of northern foothills separates it from the rolling West 
Siberian Plain, while in the northeast it borders the Za- 
padny (Western) Sayan uplands and the mountains of the 
Lebed River Basin. The Mongol Altai (rising to Hüyten 
Orgil, over 14,000 feet) thrusts away to the southeast, 
then eastward. The Gobi Altai begins some 300 miles 
Southwest of Ulaanbaatar, the Mongolian Capital, and oc­
cupies the country’s southem portions, towering over the 
Gobi expanses.

Geology. The Altai were originally formed in the great 
geological upthmsts of the Hercynian orogeny, about 300,- 
000,000 years ago, and were worn down, over the long 
periods of geological time, into a peneplain, a plateau with 
generally accordant summit heights. At the beginning of 
the Quatemary Period, about 2,500,000 years ago, new 
upheavals thrust up magnificent peaks of considerable size 
along a zone of weakness in the Earth’s surface. Qua- 
ternary glaciation scoured the mountains, carving them 
into rugged shapes, and deepened valleys from a V- to 
a U-shaped cross section; river action was also intensive 
and left its marks on the landscape. As a result of these 
differential geological forces, the highest ridges in the 
contemporary Altai— notably the Katun, Severo- (North) 
Chu, and the Yuzhno- (South) Chu—tower more than
13,000 feet, mnning latitudinally in the central and east­
em portions of the Soviet sector of the system. The Tabyn- 
Bogdo-Ola (Tavan Bogd Uul in Mongolian), the Mönh 
Hayrhan Uul, and other western ridges of the Mongol 
Altai are somewhat lower. The highest peaks are much 
steeper and rockier than their Alpine equivalents, but the 
ranges and massifs of the middle Altai, to the north and 
west, have ridges of about 8,200 feet, whose softer out- 
lines betray their origins in presenting ancient, smoothed 
surfaces. Valleys are nevertheless jagged and gorgelike.

The ridges are separated by steppelike stmctural hollows 
(notably the Chu, Kuray, Uymen, and Kansk), which are 
filled with cmmbly deposits up to 50,000,000 years old. 
Heights range from 1,600 to 6,600 feet above sea level.

The extreme dislocations suffered by the Altai over the 
course of geological time have occasioned a variety of 
rock types, many of them altered by volcanic activity 
when great former geosynclines, sediment-filled stmctural 
downwarps, were thrust upward in mountain-building 
epochs. There are considerable accumulations in the var­
ious stmctural depressions. The layers of nonferrous and 
rare metal-bearing rocks contain exploitable deposits of 
iron, mercury, gold, manganese, and tungsten that have a 
very high commercial value.

Climate. The regional climate is severely Continental: 
because of the influence of the great Asiatic anticyclone, 
or high-pressure complex, the winter is long and bitterly 
cold. January temperatures range from 7° F (—14° C) in 
the foothills to —26° F (—32° C) in the sheltered hollows 
of the east, while in the Chu steppes temperatures can 
plunge to a bitter —76° F (—60° C). There are occasional 
tracts of the permanently frozen soil (or permafrost) that 
coats great Stretches of the Soviet Far North. July temper­
atures are warm (often to 75° F [24° C], sometimes up 
to 104° F [40° C]) on the lower slopes, but summers are 
short and cool in the higher portions. In the exposed west, 
particularly at heights o f between 5,000 and 6,500 feet, 
precipitation is high: as much as about 80 inches (2,030 
millimetres) may fall quite evenly throughout the year. 
The amount decreases by a third farther east, and some 
areas have no snow at all. Glaciers coat the flanks of the 
highest peaks: some 1,200 in number, they cover an area 
approaching 600 square miles.

Drainage. The Soviet and Mongol portions of the Altai 
are criss-crossed by a network o f turbulent, youthful rivers, 
fed mainly by melted snow and summer rains, occasion- 
ing spring and summer floods. The Katun, Bukhtarma, 
and Biya are among the biggest. Rivers o f the Gobi Altai 
are shorter, shallower, and often frozen in winter and dry 
in summer. There are more than 3,500 lakes, most of 
stmctural or glacial origin. Those of the Gobi Altai are 
often bitterly salty.
Plant life. There are four fairly distinct Vegetation zones: 

mountain subdesert, mountain steppe, mountain forest, 
and the Alpine regions. The first, found on lower slopes 
and in hollows of the Mongol and Gobi Altai, reflects the 
high summer temperatures and löw rainfall: the sparse life 
includes wormwood and halophytic plants (those growing 
in salty soils). The mountain steppe zone rises to about
2,000 feet in the north and to 6,600 feet in the south and 
east. Meadows and mixed grass steppes characterize the 
former, and grassy herbs of the wormwood-fescue type the 
latter: only in the higher areas are mountain vines and 
bush steppes found. The mountain forest zone is most 
characteristic of the Soviet Altai, where it covers about 70 
percent of the territory, mostly in the low and medium

Tempera- 
ture ranges
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mountain regions. Forests reach up to 6,500 feet but climb älaya, “abode”—for this great mountain system. In mod-
to 8,500 feet on less exposed slopes of the central and ern times, the Himalayas have constituted the greatest
eastem Altai. Trees include coniferous growths, birches, attraction and the greatest challenge to mountaineers
aspens, and larches, and there are many huge Clearings, throughout the world.
A forest belt is practically nonexistent in the Mongol and Forming the northern border of the Indian subcontinent 
Gobi Altai, but isolated dumps of Siberian trees grow and an almost impassable barrier between it and the lands
in sheltered spots. Alpine Vegetation—sub-Alpine shrubs to the north, the ranges form part of the great mountain
giving way to meadows widely used for summer pasture belt Stretching halfway around the world from northern
and then mosses and bare rock and ice—is found only on Africa to the east coast o f Asia. The Himalayas themselves
the highest ridges. stretch uninterruptedly for about 1,550 miles (2,500 kilo-

Animal life. Animal life follows Vegetation pat- metres) from west to east between Nanga Parbat (26,660
tems. Various small rodents populate the mountainous feet), in the disputed state of Jammu and Kashmir, and
semideserts and steppes, while bird life includes eagles, Namcha Barwa (25,445 feet), in Tibet. Between thesé
hawks, and kestrels. Most birds and animals are of Mon- eastem and western extremities lie the three Himalayan
golian origin: marmot, jerboa (a jumping rodent), and kingdoms of Nepal, Sikkim, and Bhutan. The Himalayas
antelope. Siberian animals (bear, lynx, musk deer) and are bordered to the northwest by the mountain ranges of
birds (grouse, woodpecker, and crossbill) frequent the the Hindu Kush and Karakoram and to the north by the
moist coniferous forests. Alpine animal life includes the high Plateau of Tibet. The width of the Himalayas from
mountain goat, snow leopard, and mountain ram. south to north varies between 125 and 250 miles. Their

The people. The Soviet Altai is peopled by groups of total area amounts to about 229,500 square miles (594,-
Altaic, Russian, and Kazakh origin. Only in the 1960s 400 square kilometres).
did the formerly tribal Altaic peoples—distinguished on Though India has sovereignty over most of the Hi- 

Peoples the basis of dialect—cohere into a unified group. Their malayas, Pakistan and China occupy parts of them. In the
and their principal occupation is the breeding of cattle or sheep. state of Jammu and Kashmir, Pakistan has administrative
ways of The Russians are mainly agriculturalists or, significantly, control of 32,362 square miles “line of control” of the
life miners. The Kazakhs mostly raise sheep, cattle, and wild range lying north and west of a cease-fire line established

horses, utilizing the summer alpine pastures (and erect- between India and Pakistan in 1972. China’s occupation
ing temporary dwellings), while keeping their stock under of 14,000 square miles in the Ladäkh district of Kashmir,
shelter in winter. The Mongol Altai is the home of groups as well as Chinese incursions to the south of the McMahon
of Kazakhs, Khalkhas, and the nomadic Oyrat. Sheep, Line (a 1914 boundary liné limiting Tibetan sovereignty
goats, and camels are raised in the drier south, with large in the Assam Himalayas of northeast India) in the North
homed cattle becoming prominent in the north. Horse East Frontier Agency (now Arunachal Pradesh) in 1962,
breeding is widespread. The shortages of water in the south have accentuated further the boundary problems faced by
necessitate migratory movements of up to 120 miles on India in the Himalayan region.
the part o f the nomads, who erect temporary villages. The Physical features. The Himalayas’ most characteristic 
development of agriculture, however, is producing more features are their soaring heights, snowcapped and steep- 
settled ways of life. sided jagged peaks, valley glaciers often of stupendous

Study and exploration. Scientific research into the Al- size, topography deeply cut by erosion, seemingly unfath-
tai dates only from the 18th Century but was stimulated omable river gorges, complex geological structure, and a
when gold was discovered in 1828. Russian geologists and rich temperate and alpine Vegetation. Viewed from the
engineers pioneered the collection of data. Soviet expedi- south, the Himalayas appear as a gigantic crescent, with
tions from the U.S.S.R. Ministry of Geology and Tomsk its main axis rising above the snow line, where snowfields
V.V. Kuibyshev State University and expeditions from the feed the valley glaciers and constitute the sources o f most
Academy o f Sciences of the Mongolian People’s Republic o f the Himalayan rivers. The greater part o f the Hima-
have uncovered a wealth of geological and topographical layas, however, lies below the snow line. The mountain-
data, and many peaks have been scaled. (N.I.M.) building process that created the range is still active and

is  a c co m p a n ie d  b y  e ro s io n  b y  rivers a n d  la n d slid e s  o f  
h im a l a y a s  great d im en sio n .
The Himalayas of Asia include the highest mountains in From south to north, the Himalayan ranges can be
the world, with more than 30 peaks rising to heights o f grouped into four parallel, longitudinal mountain beits of
24,000 feet (7,300 metres) above sea level. One of these varying width, each having distinct physiographic features Principal
peaks is Mt. Everest, the world’s highest, which reaches and its own geological history. They are designated as the divisions
a height o f 29,028 feet (8,848 metres). The great heights Outer, or Sub-Himalayas; the Lesser, or Lower Himala-
of the mountains rise above the line of perpetual snow. yas; the Great, or Higher, Himalayas; and the Tethys, or
The vast permanent snowfields attracted the attention o f Tibetan Himalayas. Farther north lie the Trans-Himalayas
the pilgrim mountaineers of ancient India, who coined in Tibet proper, eastward continuations of some of the
the Sanskrit name Himalaya—from hima, “snow,” and most northerly Himalayan ranges. From west to east the

Paolo Koch—Rapho/Photo Researchers

Horses grazing on the steppe gra ss In the Southern region of the G obi. The  Altai Mountains 
in the background form the southwestern boundary for the desert.
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Himalayas are divided broadly into three mountainous 
regions: Western, Central, and Eastem.

Physiography. The Outer Himalayas comprise flat- 
floored stmctural valleys and the Siwalik Hills, which bor­
der the Himalayan mountain system to the south. Except 
for small gaps in the east, the Siwalik run for the entire 
length of the Himalayas with a maximum width of 62 
miles in the Indian state of Himachal Pradesh. In general, 
the 900-foot contour line marks their southem boundary; 
they rise to another 2,500 feet to the north. The main 
Siwalik range has steeper southem slopes facing the In­
dian plains and descends gently northward to flat-floored 
basins, called düns. The best known of these is the Dehra 
Dun, in Uttarakhand, which is in the mountainous parts 
of Uttar Pradesh.

Northward, the Siwalik Range abuts against a 50-mile- 
wide massive mountainous tract, the Lesser Himalayas, 
where mountains rising to 15,000 feet and valleys with al- 
titudes o f 3,000 feet run in different directions. There is a 
general conformity of altitude among neighbouring sum- 
mits, which creates the appearance of a highly dissected 
plateau. The three principal ranges of the Lesser Himala­
yas, the Nag Tibba, the Dhaola Dhär, and the Pïr Panjäl, 
have branched off from the Great Himalayan Range lying 
farther north. The Näg Tibba, the most easterly of the 
three ranges, is 26,795 feet high near its eastem end, in 
Nepal, and forms the watershed between the Ganges and 
the Yamuna, in the Uttarakhand.

To the west, the picturesque Vale of Kashmir, a stmc­
tural basin (i.e.f an elliptical basin in which the rock strata 
are inclined toward a central point), forms an important 
section of the Lesser Himalayas. It extends from southeast

to northwest for 100 miles, with an average elevation of
5,100 feet, having a width of 50 miles; it is traversed by 
the meandering Jhelum River, which mns through the 
Wular Lake, the largest freshwater lake in India.

The backbone of the system is the Great Himalayas, a 
range rising above the line of perpetual snow.

The Great Himalayan Range rises to its maximum height 
in Nepal, having in that section nine of the 14 highest Highest 
peaks of the world. From west to east they are: Dhaulägiri peaks of 
1 (26,810 feet; 8,172 metres), Annapüma 1 (26,504 feet; Himalayas 
8,078 metres), Manäslu 1 (26,760 feet; 8,156 metres), Cho 
Oyu (26,750 feet; 8,153 metres), Gyächung Kang 1 (25,- 
991 feet; 7,922 metres), Mt. Everest (29,028 feet; 8,848 
metres), Lhotse 1 (27,923 feet; 8,511 metres), Makälu 1 
(27,824 feet; 8,481 metres), and Känchenjunga 1 (28,208 
feet; 8,598 metres).
Farther east the range changes from a southeasterly to 

an easterly direction as it enters Sikkim. After this, it mns 
eastward for another 260 miles through Bhutan and the 
eastern part of Amnachal Pradesh as far as the peak of 
Kangto (23,260 feet) and finally tums northeast, terminat- 
ing in Namcha Barwa.

There is no sharp boundary between the Great Hima­
layas and the ranges, plateaus, and basins lying to the 
north of the Great Himalayan Range, generally grouped 
together under the name of the Tethys Himalayas and ex­
tending far northward into Tibet. In Kashmir the Tethys 
are at their widest, forming the Spiti Basin and the Zäskär 
Mountains, the highest peaks of which, to the southeast, 
are Leo Pargail (22,280 feet; 6,791 metres), rising north 
of the Sutlej River opposite Shipki La (pass), and Shilla 
(23,050 feet; 7,026 metres).
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Geology. A study of the geological history of the Hi­
malayas reveals that marine Sediments of Paleozoic and 
Mesozoic eras (between about 65,000,000 and 570,000,- 
000 years ago) deposited on the floor of the ancient Tethys 
Sea; the frontal part of the crystalline massif (mountain 
mass) of peninsular India; estuarine deposits along the 
flanks of the embryonic mountains; and finally products 
of surface erosion of the rising mountains—all contributed 
to the formation of the present-day range. The uplift of the 
Himalayas took place in at least three distinct and widely 
separated phases. The first phase of the major mountain- 
building movement took place at the close of the Eocene 
Epoch (about 38,000,000 years ago), although the begin­
ning of the main Himalayan uplift started in Middle and 
Upper Cretaceous times (from about 100,000,000 to 65,- 
000,000 years ago), with the advancement of the crystalline 
massif of peninsular India toward the Plateau of Tibet. 
This movement caused the rise of the Tethys Himalayas, 
along with the greater part of the Great Himalayas. In the 
second phase of upheaval, which occurred in the Miocene 
Epoch (7,000,000 to 26,000,000 years ago), the estuarine 
deposits and the Indian Massif formed the ranges of 
the Lesser Himalayas. The final mountain-building phase 
started at the end of the Tertiary Period (about 7,000,000 
years ago), lifting the detrital deposits accumulating at the 
base of the Himalayas to form the Siwalik Range, the 
foothills of the Outer Himalayas. Since the middle Pleis­
tocene Epoch (about 1,500,000 years ago), the Himalayas 
have risen at least 4,500 feet, an occurrence witnessed by 
early man. That the Himalayas still continue to rise is 
evidenced by the upheaval of the younger river terraces.

Precambrian metamorphic rocks (rocks formed by heat 
and pressure from 570,000,000 to 4,600,000,000 years ago) 

Formation form the bulk of the Himalayas. These rocks represent the 
of the frontal part of the Indian Shield, which, according to the
ranges theory of Continental drift, pushed northward, uplifting 

the Himalayas as it pressed against the Asian landmass. 
Only in the Spiti Basin and in a few other localities can 
large outcrops of marine Sediments from Paleozoic and 
Mesozoic times be seen.
Plutonic rocks (formed deep down from a molten state), 

such as granites and granodiorites of pre-Miocene age (i.e., 
more than 26,000,000 years old), outcrop in extensive 
areas in north Kashmir, forming the whole of the Ladäkh 
Range and the greater part of the area of Baltistan to 
the west of the Dras River and to the south of the Kar- 
akoram Range. The intrusion during post-Miocene times 
(i.e., within the last 7,000,000 years) of tourmaline gran- 
ite into an older series of gneisses (rocks formed by heat 
and pressure and made of bands that differ in colour and 
composition) and schists (crystalline rocks, the constituent 
minerals of which are usually arranged in a foliated or 
parallel pattem), aided by upthmsts in many areas, has 
given rise to many of the high peaks of the Himalayas, 
such as Makalu, Manaslu, and Nänga Parbat, which, are 
typical examples. Mt. Everest and its two associated peaks, 
Lhotse and Cho Oyu, are, however, formed of limestones 
and pelitic (clay and mudstone) rocks, the latter dipping 
toward the north. It is possible that the entire formation 
of Mt. Everest is thrust up over a foundation of gneiss, as 
nappes or overtumed folds.

The nappe structure of the Himalayas can also be seen 
elsewhere in the ranges. The Krol Nappes of the Simla 
region, in Himachal Pradesh, and the Garhwal Nappes, of 
Uttarakhand, are typical. These nappes are also evident 
in Nepal in the Nawakot and Käthmändu areas, which 
were formed along the line of the main central thrusts. 
This thrust zone borders the Great Himalayas to the 
south, rising abruptly in height and showing changes in 
the sequence of geological beds. The Pïr Panjal Range, for 
example, owes its origin to thrust faulting; in the Simla 
region Krol limestones of Carboniferous Period (i.e., from
280,000,000 to 345,000,000 years old) are overthrust onto 
much younger deposits of Pliocene Epoch (from 7,000,- 
000 to 2,500,000 years old).

The geological stmcture is much simpler in the Outer 
Himalayas, where the foothills are mainly composed of 
Tertiary formations (from 2,500,000 to 65,000,000 years 
old), grouped under the Lower, Middle, and Upper Siwa-

liks. These consist mostly of freshwater deposits, such as 
sandstones, shales, and conglomerates. The Lower Siwa- 
liks are from 1,800 to 6,000 feet thick, the Middle Siwaliks 
from 3,000 to 4,500 feet thick, and the Upper Siwaliks 
from 4,500 to 6,000 feet thick. At the same time that 
the Siwalik deposits were occurring, lacustrine (lake) de­
posits known as Karewas (flat-topped terraces) were being 
formed in the Vale of Kashmir. Both the Karewas and 
Siwaliks show evidence of glaciation during Pleistocene 
times (from 10,000 to 2,500,000 years ago).

Drainage. The Himalayas are drained by 19 major Major 
rivers, of which the Indus and the Brahmaputra are Tibetan 
the largest, each having catchment basins about 100,000 rivers 
square miles in extent in the mountains. Of the other 17 
rivers, five belong to the Indus system—the Jhelum, Chen- 
äb, Rävi, Beäs, and Sutlej, with a total catchment area of 
50,958 square miles; nine belong to the Ganges system— 
the Ganges, Yamuna, Rämganga, Kali (Sarda), Kamäli,
Räpti, Gandak, Bäghmati, and Kosi, draining another 84,- 
098 square miles; and three belong to the Brahmaputra 
system—the Tista, Raidak, and Manäs, draining another 
70,769 square miles.
Most of the Himalayan rivers flow in troughs, the trends 

of which are generally determined by the branching ranges 
of the Great Himalayas. The rivers of the Indus system as 
a rule follow northwesterly courses, whereas most of the 
rivers of the Ganges-Brahmaputra systems take easterly 
courses while in the mountain region.

To the north o f India, the Karakoram Range, with the 
Hindu Kush (Mountains) on the right and the Ladäkh 
Range on the left, forms the great water divide, shutting 
off the Indus system from the rivers of Central Asia. The 
counterpart of this divide on the east is formed by the 
Kailas Range and its eastward continuation, the Nien- 
ch’ing-t’ang-ku-la Shan (Nyenchen Tangla Range), which 
prevent the Brahmaputra from flowing northward. South 
of this divide, the Brahmaputra flows eastward for about 
900 miles before cutting across the Great Himalayan 
Range in a transverse gorge, although many of its Tibetan 
tributaries flow in an opposite direction, as the Brahma­
putra may once have done.

The Great Himalayan Range, which normally would 
form the main water divide throughout its entire length, 
functions as such only in limited areas. This Situation 
exists because the major Himalayan rivers, such as the 
Indus, Brahmaputra, Sutlej, and at least two headwaters 
of the Ganges—the Alaknanda and Bhägirathi—are older 
than the mountains they traverse. It is believed that the 
Himalayas were uplifted so slowly that the old rivers had 
no difficulty in continuing to flow through their channels 
and, with the rise o f the Himalayas, even acquired a 
greater momentum, which enabled them to deepen their 
valleys more rapidly. The elevation of the Himalayas and 
the deepening of the valleys thus proceeded simultaneous- 
ly, with the result that the mountain ranges emerged with 
a cömpletely developed river system cut into deep trans­
verse gorges, ranging in depth from 5,000 feet to 16,000 
feet and in width from six to 30 miles. The earlier origin of 
the drainage system explains the peculiarity that the ma­
jor rivers drain not only the southem slopes of the Great 
Himalayan Range but to a large extent its northem slopes 
as well, the water divide being north of the crest line.

The role of the Great Himalayan Range as a watershed 
can, nevertheless, be seen between the Sutlej and Indus 
valleys for 360 miles; the drainage of the northern slopes 
is carried by the north-flowing Zäskär and Dräs rivers, 
which drain into the Indus. Glaciers also play an impor- Glaciers 
tant role in draining the higher altitudes and in feeding the 
Himalayan rivers. Several glaciers occur in Uttarakhand, 
of which the largest, Gangotri, is 20 miles long. The Ma- 
halangur himül (“snowfield”), with its Khumbu Glacier, 
drains the Everest region in Nepal. The rate of movement 
of the Himalayan region glaciers varies considerably; in 
the neighbouring Karakoram ranges, for example, the Bal- 
toro Glacier moves about six feet a day, while others, such 
as the Khumbu, move only about a foot daily. Most of 
the Himalayan glaciers are in retreat.

Soils. Not much is known about the Himalayan soils.
The north-facing slopes generally have a fairly thick soil
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cover, supporting dense forests at lower altitudes and 
grasses higher up. The forest soils are dark brown in 
colour and silt loam in texture and occur mainly in Ut­
tarakhand; they are ideally suited for growing fruit trees. 
The mountain-meadow soils are well-developed but vary 
in thickness and in their Chemical properties. Some of 
the wet, deep, upland soils of this type in the Eastern 
Himalayas— for example in the Darjeeling Hills and in 
the Assam Valley—have a high humus content that is 
good for growing tea. Podzolic soils (infertile, acidic forest 
soils) occur in a 400-mile-long beit along the valley of the 
Indus and of its tributary the Shyok, to the north of the 
Great Himalayan Range, and are also found in patches in 
Himachal Pradesh. Farther east, sahne soils occur in the 
dry Ladäkh Plateau. Of the soils that are not restricted 
to any particular area, alluvial soils (deposited by running 
water) are the most productive, though they occur in lim­
ited areas, such as the Vale of Kashmir, the Dehra Dün 
and on the high terraces flanking the Himalayan valleys. 
Lithosols consisting of imperfectly weathered rock frag- 
ments deficiënt in humus content cover many large areas 
at high altitudes and are the least productive soils.

Climate. The Himalayas, as a great climatic divide 
affecting air- and water-circulation Systems, exercise a 
dominating influence upon meteorological conditions in 
the Indian subcontinent, to the south, and in the Cen­
tral Asian highland, to the north. By its Situation and 
stupendous height, the Great Himalayan Range obstructs 
the passage of cold Continental air from the north into 
India in winter and also forces the Southwest monsoonal 

The pre- (rain-bearing) winds to give up most o f their moisture 
cipitation before Crossing the range northward, thus causing a heavy
pattern precipitation of rain and snow on the Indian side but

arid conditions in Tibet. The average annual rainfall on 
the south varies between 60 inches (1,525 millimetres) at 
Simla and Mussoorie in the Western Himalayas and 120 
inches at Darjeeling in the Eastern Himalayas. At places 
such as Skärdu, Gilgit, and Leh, in the Indus Valley, to 
the north of the Great Himalayan Range, only three to 
six inches of rainfall occur.

Local relief and Situation determine the meteorological 
variations experienced not only in different parts of the 
Himalayas but even on different slopes of the same range. 
Because of its fävourable location on top of the Mussoorie 
Range facing the Dehra Dün, the town of Mussoorie, at 
a height of about 6,100 feet, receives 92 inches of rainfall 
annually, as against 62 inches recorded in the town of 
Simla, which lies behind a series of ridges at a height of
6,600 feet. The Eastem Himalayas, being at a lower lati­
tude than the Western Himalayas, are relatively warmer; 
the lowest minimum temperature so far recorded was at 
Simla, in the Western Himalaya, —13° F (—25° C). The 
average minimum temperature for the month of May, re­
corded in Darjeeling at 6,380 feet elevation, is 52° F (11° 
C). In the same month, at an altitude of 16,500 feet in the 
neighbourhood of Mt. Everest, the minimum temperature 
is about 17° F (—8° C); at 19,500 feet it falls to —8° F 
(—22° C), the lowest minimum being —21° F (—29° C). 
At this time during the day, in areas sheltered from strong 
winds that blow at more than 100 miles an hour, the sun 
is often pleasantly warm, even at that altitude.

There are two periods of wet weather—the winter rains 
and the rains brought by the Southwest monsoon winds. 
Winter precipitation is due to the depressions advancing 
into India from the west, causing heavy falls of snow. 
Within the regions where western disturbances are feit, 
condensation takes place in upper air levels at a height 
of 10,000 feet from the surface; as a result, precipitation 
is much greater over the high mountains. It is at this 
season that snow accumulates around the Himalayan high 
peaks and that the Western Himalayas receive more rain 
than the Eastem Himalayas. In January, for example, 
Mussoorie in the west receives almost three inches, while 
Darjeeling to the east receives less than an inch. By the end 
of May, meteorological conditions are reversed. Southwest 
monsoon currents passing over the Eastem Himalayas 
reach heights of 18,000 feet; in June, therefore, Darjeeling 
receives about 24 inches, and Mussoorie less than eight 
inches. The rains cease in September, after which the fin-

est weather in the Himalayas prevails until the beginning 
of winter in December.

Plant life. Himalayan Vegetation can be broadly classi- 
fied into four groups: tropical, subtropical, temperate, and 
alpine. This division is based mainly on altitude and rain­
fall. Local variations in relief and climate, as well as expo- Types of 
sure to sun and winds, cause considerable Variation in the Vegetation 
composition of the Vegetation within each group. Tropical 
evergreen rain forest is confined to the humid foothills of 
the Eastern and Central Himalayas. The evergreen diptero- 
carps—a group of timber- and resin-producing trees—are 
common; their different species grow on different soils 
and on hill slopes of varying steepness. Mesua ferrea (rose 
chestnut) occurs on porous soils at altitudes between 600 
and 2,400 feet (185-730 metres); bamboos grow on very 
steep slopes; oaks and chestnuts grow on the lithosol, 
covering sandstones from Arunachal Pradesh westward to 
central Nepal at altitudes of from 3,600 to 5,700 feet.
Alder trees grow along the watercourses on the steeper 
slopes. At higher elevations they are succeeded by moun­
tain forests in which the typical evergreen is Pandanus 
furcatus, a type of screw pine. Besides these trees, some
4,000 species of flowering plants, of which 20 are palm, 
are estimated to occur in the Eastern Himalayas.

With the decrease of rainfall and the increase of altitude 
westward, the rain forests give place to tropical deciduous 
forests, where the timber tree, sal, is the dominant spe­
cies, thriving best on high plateaus at 3,000 feet (wet sal), 
as well as higher up, at 4,500 feet (dry sal). Westward, 
steppe forest (i.e., forest on an extensive plain), steppe, 
subtropical thorn steppe, and subtropical, semidesert Vege­
tation occur successively. Temperate forests extend from 
about 4,500 to about 11,000 feet and contain conifers and 
broad-leaved temperate trees. Evergreen forests o f oaks 
and conifers have their westernmost outpost on the hills 
above Murree, some 30 miles northwest of Rawalpindi, 
in Pakistan; these are typical o f the Lesser Himalayas, 
being conspicuous on the outer slopes of the Pïr Panjäl, in 
Kashmir, India. Pinus roxburghi (chir pine) is the domi­
nant species at altitudes of from 2,700 to 5,400 feet. In the 
inner valleys this species may occur even at an altitude 
of 6,300 feet. Deodar cedar, a highly valued timber tree, 
is another species particular to the Himalayas, occurring 
mainly in the western part o f the range. Stands of this 
species occur between 6,300 and 9,000 feet and also tend 
to grow at still higher altitudes in the upper valleys of the 
Sutlej and the Ganges. Of the other conifers, blue pine 
and spruce make their appearance between about 7,300 
and 10,000 feet.

The alpine zone begins above the tree line between 10,- 
500 and 11,700 feet and extends as far as 13,700 feet in Alpine 
the Western Himalayas and 14,600 feet in the Eastem plants 
Himalayas. In this zone all the wet and moist alpine Vege­
tation is to be found. Juniper is widely distributed, prefer- 
ring sunny sites, steep and rocky slopes, and drier areas; 
on Nänga Parbat they are found even at an altitude of 
12,750 feet. Rhododendron occurs everywhere but more 
abundantly in the wetter parts o f the Eastem Himalayas, 
where it grows in all sizes from trees to low scrub. Mosses 
and lichens grow in shaded areas at lower levels where the 
humidity is high; flowering plants occur at high altitudes, 
especially on Nänga Parbat and Mt. Everest.
Animal life. The animal life o f the Eastem Himalayas 

is derived mainly from that of the South Chinese and 
Indo-Chinese region. It is primarily the type of animal life 
found in the tropical forest and is only secondarily adapt­
ed to the subtropical, mountain, and temperate conditions 
prevailing at higher altitudes and in the drier western 
areas. The animal life of the Western Himalayas, however, 
has more affinities with that o f the Mediterranean, Ethio- 
pian, and Turkmenian regions. The past presence in the 
region of some African animals, such as the giraffe and 
the hippopotamus, can be inferred from fossil remains in 
the Siwalik deposits of the Outer Himalayas. The animal 
life at higher altitudes above the tree line consists almost 
exclusively of species, adapted to the cold, that have orig- 
inated in the area, having evolved from the wild life of 
the steppes (extensive plains) after the Himalayan uplift.
Elephants, bison, and rhinoceroses are restricted to certain
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areas o f the forested terai (moist or marshy lands, now 
largely drained) at the base o f the low hills in the Outer 
Himalayas. The Indian rhinoceros was once abundant all 

Exotic over the foothill zone of the Himalayas but is now be- 
game coming extinct; the musk deer and the Kashmir stag, or
animals hangul, are also on the point o f extinction. The Himala­

yan black bear, the clouded leopard, the langur monkey 
(a long-tailed Asian monkey), and the cat are some of the 
other denizens o f the Himalayan forests. Himalayan goat 
antelopes are also found.

In higher altitudes above the tree line, the snow leopard, 
the brown bear, the red panda, and the Tibetan yak can 
occasionally be seen. The yak has been domesticated and 
is used as a beast o f bürden in Ladäkh. The typical inhab- 
itants of higher altitudes above the tree line are, however, 
diverse types o f insects, spiders, and mites, which form the 
only animal life that can live as high up as 20,700 feet.

Catfish of the genus Glyptothorax live in most of the 
Himalayan streams, on the banks of which is found the 
Himalayan water shrew. Lizards of the genus Japalura are 
widely distributed. Typhlops, a genus of blind snake, is 
common in the Eastem Himalayas. The butterflies of the 
Himalayas are extremely varied and beautiful, especially 
the genus Troides.

The bird life is equally rich but is more in evidence in the 
east than in the west. Among some of the common Hi­
malayan birds are different species of magpie—the black- 
rumped, the blue, and the racket-tailed; titmouse; chough 
(related to the jackdaw); whistling thrush; and redstart. A 
few strong fliers, such as the lammergeier (bearded vul- 
ture), the black-eared kite, and the Himalayan griffon (an 
Old World vulture), can also be seen in Sikkim. The snow 
partridge and the Comish chough are found at elevations 
of 18,600 feet.

The people. Of the three principal ethnic types in the 
Indian subcontinent—the Indo-Aryan, the Mongolian, 
and the Dravidian—the first two are well represented in 
the Himalayas, although mixed in varying proportions in 
different areas. Waves o f immigration into the mountains 
have occurred from all directions in the past and have 
caused intermingling of peoples. Generally speaking, the 
Great Himalayas and the Tethys Himalayas are inhabit- 
ed by Tibetan and other Mongoloid people; the Lesser 
Himalayas are the home of the tall, fair Indo-Aryans. In 
the Outer Himalayan region of Jammu and Kashmir the 
Indo-Aryans are called Dogras and are divided into two 
main castes, Brahmins and Räjputs. In the Kashmir Valley 
the same type is represented by the Kashmïrï people. The 
Gaddis and Güjars, who live in the hilly areas of the Less­
er Himalayas, also belong to the Aryan type. The Gaddis 
are essentially a hill people; they possess large flocks of 
sheep and herds of goats and come down with them from 
their snowy abode in the Outer Himalayas only in winter, 
retuming again to the highest pastures in June. The Güjars 
are a migrating, pastoral people living from their herds of 
sheep, goats, and a few cattle, for which they seek pasture 
at various altitudes.

The Champa, Ladakhï, Balti, and Dard peoples live to 
the north of the Great Himalayan Range in the Kashmir 
Himalayas; the Dard are Aryan, the others Mongoloid. 
The Champa lead a nomadic pastoral life in the Upper 
Indus Valley. The Ladakhï have settled on terraces and 
alluvial fans flanking the Indus in Kashmir. The Bal­
ti have spread farther down the Indus Valley and have 
adopted Islam.

The Aryan racial type is represented by the Kanets 
in Himachal Pradesh and the Khäsas in Utturakhand. 
In Himachal Pradesh the majority of the inhabitants of 
Kinnaur and Lähul-Spiti districts are Mongoloid, having 
immigrated from Tibet.

In Nepal, the Tibeto-Nepalese and Indo-Nepalese form 
the two main ethnic divisions, which are further subdi- 
vided into a large number of ethnic groups, including the 
Newärs, the Tamangs, the Gurungs, the Magars, the Sher­
pas, and the Kiräts. The Kiräts were the earliest inhab­
itants of the Nepal Valley. The Newärs are also one of the 
earliest Nepalese groups. The Tamangs inhabit the high 
valleys of Ganesh Himal (Nepal, Southwest of Himachal 
Pradesh). The Gurungs live on the Southern slopes of the

Annapüma Massif (mountain mass), pasturing their cattle 
as high as 12,000 feet. The Magars inhabit western Nepal 
but migrate seasonally to other parts o f the country. The 
Sherpas, who live to the south of Mt. Everest, are famed 
mountaineers.

The people of Sikkim belong to three distinct eth­
nic groups—the Lepchäs, the Bhutias, and the Nepalese.
Generally speaking, Nepalese and Lepchäs live in western 
Bhutan and Bhutias of Tibetan origin in eastem Bhutan.
Arunachal Pradesh is the homeland o f several groups—  
the Abors or Adis, Akas, Apa Tanis, Daflas, Khamptis,
Khowas, Mishmis, Mombas, Miris, and Singpho. Ethni- 
cally, all these groups are Indo-Mongoloid; linguistically, 
they are Tibeto-Burman. Each group lives in a distinct 
river valley, practicing shifting cultivation (i.e., constantly 
changing the land on which they raise crops).

The economy. Resources. The Himalayas abound in 
economie resources. These include rich arable land, ex- Arable 
tensive grassland and forest, workable mineral deposits, lands, 
and easily hamessable waterpower. The most productive minerals, 
arable lands in the Western Himalayas are in the Vale o f and water 
Kashmir, the Kängra Valley, the Sutlej Basin, and the ter- resources 
races flanking the Ganges and Yamuna in Utterakhand; 
these produce rice, com (maize), wheat, and millet. In the 
Central Himalayas in Nepal most o f the arable land is in 
the foothills and on the adjacent plains; this land produces 
four-fifths of the total rice production of the country, 
amounting to 1 percent of world production. The region 
also produces large crops of com and wheat. In addition 
to cereals, most of the cash crops o f the country—jute, 
sugarcane, and oilseeds—are grown in this region.

Most of the fruit orchards of the Himalayas lie in the 
Vale of Kashmir and in the Kulu Valley of Himachal 
Pradesh. Such fruit as apples, peaches, pears, and ehernes, 
for which there is a great demand in the cities of India, 
are grown extensively. There are rich vineyards on the 
shores of Dal Lake in Kashmir, which produce grapes of 
good quality from which wine and brandy are made. On 
the hills surrounding the Vale of Kashmir grow walnut 
and almond trees, the nuts of which are exported to India 
where oil is extracted from them. Bhutan also has fruit 
orchards and exports oranges to India.

Of the plantation crops, tea is grown mainly on the hills 
and on the plain at the foot of the mountains in the Dar­
jeeling district. Tea in limited quantity is also grown in 
the Kängra Valley. Plantations of cardamom, a spice used 
in curry, are to be found in Sikkim, Bhutan, and the Dar­
jeeling Hills. Medicinal herbs are grown in plantations in 
the Üttarkäshi and Pithorägarh districts o f Uttarakhand.

Transhumance (the seasonal migration o f livestock) is 
widely practiced during the summer months in the Hi­
malayas pastures, called margs, in Kashmir. Sheep, goats, 
and yak are raised on the rough grazing lands available.

Woodlands occupy at least one-third of the Himalayas, 
covering more than two-thirds of the total area of Bhu­
tan and Sikkim. They constitute the greatest asset of the 
mountains, although their fuller use is hampered because 
of inaccessibility. Logs of timber are floated down the 
Himalayan streams to sawmills located at the foot of 
the mountains. Forest-based industries, to manufacture 
matches, rayon, and paper pulp, are being established in 
Bhutan.

The Himalayas are rich in minerals, although their ex- Mineral 
ploitation is restricted to the more accessible areas. Jammu resources 
and Kashmir state is the most mineralized region. Sap- 
phires are found in the Zäskär Mountains, and alluvial 
gold in the nearby bed of the Indus. There are deposits of 
copper ore in Baltistän, and iron ores are found in the Vale 
of Kashmir. Ladäkh contains borax and sulfur deposits.
Coal deposits exist in the Jammu Hills. Bauxite occurs 

in Jammu and Kashmir. Nepal, Bhutan, and Sikkim have 
extensive deposits of coal, mica, gypsum, and graphite and 
ores of iron, copper, lead, and zinc.

The Himalayan rivers have a tremendous hydroelectric 
potential, which has been harnessed more intensively since 
the five-year plans were introduced in the 1950s in In­
dia. A giant multipurpose river-valley project is located 
at Bhäkra-Nängal on the Sutlej River in the Outer Hi­
malayas; completed in 1963, it has a storage capacity of



238 Asia

348,218,000,000 cubic feet (9,860,000,000 cubic metres) 
of water and a total installed capacity of 1,050 mega­
watts. Three other Himalayan rivers, the Kosi, Gandak, 
and Jaldhaka, have been hamessed by India, which then 
supplies the power to Nepal and Bhutan.

Transportation. The difficulty of transport in the Hima­
layas has always constituted a barder to economie growth. 
Only in recent years have new highways been built, making 
the Himalayan region accessible from both the north and 
the south. Of these, the 75-mile, all-weather Tribhuvan 
Rajpath road connecting Käthmändu, Capital of Nepal, 
with India and the 65-mile road connecting Käthmändu 
with Kodari, on the Tibetan border, deserve special men- 
tion. The Hindustän-Tibet road—Indian National High- 
wäy No. 22—which passes through Himachal Pradesh has 
also been considerably improved by the government of 
India; this 300-mile highway, which runs through Simla, 
once the summer Capital of India, connects the Punjab 
plains with the Indo-Tibetan border near the Shipki La 
(pass). There are only two main railroads, both of narrow 
gauge, penetrating into the Lesser Himalayas from the 
plains o f India—one in the Western Himalayas, between 
Kälka and Simla, and the other in the Eastern Hima­
layas, between Silïguri and Darjeeling. There is another 
narrow-gauge line in Nepal, running 29 miles from Rax- 
aul to Amlekhganj and connected with Käthmändu by 
an electrically operated aerial cableway, which transports 
cargo in baskets. Two other short railroads run to the 
Outer Himalayas—one, the railroad of the Kulu Valley, 
from Pathänkot to Jogindarnagar; the other from Hard- 
wär to Dehra Dün. A short railway, formerly running 
between Waziräbäd and Jammu through Siälkot, is now 
permanently closed.

There are two major airstrips in the Himalayas—one at 
Gaucher, Käthmändu, Capital of Nepal, and the other in 
Srïnagar, Capital of Kashmir—which are served by na­
tional and (except Srïnagar) international airways. Besides 
these, there are also many airstrips of local importance in 
the hills and in the terai district of Nepal.

From the Punjab plains the only direct approach to the 
Vale of Kashmir is by the National Highway No. IA from 
Jullundur to Uri through Jammu, Banihäl, Srïnagar, and 
Bäramüla. It crosses the Pïr Panjäl Mountains through 
a tunnel at Banihäl. The old road from Rawalpindi to 
Srïnagar through Pakistan has lost much of its former im­
portance. Within the Kashmir Himalayas, the Srïnagar to 
Leh road connects Leh in Ladäkh with the Nubra Valley, 
passing over the 17,730-foot-high Khardung La—the first 
of the high passes on the historie caravan trail to Central 
Asia from India. Many other new roads have been built 
in recent years.

Sikkim commands the historie Kälimpong to Lhasa car­
avan trade route, which passes through Gangtok. Before 
1956, there was only one (30-mile) motorable highway 
running between Gangtok and Rongphu, on the Tista 
River near the Sikkim-West Bengal border, which then 
continued southward to Silïguri for another 70 miles. 
Since then, several roads passable by jeep have been built 
in the southem part of Sikkim, and a highway in northern 
Sikkim connects Gangtok with Lachen (Lachung).

Arunachal Pradesh is connected with the Brahmaputra 
Valley by roads running from Namsai to Chowkham, Sa- 
diya to Roing, Päsighät to Dibrugarh, Along to Sonarighat, 
North Lakhimpur to Hapoli, and Tezpur to Bomdila.

Study and exploration. The first Himalayan sketch map 
of some accuracy was drawn up by Father Antonio Mon- 

Early ex- serrate, a Spanish missionary to Akbar’s court in 1590. 
plorations In 1733 a French geographer, Jean-Baptiste Bourguignon 

d’Arville, compiled the first map of Tibet and the Hi­
malayan range based on systematic exploration. In the 
middle o f the 19th Century, the Survey o f India organized 
a systematic program to measure correctly the heights of 
the Himalayan peaks. The Nepal and Uttarakhand peaks 
were observed and mapped between 1849 and 1855. Nän­
ga Parbat, as well as the peaks of the Karakoram to the 
north, were surveyed between 1855 and 1859. The sur- 
veyors did not allot individual names to the innumerable 
peaks observed but designated them by figures and roman 
numerals. Thus, at first Mt. Everest was simply labelled

as “h”, this was later changed to Peak XV in 1849-50.
In 1865, Peak XV was renamed for Sir George Everest, 
surveyor-general of India from 1823-1843. Not until 1856 
were the computations sufficiently advanced for it to be 
realized that Peak XV was higher than any other peak in 
the world. By 1862 more than 40 peaks of 18,288 feet and 
above had been climbed for surveying purposes.
The Survey of India has prepared some large-scale 

maps of the Himalayas from aerial photographs. Parts 
of the Himalayas have also been mapped by German 
geographers and cartographers with the help of ground 
photogrammetry. (S.P.C.)

HINDU KUSH

The Hindu Kush is one of the great watersheds of Central 
Asia, forming part of the vast alpine zone that Stretches 
across the continent from east to west. Broadly defined, it 
is a mountain system nearly 1,000 miles (1,600 kilome- 
tres) long and possibly 200 miles (320 kilometres) wide, 
running northeast to Southwest, and dividing the valley of 
the Amu Darya (the ancient Oxus River) to the north from 
the Indus River Valley to the south. There is no agreement 
among geographers as to its precise boundaries. To the 
east, the Hindu Kush buttresses the Pamir Plateau near 
the Chinese border, after which it runs Southwest through 
Pakistan and into Afghanistan, finally merging into minor 
ranges in western Afghanistan. The highest peak is Tirich 
Mir, which rises on the Pakistan-Afghanistan border to 
25,263 feet (7,700 metres).

Historically, the passes across the Hindu Kush have 
been of great military significance, providing access to the 
northern plains of India. Alexander the Great, king of 
Macedonia, who passed over the Hindu Kush in the 4th 
Century b c , was among those who invaded India by this 
route. During the period of British rule in India, the In­
dian government was keenly concerned with the security 
of these passes, and more especially with their own control 
of an associated physical feature to the south, the Khyber 
Pass. The Hindu Kush range has rarely constituted the 
frontier between major powers, but has usually formed 
part of an intermediate buffer zone.

The name Hindu Kush first appears in 1333 in the writ- 
ings of Ibn Battütah, the medieval Berber traveller, who 
said that the name meant “Hindu killer,” a meaning still 
given by Afghan mountain dwellers, who are traditional 
enemies of Indian plainsmen. More likely the name is a 
corruption of the classical term Hindu-Caucasus, or else 
Hindu-Koh, meaning “Indian Mountains.”

Physical features. The eastern limit of the Hindu Kush 
is difficult to determine because of a locally complex 
topography, although the Karambar Pass (14,225 feet, or 
4,345 metres) between the valleys of Chiträl, Pakistan, and 
Gilgit, Jammu and Kashmir, may be tentatively accepted 
as marking the boundary. The western limit is still more 
uncertain, as the mountains lose height and fan out into 
minor ranges. The Kermü Pass (10,879 feet, or 3,316 me­
tres) to the west of Käbul may, nevertheless, be regarded 
as indicating the approximate boundary of the range. 
Geologists, however, consider the Hindu Kush range to 
extend much further west not only into Afghanistan but 
also into Iran.

Physiography. Three main sections of the Hindu Kush 
may be defined. These are the eastern Hindu Kush, which 
runs from the Karambar Pass in the east to the Doräh Pass Three 
(14,940 feet, or 4,554 metres) not far from Tirich Mïr; the main 
central Hindu Kush, which then continues to the Khäväk regions 
Pass (11,640 feet, or 3,548 metres) to the north of Käbul; 
and the western Hindu Kush, also known as the Küh-e- 
Bäbä, which gradually descends to the Kermü Pass.

In its extreme eastern section, between the passes of 
Karambar and Baroghil (12,480 feet, or 3,804 metres), the 
eastern Hindu Kush region is not very high and has moun­
tains that often take the form of rounded domes. Further 
to the west the main ridge rises rapidly to Baba Tangi 
(21,368 feet, or 6,513 metres) and becomes rugged, after 
which, within the space of about 100 miles, are concen­
trated the highest mountains of the entire region—about 
two dozen summits of more than 23,000 feet, or 7,000 
metres, in height. A first cluster of high peaks around
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Urgand, Afghanistan (23,094 feet, or 7,039 metres) is 
followed further south by the massif (principal mountain 
mass) of Saraghrar (24,111 feet, or 7,349 metres). Another 
line of imposing mountains, which includes Koh-i-Langar 
(23,162 feet, or 7,060 metres), Shachaur (23,346 feet, or 
7,116 metres), Udrem Zom (23,376 feet, or 7,125 metres), 
and Näder Shäh (23,376 feet, or 7,125 metres), leads to 
the three giant mountains of the Hindu Kush, which are 
Noshaq (24,580 feet), Istro Nal (24,242 feet), and Ti­
rich Mïr (25,263 feet). Most major glaciers of the Hindu 
Kush—among them Kotgäz, Ushko, Niroghi, Atrak, and 
Tirich—are in the valleys of this section.

The central region lies almost entirely within Afghanistan. 
According to the report of a British expedition in 1967, 
this region “has no nice, easily definable east-west ridge 
but rather a tortuous twisting watershed with massive 
off-shoots running north towards the Soviet Union and 
south into Nuristan (a region of Afghanistan).” Maximum 
heights, which are lower than those in the eastem section, 
include Koh-i-Bandakor (22,451 feet, or 6,843 metres), 
Koh-i-Mondi (20,498 feet, or 6,248 metres), and Mir 
Samïr (19,878 feet, or 6,059 metres). These peaks are sur- 
rounded by a host of lesser mountains. Glaciers are poorly 
developed, but the mountain passes—which include Put- 
sigram (13,450 feet, or 4,100 metres), Verän (15,400 feet, 
or 4,700 metres), Ram Gol (15,400 feet, or 4,700 metres), 
and Anjoman (13,850 feet, or 4,225 metres)—are high, 
thus making transmontane Communications difficult.

The mountains of the western region fan out gradually 
toward the Afghan town of Herät, near the Iranian border, 
declining into hills of lesser importance. Communication 
is easier in this region, as the passes, such as the Shebar 
Pass (9,800 feet, or 2,987 metres), have long since been 
crossed by roads.

A wider definition of the limits of the Hindu Kush would 
lead to the inclusion of a fourth region known as Hindu 
Räj in Pakistan. This is formed by a long, winding chain of 
mountains—with some lofty peaks, such as Darkot (22,- 
447 feet, or 6,842 metres), and Büni Zom (21,499 feet, or 
6,553 metres)—which strikes south ward from the Lupsuk 
Peak (18,853 feet, or 5,746 metres) in the eastern region, 
then continues to the Lawarai Pass (12,100 feet, or 3,700 
metres) and beyond to the Käbul River. If this chain were 
to be considered as part of the Hindu Kush, then the out- 
lying mountains of the Swät Kohistän region of Pakistan 
to the south would also form part of the complex. For 
most purposes of this article, however, the Hindu Räj and 
its associated ranges are excluded from consideration.

International boundaries running through the Hindu 
Kush are primarily those of Pakistan and Afghanistan. 
The Karambar Pass lies about 40 miles west of the Chi­
nese borders, while to the west the Hindu Kush, strictly 
considered, approaches the border between Afghanistan 
and Iran without extending into Iranian territory. Between 
these extremes the Pakistan-Afghanistan border follows 
the main watershed of the Hindu Kush throughout its east­
ern region, from Lupsuk Peak just north of the Karambar 
Pass to the Dorah Pass just south of Tirich Mir. Not far 
from the Dorah Pass the boundary leaves the main wa­
tershed and follows minor spurs until it crosses the Käbul 
River, continuing along the crest of the Spin Ghar Range 
toward the south. The Khyber Pass constitutes an impor­
tant strategie gateway because it cuts through the Spin 
Ghar instead of through the Hindu Kush thus offering a 
comparatively easy route between the valley of the Käbul 
and the plains of Punjab.
The erratic boundary line is the result of a series of com­

promises reached at the end of the 19th Century between 
the British and the ruler of Afghanistan; called the Durand 
Line, after the British negotiator, it has been inherited by 
the modem States of Pakistan and Afghanistan. Another 
curious configuration established about the same time and 
as yet unchanged is the Väkhän region (Wakhan Corri­
dor), a panhandle of Afghan territory designed to act as a 
buffer between British India and tsarist Russia.

Geology. In many of its features the Hindu Kush re­
sembles its eastem neighbour, the Karakoram Range that 
extends from Tibet into Pakistan. The Hindu Kush, which 
some authorities consider to be a continuation of the

Karakoram, has the same core of igneous metamorphic 
rock (i.e., rock formed by heat and pressure that has so- 
lidified from a molten state) flanked, especially toward the 
north, by sedimentary material. In the Hindu Kush, how­
ever, there appears to be a greater prevalence of sedimentary 
rocks—a fact that may explain the softer and more rounded 
forms of many of the mountains. In the Afghan section 
the core of the chain is formed by a complex sequence of 
metamorphic rocks containing marble, together with in- 
trusions of granodiorites (rocks formed deep down by heat 
and pressure, and containing a certain admixture of both 
dark-coloured and light-coloured minerals). In Nürestän, 
Afghanistan, the hills consist mainly of schists (medium- 
or coarse-grained metamorphic rocks), gneiss (a coarse- 
grained rock in which bands containing granulär materials 
altemate with bands of schistose materials), and intrusions 
of granite with zones of migmatite (rock consisting of 
altemate layers of granite and schist). The Hindu Kush 
differs markedly from the Karakoram, however, in the 
winding direction o f its strike (i.e., its course, or bearing).

Drainage. The Eastem Hindu Kush appears to be 
formed of two parallel chains, consisting of a lower one to 
the north, which acts as a watershed, and a higher South­
ern one that carries the main peaks. Drainage is compara­
tively simple on the northern side but highly complex on 
the Southern one, where valleys follow two contrasting di- 
rections—northeast to Southwest and roughly east to west. 
Most of the rivers, such as the Panjsher, the Alïngar, the 
Konar, and the Pänjkora, follow the northeast to South­
west direction and are then suddenly deflected toward the 
east-west axis by the Käbul River, into which they flow. 
The Karambar and Ghizar valleys also take the same east 
to west direction. The Indus River, however, swerves in 
its course from one direction to another as it makes its 
roundabout descent toward the lower plains.

Climate. Since the range separates one important zone 
of Asia from another, the climate shows great variations. 
The mountains of Swät Kohistän are virtually within the 
area of the rain-bearing monsoon winds, and most of the 
Eastern Hindu Kush, as well as the Hindu Räj, rises up 
at the extreme limit of monsoonal Asia. The Central and 
Western Hindu Kush, however, border the Mediterranean 
climatic zone. Thus, moving from the southeast to the 
northwest and west, one moves from a region of rainy or 
snowy summer (from July to September) and of dry win­
ters into a region of hot dry summer and cold and rainy or 
snowy winter (from December to early March). Climatic 
variations between these opposites also occur, producing 
often striking local contrasts.
A graphic image of climatic conditions is presented by 

the glaciers. The mantle of snow and ice is heaviest at 
the extreme eastern end of the Hindu Kush in Pakistan, 
where the Chiäntar Glacier is situated, and is also heavy 
in the higher section around Tirich Mir and Saraghara 
and in parts of the Hindu Räj. Toward the west, however, 
glaciation is more sporadic. In the Central Hindu Kush, 
mountains 12,000 feet high are often bare almost to the 
summit. Most of the glaciers of the Hindu Kush appear 
to be retreating. A striking feature of some glacial regions 
are the so-called nieves penitentes, which are protruding 
spikes of frozen snow forming the illusion of kneeling hu­
man figures, sometimes two or three feet high, which are 
especially noticeable in the early morning; they are caused 
by the alternation of fierce sun and rapid evaporation 
during the day and of severe cold at night.

Plant life. Differences in latitude and the variety of 
climates make it difficult to generalize about Vegetation. 
Compared to the Himalayas of Nepal, and still more to 
those of Sikkim and Bhutan, the mountains of the Hindu 
Kush appear bare, stony, and poor in Vegetation, although 
there are local exceptions. Some rich forests and pastures 
are found in the extreme southeast of the extended Hindu 
Kush region, as well as in the hills of Swät Kohistän and 
in the Pänjkora Valley o f the Dir District, Pakistan. Parts 
of the valleys of the Gupis and Yäsln rivers in the Gilgit 
area enjoy sufficiënt summer precipitation to be partially 
covered with Vegetation. In the valleys of the Swät and 
Dir districts, as well as in some parts of the Chiträl area, 
rice is cultivated.

Climatic
contrasts
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The highlands of the eastern extremity of the Hindu 
Kush, with their rolling pastures, bear some resemblance 
to the plateau landscape of Tibet, but further south the 
valleys become arid and stony. A typical view in parts 
of Chiträl, for example, would include snowy peaks in 
the distance, dry, barren, brick-red or ochre-coloured 
mountains all around, and bright emerald-green islands of 
Vegetation near the villages where springs and irrigation 
fumish abundant water. In such oases, poplar trees are 
a distinct feature, often being accompanied by old and 
gigantic plane trees.

Much moisture carried by the monsoon winds penetrates 
the lower part of Chiträl across the Lawarai Pass, so 
that stands of coniferous trees occur in the surrounding 
districts. The valleys of Nürestän receive sufficiënt precip­
itation to have some pastureland and forests.

To the west of Afghanistan, and to the north of the 
Hindu Kush, extremely dry summers prevail; much of 
the country is stony, or sparsely covered with thorny and 
spiny plants, or with poor grass.
Animal life. The meagre Vegetation of most parts of 

the Hindu Kush does not favour an abundance of wild 
animal life. The snow leopard manages barely to survive 
in the most remote valleys. Bears formerly roamed Nüres­
tän, but few remain today. The markhor (a kind of wild 
goat) was once abundant, but hunters have now thinned 
the stock. Birdlife is rich, however, and eagles are occa- 
sionally to be seen.

The people. A long and tormented history, together with 
fragmented topography, has produced a veritable mosaic 
of ethnic units in the region. Kirgiz nomads, about 30,000 
in number, graze their herds on the Väkhän uplands. The 
lower parts of the Väkhän and the higher parts of the Sang 
Lêch and Anjoman valleys, all on the northwest slopes of 
the Hindu Kush, are sparsely inhabited by the so-called 
Pamir Tadzhiks, most of whom are Sin ah Muslims. Other 
Tadzhiks (who are Sunnl Muslims), Uzbeks, and some 
Hazära (Persian-speaking Mongols) live in the valleys of 
the central and western parts of the Hindu Kush. Afghans 
are found in the major towns, in Käbul, and in many dis­
tricts to the south of the Hindu Kush, with the exception 
of Nürestän.

On the southeast (Pakistan) side of the Hindu Kush, 
most people are Chiträli, a racially mixed ethnic group 
that shows a marked cultural unity.

The Kafirs The Kafirs of Nürestän and of Chiträl are an excep- 
of tionally interesting people. Their name means “infidel” or
Nürestän “non-Muslim” and seems to have been used since the 1 lth

Century. Traditionally, they are divided into two groups— 
the kalash (“black”) Kafirs o f Chiträl, and the kati (“red”) 
Kafirs of Nürestän. In the remote past, the Kafirs possibly 
inhabited a much larger area. The Käfirs of Nürestän were 
forcibly converted to Isläm in 1896.
Physically, the Kafirs do not seem to differ much from 

their neighbours; they speak a language classed by some 
as Dardic. It is in their religion and culture that their 
ethnic individuality is most strikingly expressed. In reli­
gion they practise a form of polytheism; worship consists 
mainly in the sacrifice of animals. Dancing is important, 
and divination through shamans is practiced. The dead 
are disposed of, unburied, in heavy wooden coffins. Large 
wooden statues of ancestors, often on horseback, stand 
near graveyards; many are works o f vigorous and elemen- 
tal beauty. Kafir homes are strong rectangular wooden 
buildings. Their economy is based on agriculture, hunting, 
and the raising of goats and oxen.

The economy. Resources. The economie resources of 
the region remain virtually undeveloped. It is thought 
that the northern slopes may contain coal and perhaps 
petroleum or natural gas; the presence of gold, silver, 
copper, zinc, and lead also is suspected. Quantities of salt 
are known to exist, and lapis lazuli (a deep blue min­
eral, used as a gern), rubies, and beryl (a mineral, usually 
green, one variety of which is emerald) have been re­
ported. There is some antimony (a white metallic element 
used in alloys of medicine) in Chiträl. There is a hydro­
electric potential, especially in the Daryä-ye Qondüz and 
Kowkcheh river basins on the northern side. Forests are 
still partially standing, but much merciless lumbering is

rapidly reducing this resource. While many local peoples, 
especially the Chiträli, make ingenious use of springs and 
rivers by building small aqueducts, agriculture would ben­
efit greatly from more modern methods of irrigation. The 
local economy is at the bare subsistence level. Some dried 
fruit, a little lumber, mineral salt, charcoal, fodder grass, 
mats, and ropes are exported, mainly from Chiträl. Sheep 
and goats are also raised.

Transportation. The Hindu Kush offers a formidable 
banier to communication. There are, however, some im­
portant passes. The Baroghil Pass (12,480 feet, or 3,804 
metres high), at the head of the Chiträl Valley, is one 
of the lowest and easiest openings in the 1,500 miles of 
forbidding mountains that border the north of India and 
Pakistan. Further west the highest section of the Hindu 
Kush offers, for about 100 miles, a wall quite unpass- 
able by normal means of communication. In the Central 
Hindu Kush the passes are also high; only in the western 
section do more accessible passes occur. In 1964 a tunnel The Kakal 
was completed under the Sälang Pass (12,008 feet, or Tunnel 
3,660 metres) north of Käbul; consequently, for the first 
time in history, the great mountain wall has been pierced, 
making the north of Afghanistan accessible to the south 
at all seasons.
The Hindu Kush can now be approached by motor 

transport from many directions. Chiträl in the south is 
accessible, via the Lawarai Pass from Peshäwar, while the 
Kakal Tunnel has made Khänäbäd in the north accessible 
from Käbul. Lesser roads lead on to Feyzäbäd and, from 
there, to the Väkhän corridor, or to ZIbäk, both situated 
in the heart of the mountain ranges. Many major peaks 
are now barely three or four days march from the last 
village accessible to motbr transport.

Study and exploration. The West took note of the 
Hindu Kush when Alexander and his armies crossed the 
mountains, which according to some authorities, he did 
twice. The Hindu Kush was well known to Arab geogra­
phers, as well as to the Chinese, who occupied Chiträl in 
the 8th Century a d . Marco Polo, the Venetian traveller, 
and his group passed along the Hindu Kush through 
the Väkhän region. The mountains were also traversed 
by Timur (Tamerlane), the Mongol conqueror, in the 
14th Century and by Bäbur, the Turkish conqueror who 
founded the Mughal empire, in the 15th Century, in their 
expeditions against India. A number of explorers visited 
the region in the 19th Century, and much knowledge was 
gained by the British during the two wars that they waged 
against Afghanistan from 1838 to 1842 and from 1878 
to 1879. Further detailed knowledge of the area has been 
gained in the 20th Century. In the second half of the 20th 
Century hundreds of mountaineering and exploring expe­
ditions have visited the Hindu Kush. (F.M.)

KARAKORAM RANGE

A mountain system of Central Asia, the Karakoram Range 
extends some 300 miles from the eastemmost part of 
Afghanistan to the southeast. The borders of the Soviet 
Union, China, Pakistan, Afghanistan, and India all con- 
verge within the system.

Physical features. Physiography. The Karakorams con- 
sist of a group of parallel ranges with several spurs. Only the 
central part is a monolithic range. The width of the system 
is about 150 miles; the length is increased from 300 to 500 
miles, if the easternmost extension—the Ch’iang-ch’en-mo 
Shan (called Chäng Chenmo in Jammu and Kashmir) and 
Pantong ranges o f the Tibetan Highlands—is included.
The Karakoram Range is one of the highest mountain 
systems in the world; its average height is around 20,000 
feet (6,100 metres), and four peaks exceed 26,000 feet, the 
highest being K2 (Godwin Austen, Chogori, Dapsang) at 
28,250 feet (8,611 metres). K2, the second highest peak 
in the world, was first climbed by an Italian expedition in 
1954; the remaining high peaks were climbed in 1956-58.
The topography is characterized by craggy peaks and Glaciation 

steep slopes. The Southern slope is long and very steep, 
the northern slope steep and short. Cliffs and taluses 
(great accumulations of large, fallen rocks) occupy a vast 
area. In the intermontane valleys, rocky inclines occur 
widely. Transverse valleys usually have the appearance of
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narrow, deep, steép ravines. Because of their great height, 
the Karakorams are characterized by heavy glaciation, 
the total glaciated area amounting to 6,900 square miles 
(17,800 square kilometres). Glaciers occur on both slopes, 
but glaciation is more developed on the Southern, more 
humid slope. The snow line on the southem slope of the 
Karakorams begins at an altitude of 15,400 feet; glaciers 
begin at 9,440 feet. On the northern slope the figures are 
19,400 feet and 11,580 feet, respectively. Often, glaciers 
combine to form complex glacial systems occupying not 
only valleys but also the watersheds. Seasonal thawing of 
the glaciers give rise to serious floods on the Southern 
slopes. Tracés o f ancient glaciation are evident at altitudes 
of 8,500 to 9,500 feet.
The Karakorams serve as a watershed for the basins of 

the Indus and Tarim rivers. The formation of river chan- 
nels, for the most part, occurs in the high-altitude zone, 
the melted waters of seasonal and perpetual snows and 
glaciers being principal feeders of the rivers. Groundwaters 
accumulate in the rocky taluses and contribute to a more 
even flow throughout the year. During winter, huge layers 
of ice are formed.

Geology. Structurally, the Karakorams originated from 
folding in the Cenozoic Era (up to 65,000,000 years ago). 
Granites, gneisses, crystallized slates, and phyllites domi- 
nate the geological composition. To the south and north, 
the crystal centre of the Karakorams is edged by a region 
of limestones and micaceous slates of the Paleozoic and 
partly of the Mesozoic eras (from 190,000,000 to 570,- 
000,000 years Old). To the south the sedimentary rock 
is sometimes cut by intrusions of granite. Certain areas 
expose slate at the surface, which yields more rapidly 
to weathering.

At the end of the Mesozoic Era (65,000,000 years ago), 
the region of Karakorams was characterized by great 
stmctural changes, and the Karakorams emerged as the 
result of intensive, geologically recent upheavals. Today 
there is still frequent seismic activity in the region, some 
events being of great violence. Hot springs are found in 
several areas.

There is also evidence of stannic tungsten on the north- 
em slopes of the Karakorams and of alluvial gold on the 
southem slopes.

Climate. The climate of the Karakoram Range is for 
the most part semi-arid and sharply Continental. The 
southem slopes are exposed to the humidifying influence 
of the monsoons coming in from the Indian Ocean, but 
the northern slopes are extremely dry. In the lower and 
central part of the slopes, rain and snow is precipitated 
in small quantities; average annual precipitation does not 
exceed four inches. At altitudes of more than 16,000 feet 
precipitation always takes a solid form, but, even lower 
down, in June, snow is not infrequent. At altitudes of 
around 18,700 feet, the average temperature during the 
wärmest month is lower than 32° F (0° C), and, at al­
titudes between 12,800 and 18,700 feet, the temperature 
is lower than 50° F (10° C). Rarified air, intensive solar 
radiation, strong winds, and great ranges of temperature 
are characteristic climatic features of the region.

Plant and animal life. The high-altitude Vegetation of 
High- the northern and Southern slopes of the Karakorams is
altitude varied On the northern slope, at altitudes of 7,900 to
Vegetation 9,200 feet on the rocky desert soil, a complex of plant
patterns combinations of such species as flowering plants of the 

genus Kalidium, and horsetail (genus Equisetum) has de­
veloped. In this area it is not uncommon to encounter 
vast expanses completely devoid of Vegetation. Only at 
the source of the Yarkand River (Tarim Basin) and its 
tributaries up to altitudes of 10,000 feet is there enough 
moisture to support individual thickets of brushwood 
(mainly barberry) and poplars. In the central part of the 
northern slope, at altitudes of 8,500-10,200 feet, a desert- 
steppe landscape is developed, with Vegetation consist­
ing of sparse thickets of coarse grasses and wintergreen. 
At altitudes of 10,500-11,500 feet, a mountain steppe 
predominates, and, in places that are most humid and 
well sheltered from winds, there are prairie steppes. Still 
higher up are found high-altitude expanses of wintergreen, 
wormwood, and meadows of desert-like plants. Sparse

combinations of wintergreen and prickly herbs of the 
genus Acanthus are located on the coarse soils near the 
arable-land zone. On the moister southem slopes, more 
extensive and varied Vegetation is found. Valleys up to 
10,000-11,500 feet support forests of pine, Himalayan 
cedar, and, near streams, willows and poplars. Higher up, 
high-altitude steppes rather like typical alpine meadows 
predominate.

Notable animals of the region include the snow leopard, 
wild yak, and Tibetan antelope; in the southem foothills 
wild asses are also found. There are ä great number of 
pikas and marmots. Among birds, the Pallas sand grouse,
Tibetan capercaillie, partridge, ibis white dove, and red 
brambling are characteristic.

The people and economy. Being centred in an area 
of very high ranges covered with immense glaciers, the 
Karakorams are extremely inaccessible. Mountain passes 
are situated at altitudes of about 16,000 feet and are open 
only five or six months of the year. Sections along the 
banks of rivers and lakes are utilized as pasture, and in 
places, on the southem slopes, agriculture is developed, 
with two harvests in years when water is plentiful. Apricot 
orchards are extensive.

Exceptionally severe natural conditions in the Karako­
rams make life hard for man. An area of almost 80,000 
square miles supports a population of only a few tens of 
thousands of people, mainly Tibetans, who live in villages 
at altitudes of up to 14,800 feet. Most of the Tibetans 
are farmers who grow barley, oats, and millet and who 
breed cattle. Individual groups o f Tibetans lead a nomadic 
or seminomadic way of life and are occupied with the 
breeding of yaks, dso (a hybrid of the yak and common 
cow), sheep, and goats; they also do some hunting. Other 
peoples include the Baltis, who are Muslim, and the La- 
däkhis, who, like the Tibetans, are Tibetan Buddhist. Also 
there are the Burishki people, who speak a language that 
occupies a singulär place in linguistic Classification. The 
Burishki are Muslims and are settled on farms. (G.D.B.)

KUNLUN MOUNTAINS

The Kunlun Mountains (K’un-lun Shan), which extend 
approximately 1,675 miles (2,680 kilometres) from the 
Pamirs in the Soviet Union on the west to the Sino- 
Tibetan ranges on the east, constitute the longest mountain 
system in Asia, uniting dozens o f ranges that are among 
the highest on Earth. Located in the People’s Republic of 
China, within the autonomous regions of Sinkiang Uighur 
and Tibet and the province of Tsinghai, the Kunlun 
Mountains form the northern wing of the geologically up- 
lifted region known as High Asia—the highest such region 
in the world.

The position of the Kunlun Mountains, between Tibet 
and the northern plains of Central Asia, determines the 
sharply asymmetrical structure of the system. Although the 
average elevation of the watershed ridges in the Southern 
ranges is about 21,325 feet (6,500 metres), when viewed 
from the south the ranges rise only from about 3,300 to 
4,900 feet above the Plateau of Tibet, which itself has an 
average height of between about 14,500 and 16,500 feet.
As seen from the Tarim and Ala Shan plains to the north, 
however, which have an average altitude of only about
2,600 to 3,900 feet, the watershed ridges of the northern 
ranges (the average elevation of which is about 19,650 feet) 
create the impression of gigantic mountains that tower up 
to 14,765 feet over the surrounding plains.

Physical features. Physiography. General alignment is General 
nearly latitudinal (from east to west), but individual seg- alignment 
ments change direction significantly, following the outlines of the 
of the Tarim Basin, the Ala Shan Desert, and the Ti- mountains 
betan massifs (mountainous masses). The most significant 
such deviations occur in the Khotan-Keriya (Ho-t’ien- 
Yü-t’ien) sector (about 81° E), which faces the Lop Nor 
plain (about 90° E). Here, the strike of the mountains 
shifts abruptly from northwest-southeast to southwest- 
northeast, before again resuming its northwest-southeast 
alignment.
Almost the füll length of the Kunlun Mountains consists 

of parallel chains of ranges, the tallest of which are those 
closest to Tibet, separated by vast depressions and narrow
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valleys. Because they are higher in relation to the sur- 
rounding plains, the northern slopes (the Tarim and Ala 
Shan) are steeper and more complexly dissected, while the 
southem slopes (those facing Tibet) are shorter, sometimes 
taking the form of ledges that are only weakly dissected. 
Whereas the heights of the major Kunlun peaks are several 
thousand feet shorter than the famous Himalayan peaks, 
the average height o f the Kunlun and Himalayan ridges 
are almost equal. The elevations of the Kunlun mountain 
passes (from 18,700 to 20,340 feet), however, surpass those 
of the deeply eroded Himalayas.

The Kunlun system is not uniform in stmcture, being 
subdivided into two unequal sections—the smaller west­
ern and the principal eastem part. The western Kunluns 
(between the Pamirs and the alignment change in the 
Khotan-Keriya region) form three parallel chains of ranges 
crowded closely together. The Sha-li-k’o-erh, T’a-shih-k’u- 
erh-kan (Tashkurgantag), Agyl, and Sugettag ranges form 
the southem chain, which adjoins the Karakoram Range; 
the inner and highest chain is formed by the Mu-ssu-t’a- 
ko-a-t’e, Tokhtakoram, and Karangutag ranges; the Tiz- 
naf and Sandzhutag ranges make up the northern chain. 
Because the mountain chains of the western Kunluns 
are divided only by narrow intermontane depressions, the 
width of this part of the system usually does not exceed 
about 60 miles.

The highest groups of peaks in the western Kunluns are 
found on its flanks—in the Gissar sector, the 24,865-foot 
(7,579-metre) Kung-ko-erh and the 24,757-foot (7,546- 
metre) Mu-ssu-t’a-ko-a-t’e massifs; in the Khotan sector, 
the 23,008-foot (7,013-metre) Karangutag and the 23,891- 
foot (7,282-metre) Mu-ssu massifs. In the intervening So- 
ch’e-Yarkand sector, however, all the ranges are lower; 
even the main peaks rarely reach 19,650 feet. Where 
the alignment changes in the Khotan-Kariya region, the 
northern chain of the Kunluns is interrupted, and ranges 
of the high inner chain border the Tarim Basin, on the side 
of which they are abruptly bounded by a gigantic ledge.

The eastem Kunluns are characterized by a complex 
branching of mountain chains that pass around broad in­
termontane valleys. The unitary direction characteristic of 
the western Kunlun ranges is lost here; individual ridges 
are often situated at an angle to one another. Moreover, 
the width of the mountain system increases sharply, reach- 
ing about 375 miles in places.

The Russian, the A-erh-chin Shan-mo (Astin Tagh), and 
the group of Nan Shan ranges form the northern chain 
of the eastem Kunluns, which many consider an inde­
pendent mountain system. Near the Lop Nor plain these 
ranges describe an arclike curve in which their alignment 
changes from southwest-northeast to northwest-southeast. 
The western branch of the are (with northeastem align­
ment) is made up of two ranges with a width o f from 19 to 
25 miles. The Russian Range, whose crest rises to 21,738 
feet (6,626 metres), is the only one of noteworthy height 
within this branch; A-erh-chin Shan-mo (Astin Tagh) is 
as much as 11,500 to 13,000 feet lower, especially in the 
segment contiguous with the Tsaidam Basin.

The Nan The eastem branch of the are, which is formed by the
>han system of Nan Shan ranges,is separated from the princi-
anges pal mountain chains of the eastem Kunluns by the vast 

Tsaidam depression. The five to seven ranges that con- 
stitute the Nan Shan system, which has an overall width 
of up to 186 miles, include Ch’i-lien Shan-mo (Richth- 
ofen), T’o-lai Shan (Khrebet Tkholo-shan’), Su-lo Shan 
(Suess), Wu-lan-ta-pan Shan (Humboldt), Ta-k’en-ta-fan 
Shan (Ritter), and southem Koko Nor. While the height 
of their crests varies from about 16,700 to 20,700 feet, the 
elevation of the longitudinal (north-south) intermontane 
valley floors between them varies from 10,500 to 11,800 
feet. The Su-lo Shan, which rises to 20,820 feet (6,346 
metres), is the highest of these ranges; but the most devel­
oped, as a mountain range, is the Ch’i-lien Shan-mo.
The principal chains of the eastem Kunluns are located 

between the Tsaidam Basin and the Tibetan uplands. 
The northemmost of these, the Ch’i-man-Burkhanbudda 
chain, is the lowest; the level o f its series of summits is 
from about 17,400 to 18,000 feet. It rises massively above 
the Tsaidam Basin but stands out in only mild relief

when seen from the Tibetan side. Forming an extension 
of the inner chain of the western Kunlun ranges is the 
Przhevalsky Range (Arkatag), the highest and longest in 
the eastern Kunluns and the principal stmctural pivot of 
this part of the mountain system. It contains the tallest 
peaks of the entire Kunlun Mountains, the 25,341-foot 
(7,724-metre) Wu-lu-k’o-mu-shih Ling and the 25,328- 
foot (7,720-metre) T’ieh-k’o-li-k’o Shan (also called the 
Chong-Karlyk-Tag [Great Snow Range] or Shapka Mono- 
makha [Hat of Monomakh]). The crest of the range is 
snow covered and steep walled, rising vertically almost 
3,300 feet; its mountain passes (K’a-la-mu-lun Shan-k’ou, 
Rekviem, and others) have elevations of close to 18,000 
feet. The Southern chain, formed by the K’u-k’u-shih- 
li (K’o-k’o-hsi-li) and Pa-yen-k’a-la Shan (Bayan’ Kara- 
shan’) ranges, is about 3,300 feet lower than the Arkatag.

The high plains separating the inner mountain chains of 
the eastern Kunluns from those to the north and south 
lie at the same elevation as the plateaus in the foothills 
of the Tibetan uplands and have a similar landscape. The 
most extensive of these is the Kul’tala Plain, which lies 
between the Przhevalsky Range and the Ch’i-man chain 
and which is up to 59 miles wide. Covering its surface 
next to the mountains are fields o f broken stone; in areas 
of lower elevation there are salt marshes, as well as the 
A-ya-ko-k’u-mu Hu (Aiag Kum Kul’) and A-tz’u-k’o Hu 
(Achehik Köl) lakes.

Geology. The principal folded structures and granitic 
rocks of the Kunluns are of Hercynian age, a period 
that lasted from about 230,000,000 to 250,000,000 years 
ago, during which there was much mountain building 
in the Eastem Hemisphere. The inner depressions of 
the Kunluns, however, are relatively recent structures in 
their entirety, being formed by deposits that are no more 
than 26,000,000 years old; only the largest of them, the 
Tsaidam depression, contains a thick sedimentary cover 
of which Jurassic deposits (136,000,000 to 190,000,000 
years of age) represent the oldest strata. The Kunluns also 
represent a region o f very recent movements of the Earth’s 
ernst, and great seismic (earthquake) activity.

Drainage. The Kunluns form a part o f that region in 
Central Asia in which there is only intemal drainage, 
associated mainly with the Tarim, Ala Shan, Tsaidam, 
and Kul’talin basins. Only the most easterly spurs of the 
mountain system, where the sources of the Huang (Yel­
low) and Yangtze rivers are located, have drainage systems 
that empty into the ocean.

Two groups of rivers compose the river network of the 
Kunluns: the large streams that rise in the Karakoram 
Range and in northern Tibet, cutting through the entire 
chain of Kunlun ranges by way o f gorges, and the small 
streams that drain the slopes o f the peripheral ranges.
The major rivers—the Gez, Yarkand, K’a-la-k’a-shih Major 
(Kara Kash), Yü-lung-k’a-shih (Yurang Kash), K’o-li-ya rivers 
(Keriya), Ha-la-mu-lan (Kara Muran), and Ch’e-erh-ch’en 
(Cherchen)—form lengthy, zigzag valleys. In the broad 
and open longitudinal valleys between mountain ranges, 
the rivers flow quietly and calmly for long distances; in the 
ravines that bisect the ranges, however, short sections of 
the rivers flow through narrow gorges in violent torrents.

Although they receive some rainwaters, the Kunlun rivers 
are fed mainly by snows and glaciers. Therefore, the vol­
ume of flow varies with the seasons; 60 to 80 percent of 
it occurs in the summer months, when intensive thaw- 
ing of snow and ice in the mountains is combined with 
maximum precipitation. In winter, the discharge of the 
rivers is extremely insignificant; in spring and autumn it 
is somewhat greater.

Glaciation. In spite o f the great elevation, there is little 
glaciation in the Kunluns because o f the extreme dryness 
of the climate; external snows persist only along the deep 
crevices of the highest peaks.

The main centres o f glaciation, in which are found dozens 
of glaciers that are usually not more than six miles long, 
are the Kung-ko-erh, Mu-ssu-t’a-ko-a-t’e, Wu=lu=k’o-mu- 
shih, and Tyumenlik massifs, where elevations approxi- 
mate about 23,000 feet. All the glaciers are notable for 
their unusual steepness, dropping 20 to 30 feet in every 
100 feet of length.
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Aridity
and
extremes
of
tempera­
ture

Soil
character-
istics

Soils. Because the surface layer of the Kunluns does 
not receive moisture during a large part of the year, soil 
formation proceeds at a very slow rate. In general, the 
soils have little productive capacity, contain many coarse 
skeletal soil elements, and are almost devoid of humus. 
Brown soils appear only in the vicinity of the Pamirs 
and in the eastem Kunluns, where the moisture levels are 
better and Vegetation richer.

Climate. Located within the arid region of Central 
Asia, the Kunluns are almost totally isolated from the 
climatic influence of the Indian and Pacific Ocean mon- 
soons. Instead, they are under the constant influence of 
the Continental air mass, which causes great annual and 
daily temperature fluctuations. Desert yields to moun­
tain steppes only near the Pamirs (King Ata Tagh) and 
the Tibetan mountains (Pa-yen-k’a-la Shan [Bayan’ Kara- 
shan’] and the eastem Nan Shans), where the amount 
of annual precipitation increases to about 18 inches (455 
millimetres). In these areas, up to 80 percent of the precip­
itation falls in summer—an indication of its relationship 
with the monsoons.

In the high-altitude zone, with its extremely sharp daily 
fluctuations of temperature, weathering from heat and 
frost reaches great intensity, accounting for the presence 
of an enormous quantity of loose material. Wind erosion 
and accumulations of loose debris are very apparent on 
the Gobi slope of the peripheral ranges. Maximum aridity 
occurs in the middle segment of the mountain system, 
between 78° and 93° E; to the west and east, however, 
the climate is somewhat moderated. Characteristic of the 
Kunluns as well as of the entire arid region of Central Asia 
are the winds; the strongest of which occur in autumn, 
when they often reach gale intensity.

Scanty cloud cover and prolonged sunshine are also 
characteristic of the Kunluns. Naturally, the amount of 
warmth in the Kunluns varies with the altitude: in the 
lower tier of mountains, (those bordering the northern 
plains), the average temperature in June is 77° to 82° F 
(25° to 28° C) and not lower than 16° F (—9° C) in 
January ; in the upper tier of mountains and on the border 
of Tibet, however, the average temperature in July is less 
than 50° F (10° C) and often falls to —31° F (—35° C) 
in winter. Summers in the lower belt are long and hot; in 
the upper belt, they are short and cold.

In the most arid part of the Kunluns, precipitation is 
less than two inches annually in the foothills and about 
four to five inches in the high altitudes. The climate of 
the lower tier is that of the hot, Gobi-type desert; of the 
upper belt, it is that of the cold, Tibetan-type desert. As­
sociated with these, in turn, are accumulations of loess-— 
fine, wind-blown material—that forms a cover on the 
dissected mountain relief and is found at altitudes up to 
about 13,000 feet.

Plant life. Because of the primitiveness of the soil cover, 
the extreme deficiency of moisture, and, in the high alti­
tudes, the insufficiënt warmth, the natural conditions of 
the Kunluns are not very favourable for plant growth. 
Plants have a stunted appearance and possess a number 
of distinctive physiological peculiarities. Most often they 
are perennial, dwarfish semi-shrubs with stiff leaves and 
deeply penetrating root systems. The number of species 
of plants is very limited, and the plant cover itself ex­
tremely thin.

In the most arid part of the Kunluns, desert-like condi­
tions prevail at high altitudes. Only two types of landscape 
are to be seen—the hot desert of the lower part of the 
mountains and the cold desert of the Alpine region. In 
both zones, completely barren spaces predominate, alter- 
nating with small areas that support a thin plant cover.

In the western and eastern extremities of the mountain 
system, however, the higher moisture levels and richer 
Vegetation are more conducive to the formation of more 
fertile soil. In these areas, the vertical zonality of the plant 
cover is more complex and includes zones that do not 
occur in those parts of the Kunluns that consist entirely 
of desert. In the middle-altitude region there is a zone 
of desert-like steppe (a grassy and almost treeless plain) 
in which there is a somewhat thicker plant cover as one 
proceeds upwards. Mountain steppes then emerge, as well

as scattered forests, small at first but then larger. A well- 
developed forest zone, interspersed with mountain steppes 
and meadow sections, appears in the extreme west and 
the extreme east of the Kunluns.

Animal life. In the totally arid part of the Kunluns, 
animal life is meagre and has little variety; it becomes 
somewhat richer and more varied in the approaches to 
the Pamirs and in the eastern spurs of the system, where 
mountain steppe and forest Vegetation appears. The pre- 
dominant animal life in these areas consists of hoofed 
animals and rodents. Especially characteristic of hoofed 
animals are the mountain sheep (in the west the arkhar 
and in the east the kukuyaman type); the mountain goat; 
the wild ass; and the wild yak. The rodents are represented 
by mouse hare, field vole, and, on the meadowland slopes, 
marmot. Beasts of prey commonly found include wolf, 
fox, bear, and, in the west, snow leopard.

The people and economy. Most of the Kunluns is un- 
populated; only the large river valleys, up to an altitude of 
about 10,000 feet, contain any inhabitants. Settlements be­
come fewer deep in the mountains and nonexistent in the 
high-altitude zone and on the Tibetan slope. The Uighurs, 
the most numerous population group, are concentrated 
in large settlements in the foothills bordering the Tarim 
Basin; Tadzhiks live in the western and Mongols in the 
eastern mountains. Agriculture and small-scale, nomadic 
animal husbandry are the basic occupations of the moun­
tain population. The main agricultural crops are wheat 
and barley; domestic animals that are bred include sheep, 
goats, and yaks.

Throughout their extent the Kunluns are almost im- 
passable, because of their deep and narrow ravines, steep 
slopes, mountain passes of great height, and torrential 
streams. In addition there is an absence of fuel facilities for 
vehicles and of forage for pack animals. Even the caravan 
trails are rare and difficult, especially in the highly eroded 
middle belt of the mountains.

Of the three automobile roads through the Kunluns, one 
proceeds along the Southern edge of the Tarim Basin, 
partially using the ancient Silk Road that until the 16th 
Century connected China with Central and western Asia. 
The other two roads, both of which lead into Tibet, cut 
across the Kunluns: the western road passes along the 
T’i-shih-yuëh-fu (Tiznaf), Yarkand (Raskem), and K’a-la- 
k’a-shih (Kara Kash) river valleys and the eastern road 
reaches Tibet by a route that extends from Ko-erh-mu 
(Golmo; in the Tsaidam Basin) to the upper reaches of the 
Yangtze River and then runs through the Ch’i-man Shan, 
the eastern spur of the Przhevalsky (Marco Polo Range) 
and the K’o-k’o-hsi-li (Kukushili).

Because the interior of the Kunluns has not been stud- 
ied extensively, information about the mineral resources 
of this vast and geologically heterogeneous territory is 
extremely scant. Evidences of gold-bearing deposits have 
been found in various parts of the mountain system, and 
gold was extracted until the beginning of the 20th Century, 
principally along the upper course of the Yu-lung-k’a-shih 
Ho (Yurung Kash). Nephrite (a type of jade) is widely 
distributed and has been extracted from rock deposits and 
river alluvium. There are well-known rock deposits of this 
mineral in the Karangutag Range, while alluvial deposits 
are found in the river valleys of the K’a-la-k’a-shih and 
Yulung-k’a-shih Ho (Yurung Kash). Small deposits of lead 
and zinc have been discovered at a number of points in 
the northern chain of the western Kunluns, while in the 
K’a-la-k’a-shih Ho Valley, above Sai-t’un-la (Shakhidulla), 
indications of tin-bearing deposits have been found. De­
posits of iron and chromitic ores and evidence of copper 
mineralization have been located in the Nan Shan and 
A-erh-chin Shan-mo (Astin Tagh) ranges. Oil is recovered 
in the Tsaidam Basin, and there are extensive coal-bearing 
deposits in the intermontane depressions of the western 
and eastern Kunluns. Although coal is mined in many of 
these areas, it is on a small scale and solely for local needs.

The exploitation of the mineral resources of the Kunluns 
is hampered by the harsh natural environment, the great 
height of the mountains, difficulties of access, lack of wa­
ter supplies, and scarcity of population.

(V.M.S.)
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PAMIRS
The Pamir mountain area belongs mainly to the Gorno- 
Badakhshan avtonomnaya oblast (autonomous region) of 
the Tadzhik Soviet Socialist Republic of the U.S.S.R. It is 
surrounded by the Central Asian mountain systems of the 
Hindu Kush, Kunlun, Gissar-Alai, and Tien Shan.

The territory of the Pamir mountain area is bounded on 
the north by the Trans Alai Range (Zaalaysky Khrebet); 
on the east by the Sarykol Range, which forms the border 
between China and the U.S.S.R.; on the south by Lake 
Zorkul, the Pamir River, and the source of the Pyandzh 
River bordering Afghanistan; and on the west by the 
north-south segment of the Pyandzh Valley. The eastern 
parts of the Peter I and Darvaz ranges on the northwest 
are included within the Pamirs, since their glaciers com- 
prise a single System with the glaciers of the northwestern 
Pamirs. The derivation of the word Pamir has not been 
definitely established.

Physical features. Physiography. The Pamirs are a com- 
bination of east-west and north-south ranges, with the 
former predominating. The east-west Trans Alai Range, 
which forms the northern frame of the Pamirs, falls steep- 
ly to the intermontane Alai Valley. The high central part 
of the range, between the Tersagar Pass on the west and 
Kyzylart on the east, averages between 19,000 and 20,000 
feet (5,790-6,095 metres), reaching its highest point at 
Lenin Peak, 23,400 feet (7,134 metres). South from the 
Trans Alai extend three north-south ranges. Of these, the 
westem, the Academy of Sciences Range, and the central, 
Zulumart, are relatively short; and the eastern, Sarykol 
Range, forms the eastern border of the Pamirs. The area 
east of the Sarykol Range is sometimes called the Chi­
nese Pamirs.
The north-south Academy of Sciences Range enters into 

the northwestern Pamir system, where it rises into a huge 
banier, reaching 24,584 feet (7,495 metres) in Commu- 
nism Peak (the highest point in the U.S.S.R.). The eastern 
slope of the Academy of Sciences Range is covered on the 
south face by the Fedchenko Glacier. The Western slope 
intersects other ranges that lie still farther to the west: 
the Peter I Range, with Moscow Peak (22,300 feet); the 
Darvaz Range, with Arnavad Peak (20,000 feet); and the 
Vanchsky and Yazgulemsk ranges, with Revolution Peak 
(22,900 feet). The ranges are separated by deep ravines. 
To the east of the Yazgulemsk Range, in the central 
portion of the Pamirs, is the east-west Muzkol Range, 
reaching 20,400 feet (6,980 metres) in the Soviet Officers 
Peak. South of it Stretches one of the largest ranges of 
the Pamirs, called Rushan on the west and Bazar-Dara or 
Northern Alichur on the east. Still farther south are the 
Southern Alichur Range and, to the west of the latter, the 
Shugnan Range. The extreme southwestern Pamirs are 
occupied by the Shakhdarin Range, composed of north- 
south (Ishkashim Range) and east-west elements, rising to 
the Mayakovsky Peak (20,000 feet) and Karl Marx Peak 
(22,100 feet). In the extreme southeast, to the south of 
Lake Zorkul, lies the east-west Vakhan Range.

It is customary to divide the Pamirs into a Western 
area and an eastern area, distinguished by their forms 
of relief. In the eastern Pamirs a medium-mountain re­
lief predominates on a high raised foundation. While the 
heights above sea level average 20,000 feet or more, the 
relative heights of the peaks above their foundation do not 
in most cases exceed 3,300-5,900 feet. The ranges and 
massifs have mainly rounded contours, and the wide and 
flat-bottomed valleys and troughs between them, situated 
at heights of 12,100-13,800 feet, are occupied either by 
quietly running, meandering rivers or by dry channels. 
The valleys and slopes of the ranges are covered by layers 
of loose material.

In the western Pamirs the relief is high mountain and 
sharply disjointed, altemating between low ranges and 
alpine ridges capped by snows and glaciers; and there are 
deep, narrow ravines with high, rapid rivers. The valleys 
and depressions are filled with debris, so that almost the 
only suitable places for human settlement are the alluvial 
fans in the valleys of tributaries o f the Pyandzh River. The 
transition from the eastern-Pamirs type of relief to the 
western-Pamirs type occurs gradually. The conventional

boundary is a line joining the ridge of the Zulumart Range 
with Kara-Bulak Pass in the Muzkol Range; from Pshart 
Pass, it follows the ridge of the Northern Alichur Range 
to Lake Zortashkol, where it tums south to the valley of 
the Pamir River.

Geology. Geologists divide the Pamirs into three zones 
according to the characteristics of their rock formations: 
the northern, central, and Southern Pamirs. The South­
ern zone consists of metamorphic rocks (gneiss, quartzite, 
marble, and others) to which a majority of researchers 
attribute a Precambrian age (more than 570,000,000 years 
ago). The zone on the whole represents a huge anticlino- 
rium, or series of stratified arches. The central zone of the 
Pamirs contains limestone, sandstone, and shale rocks of 
the Jurassic, Triassic, and Permian periods (136,000,000 
to 280,000,000 years ago) and also red-coloured terrestrial 
rocks of the Lower Cretaceous Period (136,000,000 years 
ago). There are some marine rocks of the Lower and Mid­
dle Paleozoic Era (345,000,000 to 570,000,000 years ago) 
and lava and tufaceous rocks of the Paleocene (54,000,- 
000 to 65,000,000 years ago). The structure of the central 
Pamirs is that of a huge synclinorium (an inverted arch 
caused by fracturing); it is separated from the northern 
Pamirs by a deep fracture.

In the structure of the northern Pamirs, two subzones 
can be discerned: a Paleozoic zone, which Stretches to the 
ridge of the Trans Alai Range, and a zone beyond, which 
is composed of more recent deposits. The Paleozoic sub- 
zone of the northern Pamirs is a huge anticlinorium with a 
complex internal structure. It is separated from the Trans 
Alai subzone by the Karakul fracture. The Trans Alai 
subzone is very complex. Its westem part is a fan-shaped 
anticlinorium, in the centre of which emerge Jurassic de­
posits; radiating outward are more recent, dislocated rocks 
of the Lower Cretaceous Period. The eastem part has Cre­
taceous and Paleocene deposits in a System of conflicting 
folds. Because of the numerous overthrusts, or horizontal 
faults, in some places the layers overlap each other. On 
the north the Trans Alai subzone is bounded by the deep 
Gissaro-Trans Alai fracture, separating the Pamirs from 
the Gissaro-Alai system.

Climate. The climate of the Pamirs is arid and conti- Severity of 
nental. These features are more pronounced in the eastem climate 
part, where there are broad, closed basins in which cold air 
is retained and a barrier of high ranges intercepting moist 
air currents. There is a mixed circulation of air—westem 
(cyclonic) and southem (monsoonal). In the valleys of 
the westem Pamirs the amount o f annual precipitation is 
four to 10 inches (100 to 254 millimetres), and in the 
eastern Pamirs two to five inches. In the high altitudes 
and on slopes of mountains, the amount of precipitation 
increases, reaching 32 to 40 inches on the Fedchenko 
Glacier. The thickness of the snow blanket in the westem 
Pamirs reaches 20 to 28 inches, and in the eastem it 
reaches 1.5 to four inches. The average January temper­
ature in the eastern Pamirs at heights around 11,500 feet 
is 0° F (—17.8° C). Winter here is long (October through 
April) and severe, and extremes of temperature have been 
recorded at below —58° F (—50° C)—in Bulunkul in 1953,
—64.9° F (—53.3° C). In the short summer, temperatures 
do not rise above 68° F (20° C). The climate of the val­
leys of the western Pamirs is more moderate. The average 
temperature in January at heights o f about 6,900 feet is 
18.7° F (-7 .4° C), and in July it is 72.5° F (22.5° C), but 
temperatures vary greatly. The period of Vegetation (with 
temperatures of 41° F [5° C]) is 223 days in Khorog and 
140 days in Murgab.
Glaciation. The Pamirs have 1,085 glaciers, covering an 

area of 3,105 square miles (8,040 square kilometres). The 
largest centres of glaciation occur in the Academy of Sci­
ences, Trans Alai, Rushan Northern Alichur, Yazgulems,
Darvaz, Peter I, and Zulumart ranges. The largest val­
ley glacier, Fedchenko (length 44.3 miles; 72 kilometres), 
starts in the Academy o f Sciences Range; other glaciers 
in this range include the Grumm-Grzhemaylo (23 miles),
Garmo (17 miles), Sagran (15 miles), and Geographie So­
ciety (13 miles). The main glaciers of the Trans Alai Range 
are the Sauk-Dara (16 miles), Korzhenevsky (around 13 
miles), October (10.9 miles), and Lenin (5.9 miles). In
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the eastem Pamirs shallow bog glaciers and snow fields 
predominate.

Drainage. The rivers belong mainly to the basin of the 
Amu Darya (the ancient Oxus), which forms the frontier 
between the U.S.S.R. and Afghanistan and flows into the 
Aral Sea. lts upstream extensions are the Pyandzh and the 
Pamir. The area also contributes to the basin of the Tarim, 
which flows eastward into China. Lakes include Karakul 
(a salt lake), Rangkul, Shorkul, Zorkul, Yashilkul, and 
Sarez.

Plant life. Vegetation in the Pamirs, especially in the 
eastem Pamirs, is poorly developed. Bare cliffs or a cover 

Mountain of surface rubble predominate. At high altitudes the veg- 
flora etation changes with increasing altitude from mountain

desert flora to mountain drought-resisting plants, then to 
mountain steppe Vegetation, and finally to cold-resistant 
plants. Native forms predominate, but some forms from 
Central and Southwest Asia are found. The eastern Pamirs 
are a cold, high-mountain desert, with woody Vegetation 
completely absent and with low-growing plants that are 
adapted to the severe conditions. On the dry mountain 
slopes there are low shrubs of winter fat, the only form 
of vegetable fuel in the area, and plant cover, such as 
the Pamir tansy, oxytropis, astragalus, local species of 
wormwood, the bulbous iris, and meadow grass. On the 
bottoms of the moist valleys, sedge and cobresia meadows 
are abundant.
The Vegetation of the westem Pamirs is richer, although 

on the mountain slopes and bottoms of valleys there is a 
prevalence of wormwood and haloxylon. At heights over
8,500 feet, spiny pillow-form plants (e.g., acanthus, spiny 
astragalus) are widespread. At heights over 10,500 feet, yu- 
gan, kamol, fescue, and feather grass are found. At 12,500 
to 14,100 feet are alpine cobresia meadows; above 14,500 
feet Vegetation is sparse. Along the rivers of the western 
Pamirs are dense growths of willow, sea buckthom, birch, 
poplar, and hawthom. A thinner wood-shrub Vegetation 
reaches heights o f 12,500 feet, including Juneberry, al- 
mond, birch, and juniper. On irrigated lands there are 
cultivated plantings of grape, apricot, apple, pear, walnut, 
and mulberry trees.
Animal life. The fauna of the Pamirs are not numerous. 

In the eastem Pamirs are found the arkhar (a mountain 
sheep), the long-tailed marmot, and the large-eared Tibet­
an wolf. Birds include the Tibetan mountain turkey, the 
Tibetan raven, the homed lark, and the snow vulture. The 
westem Pamirs have the mountain goat (kiik), brown bear, 
wolf, fox, snow panther, lynx, weasel, marten, zayats- 
tolay (a hare), dormouse, and flying mouse. Birds include 
the Indian oriole, bluebird, dark-breasted pheasant, stone 
partridge, and paradise flycatcher. The Pamirs have few 
fishes; only the carp and the Tibetan loach are known.

The people and economy. More than 90 percent of the 
population are Tadzhiks living in the westem Pamirs. 
Their languages belong to the Iranian group, and those 
who are religious are Shï'ite Muslims. The inhabitants of 
the eastem Pamirs are Kirgiz, who speak a Turkic lan­
guage and are Sunnite Muslims.

Nearly all are peasants whose chief occupation is farming 
Agriculture and livestock breeding. The small amount of arable land 

is planted with grain, beans, gourds, and potatoes, and 
there are orchards of apples, pears, apricots, and mulberry 
trees. Sheep and goats are the predominant livestock.

Industry in the Pamirs includes several small hydro­
electric power stations and a few mines. In the eastern 
Pamirs, brown coal and common salt are mined. There is 
evidence of industrial deposits of gold, gems, jasper, lazu- 
lite, mica, asbestos, and talc. Thermal and mineral springs 
are common. There are auto routes across the Pamirs 
from Dushanbe in the west to Khorog in the south and 
from there to Osh in the east. Another route mns from 
Khorog south through the once impassable ravine of the 
Pyandzh-Pamir rivers. Buses go from Khorog to several 
regional centres. Many other routes are accessible only to 
pedestrians and pack animals.

Study and exploration. Modern exploration began with 
the Russian A.P. Fedchenko, who in 1871 succeeded in 
reaching the northern foot of the Pamirs from the Alai 
Valley. In 1877 the Russian geologist I.V. Mushketov

visited the valley of the Muksu River and the vicinity 
of Lake Karakul. In 1877-78 the Russian zoogeographer
N.A. Severtsov, penetrating into the depth of the moun­
tain country, made a chart of its structure. In 1878 an 
expedition under the Russian naturalist V.F. Oshanin dis­
covered the large valley glacier subsequently named A.P.
Fedchenko. From 1884 through 1887, the Pamirs were 
explored by the zoologist G.Y. Grum-Grzhimaylo, who 
provided valuable data on glaciers of the northwestern and 
northeastem Pamirs.

Under the Soviets, explorations in the Pamirs have be­
come systematic. In 1928 an expedition o f the Academy 
of Sciences o f the U.S.S.R. explored the region o f the 
Fedchenko Glacier, making possible the first accurate to- 
pographical maps of the northwestern Pamirs. In 1933 the 
first high-mountain glaciological observatory in the world 
was constructed on the Fedchenko Glacier, at a height 
of about 14,800 feet. The Tadzhik-Pamir Expedition of 
1932 resulted in important monographs on the geology, 
geomorphology, and hydrogeology of the Pamirs. Soviet 
alpinists have contributed much to the investigation of the 
Pamir region—a part of the world not easily accessible.

(T.K.Z.)

TIEN SHAN

The Tien Shan (Pinyin Dian Shan), Chinese for “Celestial 
Mountains,” forms one of the great mountain systems of 
Central Asia. Straddling the border between the U.S.S.R. 
and China, it Stretches for about 1,800 miles (3,000 kilo­
metres) from west-southwest to east-northeast. It is about 
300 miles wide in places at its eastem and westem ex- 
tremities but narrows to about 220 miles in width at the 
centre.

The Tien Shan are bounded to the north by the Dzhun- 
garian and southem Kazakhstan plains and to the south­
east by the Tarim Basin; to the Southwest, the Gissar- 
Alai Mountains form part of the Tien Shan, making 
the Alai (Alayskaya), Surkhandarya (Surkhobskaya), and 
Gissar (Gissarskaya) valleys the boundaries o f the system 
with the Pamir mountain ranges. The Tien Shan also in­
clude the Chu-Ili Mountains (Chu-Iliyskiye Gory) and the 
Karatau Range (Khrebet), which extend far to the north­
west into the Kazakhstan lowlands. Within these limits 
the total area of the Tien Shan is about 386,000 square 
miles (1,000,000 square kilometres).

The highest peaks are a central cluster of mountains The 
forming a knot, from which ridges extend along the bound- highest 
ary between China and the Soviet Union; these peaks are peaks 
the Pobeda Peak (Pik Pobedy, or Victory Peak), which 
is 24,406 feet (7,439 metres) high, and the Khan-Tengri 
Peak, which is 22,949 feet (6,995 metres) high.

Physical features. Physiography. The relief is charac­
terized by a combination of mountain ranges and inter- 
vening valleys and basins, trending generally from east to 
west. The deepest depression in the eastem Tien Shan is 
the Turfan Depression, within which is the lowest point 
in Central Asia— 505 feet (154 metres) below sea level.
Thus, the differences in elevation in the Tien Shan are 
extreme, exceeding four and a half miles. The eastem 
extension of the Turfan Depression is the Ha-mi Basin; 
both basins are bounded on the north by the Poko-to 
Shan, with elevations of up to 17,864 feet (5,445 metres), 
and by the eastern extremity of the Tien Shan, the K’o- 
erh-lei-k’o Shan, which reaches heights up to 16,158 feet 
(4,925 metres).

The ranges are of the alpine type, with steep slopes; 
glaciers occur along their crests. The basins are bounded 
on the south by the low rising Chiao-lo Shan. West of the 
Turfan Depression is one of the greatest mountain knots 
of the eastern Tien Shan: the O-ha-pu-t’e Shan, which 
reaches. elevations of up to 18,208 feet (5,550 metres).
The ridge has considerable glacial development, as well as 
numerous forms of relief that indicate the area was the 
site of ancient glaciation.

West of 84° east, the eastern Tien Shan ridges fork, 
trending in southwestern and northwestern directions, and The Ui 
enclose the vast Ui Depression (Iliyskaya Vpadina), which Depression 
gradually widens and loses height as it proceeds westward.
It is bounded on the north by the Po-lo-ho-lo Shan, which
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has glaciers in the eastern part and is characterized by 
steeply sloping ridges. This range also gradually descends 
westward, where, at a height of 6,801 feet (2,073 metres), 
lies the great undrained lake of Sai-li-mu Hu. The Ili 
Depression is bounded on the south by the highest moun­
tains in the eastern Tien Shan—the K’a-erh-li-k’o Shan, 
reaching heights up to 22,346 feet (6,811 metres), and the 
isolated Ketmen Range (Khrebet Ketmen), which rises to 
an elevation of 11,936 feet (3,638 metres) in the central 
part of the depression.

The northern extremity of the Soviet part of the Tien 
Shan forms the Dzhungarian Alatau Range (14,645 feet 
[4,464 metres]), which is subject to considerable glacial 
action. To the south, the Trans-Ili Alatau Range rises 
abruptly above the Ili Depression to a height of 16,315 
feet (4,973 metres). The successive transition of climatic 
zones, determined by altitude, from arid and dry steppe 
at lower levels to glacial at the summit is evident on the 
northern slopes of this range. The Kirgiz (Kirgizsky) and 
Talas (Talassky) Alatau ranges, rising above 13,000 feet 
and located farther west, also belong to the outer chain 
of the northern Tien Shan. There is a great difference in 
elevation between these outer mountain ridges and the 
plains at their base. Streams, therefore, usually plunge 
down the mountainsides through deep gorges and, as they 
flow out onto the plains, form vast fan-shaped deposits of 
silt and mud. On the fertile land formed by this process 
are located many oases and population centres, including 
the cities of Alma-Ata and Frunze in the Kazakh and 
Kirgiz Soviet Socialist republics. The Kungey-Alatau and 
Terskey-Alatau ranges also belong to the northern Tien 
Shan. They rise to a height of 17,100 feet (5,212 metres) 
and border the vast Issyk-Kul Basin, the centre of which 
is filled by the lake Issyk-Kul.

The Aksay River (T’o-shih-kan Ho in Chinese) Basin 
and most of the Naryn River Basin are situated within 
the inner Tien Shan. This region is characterized by the 
altemation of comparatively short mountain ranges and 
valleys, both extending east and west. The predominant 
elevations of the mountains vary from about 10,000 to
15,000 feet, while the elevations of the depressions that 
separate them vary from between about 6,000 to 10,500 
feet. The most important ranges are Borkoldoy (16,565 
feet [5,049 metres]), Dzhetym (16,178 feet [4,931 metres]), 
Atbashi (15,702 feet [4,786 metres]), and the Kok Shaal- 
Tau Range, in which Dankov Peak reaches a height of 
19,626 feet (5,982 metres).

The elevation of the mountains increases in the Saryd- 
zhaz River (called K’un-a-li-k’o Ho in Chinese) Basin area 
in the central Tien Shan, which lies to the east of the 
Akshiyrak Range. The separate ranges gradually converge, 
forming the high-altitude mountain knot already men- 
tioned, which includes the Khan-Tengri crests and Pobeda 
(Victory) Peak.

In contrast to most of the Tien Shan ranges, which run 
approximately east-west, the Fergana Range (Fergansky The 
Khrebet), separating the inner region from the western and Fergana 
Southern Tien Shan, extends from southeast to northwest. Range 
lts maximum elevation is 15,354 feet (4,680 metres). The 
southwestem slopes display a variety of climatic zones in 
the course of their gradual descent.
The western Tien Shan ranges lie north of the Fergana 

Valley (Ferganskaya Dolina). Several short but high and 
steep ranges running southwest-northeast here meet the 
Southern sides of ranges running westward and noithwest- 
ward. The highest peak is the Chatkal Ridge (14,773 feet, 
or 4,503 metres), and the predominant elevations vary 
from about 7,500 to 10,500 feet.

The Southern Tien Shan ranges (including Turkistan, 
Zeravshan, and Alai, among others) border the Fergana 
Valley on the south and extend chiefly east and west. The 
maximum elevation is 18,441 feet (5,621 metres), with 
several peaks above 15,000 feet. To the south, the Tien 
Shan meets the Pamirs. Foothills approach the northern 
slopes of the ranges; there are oases on the plains below 
the mountains.

Geology. The mountains of Tien Shan are composed 
in the main of crystalline and sedimentary rocks of the 
Paleozoic Era (from 570,000,000 to 225,000,000 years 
ago). The basins that lie between the mountains are filled 
with sediments from the Mesozoic (225,000,000 to 65,- 
000,000 years ago) and Cenozoic (65,000,000 years ago to 
the present) eras. These sediments were chiefly formed by 
the erosive action of the area’s rivers. Granite-like rocks 
crop out over much of the area in the north and east of 
the Tien Shan.

The north and east portions o f the region underwent 
folding during the mountain-building period that occurred 
during the Early Paleozoic Era; it has been uplifted dry 
land since, and its original sedimentary cover has been 
almost completely obliterated by erosion. The southem 
and western parts of the Tien Shan, however, consist 
principally of sedimentary metamorphosed (structurally 
changed by heat and pressure) rock and, to a lesser degree,
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of intrusive and volcanic rock. These regions experienced 
folding during the Late Paleozoic Era.

A new stage of development began in the middle of the 
Tertiary Period (about 26,000,000 years ago) and has con­
tinued to the present time. It has been characterized by 
sudden movements of the Earth’s ernst. Loose fragments 
of rock have slid into the valleys and formed accumula­
tions; those in the Fergana Valley are almost five miles 
thick. Shallow lakes were formed in many valleys and 
later evaporated, leaving behind salty deposits.

Subsequently, glaciers deposited boulder moraines (accu­
mulations of earth and stones) in the mountains, while 
gravel and loess (wind-bome deposits) strata accumulated 
in the valleys. Zones of deep faulting occur, usually along 
the boundaries between the ridges and the valleys. Large- 
scale horizontal movements have occurred along the great 
Talas Fergana fault, which traverses nearly the entire Tien 
Shan system along the northeastern slopes of the Fergana 
Range and its northwestern extension. The deep faults are 
associated with catastrophic earthquakes that occurred at 
Vemy (1887), at Kashgar (1902), in the northern Tien 
Shan chains (1911), and at Chatkal (1946), and Khait 
(1948).

Glaciation. The total area of the Tien Shan glaciers ex- 
ceeds 3,800 square miles, of which more than four-fifths is 
in the Soviet Union. Largest among the several glacier ar­
eas are the Khan-Tengri-Pobeda region and the O-ha-pu- 
t’e Shan. There are also many glaciers in the Kok Shaal- 
Tau Range, the Akshiyrak Range, the Trans-Ili Alatau 
Range, and the southem Tien Shan. The largest glacier 
in the Tien Shan is Inylchek Glacier (Lednik), which is 
approximately 37 miles long; it descends from the western 
slopes of the Khan-Tengri massif and branches into nu­
merous tributaries. Other large glaciers in this area include 
North (Sevemy) Inylchek (24 miles) and Mu-cha-erh-t’e 
Shan-k’ou (21 miles). The length of the largest Tien Shan 
glaciers elsewhere is usually between six and 12 miles; 
the most usual size is that of the relatively small valley 
glaciers, from about one and a half to three miles long.

The glaciers are usually fed by snowfall upon the glaciers 
themselves or by snow avalanches from the surrounding 
slopes. Glacial action in the Tien Shan is apparently de- 
creasing; most glaciers are either receding or standing still. 
During recent decades, however, large glaciers in the inner 
Tien Shan region have made short-term ad vances. The 
glaciers of Tien Shan feed many large rivers, including the 
Naryn, Sarydzhaz, Ili, and Zeravshan.

Drainage. The rivers of the Tien Shan flow into major 
inland depressions, such as the Azalskaya and Tarim. The 
largest rivers are the Ili and Chu in the northern Tien 
Shan, Naryn in inner Tien Shan, Sarydzhaz in central 
Tien Shan, and Zeravshan in Southern Tien Shan. Their 
maximum flows occur at the end of spring and in sum­
mer. Freshets sometimes cause catastrophic flows of mud 
and stone. Much water is diverted for irrigation. Hydro­
electric power plants have been constructed on the Naryn, 
the largest river of the Tien Shan; the largest is Toktogul, 
completed in 1979.

The largest lake is the undrained Issyk-Kul, situated at 
5,279 feet (1,609 metres). The lake, which has an area of 
2,425 square miles, is saline and does not freeze in the 
winter; it is used for navigation and is a populär resort 
and tourist attraction. Po-ssu-t’eng Hu (533 square miles 
in area) is situated in the eastern Tien Shan.

Climate. The position of Tien Shan in the centre of 
Eurasia governs its sharply Continental climate, character­
ized by great extremes of temperature in summer and win­
ter. The characteristic aridity of the region is manifest in 
the surrounding deserts and dry regions. The area absorbs 
much solar heat, and there are about 2,500 hours of sun 
each year. The climate becomes progressively cooler and 
more humid as the elevation of the mountains increases. 
Permafrost (perennially frozen subsoil) is extensive above
9,000 feet. The prevalent air masses are transported over 
the Tien Shan by moisture-bearing westerly winds from 
the Atlantic Ocean. Most of the precipitation falls on the 
windward western and northwestern slopes at altitudes of 
between about 7,500 and 9,000 feet; it varies from be­
tween about 28 and 31 inches at one extreme and 59 and

79 inches at the other. To the east and in the interior 
regions of the Tien Shan, the total precipitation decreases 
to between eight and 12 inches, and it amounts to less 
than four inches in places. Maximum precipitation falls 
on the southem Tien Shan in March and April, and the 
summer is dry. In western and northern Tien Shan most 
of the rain falls during the warm period of the year, with a 
maximum in April or May. Most of the rain in the inner 
and eastem Tien Shan regions falls during the summer 
months. Many mountain valleys here are used as winter 
pastures because of the small amount of snow that falls 
in wintertime.

Temperatures vary in the Tien Shan, mostly depending 
on height. Summer is hot in the foothills: the mean tem­
perature in July in Fergana Valley may reach 81° F (27° 
C); in the Ili Depression it may reach 73° F (23° C); and 
up to 93° F(34° C) to the east, in the Turfan Depression, 
where the climate is even more Continental. The temper­
ature in July at a height of about 10,500 feet in inner 
Tien Shan drops to 41° F (5° C), and frost is possible 
throughout summer. The mean temperature in January 
in Fergana Valley is 25° F (—4° C); in the Ili Depression 
it is 14° F (—10° C); and it drops to —9° F (—23° C) in 
the Alpine regions of inner Tien Shan, while in places (in 
particular, Aksay Valley) temperatures o f —58° F (—50° 
C) have been recorded.

Plant life. The characteristics of the living world of the 
Tien Shan are largely determined by the region’s distinct 
zones of elevation, which provide a diverse distribution 
of soils and Vegetation. In the foothills and plains at the 
base of the mountains semidesert and desert areas have 
usually developed; these zones continue to heights of be­
tween 5,250 and 5,800 feet. In the Tien Shan they are 
characterized by ephemeral Vegetation growths that die 
out at the beginning of summer; xerophyte (adapted to a 
scant supply of water) grasses, wormwood, and the desert 
shrub ephedra are generally distributed. The most com­
mon landscape in the Tien Shan is steppe, which occurs 
at elevations of between about 3,500 and 11,000 feet.

The forests of the Tien Shan altemate with steppes and 
meadows. They are principally on the northern slopes and 
extend to an elevation of 9,000 to 9,800 feet. On the 
lower slopes of the outer ranges the forests are principally 
deciduous, consisting of maple and aspen, with extensive 
admixtures of wild fruit trees (apples and apricots). Vast 
areas of the southwestern slopes of the Fergana Range 
are occupied by very ancient nut-bearing forests. Stands 
of pistachio, walnut, and juniper are found up to 7,500 
feet on the shaded slopes of several western and Southern 
Tien Shan ranges. North and east of the Fergana Valley, 
coniferous forests predominate. At the upper boundary 
they are often replaced by sparse juniper forests. The wa­
ter meadow forests in the river valley bottoms, in which 
aspen, birch, poplar, and various brushwoods ordinarily 
grow, lie far outside the forest zone. The forest glades and 
areas adjacent to the upper tree line are usually covered 
with meadow Vegetation. Sub-Alpine meadows of mixed 
grasses and cereals extend up to almost 10,000 feet on 
the moist northern slopes but on Southern slopes are 
usually replaced by mountain steppes. There are short- 
grass Alpine meadows up to 11,500 feet. In the inner and 
eastern Tien Shan regions, at elevations between 11,500 
and 12,000 feet and sometimes higher, the level areas and 
gentle slopes are “cold deserts,” with sparse and short Veg­
etation. Mosses and lichens are found in the areas of the 
glacial zone that are free of snow and ice.
Animal life. Animals in the Tien Shan include the wolf, 

fox, and ermine. There are also many typical Central 
Asian species, inhabiting chiefly the high mountains; these 
include snow leopard, mountain goat, Manchurian roe, 
and mountain sheep. The forest-meadow-steppe zone is 
inhabited by bear, wild boar, badger, field vole, members 
of the jerboa family (nocturnal jumping rodents), and 
members of the Ochotonidae family (short-eared mam­
mals related to the rabbits). The many birds include the 
mountain partridge, pigeon, Alpine chough, crow, moun­
tain wagtail, redstart, Himalayan snow cock, and other 
species. The lower zones—desert and semiarid regions— 
are visited by animals from the neighbouring plains, such



as antelope, gazelies, Tolai hares, and gray hamsters. 
Lizards and snakes are also found. (Y.Y.R.)

The people and economy. Several million people live in 
the Tien Shan. The Fergana Valley is the most densely 
populated, with more than 500 persons per square mile 
(195 per square kilometre) in places. Most of the Tien 
Shan is occupied by the Kirgiz and Uighur ethnic groups. 
Tadzhiks, Uzbeks, Kazakhs, and Mongolians reside along 
the periphery of the region. Substantial Russian and 
Ukrainian populations have been established in the So­
viet part of the Tien Shan in recent decades; Chinese 
populations live in the eastem Tien Shan. Agriculture has 
developed in the valleys and on the mountain slopes with 
the aid of irrigation, and livestock herding is practiced in 
the mountains.

After the Russian Revolution of 1917, the nomadic Kir­
giz and Kazakhs adopted a settled way of life. Their 
principal occupation is the herding of livestock; in the 
summer herds of horses, sheep, and cattle are driven to 
the mountain pastures. Where conditions permit, agricul­
ture is developed. The Uighurs live principally by irrigated 
agriculture, supplemented by handicraft production. Ex- 
cept for the Mongolians, the other peoples of the Tien 
Shan also engage in agriculture. (S.I.B.)

Study and exploration. The Russian Geographical So­
ciety played a major role in the scientific exploration of 
the Tien Shan. From 1856 to 1857 the Russian geogra- 
pher P.P. Semyonov-Tyan-Shansky gave the first scientific 
description of many regions of northern and inner Tien 
Shan, while the expeditions of another Russian geogra- 
pher, G.Y. Grum-Grzhimaylo, in the 1880s, contributed 
greatly to the exploration o f the eastem Tien Shan. The 
peak of Khan-Tengri was ascended for the first time in 
1931 by a Soviet expedition led by M.T. Pogrebetsky. 
Pobeda Peak, the highest point, was conquered in 1956 
by another Soviet expedition led by V.M! Abalakov.

(Y.Y.R.)

Deserts
ARABIAN DESERT
One of the great desert regions of the world, the Arabian 
Desert occupies almost the entire Arabian Peninsula. Cov­
ering an area of about 900,000 square miles (2,331,000 
square kilometres), it is bordered on the west by the Red 
Sea, on the north by the Syrian Desert, on the south by 
the Arabian Sea and the Gulf of Aden, and on the east 
and northeast by the Persian Gulf, the Gulf of Oman, and 
the Arabian Sea.

A large part of the Arabian Desert lies within the modern 
kingdom of Saudi Arabia. Yemen (Sana), on the coast 
of the Red Sea, and Yemen (Aden),’on the coast of the 
Gulf of Aden, border the desert to the Southwest. Oman, 
buiging out into the Gulf of Oman, borders the desert at 
its eastem extremity. The sheikhdoms of the United Arab 
Emirates (former Trucial States) and Qatar rim the region 
to the north, Stretching along the Southern coast of the 
Persian Gulf. The sheikhdom of Kuwait abuts the north- 
em Persian Gulf between Saudi Arabia and Iraq; a Neutral 
Zone—diamond shaped—lying to the west of Kuwait is 
shared by Saudi Arabia and Iraq. In the northwest the 
desert extends into Jordan.

Seen from the air the Arabian Desert appears as a vast 
expanse of light sand-coloured terrain, with an occasional 
indistinct line of escarpments or mountain ranges, black 
lava flows, or reddish systems of desert dunes Stretching 
to the horizon. Camel trails crisscross the surface between 
watering places. On the ground, features become distinctly 
individual and the relief seems more prominent. Vegeta­
tion at first seems nonexistent, but to the disceming eye 
can be seen as a minor fuzz on the surface, or as bits 
of green where shrubs strive to survive. There is almost 
always a breeze, which changes seasonally to winds of 
gale force. Cold or hot, these air currents chili the body 
or roast it. The sun and moon are bright in clear skies, 
although dust and humidity may cut visibility with little 
waming. Contrary to ideas commonly held in more north- 
em climes, the desert is often a lovely place.

Physical features. Westem Arabia formed part of the

African landmass before a rift occurred in the earth’s ernst, 
as a result of which the Red Sea was formed and Africa 
and the Arabian Peninsula became separated. The south­
em half of the peninsula consequently has a greater affinity 
with the Somalia and Ethiopia regions of Africa than with 
northern Arabia or the rest o f Asia. The northern Arabian 
Desert merges imperceptibly into Arab Asia through the 
Syrian steppe (treeless plain). The bulge of Oman contains 
a mountain range similar to ranges in Iran.

The greatest length of the peninsula from northwest to 
southeast is about 1,600 miles (2,600 kilometres), from 
north to south not quite 1,400 miles (2,300 kilometres), 
while from east to west the maximum width is about 1,300 
miles (2,100 kilometres). It is narrowest from Räbigh on 
the Red Sea to Manama on the Persian Gulf—a distance 
of about 700 miles.

Three corners are high: the Southwest corner in Yemen, 
where Hadür Shu'ayb reaches a height o f 12,336 feet (3,760 
metres); the northwest corner in Hejaz (a part of Saudi 
Arabia), where Jabal al-Lawz reaches a height of 8,562 
feet (2,580 metres); and the southeast corner in Oman, 
where al-Jabal al-Akhdar attains an altitude of 9,774 feet 
(2,980 metres). Much of the Yemen Plateau is over 9,840 
feet (2,999 metres) high. To the north and east elevations 
decrease. Steep cliffs and steep canyons descend from 
highlands into adjacent seas south and west. Northeast 
slopes in Oman are short and steep, but on the Southwest 
flanks the slopes grade gently to the Rub' al-Khali desert 
basin. The southem plateau is cut by great steep-walled 
canyons into rugged limestone masses that have held the 
peoples of that region in isolation for hundreds of years. 
On lower surfaces eastward in Dhofar grow shrubs that 
yield the fragrant frankincense and myrrh.

The rest of the peninsula displays a moderate relief 
characterized by broad plains or steppes. At least a third 
is covered by sand. The Red Sea escarpment, however, 
stands in sharp contrast to the moderate relief of the in- 
terior plateaus. South of at-Ta if, east of Mecca, the scarp 
is young, mgged, and dissected into short, steep canyons 
and ridges. At the foot of the scarp the Tihämah Coastal 
plain slopes to the sea; at Jabal as-Sawda, near Abhä in 
Asir, the drop is about 9,000 feet in six miles. North of at- 
Ta’if the Hejaz and Najd plateaus seldom rise above 3,600 
feet (1,100 metres), except where volcanic fields occur or 
where remnants of the crystalline rocks that underlie the 
region rise to the surface. The slope to the Persian Gulf 
averages eight feet per mile.

Geology. The Arabian Desert consists of two major re­
gions: the first, the ancient Afro-Arabian Shield of rocks 
that are igneous (solidified from a molten state) and meta­
morphic (transformed by heat and pressure) in the west; 
and the second, younger sedimentary rocks that pitch gen­
tly away from the Shield toward the Persian Gulf basin. 
Floods of volcanic lava in the west disturbed drainage 
patterns and created new divides. The highlands of the 
Hejaz, Yemen, the Hadramawt, and Oman display struc­
tural complexes of the whole rock spectrum. Volcanic 
activity in Yemen and Oman dates from the Mesozoic Era 
(from 65,000,000 to 225,000,000 years ago), while more 
recent volcanic eruptions occurred in Aden, Asir, Hejaz, 
and Jordan between the Oligocene Epoch, which began
38,000,000 years ago, and the Recent Epoch, which began 
about 10,000 years ago.

Physiography. Mountainous highlands rise in northwest 
Hejaz, in the Asir region, in Yemen, and in Oman. Lesser 
ranges have been uncovered by erosion in the interior. 
Eighteen volcanic fields are scattered through the west, 
mainly in Hejaz, several of them being more than 10,000 
square miles in area.

Plateaus are a common desert feature. Jordan east of the 
Dead Sea forms a moderately elevated plateau. To the 
southeast, Jabal Tubaiq rises higher, standing as a mass 
of sandstone deeply cut into by numerous seasonal water- 
courses (wadis). Farther southeast the plateaus of Tabük, 
Tayma, Tawïl, al-Hufrah, and al-Hüj reach to the west 
edge of än-Nafud (Great Nafud), a sand desert in the 
north. Through central Najd, a highland region southeast 
of an-Nafud, a series of west-facing scarps mark cuestas 
(low ridges with steep faces on one side and gentle slopes
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The Arabian Peninsula.

on the other) of limestone reaching to highlands of the 
Hadramawt in the south, where the plateau of al-Jawl 
(Jol) is located.

Below the plateaus spread broad plains, stony, cherty 
(composed of compact microcrystalline quartz), or grav- 
elled, their surfaces well preserved under the arid climate; 
some plains are duricrusted (covered with a crust of soil 
formed by salts), having smooth, firm surfaces formed 
by the cementation of sandy debris at groundwater level. 
Typical of the stony plains is al-Hamäd, which Stretches 
from an-Nafud northward into the Syrian Desert. Chert 
plains were formed on the post-Eocene to pre-Miocene 
surface (i.e., between 26,000,000 and 38,000,000 years 
old) in al-Hamad, and in al-Malsünïyah region east of the 
Khurays oil field. The gravel plains resulted from deposits 
left from 10,000 to 2,500,000 years ago by ancient river 
systems now represented by such wadis as ar-Rummah- 
Bätin, Sahbä, and Dawäsir-Jawb, which carried vast loads 
of sediment from the interior toward the Persian Gulf. Ad- 
Dibdibah was the delta of Wädi ar-Rummah-Bätin, and 
al-Hadabah was the delta of Wädi as-Sahbä. The gravel 
plains of ar-Raydah and Abü Bahr, and adjacent areas 
covered by sand, formed the delta of the Dawäsir-Jawb 
System. Several o f the deltas that were formed by these 
ancient rivers are as large in area as the delta of the Nile. 
The plateau of the northern Summän is smooth where 
it has been uncovered from under ad-Dibdibah gravels. 
Farther south, the surface is cut by erosion into many 
closed basins.

When the Arabian Peninsula was shifted away from 
Africa during the continent-building process, the Afro-

Arabian Shield was greatly elevated, thus disturbing prior 
drainage patterns. The uplifting of the peninsula and the 
appearance of cracks or faults were accompanied by large 
upwellings of lavas that filled valleys and covered ridges 
and mountains. The Arabian platform was tilted north- 
eastward, creating a prominent regional divide along its 
Western rim from Yemen to Jordan. In the south another 
regional divide separates the coastal drainage of the Had­
ramawt from the Wädi Hadramawt system inland, and a 
third System, also in the south, divides the al-Jawl region 
from the system draining into the Rub' al-Khali. The 
Oman Mountains divide short, steeply graded northeast- 
flowing wadis from the less steep wadis flowing Southwest 
into the eastern Rub' al-Khali.

Lesser divides enclose basins in Hejaz, Najd, and Jor­
dan. Four adjacent interior basins are to be found in the 
shield between latitude 21° and 26° N. Others occur in 
the Tabük area, in the Wädi as-Sirhän, at al-Jafrah in 
south Jordan, and in the Jordan-Dead Sea depressions. 
Hundreds of smaller basins, seldom larger than four to 
eight miles in diameter, are found in volcanic fields, in the 
shield, and in many poorly drained areas of sedimentary 
rocks. A few of these small basins are saline, but the vast 
majority are floored by silts deposited in thin layers.

Most drainage channels in the Arabian Desert are either 
dry or eise are intermittent, flowing only when rains are 
heavy. Two systems flow perennially in the region—the 
Tigris-Euphrates rivers and Wädi Hajar in the Southern 
Hadramawt.

The main drainage Systems of al-Widyän, ar-Rummah- 
Bätin, Sahba, and the Dawäsir-Jawb were the scenes of
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great floods in the Quaternary Period, which began 2,500,- 
000 years ago. Today floods are infrequent but no less 
destructive; they seldom, however, reach the desert sands 
where the channels have been dammed up. The direc- 
tions taken by several large systems have been altered by 
stronger streams that have intercepted them; examples are 
such wadis as the Jizl-Hamd in northern Hejaz and the 
Hadramawt in the south.

Where they enter large expanses of sand, wadis lose their 
identities. The alluvium carried in flood time is added to 
the sand body and redistributed by the wind. About two- 
thirds of the Arabian Desert is drained by complete wadi 
systems. The intermittent action of running water is more 
effective than the erosive action of the winds in shaping 
the landscape. Most of the exceptions are provided by the 
formation of sand dunes and the grooving of rocks by 
wind-borne sand.

The sabkhah (saline flat) of Eastern Arabia is usually a 
gently sloping sandy plain with concentrated salt brine at 
or just below the surface, located on a Coastal plain. It has 
formed by the filling of embayments with sand—a process 
that continued as the sea level retreated—while the high 
rate of evaporation concentrated the trapped seawater to 
strong brine. Scouring of the sandy surface by .shamäl 
(north to northwest) winds exposes the salty crust, which 
may then be dissolved into brine by winter rains. High 
tides may spread the saline surface waters inland. The salt 
crust does not usually attain a thickness of more than 
three feet. It may be interbedded with sand, silt, mud, or 
other deposits formed by evaporation, such as gypsum. 
The surface of Sabkhat Mattï, the largest single exposed 
sabkhah, is sometimes composed of soft, wet, muddy, and 
salty slush, with a hard crust less than three feet deep. It 
is very treacherous to the unwary traveller, be he on foot, 
camelback, or in a motor vehicle. The sabkhah surface 
has no direct analogy with quicksand, but its danger lies 
in the inability of the traveller to recognize its nature in 
time to avoid sinking into a morass. Northwest of the oil 
refinery on Ras Tanura, sabkhahs carry a thin crust of salt 
and sand, underlain by soft calcareous (chalky) mud that 
is formed in shallow tidal flats by algae and eventually 
is covered by sand or salt. This calcareous mud has the 
consistency of custard.

The eastern Rub' al-Khali has a broad sabkhah floor that 
rises to less than 330 feet in elevation, which seems to be 
the highest altitude that sabkhahs attain.

There are saline basins, akin to playas (the sandy, salty, or 
mud-caked floors of desert basins) in the Americas, which 
develop in enclosed valleys, either from the evaporation 
of flood waters bearing dissolved minerals, or—more usu­
ally— from the evaporation of saline waters nurtured by 
nearby outcrops of salt. The Arabic name for this kind of 
salt flat is mamlahah. Arabs have quarried crude salt from 
both sabkhah and mamlahah for hundreds of years.

Sand covers at least a third of the Arabian Desert, occur- 
ring as dunes of varying size and complexity or as a thin 
film on surfaces of lower relief. With few exceptions, sand 
does not accumulate in flat sheets but in dunes, ridges, 

Sand-dune or giant complexes. The variety of dune shapes and sizes 
formations in the Arabian Desert is legion. Many forms have not 

been described in print. Contrary to statements by early 
western explorers that there is nothing but a shapeless sea 
of sand, the sand desert develops along systematic lines 
with distinct and characteristic patterns. There are also 
clear-cut genetic relationships between dunes in adjacent 
areas. In such huge sand areas as the Rub' al-Khali, the 
evolution of dune forms can be traced from simple dunes 
into the more complex types.
The two largest sand bodies in Arabia are an-Nafud in 

the northwest, and the Rub' al-Khali (ar-Ramlah) in the 
southeast. An-Nafud has an area of 26,000 square miles; 
the Rub' al-Khali has an area of 229,000 square miles. 
Between them are two almost parallel arcs of more or 
less continuous dunes. The outer are, convex to the east, 
is ad-Dahna, about 750 miles long and from six to 50 
miles wide. The inner are is shorter and less continuous 
and includes six elongated nafiüds situated in low areas be­
tween the west-facing limestone escarpments of the central 
Najd. The two major arcs are separated by the great Jabal

Tuwayq cuesta. Ad-Dahna connects with an-Nafud in the 
northwest and with the Rub' al-Khali in the Southwest.
The inner belt grows more disconnected south of 24° N  
and dies out before reaching Wädi ad-Dawäsir.

An-Nafud Alls an irregulär basin surrounded by hills, 
ridges, and buttes (isolated hills rising abruptly from the 
surrounding land) or mesas (land formations having rela­
tively flat tops and steep rock walls). Its sand was eroded 
and carried by winds from outcrops of sandstone that 
lie west and northwest. An-Nafud is characterized by a 
unique dune form, a giant crescent slipface (the slope on 
the leeside of the dune that approximates the angle of 
rest of loose sand, usually about 32°) moving through 
a thick mass of loose sand. The lee hollow in front of 
the slipface is floored by bedrock, barren of sand. The 
impression obtained from an aerial view is of hooflike 
hollows, that extend from the Southwest edge, well across 
the Nafud. Along other margins of the desert and through 
the centre are linear and pyramidal dunes. The Nafud has 
been a barder to travel for ages, only rarely attempted by 
Western travellers. A caravan route runs from northwest 
to southeast connecting the oases of al-Jawf with those of 
Hä’il. The topographic relief of dunes in the Nafud may 
exceed 300 feet.

With an area of about 230,000 square miles—larger than 
France—Rub' al-Khali displays a variety of dune forms 
that appears to be unique, although parts of the Sahara 
show many similar dunes as well as a few that are dif- “The 
ferent. The name Rub' al-Khali (the Empty Quarter) is Empty 
not usually used by the Bedouins who travel over it, who Quarter” 
refer to it instead as ar-Ramlah (the Sand). The Rub' al- 
Khali has five general types of sand terrains: (1) crescen- 
tic or transverse; (2) linear; (3) giant dune complexes, or 
“sand mountains,” that take the shapes o f domes, pyra- 
mids, huge crescents, and sigmoidal (S-shaped) ridges; (4) 
hook-shaped dunes; and (5) dunes with Vegetation and 
moisture. The eastem Rub' al-Khali fills a broad shallow 
basin, floored mainly by sabkhahs that slope toward the 
Southern shores of the Persian Gulf. The floor west of the 
51 st meridian rises to the Southwest to nearly 3,600 feet 
(1,100 metres) and is composed largely of gravel plains.
Highlands surround this sand desert on the northeast, 
south, and west.
The greatest volumes of sand lie in the eastern basin 

and—as has been discovered through the use of aerial 
photography—are arranged in beits. These beits appear 
to have accumulated during the Pleistocene Epoch (from
10,000 to 2,500,000 years ago) at several successive stages 
that were related to the advance and retreat of sea levels.

Ramlat as-Sab'atayn in eastem Yemen, in the lowland 
south of the westem border of the Rub' al-Khali, has an 
area of about 60 by 150 miles, or about 10,000 square 
miles. It is composed mainly of transverse and linear 
dunes.

Ramlat Ahl Wahibah is located near the extreme eastern 
cape of the peninsula; it is an oblong dune field 60 by 100 
miles wide, made up of linear ridges and interdune valleys 
oriented almost north and south.

An elongated sand body named al-'Urayq lies in the 
Southern part of the Wädi ar-Rummah basin. Irq as- 
Subbay' (irq is an Arab word for linear sand dune) dams 
the middle Wädi al-Jarab drainage system. A small cluster 
of broad transverse dunes has formed on the south coast 
east of the port of Aden.

Climate. The Arabian Desert spreads across 22° of lat­
itude from the 12th to the 34th parallel north; it may 
thus be considered as a tropical desert. Summer heat is 
intense, reaching a maximum 124° F (51° C). In the 
interior the heat is dry and tolerable. Coastal regions and 
some highlands, however, attain high summer humidity 
with dews and fogs at night or early morning. Rainfall 
averages less than four inches (100 millimetres) a year but 
can range from zero to 20 inches. Interior skies are usually 
clear except for intermittent winter rains, spring hazes, 
or dust storms. Torrential rains flood the main drainage 
basins infrequently. Winters are invigoratingly cool, with 
the coldest weather oceurring at high altitudes and in the 
far north. A minimum recorded at at-Turayf on Tapline 
(the Trans-Arabian Pipeline) in 1950 was 10° F (—12° C),
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and was accompanied by several inches of snow and an 
inch of ice on ponds. Summer rains in the Rub' al-Khali 
accompany the monsoon winds from the Indian Ocean. 
Winter rains may occur in the northern Rub' al-Khali. 
The most arid part of the Arabian Desert appears to be on 
the western margin of the Rub' al-Khali, north of Wädi 
ad-Dawäsir.

Dominant winds blow from the Mediterranean, swinging 
to the east, southeast, south, and Southwest in a great 
are. Two semiannual windy seasons occur from Decem­
ber to January and from May to June. These are called 
shamäls (from the Arabic: “north”), and last from 30 to 
50 days with wind velocities averaging 30 miles per hour. 
Shamäls, which try the patience of man and beast, are 
dry, transport huge loads of sand and dust, and alter the 
shapes of sand dunes. Millions of tons of sand are carried 
by each storm into the Rub' al-Khali. Blown sand does 
not rise more than a few feet, except when picked up 
by whirlwinds, dust devils, or regional sandstorms. Winds 
box the compass in central Najd and in the southeastem 
Rub' al-Khali. Strong southeast gales sweep the big sand 
desert for several days at a time, reversing the effect of 
shamäls on dunes.

The power of desert winds to excavate basins is much 
exaggerated. The wind is important as an agent of erosion 
but, as mentioned above, is never as effective as running 
water.

“Brown The sudden appearance on the horizon of the “brown
rollers” roller” in spring or fall can be frightening. This is a frontal

storm up to 60 miles wide, carrying sand, dust, and debris 
high in the air; it is followed by a sharp drop in temper­
ature and often by rain. Wind velocities reach gale force 
for half an hour or so. Hot days produce myriads of dust 
devils (jinn) and the ill-famed mirage.

Soils. Desert soils differ from humid soils in that they 
undergo less Chemical weathering. Mechanical weathering 
breaks down coarse particles into finer grains. Quartz 
sand abounds, covering more than a third of the desert 
surface. Granulär debris from the crystalline basement of 
the Precambrian shield forms pebbly fans about the bases 
of hills. Sands and silts are washed down to lower levels 
and are then winnowed out by winds. Fine materials grade 
down to silt. Smaller particles, such as clays, rarely form. 
Limestone, when pulverized, forms silt-sized dusts. Water- 
bome silts eventually are deposited in khabari, or silt flats. 
Irrigated silt flats are farmed, the soils having proved to 
be fertile. Najd villages that once depended on November 
rains to raise their winter wheat, now irrigate and farm 
all year. Highlands of Asir and Yemen are terraced for 
crops. Salt flats in the desert, though too salty for many 
crops, if irrigated and drained properly, can be cultivated. 
Many of the plants that grow in saline soils, and which are 
called halophytes, are succulents that are suitable as camel 
fodder. The date palm thrives on salty soils if properly 
irrigated and drained.

Desert dune sands are generally dry but can hold rainfall 
to depths of three feet or more, thus nourishing xerophytes 
(plants adapted to survive under arid conditions). Shrubs 
unique to the area, called ‘abl and ghadä, send out long, 
shallow roots to catch the slightest bit of moisture. The 
roots make good firewood.

The highlands of Yemen and Asir produce forests of ju­
niper trees. Valleys and lower slopes are extensively terraced 
for soil and water conservation and produce many crops, 
of which coffee is important in local markets. The soils are 
derived from crystalline rocks of high mineral content.

Plant life. There is a great variety of desert flora and 
fauna. Plants are primarily xerophytic or halophytic. After 
spring rains long-buried seeds germinate and bloom in a 
few hours. The normally barren gravel plains turn green. 
Even chert plains produce late winter and early spring 
grazing for camel and sheep. The plains were once the 
home of the famed Arab horse, but grazing was always 
too poor to support a large horse population. Certainly 
all the grazing areas were overgrazed, thus contributing 
to the formation of the present widespread barren tracts. 
Halophytes grow on the saline flats and include many 
succulents and fibrous plants that can be eaten by camels. 
The sedge, which grows in sandy areas, is a tough plant

with deep roots that help to hold down the soil. The 
tamarisk tree is often found on the borders of oases, where 
it helps to prevent the encroachment of sand.

The rare shrub räk, or aräk, is known as the “tooth- 
brush bush,” its twigs being used by Arabs to polish their 
teeth. Many herbs grow throughout the desert and are 
well known to the Bedouins, who use them for seasoning, 
preserving food, perfuming clothing, and washing hair.
The eastern Rub' al-Khali, generally thought to be dry and 
barren, supports much plant life on flanks of giant dunes, 
including a sweet grass called nayz" that pro vides the main 
forage for the now-rare oryx (a species of African ante- 
lope). There are no cacti in the Old World, except for those 
imported from the Americas. One of these imports, the 
prickly pear, thrives and is fed to livestock, the fruit being 
eaten by people. Spiny and thomy plants are common.
The euphorbia, a plant with milky juice and flowers with 
no petals, grows in Hejaz, and the camelthom is every- 
where. Acacia trees were once abundant in Jibal Tuwayq, 
but the demand for charcoal decimated them. The few 
growing in wadis and gardens provide welcome shade. A 
single dump of four stands in daring isolation on the edge 
of al-Mijann overlooking the southem Persian Gulf and 
the feared Sabkhat Matt! (the treacherous saline flat al- 
ready mentioned). Junipers reach a great size in high Asir 
and Yemen. The trunks are cut into the beams and pillars 
that characterize the region’s architecture. The milkweed 
tree (ishar) grows to a height of 20 feet in Wädi al-Bätin 
and is common in the wadis of Najd and in Wïdï Bïshah.

The date palm is grown in many oases, the dates them­
selves providing food for humans, camels, donkeys, and 
horses. There are many varieties. The palm supplies wood The 
for building and for making water well frames and pulley ubiquitous 
shafts of ancient type; its fronds are used for handicrafts date palm 
and for thatching roofs. The oases also produce many 
fruits and vegetables such as rice, alfalfa, henna (a shrub 
which yields a reddish-orange dye), citrus, melons, onions, 
tomatoes, barley, wheat, and—in higher regions—peaches, 
grapes, and prickly pears.

Animal life. The animal life is varied and unique. Des­
ert insects include the fly, the malaria-carrying Anopheles 
mosquito, fleas, lice, ticks, roaches, ants, termites, bee­
tles, and mantids (predatory insects), which camouflage 
themselves as leaves, twigs, or pebbles. Also found are the 
scavenging dung beetle, myriads of butterflies, moths, and 
Caterpillars, and the pestiferous locust that periodically 
plagues the landscape and populace in great swarms.

Arachnida (a dass of segmented invertebrates) include 
large sapulgids (scorpion-killers), scorpions, and spiders.
Sapulgids grow to eight inches (20 centimetres) in length.
Scorpions also range up to eight inches and are coloured 
black, green, yellow, red, and off-white. The scorpion’s 
painful sting is deadly to small children.

Pools in oases contain small fish. There are a few am- 
phibious animals, such as newts, salamanders, toads, and 
frogs. Reptiles include lizards, snakes, and turtles. The 
dabb, a fat-tailed lizard, lives on the plains and reaches a 
length of up to three and a half feet. It is a vegetarian with 
toothless jaws; its fat tail, roasted, is a Bedouin delicacy.
The monitor lizard reaches lengths up to three feet; it 
feeds on locusts and other insects. Many lizards, including 
skinks, geckos, agamids, and collared lizards, are found 
in the sands. A salmon-coloured lizard, the dammüsa, is 
lively and pretty, seeking the black beetle for food, and 
literally diving and swimming in the slipfaces of the sand 
dunes. An agamid lizard (tuhayhï) scurries across the sand 
with its tail coiled like a watch spring, uncoiling when it 
stops.

Among the snakes, all of which are feared by Arabs, 
the sand cobra—relative of the sea snake— is slim, sand- 
coloured, and venomous. Vipers abound in sand and rocks 
but, being nocturnal, are seldom seen in the heat of day.

Birds of the Arabian Desert include local species as well 
as migrant groups. The migrants are from northern Eu­
rope, Africa, and India. The local birds breed from late 
winter to early spring. Many of the young display excel­
lent camouflage. The bifasciated (striped) lark, the sand 
grouse, the Arabian courser, and the lesser bustard live 
in the desert all year, as also do several falcons, eagles,
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and vultures. The peregrine falcon is seen in Asir; saker 
and lanner falcons (a brown falcon with a golden cap) are 
found in Najd and the Eastern Province; and the kestrel 
is everywhere. The saker falcon (an aggressive light-brown 
falcon) is often captured young and trained by Bedouin 
falconers to hunt the bustard and sand grouse. Ravens 
in pairs or flocks may appear anywhere. Three eagles are 
known—the white-tailed, golden, and tawny eagles. Vul­
tures were more numerous when camels were in greater 
use. The largest, a black species with a wing spread of up 
to 12 feet, has nearly disappeared. The Egyptian vulture 
(,ar-rakhamah), a medium-sized bird coloured white and 
black with yellow, is widely distributed. The lammergeier 
vulture lives in Asir and Yemen. There are several owls, 
a burrowing species being common.

Migrant birds follow several flyways, one through the 
central Najd and others on each coast. Water and shore 
birds migrate in fall and spring between northern Europe 
and the tropics. Bee-eaters, warblers, babblers, carrion 
kites, swallows, martins, swifits, wheatears, shrikes, larks, 
flycatchers, hoopoes, and some exotic species may be seen 
alone, in pairs, or in flocks. Cranes, heron, flamingoes, 
ducks, and small wading birds feed on shores and in 
the lakes which intermittently appear. The ostrich, once 
abundant in the sand deserts, has been extinct since 1940. 

Desert Mammals were probably numerous before the Arabs
game hunted them with rifles, shotguns, and submachine guns

from motor vehicles. Gazelles, which roamed the plains in 
herds of hundreds before World War II, are almost extinct. 
The oryx had disappeared from the Rub' al-Khali by 1960. 
The ibex (a species o f wild goat), which dwells on cliffs 
in Jibal Tuwayq, has been decimated. In desert plains, 
the ratel (a badger-like camivore), the fox, and the civet 
cat live in territorial isolation. Wolves are much feared 
but, although widespread, are not numerous. The hyena 
lives wherever sheep are herded, preferring escarpments 
that pro vide cover. Jackals are to be seen, especially at 
dusk when they appear for water. There are hares, as well 
as golden sand rabbits. Small rodents include the jerboa 
(a mouselike rodent), mice/rats, and porcupines, while 
small hedgehogs are often found among rocks. Troops of 
baboons run in Asir.

The people. Man has inhabited the Arabian Desert 
since early Pleistocene times. His artifacts have been found 
widely spread throughout the desert but are most abun­
dant in the southwestem Rub' al-Khali, where game was 
prolific until about 30 years ago. Archaeological research 
was not encouraged by the government until recently, so 
little is known about mankind in Arabia in earlier epochs. 
Remains of cultures from the last 3,000 years occur in 
Hejaz, Asir, Yemen, and the Hadramawt. More recent 
remains—perhaps 1,000 to 2,000 years old—are being ex- 
amined in the Eastern Province; most of them date from 
the early years of the Islämic period.

The Bedouin know little of their history beyond the dawn 
of Isläm. They adapted to nomadic desert life by breed­
ing camels, Arab horses, and sheep, but also conceded 
to necessity by growing date palms and other crops. The 
Bedouin seldom abandoned the nomadic life for the oasis 
longer than was essential to gather crops, generally hiring 
others for agricultural labour; finding grazing and water 
were their main concern, in addition to conducting raids 
to seize horses and camels. Grouped in hereditary tribes, 
the Bedouin claimed certain lands as their dirah (tribal 
territory), where their flocks could graze and water. After 
1925 King Ibn Saud of Saudi Arabia, who encouraged 
the Bedouin to settle in oases, was able to use his influ­
ence to prevent intertribal raiding, and to make the tribal 
dirah of less importance. Tribal loyalties remain strong 
and no Bedouin of a noble tribe will marry into a lesser 
tribe. Isläm is their way of life, but modernization has 
brought much change and has lessened religious influence. 
Townsmen have kept their identity distinct from that of 
the Bedouin; each group regards the other with contempt. 
This feeling has lessened somewhat, however, since more 

Western Bedouins have settled in towns. Western cultural influ- 
cultural ence began with the discovery of petroleum in 1936 and
influences led to the introduction of the motor vehicle, airplanes,

telephone, radios, telegraphs, and, recently, television. The

cinema has also become populär, despite disapproval by 
religious leaders.
Schools were few and were only for boys until 1960; since 

then, however, girls are also taught. The veil is still wom  
by women, and, though the lot of women has improved, 
their place remains in the home.

The economy. Transportation. Travel today in the Ara­
bian Desert is easy and rapid. Instead of the slow, labori- 
ous camel caravan, motor vehicles now roar across desert 
terrains. Jet planes fly overhead, and the railroad from 
ad-Dammäm on the Persian Gulf to Riyadh, the political 
Capital of Saudi Arabia, covers the distance in a few hours.
Arab countries have planned rebuilding the railroad from 
Medina to Damascus, destroyed in World War I, but con­
flict with Israel appears to have halted construction. Paved 
roads cross the desert from the Persian Gulf to Jidda and 
also follow the Trans-Arabian Pipeline from Dhahran to 
Sidon in Lebanon. Semi-maintained dirt roads connect 
many Arab communities. New roads have been built into 
Asir, making that province and its fine agricultural pro­
duce accessible to the markets of Riyadh, at-Taif, Mecca,
Jidda, and Medina. A Saudi Arabian government airline 
schedules flights between towns in different regions of the 
desert.

About 80 percent o f the Arabian Desert is accessible to 
motor vehicles, with or without roads. Essential equipment 
consists of vehicles equipped with sand tires and two-way 
radios, and having the capacity to carry fuel, food, and 
water, as well as repair parts and camping equipment.

Resources. The greatest natural resource of the Arabian 
Desert is its underground water supply, which, as it re­
mains virtually unreplenished because of low rainfall, in 
effect consists of Pleistocene waters that are now being 
tapped. Modem techniques are being used by the govem- 
ments of Arab countries to develop water sources and to 
irrigate soils for farming.

Petroleum was found in 1936 in the Eastern Province 
at Dammäm Dome, on which the oil-company town of The oil 
Dhahran is built, but commercial production was not boom 
achieved before 1938. Since World War II many new oil 
fields have been brought into Operation, with production 
exceeding 3,000,000 barrels daily; reserves are enormous 
and the end is not yet in sight. Prospecting for other 
minerals has been in progress since 1950.
Building materials in use before the mid-20th Century 

were stone, adobe, a crude cement made from impure cal­
careous (chalky) rock taken from the floor of the Persian 
Gulf, the wood of the date palm, the wood of the juniper 
in the Asir region, and thatches of cane, palm fironds, 
or other Vegetation. Modem construction utilizes steel, 
concrete, light alloys, imported lumber, local stone—espe­
cially granites from Asir and limestone from the Najd— 
and slates from Hejaz. Salt and gypsum are produced 
from saline flats.

Study and exploration. Before the 18th Century few 
travellers or would-be conquerors had succeeded in pen- 
etrating the Arabian Desert; fewer still had written about 
it. Scientific exploration began in 1762 with a Danish ex­
pedition led by the German surveyor Carsten Niebuhr. In 
the 19th Century, British officers of the Indian government 
undertook surveys of the surrounding seas and coasts.

The first classical work on the geography of Arabia, Trav­
els in Arabia Deserta (1888), was written by the English 
traveller C.M. Doughty. At the turn o f the 20th Century, 
the Czech explorer Alois Musil travelled through north­
ern Hejaz and Najd, mapping topography as he went.
In 1917 H. St. John Philby, an official of the British 
Foreign Office, paid a visit to the Sultan of Najd (later 
King Ibn Saud of Saudi Arabia); Philby later became a 
Muslim, settled in Riyadh as a councillor to Ibn Saud, 
and explored the Arabian Desert by camel and motor 
car, writing detailed and accurate accounts of his travels.
Another British official, T.E. Lawrence, who worked with 
the Sultan of Hejaz against the Turks in World War I, 
gained fame for his romantic writings about his exploits 
in the region. Many individuals travelled in limited parts 
of the desert; the most notable among them is the British 
traveller Wilfred Thesiger, who crisscrossed the Rub' al- 
Khali after World War II.
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The discovery of oil in 1932 on Bahrain and the sub- 
sequent American exploration of the Arab mainland that 
began in 1933 led, as already mentioned to the opening 
of the Arabian Desert to Westem influence. After World 
War II, geographical and geological exploration intensi- 
fied and was accompanied by vast aerial photographic 
surveys as a result o f which the first accurate maps of the 
peninsula were prepared and published between 1956 and 
1965. Since 1950, the U.S. State Department and the U.S. 
Geological Survey have co-operated with the Kingdom of 
Saudi Arabia in conducting surveys of mineral resources.

(D.A.H.)

G O B I

One o f the great desert and semidesert regions o f the 
globe, the Gobi (from Mongolian gobi, meaning “wa­
terless place”) Stretches across the vastness of Inner Asia 
over huge Stretches of both the Mongolian and Chinese 
People’s republics. Contrary to the perhaps romantic im­
age long associated with what—at least to the European 
mind—was a remote and unexplored region, much of the 
Gobi is not sandy desert but bare rock. One may drive 
over this surface by car for long distances in any direction; 
northward, say, toward the mountains of the Altai and 
Hangayn ranges or eastward toward the city o f T’ien-shan 
or south ward toward the Pei Shan-mo. To the west, 1,000 
miles (1,600 kilometres) from the Gobi’s eastem limits, 
lies the Sinkiang region, a great basin enclosed by the 
Plateau o f Tibet to the south and the Tien Shan ranges 
to the north. The desert as a whole occupies a vast are 
of land 1,000 miles long and 300 to 600 miles wide. 
The region first became known to Europeans through 
the remarkable 13th-century descriptions of Marco Polo. 
Modern geographical study of the Gobi has mainly been 
undertaken by Russian scholars, though a series of works 
has appeared in Mongolian and Chinese since the 1960s. 
For the purposes of the present article, the Gobi is defined 
as lying between the Altai Mountains and Hangayn Nuruu 
(Hangayn Mountains) in the north; the eastern Tien Shan 
in the west; and the A-erh-chin Shan-mo, Pei Shan-mo, 
and Yin-shan Shan-mo in the south.

Physical features. Physiography. The Gobi consists o f Regional 
the Ka-shun, Dzungarian, and Trans-Altai Gobi (south sub- 
o f the Mongolian Altai Mountains) in the west and the divisions 
Eastern, or Mongolian, Gobi in the centre and east.
The Ka-shun is bounded by the spurs o f the Tien Shan 

to the west and the Pei Shan-mo in the south and rises as 
high as 5,000 feet (1,525 metres). It is gently corrugated, 
with a complex labyrinth of wide hollows separated by 
flat hills and rocky crests sometimes rising more than 300 
feet above the plain. The desert is stony and waterless, 
though salt marshes lie in the secluded depressions. The 
soil is grayish brown and contains gypsum. Vegetation is 
very rare, though richer in the riverbeds, where there are 
individual shrubs o f tamarisk, zaysansky haloxylon and 
nitre bush (both saltworts), and annual halophytes (plants 
growing naturally in soils containing certain salts).

The Trans-Altai Gobi is situated between the eastem 
spurs of the Mongol Altayn Nuruu (Mongolian Altai), the 
Govi Altayn Nuruu (Gobi Altai) in the north and east, and 
Pei Shan-mo in the south. The plain is elevated, sharp, 
and rugged. Alongside the plains and the isolated group 
of low, rounded hills is a fairly extensive mountain area, 
extending over six miles out into the plain. The mountains 
are very barren and broken up by dry ravines. The west­
ern section of the Trans-Altai Gobi is basically a plain, 
too, but interspersed with small raised areas and furrowed 
by dry riverbeds and, again, with extensive salt marshes.
In the central portion this fragmentation increases, and 
mesas (flat-topped, steep-sided hills) appear along with dry 
gullies ending in flat depressions, occupied by takyr (clay- 
ey tracts). The Trans-Altai Gobi is quite parched, with 
annual precipitation o f less than four inches, though there 
is always water underground. There are virtually no wells 
and springs, however, and Vegetation is very sparse and 
almost useless for livestock.

The Dzungarian Gobi is situated north of the Ka-shun 
Gobi, between the eastern spurs of the Mongol Altayn 
Nuruu and the eastem extremity of the eastem Tien Shan 
(the K'o-erh-lei-k o Shan). It is like the Trans-Altai Gobi, 
and its edges are fractured by ravines, alternating with 
residual hills and low mountain ridges.

The Gobi.
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The Eastem Gobi is of similar character, with alti­
tudes varying from 2,300 to 5,000 feet, but enjoys rather 
more precipitation—up to eight inches (200 millimetres) 
a year—though with virtually no rivers. The underground 
waters are relatively abundant and only partly mineralized. 
They are also near the surface, feeding small lakes and 
springs. The Vegetation, however, is sparse: herb worm­
wood in coarse, grayish-brown soil. In the moister depres­
sions there are the usual salt marshes and grassy swamps. 
In the northern and eastem outlying regions, where more 
precipitation occurs, the landscape of the desert gradually 
mellows, sometimes even becoming steppes.

Geology. The Gobi’s various chalky plains are chiefly 
Paleocene to Recent (up to 65,000,000 years old), though 
some of the low, isolated hills are older. The terrain con- 

Fossils tains small masses of shifting sands. In the central Gobi, 
Mesozoic remains of dinosaurs (65,000,000 to 225,000,- 
000 years old) and Paleogenic and Neogenic fossils of 
mammals have been found. The desert also contains Pa- 
leolithic and Neolithic sites occupied by ancient man.

Climate. The climate is acutely Continental and dry, 
ranging from January’s —40° F (—40° C) to 113° F (45° C) 
in July. Winter is severe; spring is dry and cold; and sum­
mer is warm. The annual total precipitation varies from 
2.7 inches (69 millimetres) in the west to more than eight 
inches in the northeast (the maximum falls in summer), 
and in the eastem regions the impact is quite monsoonal. 
North and northwestern winds prevail over the Gobi.

Drainage and soils. Aridity in the Gobi depends on 
the relative chalkiness of the soil and has been aggravated 
by the strong mountain structure to the west. The lakes 
have correspondingly shrunk, leaving a series of terraces 
considerably farther from and higher than the present 
shorelines. Indeed, Wu-lan Hu (east of the Pei Chan-mo), 
Orog Nuur, and Bööntsagaan Nuur (in the easternmost 
Mongolian Altai) are but shadows of their former selves.

The drainage of the desert is largely underground; surface 
rivers have very little constant flow. Mountain streams 
are confined to the Gobi’s fringes and even then quickly 
dry up, as they disappear into the loose soil or the salty, 
enclosed depressions. Many rivers flow only in summer. 
On the other hand, subterranean water is widespread and 
of sufficiënt quality to allow cattle raising.

The soil is chiefly grayish-brown and brown carbonaceous 
(rich in carbon), gypseous (containing gypsum), coarse 
gravel, often combined with sandy salt marshes and takyr.

Plant life. Vegetation is sparse and rare. On the plateau, 
and on the plains beneath the mountains, small bushlike 
Vegetation occurs: echinochloa (a type of succulent grass 
found in warm regions), yellowwood bean caper, winterfat 
(a shrub covered with densely matted hairs), Dzungar­
ian reaumur, nitre bush, and bushlike halophytic Vegeta­
tion. In the salt marshes, too, halophilous groups prevail: 
potash bush, Siberian nitre bush, tamarisk, and annual 
halophytes; in the sands grow zaysansky haloxylon, the 

Areas with sandy wormwood, and sparse perennial and annual herbs 
fairly rich such as the Gobi kumarchik and timuriya. In semidesert 
Vegetation tracts Vegetation is richer, belonging to the herbaceous- 

wormwood groups: Gobi feather grass; the annual Gobi ku­
marchik (Agriophylum gobicum)\ the perennials timuriya 
(Timouria villosa) and snakeweed (Cleistogenes sp.); and 
cold wormwood. There are herb meadows with rhizome 
Mongolian onions and herb salt marshes with sparse beds 
of bushlike Caragana. In the Gobi Altai and other high 
mountains, desert-grass steppes completely cover the lower 
slopes, and, on the upper parts, mountain versions of the 
feather-grass steppes appear.
Animal life. Animal life is varied, with such large mam­

mals as the wild camel, the ass kulan {Equus asinus ferus), 
the dzheiran gazelle, and the dzeren (an antelope). Prze- 
walski’s horse, which once ranged in the western region of 
the desert, is probably extinct in the wild. Rodents include 
marmots and gophers, and there are reptiles.
The people and economy. The population density is 

small—fewer than three persons per square mile—mostly 
Mongols with Chinese in Inner Mongolia. The Chinese 
have increased greatly in recent years. The main occupa­
tion of the inhabitants is nomadic cattle raising, though, in 
regions where the Chinese are concentrated, agriculture is

predominant. The living quarters of the Mongol nomads 
are feit yurts (types of tent), while the Chinese farmers live 
in fanzy, clay homes built from crude brick.

The province of the Gobi and its semidesert sections is 
mainly a livestock region, sheep and goats constituting 
more than half of the total herds. Next come the large- 
horned cattle. Horses make up only a small percentage 
of the total and, together with the large-horned cattle, are 
concentrated in the lusher semidesert o f the southeastern 
region. A fair number of the livestock still consists of two- 
humped camels, still used for transportation in some ar­
eas. Pasturage for cattle is available all year round because 
of underground waters. Livestock raising is nomadic, and 
herds move ten times a year, migrating as much as 120 
miles between extreme points.

Useful mineral deposits are'scant, but there are pockets 
of petroleum around the city of Saynshand (about 250 Natural 
miles southeast of Ulaanbaatar), and, in the Mongolias as resources 
a whole, salt and light metal ores are mined. Agriculture 
is developed only along the river valleys.
The Gobi is intersected by railroads in the east and west.

There are several highways: from the town of An-hsi to 
the town of Ha-mi across Pei Shan-mo and the Ka-shun 
Gobi, from the town of Kalgan (northwest of Peking) 
to Ulaanbaatar, and from Ulaanbaatar to Dalandzadgad 
(some 300 miles south-southwest of Ulaanbaatar). In ad­
dition, various ancient caravan tracks crisscross the Gobi 
in all directions. (M.P.Pe.)

KARA-KUM * 30

Kara-Kum (Peski Karakumy in Russian, in the trans- 
literation system of the Akademiya Nauk; Russianized 
Turkmen karakumy, “black sand”; i.e., with Vegetation) is 
the name given to a great sandy desert comprising about 
60 percent of the area of the Turkmen Soviet Socialist 
Republic of the U.S.S.R. Another, smaller desert in the 
Kazakh S.S.R. near the Aral Sea is called the Aral Kara- 
Kum.

Physical features. Physiography. The Turkmen Kara- 
Kum is approximately 115,000 square miles (300,000 
square kilometres) in area. It is bordered on the north by 
the Sary-Kamysh Depression, on the northeast and east 
by the Amu Darya Valley, and on the southeast by the 
Karabil Highlands and Badkhyz semidesert. In the south 
and Southwest the desert runs along the foot of the Kopet- 
Dag Mountains, and in the west and northwest it borders 
the course of the ancient valley of the Uzboy River. It 
is divided into three parts: the elevated northern Unguz 
Kara-Kum; the central, low-lying Tsentralny Kara-Kum; 
and the southeastern Kara-Kum, through which runs a 
chain of salt marshes. Across the border of the Unguz 
and Tsentralny Kara-Kum there runs the Unguz chain of 
saline, isolated, wind-eroded hollows.

The relief of the Turkmen Kara-Kum is quite sharp and 
clear-cut and reflects its origin and historical development.
The surface of the Unguz Kara-Kum has been eroded by 
violent winds. The plain of the Central Kara-Kum runs 
from the Amu Darya to the Caspian Sea along the same 
incline as the river. The height of wind-accumulated, half- 
overgrown, sand ridges ranges from five to 100 feet (1.5-
30 metres), depending on age and wind velocity. Some­
what less than 10 percent of the area consists of crescent- 
shaped dunes (barkhany), some of them 250 feet or more 
in height. There are numerous hollows of clay deposits, 
called takyr, and saline land formed by the evaporation of 
subsoil waters.

Climate. The climate of the Turkmen Kara-Kum is Climate 
Continental, with long, hot summers and unpredictable of the 
but warm winters. The average temperature in July in the Kara-Kum 
north and along the shore of the Caspian Sea ranges from 
79° to 82° F (26° to 28° C), and in the central part of the 
Central Kara-Kum from 86° to 90° F (30° to 34° C). In 
January, average temperatures are 25° F (—4° C) in the 
north and 39° F (4° C) in the south, but temperatures may 
fluctuate from as low as —4° F (—20° C) to 97° F (36°
C) within a 24-hour period. The average annual rainfall 
varies from 2.75 inches (70 millimetres) in the north to six 
inches (150 millimetres) in the south. Precipitation occurs 
mainly in autumn and early spring, more than half of it
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between November and April. There is little snow. The 
prevailing northeasterly and northwesterly winds are mild.

Plant and animal life. The Vegetation is quite varied, 
consisting mainly o f grass, small shrubs, bushes, and trees. 
The humid early spring permits the widespread growth 
of ephemeral plants—the main animal fodder—while in 
the barchan dune areas the typical Vegetation consists of 
cereals, the wormwood shrub, and trees of the species 
Ammodendron conollyi. The most common bushes are 
species of Astragalus, Calligonum, and the salt-tree (Sal- 
sola richten). In regions of deep underground water, the 
white haloxylon is the most typical plant, but in regions 
where water is nearer to the surface, the black haloxylon 
occurs. The Vegetation of the Turkmen Kara-Kum can be 
used as hay in winter by camels, sheep, and goats.

Animals are not numerous, but they are of many kinds. 
The insects include ants, termites, ticks, beetles, dark­
ling beetles, düng beetles, and Spiders. Various species of 
lizards, snakes, and turtles also occur. The most com­
mon birds are skylarks, haloxylon (sacksal) jays, wagtails, 
and desert sparrows. Among the rodents are gophers and 
jerboas. The tolai hare, the hedgehog, barchan cat, and 
corsac fox and also the dzheran (a gazelle) usually live 
near takyr soils.

The people and economy. The population is composed 
of Turkmen, among whom some tribal distinctions have 
been preserved. Formerly nomadic, they settled into agri­
cultural pursuits or fishing on the shores of the Caspian. 
Collective and state farms have developed permanent Set­
tlements, with gas and electricity. Cattle-raising brigades 
care for the socialized livestock. The development of oil, 
gas, and other industries has brought new settlements, 
populated by diverse nationalities.

Irrigation has made the desert suitable for the raising 
of livestock on a large scale, especially astrakhan sheep. 
The Karakum Canal has brought water to Southeastern 
Kara-Kum, the southem border of the Tsentralny Kara- 
Kum, and along the foot of the Kopet-Dag Mountains, 
where fine-fibred cotton is now grown in the oasis areas. 
The proposed extension of the canal to the shore of the 
Caspian Sea will permit the cultivation of the subtropical 
arid regions.

Intensive economic development after World War II 
brought an industrial revolution to the Kara-Kum. Facto- 
ries, gas lines, railroads, and highways have changed the 
face of the region. Hydroelectric stations are under con­
struction at Takhiyatas and Tyuyamuyun. (B.A.F.)

TAKLA MAKAN

A desert of Central Asia and one of the largest sandy 
deserts in the world, the Takla Makan (Takolamagan in 
Chinese Pinyin) occupies the central part of the Tarim 
Basin in China. The desert area extends about 600 miles 
(960 kilometres) from west to east, and it has a maxi­
mum width o f 260 miles and a total area of about 105,- 
000 square miles (272,000 square kilometres). The desert 
reaches altitudes of 3,900 to 4,900 feet (1,200 to 1,500 
metres) in the west and south and from 2,600 to 3,300 
feet in the east and north.

Physical features. The Takla Makan is flanked by high 
mountain ranges: the Kunlun in the south, the Tien Shan 
in the north, and the Pamirs in the west. There is a gradual 
transition to the marshy Lop Nor (Lop Lake) Basin in the 
east, and, in the south and west, between the sandy desert 
and the mountains, lies a band of sloping desert lowland 
composed of pebble-detritus deposits.

Physiography. Several small mountain ranges and 
chains, composed of sandstones and clays from the Pale- 
ogene and Neogene periods (10,000 to 65,000,000 years 
ago), rise in the western part of the desert. The arc-shaped 
Mazar Tagh (Mazar Mountains), located between the Ho- 
t’ien Ho (Ho-t’ien River) or Khotan Darya (Khotan River) 
and the Yarkand River valleys, arch toward the Southwest. 
Ninety miles long and from two to three miles wide, with 
a maximum height of 5,363 feet, they rise an average of 
only 1,000 to 1,150 feet above the surface of the sandy 
plain. The Chiao-lo Shan (Chöl Tagh) is also an insular 
range, surrounded on all sides by massifs of moving sands. 
Rosstagh, also known as Tokhtakaz Mountain, its highest

peak, is 5,117 feet (1,560 metres), and the range rises 
from 600 to 800 feet above the plain. Both ranges are 
covered by a shallow mantle of eluvium and rock debris 
and have sparse, desert-type Vegetation. In the north, the 
sands of the Takla Makan form a clear boundary with the 
vegetated Tarim River Valley.

The general slope of the plain is from south to north, and 
thus the rivers running off from the Kunlun Mountains 
flow in this direction. The Ho-t’ien and K’o-li-ya (Keriya) 
river valleys have survived up to the present, but a major- 
ity of the shallower rivers have been lost in the sands, after 
which their empty valleys fill up with windborne sand.

The surface of the Takla Makan is composed of friable 
alluvial deposits several hundred feet thick. This alluvial 
Stratum has been affected by the wind, and its wind-borne 
sand cover is as much as 1,000 feet thick. There is a vari­
ety of eolian (wind-formed) topographic features, and sand 
dunes of various shapes and sizes are encountered. These 
eolian sand dunes were formed through the weathering of 
the alluvial and colluvial deposits of the basin and of the 
foothill plains of the Kunlun and eastern Tien Shan. The 
size of the larger sand-dune chains is considerable: they 
range from 100 to 500 feet high and 800 to 1,650 feet 
wide, with a distance between the chains of from one- 
half to three miles. The highest eolian topographic forms 
are the pyramidal dunes, rising 650 to 1,000 feet. In the 
eastem and central parts of the desert, networks of hollow 
dunes and large, complex sand-dune chains predominate. 
They are also common in the westem portion of the 
desert (east of the Ho-t’ien Ho Valley), where transverse 
and longitudinal (with respect to the wind) topographic 
forms coexist. On the edge of the desert, semipermanent, 
clustered sand dunes with tamarisk and niter-bushes, as 
well as clayey regions with disconnected sand dunes, pre­
dominate. Such a diversity in wind-formed features is a 
result of the complex wind conditions of the basin.

Climate. The Takla Makan’s climate is moderately 
warm and markedly Continental, with a maximum annual 
temperature range of 70° F (21p C). Precipitation is very 
low, ranging from 1.5 inches (38 millimetres) in the west 
to 0.4 inch in the east. The air temperature in the summer 
is high, rising as high as 100° F (38° C) on the eastern edgé 
of the desert. In July the average air temperature reaches 
77° F (25° C) in the eastern regions. Winters are cold: in 
January the average air temperature is 16° to 14° F (—9 
to —10° C), and the low in winter is generally below —4° 
F (—20° C). Northerly and northwesterly winds predomi­
nate in the summer in the western region. These two air 
currents, on meeting near the desert’s centre at the end of 
the K’o-li-ya Ho, create a complex circulation system that 
is clearly reflected in the topography of the sand dunes. 
In the spring, when the surface sand becomes warm, as- 
cending currents develop, and northeasterly winds become 
particularly strong. During this period hurricane-force dust 
storms, filling the atmosphere with dust to altitudes of 
from 11,500 to 13,000 feet, often occur. Winds from other 
directions also raise clouds of dust into the air, covering 
the Takla Makan with a shroud for almost the entire year.

Hydrography. Since the Tarim depression is an intemal- 
drainage basin, the entire runoff from the surrounding 
mountains collects in the basin itself, feeding the rivers 
and the groundwater strata. In all probability, the ground- 
water table under the sands has an unbroken course, flow­
ing west to east to Lop Nor. The importance of rainfall 
in moistening the sands and feeding the groundwaters is 
slight, due to its small quantity and high rate of evapora­
tion. The rivers draining the Kunlun Mountains penetrate 
from 60 to 120 miles into the desert, gradually drying up 
in the sands. Only the Ho-t’ien Ho crosses the desert and, 
in July and August, occasionally carries its waters to the 
Tarim River.

Plant and animal life. Vegetation is very sparse in the 
Takla Makan—almost the entire territory is devoid of 
plant cover. In depressions among the sand dunes, where 
the groundwaters lie no deeper than 10 to 16 feet from the 
surface, thin thickets o f tamarisk, niter-bushes, and reeds 
may be found. The thick strata of moving sands, however, 
prevent the wider spread of this Vegetation. Along the 
edges of the desert, in the area where the sand dunes meet
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the river valleys and deltas and where the groundwaters 
lie comparatively close to the surface, the Vegetation is 
richer. Here, in addition to the plants mentioned above, a 
number of species characteristic of river valleys are found: 
Turanga poplar, oleaster, camel thom, Zygophyllaceae 
(caltrop family), and saltworts. Sand dunes in hummocks 
frequently form around the scrub.

The animal life of the Takla Makan is sparse. Only in 
peripheral regions of the desert, in ancient and modern 
river valleys and deltas where water and Vegetation appear, 
are the fauna more diverse. Herds o f gazelles are found 
in open spaces, and there are wild boars in river valley 
thickets. Wolves and foxes are among the camivores. As 
late as the beginning o f the 20th Century, tigers could be 
found, but they have since been exterminated. Rare ani- 
mals include the Siberian deer, which inhabits the Tarim 
River Valley, and the wild camel, which at the end of the 
19th Century roamed over a considerable portion of the 
Takla Makan as far as the Ho-t’ien Ho but now appears 
only occasionally, in the eastern desert region.

There are a large number of rabbits, gerbils, field mice, 
and jerboas in the sand dunes, and, among insectivores, 
the long-eared hedgehog and bats are common. Small, 
tufted larks and the Tarim jay are the commonest birds.

The people and economy. There is no fixed population 
in the Takla Makan. Hunters make periodic visits, but the 
area territory is not used by stock breeders because of the 
almost complete absence of Vegetation.

Indications of the presence of petroleum have recently 
been found in the two regions— Kashgar-Khargalik at the 
western part of the Tarim Basin and Aksu Kucha at the 
northem edge o f the basin. (M.P.Pe.)

Drainage Systems and waterways
The subsequent sections on the various drainage systems 
and waterways to be found in Asia are arranged in the

following order: Southwest Asia, South Asia, East and 
Southeast Asia, and Siberia.

CASPIAN SEA
The Caspian Sea lies beyond the Caucasian mountain 
peaks and dominates the huge, flat expanses of western 
Central Asia. lts name derives from the ancient Kaspi peo- 
ples, who once lived in Transcaucasia to the west; among 
its other historical names, Khazarsk and Khvalynsk derive 
from former peoples of the region, while Girkansk sterns 
from Girkanos, “the country of the wolves.” lts elongated 
shape sprawls for nearly 750 miles (1,200 kilometres) 
from north to south, although its average width is only 
200 miles (320 kilometres). It currently covers an area of
143,000 square miles (370,000 square kilometres)—larger 
than Japan—while its surface lies some 93.5 feet (28.5 
metres) below ocean level. The maximum depth, toward 
the south, is 3,360 feet. Except for its Southern shores, 
which lie at the foot of the giant Elburz Mountains of 
Iran six-sevenths o f the Caspian coast runs through So- 
viet territory.

It is often stated that the Caspian is the greatest salt lake 
in the world. But this is not absolutely correct, as scientific 
studies have shown that, until geologically quite recent 
times, it was linked, via the Sea of Azov, the Black Sea, 
and the Mediterranean, to the world ocean. This factor 
has molded strongly all aspects of its physical geography.
The Caspian is of exceptional scientific interest, because 
its history, particularly in respect to former fluctuations 
in both area and depth, offers clues to the complex ge- 
ological and climatic evolution of the region. Man-made 
changes, notably those resulting from the construction of 
dams, reservoirs, and canals on the immense Volga River Impor- 
system (which drains into the Caspian from the north), tance of 
have had their own effect on the Contemporary hydro- sea-level 
logical balance. The Caspian is also of great importance fluctua- 
in the transportation networks of the region and in the tions
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The Caspian Sea.

production of petroleum and gas. It is anticipated that the 
use of its splendid sandy beaches for health and recreation 
resorts will increase considerably in the future.

Physical features. The Caspian possesses as many as 50 
islands, mostly small. Chechen, in the northwest, is the 
largest, followed by Artyom, Zhiloy, Tyuleny, Morskoy, 
Kulaly, and Ogurchinsky. The basin, as a whole, is usually 
divided into the North, Middle, and South Caspian, using 
relief and, in part, hydrological characteristics as the basis.

Shoreline features. The shores of the North Caspian are 
low and reflect the great accumulation of alluvial material 
washed down by the Ural, Terek, Sulak, and, above all, 
the Volga rivers, the deltas of which are extensively devel- 
oped. The western shore of the Middle Caspian is hilly. 
The foothills of the Great Caucasus loom close but are 
separated from the coast by a narrow marine plain. The 
Apsheron Peninsula, on which the city of Baku is sited, 
thrusts out into the sea here, while, just to its south, the 
floodplain of the Kura and Araks rivers forms the Kura- 
Araks Lowland. The southwestern and South Caspian 
shores are formed of the Sediments of the Lenkoran and 
Gllän-Mazanderan lowlands, with the high peaks of the 
Talish and Elburz mountains rearing up close inland. The 
eastern shore of the South Caspian is also low and is 
formed by Sediments resulting from wave action; it is bro- 
ken sharply by the low, hilly Cheleken and Krasnovodsk 
peninsulas. For the most part, the eastern shore of the 
Middle Caspian is precipitous, with the sea destroying 
the margin of the limestone plateau of Mangyshlak and 
Kenderli-Koyasan. A most important feature of this area 
is the Kara-Bogaz-Gol, the Caspian’s largest, split off from 
the main body of water by the Kara-Bogaz banier spits; 
the Krasnovodsk and Kenderli spits are similar in type.

The major rivers—the Volga, Ural, and Terek—empty 
into the North Caspian, with their combined annual flow 
accounting for 88 percent of all river water entering the 
sea. The Sulak, Samur, Kura, and a number of smaller

rivers flow in on the western littoral, contributing about 7 
percent of the flow, and the remainder comes in from the 
rivers of the Iranian shore. The eastern littoral is notable 
for a complete lack of permanent streams.

Submarine features. The North Caspian, with an area 
of 30,000 square miles, is the shallowest portion of the sea, 
with an average depth of 13 to 20 feet, reaching a maxi­
mum o f 66 along the boundary with the Middle Caspian. 
The bottom is formed of a monotonously rippling sedi- 
mentary plain, broken only by a line of southem bars and 
shoals—some of which provide foundations for Tyuleny, 
Kulaly, and Zhemchuzhny islands—reflecting underlying 
structural rises. Beyond this belt, known as the Mangysh­
lak Bank, the Middle Caspian, 53,000 square miles in 
area, forms an irregulär depression with an abrupt west­
ern slope and a gentler eastern gradiënt. The shallowest 
portion—a shelf with depths up to 330-460 feet—extends 
along both shores, with the westernmost slope furrowed by 
submerged landslips and canyons. The remains of ancient 
river valleys have been discovered on the gentler northem 
slope; the bottom of the depression is formed o f a plain 
that deepens to the west. The Apsheron Bank, a belt of 
shoals and islands rising from submerged elevations of 
older rocks, marks the transition to the South Caspian, 
a depression covering about one-third of the sea. This is 
fringed by a shelf that is narrow to the west and south but 
widening to the east. A series of submerged ridges breaks 
up the relief to the north, but otherwise the bottom of 
the depression is a flat plain, with the maximum depth 
of 3,360 feet.

Geology. The relief of the Caspian Sea reflects its com­
plex geological structure. The northem portion forms a pe- 
ripheral section of the North Caspian tectonic depression, 
a vast downwarp in the Earth’s surface that is itself part 
of the great ancient structural block known as the Russian 
Platform. The Mangyshlak Bank links the mountainous 
peninsula of the same name to the east with underlying 
western shore structures; all the rocks concemed reflect 
an outlying structural uplift of the Hercynian mountain- 
building movement, which occurred some 290,000,000 
years ago. The bottom of the Middle Caspian is very com­
plex. To the west, the submarine shelf is part of the sagging 
edge of the Great Caucasus Geosyncline, while the sub­
merged Turan Platform on the east swells up in the feature 
known as the Kara-Bogaz swell. The Apsheron Peninsula 
regions bear the impress of the Alpine mountain-building 
and folding period (dating from some 10,000,000-26,000,- 
000 years ago), which created the Caucasian ranges, as do 
the folded structures of the western South Caspian depres­
sion. The entire South Caspian, in fact, has as its base 
a suboceanic-type basalt crustal structure, although this is 
overlain in the south by huge accumulations of sedimen- 
tary layers many miles thick. The great age thus indicated 
for the area has led geologists to postulate that this is the 
remnant of the geologically ancient Tethys Sea. Similarly, 
the North Caspian Sea bottom is also very old, dating 
back to Precambrian times, or at least 570,000,000 years 
ago. The bottom of the North and Middle Caspian has 
a continental-type crustal structure. It has been suggested 
that the Middle Caspian depression results from a sagging 
at the edge of these ancient structures that occurred in 
Late Paleozoic times, about 250,000,000 years ago; the 
border between the Middle and South Caspian is, in fact, 
still experiencing folding activity.

Until the upper Miocene, about 12,000,000 years ago, the 
sea basin of the Caspian was connected to the Black Sea, 
through the structural depression known as the Manych 
Trench. After an upper-Miocene elevation, the Caspian 
became an enclosed body, with oceanic submarine char­
acteristics preserved today only in the South Caspian. The 
ocean connection was reestablished in the upper Pliocene, 
about 2,500,000 years ago, and it is possible that there 
was also a link northward across the Russian plain to the 
Barents Sea of the Arctic.
In the ensuing Quaternary times, great glaciers advanced 

and retreated across. the Russian plain, and the Caspian 
Sea itself—in successive phases known as Bakin, Khazar, 
and Khvalyn—alternately shrank and swelled out. This 
process left a legacy in the form of peripheral terraces,
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marking old shorelines, and can also be traced in the 
recent underlying sedimentary layers.

The Caspian Sea bottom is now coated with young Sed­
iments, finely grained in the shallow north but with shell 
deposits and oolitic sand—reflecting the high lime content 
of the Caspian waters—widespread in other Coastal areas. 
Lime also affects the composition of the much deeper 
bottom layers.

Climate. The North Caspian lies in a moderately Con­
tinental climatic zone, while all the Middle (and most of 
the South) Caspian lies in the moderately hot belt. The 
Southwest is touched by subtropical influences, and this 
remarkable variety is completed by the desert climate pre- 
vailing on the eastern shores. Atmospheric circulation is 
dominated in winter by the cold, clear air of the Asiatic 
anticyclone, while in summer spurs of the Azores high- 
pressure and the South Asian low-pressure centres are 
influential. Complicating factors are the cyclonic distur- 
bances rippling in from the west and the effect of the Great 
Caucasian ranges. As a result of these factors, northwest- 
erlies (32 percent of occurrences) and southeasterlies (36 
percent) dominate circulation patterns. Savage storms are 
associated with northerly and southeasterly winds.

Summer air temperatures are quite evenly distributed 
(average July-August figures: 75°-79° F [24°-26° C], with 
an absolute maximum of 111 ° F [44° C] on the sunbaked 
eastern shore), but winter temperatures range from 14° 
F (—10° C) in the north to 50° F (10° C) in the south. 
Average annual rainfall varies from 67 inches to eight 
inches (1,700 to 200 millimetres) over the sea. Most falls 
in winter and spring. Evaporation from the sea surface is 
very high, teaching 40 inches a year. Ice formation afflicts 
the North Caspian, which usually freezes completely by 
January, and in very cold years floating ice comes as far 
south as the Apsheron Peninsula region.

Hydrography. Short-term wind-induced fluctuations in 
the sea level can rise to up to seven feet, though such rises 
average about two feet. Seiches (rises induced by baromet- 
ric pressure changes) can cause similar fluctuations. Tidal 
changes are but a few inches, and seasonal rises induced 
by high spring water in the rivers are not much more.

One of the more fascinating aspects of the study of 
the Caspian, however, is the reconstruction of long-term 
fluctuations over the centuries from archaeological, geo- 
graphical, and historical evidence. It seems the Caspian 
reached a level of 72 feet below sea level about 4,000 to 
6,000 years ago and again early in the 19th Century a d . 
A still lower level held from the 7th to the 1 lth centuries, 
while the lowering that took place between 1929 and 1957 
stemmed from the effects of climatic change resulting in 
lesser river influx and increased evaporation amplified by 
reservoir construction on the Volga, and from river water 
consumption for irrigation and industry. The flow of water 
into the Kara-Bogaz-Gol, now about 12 feet lower than 
the Caspian, has also had an effect. By the late 20th cen- 

Recent tury, the water level was very close to the —93.5 feet level, 
attempts reflecting a balance between input (rainfall, river inflow, 
to preserve subterranean upwelling) and consumption (evaporation, 
the sea flow into the Kara-Bogaz-Gol, human usage) that gave the
level latter a slight edge and hence a projected annual lowering

of the level by three inches (7.5 centimetres). If, however, 
the north-flowing Vychegda and Pechora were diverted 
into the Volga, it would seem that the present level could 
at least be maintained (and possibly even increased, under 
favourable climatic conditions) until the year 2000. Soviet 
planners have given serious attention to the requirements 
and implications of such an ambitious project.
In summer, the average seawater temperature is 75 °- 

79° F (24°-26° C), with the south a little warmer. There 
are, however, significant winter contrasts, from 37°-45° 
F (3°-7° C) in the north to 46°-52° F (8 ° - l 1° C) in the 
south. Upwellings of deep water at the eastern littoral—a 
result of prevailing-wind activity—can also bring a marked 
drop in summer temperature. Salinity in the Caspian is 
about 1.27 percent on average, but this conceals a Varia­
tion from a mere 0.1 percent near the Volga outlet to a 
high of 32 percent in the Kara-Bogaz-Gol, where intense 
evaporation occurs. Caspian waters differ from those of 
the ocean in their high sulphate, calcium, and magnesium

carbonate content and—as a result of river inflow—low 
chloride content.

Water mass circulation occurs, basically, in a north to 
south movement along the western shore, with a complex 
pattern developing further south, where there are several 
subsidiary movements. Currents can be speeded up where 
they coincide with strong winds, and the sea surface is 
often ruffled by wave action, with the maximum storm 
waves being observed near the Apsheron Peninsula.
Marine life. There are about 850 animal and more than 

500 plant species represented in the Caspian—a relatively 
low figure for a body of water of this size. Animal life has 
been affected greatly by changes in salinity. It includes, 
among the fish, sturgeons, herring, pike, perch, and sprat; 
several species of mollusks; and a variety of other organ- 
isms including sponges. Some 15 species of Arctic (e . g the 
Caspian seal) and Mediterranean types complement the 
basic fauna. Perch are important among freshwater fish 
varieties. Some organisms have migrated to the Caspian 
quite recently: barnacles, crabs, and clams, for example, 
have been transported by sea vessels; grey mullets have 
been deliberately introduced by man.

The economy. The Caspian was long famous for its 
sturgeon catch, but this has been reduced greatly in re­
cent years, as a result of the decline in sea level, and the 
connected drying up of the most favourable places for 
spawning. The seal industry is, however, being developed 
in northern regions. Oil and gas have now become the 
region’s most important resources, following extensive ge- 
ological surveys in the 1940s and 1950s. Seabed oil is ex- 
tracted from derricks and artificial islands, most of which 
are concentrated off the shores of the Azerbaijan S.S.R., 
supplying half that republic’s total oil extraction volume. 
The extraction of such minerals as sodium sulphate from 
the Kara-Bogaz-Gol is also of considerable economie im- 
portance. Finally, the Caspian is of major importance 
for transportation in the region: petroleum, wood, grain, 
cotton, rice, and sulphate are the basic goods carried, 
while Astrakhan, Baku, Makhachkala, Krasnovodsk, and 
Shevchenko are the most important ports. They are also 
connected by regulär passenger runs, while railway stock 
is transported direct, without unloading, on the Baku- 
Krasnovdsk run. (A.N.K./O.K.L.)

PERSIAN GULF
The Persian Gulf (known to the Arabs as the Arabian 
Gulf) is the shallow marginal sea of the Indian Ocean 
that lies between the Arabian Peninsula and Southwest 
Iran. The sea has an area of 92,500 square miles (240,000 
square kilometres). lts length is 615 miles (985 kilometres), 
and its width varies from a maximum of 210 miles to 
a minimum of 35 miles in the Strait of Hormuz. It is 
bordered on the north, northeast, and east by Iran, on the 
northwest by Iraq and Kuwait, on the west and Southwest 
by Saudi Arabia, Bahrain, and Qatar, and on the south 
and southeast by the United Arab Emirates and part of 
Oman. The term Persian Gulf is often used to refer not 
only to the Persian Gulf proper but also to its outlets, 
the Strait of Hormuz and the Gulf o f Oman, which open 
into the Arabian Sea. The discussion here deals with the 
Persian Gulf alone.

Physical features. Physiography. The Iranian shore is 
mountainous, and there are often cliffs; elsewhere a nar­
row Coastal plain with beaches, intertidal flats, and small 
estuaries borders the gulf. The Coastal plain widens north 
of Büshehr on the eastern shore of the gulf and passes 
into the broad deltaic plain of the Tigris, Euphrates, and 
Kärün rivers. Cliffs are rare on the Arabian shore of the 
gulf, except around the base of the Qatar Peninsula and in 
the extreme southeast around the Strait of Hormuz. Most 
of the Arabian shore is bordered by sandy beaches, with 
many small islands enclosing small lagoons.

The gulf is very shallow, rarely deeper than 300 feet (90 
metres), although depths exceeding 360 feet are found at 
its entrance and at isolated localities in its southeastern 
part. It is noticeably asymmetrical in profile, with the 
deepest water occurring along the Iranian coast and a 
broad shallow area, which is usually less than 120 feet 
deep, along the Arabian coast. There are numerous is-
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The Persian Gulf.

lands, some of which are salt plugs or domes and others 
merely accumulations of coral and skeletal debris.

The Persian Gulf receives very small amounts of river- 
borne sediment except in the northwest, where the Tigris, 
Euphrates, and Kärün, together with other small streams, 
empty into the gulf. The rivers reach their peak flow in 
spring and early summer, when the snow melts in the 
mountains; disastrous floods sometimes result. There are 
some ephemeral streams on the Iranian coast south of 
Büshehr, but virtually no fresh water flows into the gulf 
on its Southwest side. Large quantities of fine dust are, 
however, blown into the sea by predominant northwest 
winds from the desert areas of the surrounding lands. Bi- 

Seafloor ological, biochemical, and Chemical processes lead to the 
production of considerable calcium carbonate in the form 
of skeletal debris and fine mud. The deeper parts of the 
Persian Gulf adjacent to the Iranian coast and the area 
around the Tigris-Euphrates Delta are mainly floored with 
gray-green muds rich in calcium carbonate. The shallower 
areas to the Southwest are covered with whitish-gray or 
speckled skeletal sands and fine carbonate muds. Often 
the sea floor has been hardened and turned to rock by 
the deposition of calcium carbonate from the warm, salty 
waters. Chemical precipitation is abundant in the Coastal 
waters, and sands and muds are produced that mix with 
the skeletal debris of the local sea life. These sediments 
are thrown up by the waves to form Coastal islands that 
enclose lagoons. The high salinities and temperatures re­
sult in the precipitation of calcium sulfate and sodium 
chloride to form extensive Coastal salt flats.

Geology. The present-day Persian Gulf, together with 
its northwestern continuation now infilled by the deposits 
of the Mesopotamian rivers, is thought by some to be 
the remains of a once much larger basin of deposition 
aligned northwest to southeast that existed throughout a 
large part of geological history. In this basin many thou- 
sands of feet of sediments accumulated, consisting mostly 
of limestone and marls (loose, crumbling earthy deposits 
containing calcium carbonate), together with evaporites 
and organic matter, which ultimately produced the area’s 
vast oil resources.

Climate. The gulf has a notoriously unpleasant climate. 
Temperatures are high, though winters may be quite cool 
at the northwestern extremities. The sparse rainfall occurs 
mainly as sharp downpours between November and April 
and is higher in the northeast. Humidity is high. The little 
cloud cover is more prevalent in winter than in summer. 
Thunderstorms and fog are rare, but dust storms and 
haze occur frequently in summer. The wind that blows 
predominantly from a north-northwest direction—the so- 
called shamäl (Arabic: “north wind”)—is seldom strong

and rarely reaches gale force. Squalls and waterspouts are 
common in autumn, when winds sometimes reach speeds 
of 95 miles per hour in as little as five minutes. Intense 
heating of the land adjacent to the coasts leads to gentle 
offshore winds in the mornings and strong onshore winds 
in the afternoons and evenings.

Hydrography. The small freshwater inflow into the gulf 
is mostly from the Tigris-Euphrates-Kärün rivers. The 
water temperatures range from 75° to 90° F (24° to 32°
C) in the Strait of Hormuz to 60° to 90° F (16° to 32° C) 
in the extreme northwest. These high water temperatures 
and a low influx of fresh water result in evaporation in 
excess of freshwater inflow; high salinities result, ranging 
from 37 to 38 parts per 1,000 in the entrance to 38 to 
41 parts per 1,000 in the extreme northwest. Even greater 
salinities and temperatures are found in the waters of the 
lagoons on the Arabian shore. The tidal range varies from Tides 
about four to five feet around Qatar and increases to 10 to 
11 feet in the northwest and nine to 10 feet in the extreme 
southeast. When onshore winds are strong, the level of the 
Coastal waters, particularly in the Southern gulf, may rise 
by as much as eight feet, causing extensive flooding of the 
low Coastal plains. Tidal currents are strong (five miles per 
hour) in the entrance of the gulf but elsewhere—except 
between islands or in estuaries and lagoon entrances—  
rarely exceed one to two miles per hour. The wind affects 
local currents and sometimes re verses them.
Waves rarely exceed 10 feet in height and are largest 

in the Southern gulf. The swell from the Indian Ocean 
affects only the water at the entrance of the gulf; when it 
is opposed by wind, very turbulent conditions result. The 
general circulation pattern appears to be caused by water 
entering from the Indian Ocean, evaporating, becoming 
denser, and sinking to flow out into the Indian Ocean 
beneath the inflowing open ocean water.

The waters of the area support many plants and animals, 
but the high temperatures and salinities lead to a diminu- 
tion in the variety of forms; many Indian Ocean forms 
penetrate only a small way into the gulf.

The economy. Until the discovery of oil in Iran in 1908, 
the Persian Gulf area was important mainly for fishing, 
pearling, the building of dhows (Arab lateen-rigged boats), 
sailcloth making, camel breeding, reedmat making, date 
growing, and the production of other minor products, 
such as red ochre from the islands in the south. The arid 
lands surrounding the gulf produced little else and, except 
for the rieh alluvial lands of the Mesopotamian plain, sup- 
ported only a small population of fishermen, date growers, 
and nomads. Today these traditional industries have de- 
clined, and the economy of the region is dominated by the Oil 
production of oil. The Persian Gulf and the surrounding 
countries account for about one-third of the world’s total 
oil production and have more than one-half of the world’s 
proved reserves. The area has been explored only in a 
preliminary way, and there are still far fewer drill holes in 
the area than are put down in a single year in the United 
States. Offshore exploration below the shallow waters of 
the gulf has revealed the presence of large reserves o f oil 
and gas. These discoveries have led to numerous legal 
wrangles between States about exact territorial limits. Large 
quantities of oil are refined locally in Iran, in Bahrain, 
and elsewhere, but most of it is exported to northwestern 
Europe and other parts of the world as crude oil.
Other exploitable mineral deposits appear to be rare, but 

only cursory surveys have been made. Exploration is ac- 
tively being pursued in the area.

Fishing is becoming highly commercialized. The tradi­
tional pearl-fishing industry has declined since the intro- 
duction of the Japanese cultivated pearls in the 1930s.
Large fishing industries have been set up in Kuwait, Qatar, 
and Bahrain, and some countries have become exporters 
of fish.

There has always been a considerable sea trade carried 
on by local craft between the Persian Gulf and Africa and 
India; this is now completely dominated by an incessant 
flow of large tankers that carry oil from the large marine 
terminals at Khärk Island, Kuwait, az-Zahrän (Dhahran), 
Bahrain, Musay'ld, az-Zannah, Das Island, and other lo- 
cations to all parts of the world. The heavy traffic and
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the offshore oil installations have produced many hazards, 
despite the use of a System of radio-navigational stations.

(G .Ev.)

REP SEA
The Red Sea is a narrow strip of water extending south- 
eastward from Suez for about 1,300 miles (2,100 kilo­
metres) to the Straits of Bab el-Mandeb, which connects 
with the Gulf of Aden and thence with the Indian Ocean. 
The sea separates the coasts of Egypt, The Sudan, and 
Ethiopia to the west from those of Saudi Arabia and 
Yemen (Sana) to the east. lts maximum width is 190 
miles; its greatest depth 9,580 feet (2,920 metres); and its 
area approximately 169,000 square miles (438,000 square 
kilometres). The Red Sea contains some of the world’s 
hottest and saltiest seawater. When the Suez Canal is 
open, it is one of the most heavily travelled waterways in 
the world, carrying maritime traffic between Europe and 
Asia. lts name derived from the colour changes observed 
in its waters. Normally the Red Sea is an intense blue 
green; occasionally, however, it is populated by extensive 
blooms of the algae Trichodesmium erythraeum, which, 
upon dying off, turn the sea a reddish-brown colour.

Physiography and submarine morphology. The Red Sea 
lies in a fault depression that separates two great blocks of 
the Earth’s ernst—Arabia and North Africa. The land on 
either side, inland from the Coastal plains, reaches heights 
of more than 6,560 feet above sea level, with the highest 
land in the south.

At its northem end the Red Sea splits into two parts, the 
Gulf of Suez to the northwest and the Gulf of Aqaba to 
the northeast. The Gulf of Suez is shallow—approximately 
180 to 210 feet deep—and it is bordered by a broad 
Coastal plain. The Gulf of Aqaba, on the other hand, is 
bordered by a narrow plain, and it reaches a depth of
5,500 feet. From approximately 28° N, where the Gulfs 
of Suez and Aqaba divide, south to a latitude near 25° 
N, the Red Sea’s coasts parallel each other at a distance 
of about 110 miles apart. Here the sea floor consists of a

Inset adapted from D P . McKenzie, D. Davies, and P. Molnar, "Plate Tectonics of the Red Sea 
and East Africa,” Nature, vol. 226, p. 244 (April 18, 1970)

Red Sea area. Inset shows the relative motions of the three 
plates that rnake up the Red Sea area.

main trough, with a maximum depth of some 4,100 feet, 
running parallel to the shorelines.

South of this point, and continuing southeast to latitude 
16° N, the main trough becomes sinuous, following the 
irregularities of the shoreline. About halfway down this 
section, roughly between 20° and 21° N, the topography 
of the trough becomes more rugged, and several sharp 
clefts appear in the sea floor. Because of an extensive 
growth of coral banks, south of 16° N only a shallow 
narrow channel remains. The sill separating the Red Sea 
and the Gulf of Aden at Bab el-Mandeb is raised by this 
growth; therefore, the depth of the water is only about 380 
feet, and the main channel becomes very narrow.

The clefts within the deeper part of the trough are un- 
usual sea floor areas in which hot brine concentrates are 
found. These patches apparently form distinct and sepa- 
rated deeps within the trough having a north-south trend, 
whereas the general trend of the trough is from northwest 
to southeast. At the bottom of these areas are unique sedi­
ments, containing deposits of heavy metal oxides from 30 
to 60 feet thick.

Most of the islands of the Red Sea are merely exposed 
reefs. There is, however, a group of active volcanoes just 
south of the Dahlak Archipelago (16° N), as well as a 
recently extinct volcano on Jebel Tier.

Geology. The Red Sea occupies part of a large rift val­
ley in the Continental crust of Africa and Arabia. This 
break in the crust is part of a complex rift system that 
includes the East African Rift valley, which extends south- 
ward through Ethiopia, Kenya, and Tanzania for almost 
2,200 miles, and northward for over 280 miles from the 
Gulf of Aqaba to form the great Wadi Aqaba-Dead Sea- 
Jordan Rift, also extending eastward for 600 miles from 
the Southern end of the Red Sea to form the Gulf of Aden.
The Red Sea Valley cuts through the Arabian-Nubian 

Massif, a central mass of Precambrian igneous and meta- 
morphic rocks (i.e., formed deep in the earth under heat 
and pressure from 570,000,000 to 4,600,000,000 years 
ago), whose outcrops form the rugged mountains of the 
adjoining region. The massif is surrounded by Paleozoic 
marine sediments (from 225,000,000 to 570,000,000 years 
old). These sediments were affected by the folding and 
faulting that began in the Late Paleozoic Era; the laying 
down of deposits, however, continued to take place dur- 
ing this time and apparently continued into the Mesozoic 
Era (from 65,000,000 to 225,000,000 years ago). The 
Mesozoic sediments appear to surround and overlap those 
of the Paleozoic and are in turn surrounded by Early 
Tertiary sediments (from about 54,000,000 to 65,000,000 
years old). In many places large remnants of Mesozoic 
sediments are found overlying the Precambrian rocks, 
suggesting that at one time a fairly continuous cover of 
deposits existed above the older massif.

The Red Sea is considered a relatively new sea whose 
development probably resembles the Atlantic Ocean in its 
early stages. The Red Sea’s trough apparently formed in at 
least two complex phases of land motion. The movement 
of Africa away from Arabia began during the lower Eocene 
Epoch (50,000,000 years ago). The Gulf of Suez opened 
up during the lower Oligocene Epoch (about 35,000,000 
years ago), and the northern part of the Red Sea in early 
Miocene time (25,000,000 years ago). The second phase 
began about 3,000,000 to 4,000,000 years ago, creating 
the trough in the Gulf of Aqaba and also in the Southern 
half of the Red Sea Valley. This motion, estimated as 
amounting to 0.59 to 0.62 inches (15-15.7 millimetres) 
a year, is still proceeding, as indicated by the extensive 
volcanism of the past 10,000 years, by earthquake activity, 
and by the flow of hot brines in the trough.

Climate. The Red Sea region has very little precipita­
tion in any form, although prehistorie artifacts seem to 
indicate that there were greater amounts of rainfall in 
times gone by. ln general, the year-round climate makes 
an active life diflicult, for the average temperature varies 
between 77° and 82° F (25° and 28° C), and there is a 
very high degree of relative humidity in summer. In the 
northern part of the Red Sea area, extending down to 
19° N, the prevailing winds are north to northwest. Best 
known are the occasional westerly, or “Egyptian,” winds,

Relation­
ship to the 
Great Rift 
System



Asia 261

which blow with some violence during the winter months 
and are generally accompanied by fog and blowing sand. 
From latitudes 14° to 16° N the winds are variable, 
but during the months of June through August strong 
northwest winds move down from the north, sometimes 
extending as far south as the Straits of Bab el-Mandeb; 
by September, however, this wind pattem retreats to a 
Position north of 16° N. South of 14° N the prevailing 
winds are south to southeast.

Hydrography. No water enters the Red Sea from rivers, 
and rainfall is scant; but the evaporation loss, in excess 
of 80 inches a year, is made up by an inflow through 
the eastern channel of the Straits of Bab el-Mandeb from 
the Gulf of Aden. This inflow is driven toward the north 
by prevailing winds and generates a circulation pattem 

Salin- in which these low salinity waters (the average salinity
ity and is about 36 parts of salt per thousand) move northward.
tempera- Water from the Gulf of Suez has a salinity of about 40
ture parts per thousand due to evaporation, and consequently

a high density. This dense water moves toward the south 
and sinks below the less dense inflowing waters from the 
Red Sea. Below a transition zone, which extends from 
depths of about 300 to 1,300 feet, the water conditions 
are stabilized at about 72° F (22° C), with a salinity of 
almost 41 parts per thousand. This south-flowing bottom 
water, displaced from the north, spills over the sill at 
Bab el-Mandeb, mostly through the eastern channel. It is 
estimated that there is a complete renewal of water in the 
Red Sea every 20 years.
Below this southward-flowing water, in the deepest por- 

tions of the trough, there is another transition layer, only 
80 feet thick, below which, at some 6,400 feet, lie a num­
ber of pools of hot brine. The brine in the Atlantis II 
Deep has an average temperature of almost 140° F (60° 
C), a salinity of 256 parts per thousand, and contains no 
oxygen. There are similar pools of water in the Discovery 
Deep, and in the Chain Deep (at about 21° 18' N). Heat- 
ing from below renders these pools unstable so that their 
contents mix with the overlying waters; they thus become 
p#rt of the general circulation system of the sea.

The economy. Resources. Three major types of mineral 
resources are found in the Red Sea region: petroleum de­
posits, evaporite deposits (sediments laid down as a result 
of evaporation, such as salt, gypsum, and dolomite), and 

Mineral the newly discovered heavy metal deposits in the bottom 
deposits oozes of the Atlantis II and Discovery deeps, which lie be­

tween 21° 15' and 21°30' N. The oil and gas deposits are 
being exploited to varying degrees by the nations adjoin- 
ing the sea. The evaporites are utilized only very slightly, 
primarily on a local basis. Of the heavy metal deposits, 
none of which had been touched, those contained in the 
sediments of the Atlantis II Deep alone were estimated as 
having a $25,000,000,000 value. The sediment of the Dis­
covery Deep also has a significant metalliferous content 
but at a lower concentration than that in the Atlantis II 
Deep. These deposits are in the form of fairly fluid oozes, 
with an average of about 85 percent brine. The average 
analysis of the Atlantis II Deep deposit reveals an iron 
content of 29 percent; zinc 3.4 percent; copper 1.3 percent; 
lead 0.1 percent; silver 54 parts per million; and gold 0.5 
parts per million. The total brine-free sediment estimated 
to be present in the upper 30 feet of the Atlantis II Deep 
is about 50,000,000 tons. These deposits appear to extend 
to a depth of 60 feet below the sediment surface, but the 
quality of the deposits below 30 feet is unknown.
The recovery of sediment located beneath 5,700 to 6,400 

feet of water poses problems. But since most of these 
metalliferous deposits are fluid oozes, it is anticipated that 
it may be possible to pump them to the surface much 
the same way as oil. There are also numerous proposals 
for drying and beneficiating (treating for smelting) these 
deposits after recovery. It would indeed seem that exploita- 
tion is now feasible, provided international agreements 
can resolve legal difficulties.

Navigation. Navigation in the Red Sea is difficult. The 
unindented shorelines of the northern half provide few 
natural harbours; in the Southern half the growth of coral
reefs has restricted the navigable channel and blocked 
some harbour facilities. At Bab el-Mandeb the channel

is kept open by blasting and dredging. Atmospheric dis- 
tortion (heat shimmer), sandstorms, and highly irregulär 
water currents add to the navigational hazards.

Study and exploration. The Red Sea is one of the first 
large bodies of water mentioned in recorded history. It was 
important in early Egyptian maritime commerce (2000 Early use 
bc) and was used as a water route to India by about 1000 as a route 
bc . It is believed that it was reasonably well charted by to India 
1500 bc, because at that time Queen Hatshepsut of Egypt 
sailed its length. Later the Phoenicians explored its shores 
during their circumnavigatory exploration of Africa in 
about 600 bc . Shallow canals were dug between the Nile 
and the Red Sea before the time of Christ but were later 
abandoned. A deep canal between the Mediterranean and 
the Red Sea was first suggested about ad  800 by the caliph 
Härün ar-Rashld. It was not until 1869 that Ferdinand 
Marie de Lesseps completed the Suez Canal connecting 
the Red and Mediterranean seas. (B.C.S./W.B.F.R.)

TIGRIS AND EUPHRATES RIVERS
The two greatest rivers of southwestern Asia have widely 
separated sources in the mountains of eastern Turkey and 
travel in a southeasterly direction through north Syria and 
Iraq to the head of the Persian Gulf. The total length of the 
Euphrates (Akkadian Purattu; Turkish Firat; Arabic Furät;
Biblical Perath) is approximately 1,700 miles (2,700 kilo­
metres). The total length of the Tigris (Akkadian Idiklat;
Biblical Hiddekel; Turkish Diele; Arabic Dijla) is about 
1,180 miles (1,890 kilometres). Both rivers traverse two- 
thirds of their courses before reaching the fringes of the 
Mesopotamian Plain—the silt-filled depression that must 
be regarded as their combined delta. To the north of this 
an upper and a middle course is usually distinguished for 
each river; each upper course is restricted to the valleys 
and gorges of east Anatolia, at altitudes diminishing from 
those of their sources at 6,000-10,000 feet (1,830-3,050 
metres) above sea level; each middle course proceeding 
more tranquilly through the uplands of north Syria and 
Iraq at elevations varying from 1,200 feet at the foot of 
the so-called Kurdish Escarpment to 170 feet where the 
alluvium begins at the head of the delta.

The Tigris and Euphrates derive the bulk of their wa­
ter from the winter rains and snow of the Güneydogu 
Toroslar and Zagros mountains. Both, in their middle 
courses, are joined by substantial left-bank tributaries.
Tributary streams of the Tigris, the Great and Little Zab, 
which are fed in the spring with snow-melt waters from the 
high ranges of Iraqi and Iranian Kurdistan, are both more 
powerful and more unpredictable than the Balïkh and the 
(western) al-Khübür, which flow into the Euphrates from 
springs beneath the Escarpment. The Tigris, therefore, is 
a more copious and swifter stream than the Euphrates, its 
character being reflected in the Arabic name Dijla, mean- 
ing arrow. Geologically, the most striking feature of both 
streams is the heavy content of silt which they carry in 
flood-time. At this season their mean discharge in Iraq is 
reckoned at about 175,000 cubic feet (4,960 cubic metres) 
per second, and their water carries as much as 3,000,000 
tons of eroded material from the highlands in a single day.
The fact that little of this sediment reaches the sea explains 
the vast tract of alluvial soil of which the Mesopotamian 
Plain is composed.

Physical features. After reaching the Syrian frontier 
250 miles apart, the rivers in their middle courses gradu- 
ally converge until they are separated only by a triangle 
of barren limestone desert, known as al-Jazïrah (the Is­
land). On either side of this they have cut deep and 
permanent beds in the Tertiary rock, so that their courses 
have remained virtually unchanged since prehistorie times 
and are punctuated at frequent intervals by the ruins of 
ancient cities. The Tigris here traverses the homeland of 
the Assyrians, whose three great capitals—Nineveh, Calah 
(modern Nimrüd), and Ashur—still overlook the river. By 
contrast, when the alluvial plain is reached, the rivers are 
found to have so frequently bifurcated or altered their beds 
that their earlier courses, and the canals dependent upon 
them, can sometimes be traced only by the lines of talls 
(“mounds”) representing ancient settlements. The talls in- 
crease in number as the territory of Babylonia is reached,
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and the mounds marking the sites of the great Sumerian 
cities in the extreme south suggest a pattern of occupation 
almost unrelated to the present system of waterways.

The two rivers, in their lower courses, tend to build up 
their beds to a level considerably above the plain across 

Use of which they flow. They are, furthermore, confined between 
embank- artificial bunds (embankments) to prevent the inundation 
ments of the adjacent agricultural lands in the highwater season.

Consequently, when, in the past, these bunds have proved 
ineffectual or have been damaged intentionally, not only 
have vast areas of surrounding country been flooded but 
on occasion the rivers have changed their main courses. 
The high level of the rivers has nevertheless made possible 
the system of irrigation to which the country owes its 
prodigious agricultural potential.
The Euphrates has no major right-bank tributaries in 

its delta, but is joined on its left bank by the Gharräf 
Channel, which branches off from the Tigris at al-Küt.

The Tigris has two major left-bank tributaries. It is joined 
near Baghdad first by al-'Uzaym and then by the even 
larger Diyälä. This produces a volume of water in excess 
of the river’s capacity, which dissipates itself in extensive 
marshes on either side of its lower course. To the west 
the marshes merge into the waters of a great shallow lake, 
the Hawr al-Hammär. The Euphrates flows through this 
lake before uniting with the Tigris in a single channel, 
the Shatt al-'Arab, which reaches the sea over 100 miles 
further south.

Physiography. The headwaters of the Euphrates com- The 
prise two confluent streams known as the Murat and Kara Euphrates 
Su. From their sources near Erzurum, Turkey, they tra­
verse the high lava plain to the northwest of Lake Van and 
meet eventually at Keban, near Eläzig, where the rockfill 
Keban Dam, completed in 1974, spans a deep gorge. The 
stream, after breaking through the range of Güneydogu 
Toroslar, drops down through the foothills of the ancient
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district of Commagene. Approaching to within 100 miles 
of the Mediterranean, it flows by Birecik in Turkey, where 
it is spanned by road, and Jaräbulus on the Syrian side 
of the frontier, where it is crossed by the Iraqi Railway. 
From here its southeasterly course across Syria is through 
barren and thinly populated country, where its cultivable 
valley is no more than a few miles wide. After the western 
al-Khäbür joins the Euphrates, it flows through a broader 
agricultural province until it reaches Abü Kamäl, near the 
Iraqi frontier, after which the valley narrows again to a 
strip of alluvium between limestone escarpments. At inter­
vals in the reach between the frontier and Hit, small towns 
such as Anah and Räwah occupy islands in mid-stream, 
subsisting upon a riparian system of cultivation that uses 
ingenious waterwheels for irrigation. Below Hit, the river 
cliffs recede and from this point onward irrigation begins 
on a large scale. Just south of the river below ar-Ramädl 
lies Lake Habbänlyah, a large depression, enclosed on 
three sides by low hills, that has been converted into a 
controlled escape, to minimize the danger of floods and to 
be used for storage during the low-water period. Between 
ar-Ramädl and al-Hindïyah, over a distance of about 140 
miles, the mouths of all the main controlled irrigation 
canals as well as most of the pumping installations are to 
be found. At al-Hindlyah itself, until early in the present 
Century, the river split into two branches, al-Hillah and 
al-Hindlyah, each of which, over the centuries, had alter- 
nately assumed importance. In 1908 a barrage was built 
to canalize and control al-Hilah branch, thus making al- 
Hindlyah the main river channel. Below al-Kifl the river 
enters an unstable area where effective control is difficult. 
It bifurcates twice before reappearing above as-Samäwah 
as a single stream, which still maintains its elevation above 
the surrounding marshes. Below an-Näsriyah, numerous 
channels dispose of the waters, which make their way into 
the Hawr al-Hammär, from which, in turn, the outflow 
finds its way to the Shatt al-'Arab.
The Tigris rises in a small mountain lake, Hazar Gölü, 

southeast of Eläzig, Turkey. Minor tributaries, flowing 
into it, drain a wide area extending eastward into Hakkäri 
il (province). Passing beneath the great basalt walls of Di- 
yarbakir, and by a troglodyte Settlement at Hasankeyf, it 
reaches the Syrian frontier at its junction with the eastern 
al-Khäbür near Cizre (Jazlrat ibn Umar), entering Iraq a 
few miles beyond at Faysh Khäbür. After passing Mosul, 
with the ruins of Nineveh on its left bank, the Tigris is 
joined by its two main tributaries, the Great and the Little 
Zab, which drain the mountain area of Iraqi Kurdistan. 
During the season of melting snows, the Zabs, laden with 
silt, double the volume of the main stream. The river next 
passes through the al-Fathah gorge, where rapids impede 
navigation, after which a further reach of 60 miles brings 
the Tigris to the head of the alluvial plain near Sämar- 
ra. Here there is a barrage and a regulated escape that 
diverts surplus water into the Tharthär Depression to the 
west. From Baghdad onward, after receiving the waters 
of al-Uzaym and the Diyälä, the Tigris is increasingly 
confined between artificial embankments, from which the 
southward overspill keeps the great Hawr Dalmaj (Dalmaj 
Marsh) almost perennially supplied with water. At al-Küt, 
200 miles downstream from Baghdad, there is a barrage 
and the channel of the Shatt al-Gharräf (Shatt al-Hai) 
branches off southward. The Shattt al-Gharräf is a very 
ancient bed of the river, irrigating a wide interfluvial area 
before merging its surplus water with that of the Euphrates 
where it enters the Hawr al-Hammär. The main stream, 
meanwhile, both above and below al-'Amärah, again splits 
into a number of channels that disperse their water over 
rice-growing areas and extensive marshes on either bank. 
At al-Qurnah it joins an old bed of the Euphrates, now 
fed by the outflow of these same marshlands to become 
Shatt al-‘Arab. At Qarmat All, a little above Basra, the 
main stream is joined by more waters from the Euphrates 
that have filtered through the Hawr al-Hammär.
On either side of the Shatt al-'Arab, both above and 

below Basra, close settlement is limited to a beit of culti­
vation between one and three miles wide. These lands are 
irrigated by a network of creeks that fill with water from 
al-'Arab when the sluices are opened at high tide and are

famous for their groves of date palms, from which the 
fruit is exported all over the world. At Khorramshahr, al- 
'Arab is joined by the Kärün River, which flows south­
ward from Khuzistan in Iran. From here to the sea an 
uneasy political Agreement gives equal rights o f navigation 
to Iraq and Iran. Basra on the right bank is, of course, the 
Principal seaport of Iraq, while Khorramshahr, on the left 
bank, is Iranian. Two further ports on the lower course 
of al-'Arab, Abädän (Iran) and al-Fäw (Iraq) are no more 
than specialized discharge points for exporting oil.

Climate. The countries traversed by the Tigris and 
Euphrates have a Continental sub-tropical climate, with 
extremes of heat and cold in summer and winter, respec- 
tively, and a scanty rainfall. In the alpine regions, where 
the rivers have their upper courses, winter winds are weak 
and variable, and much of the light precipitation falls in 
the form of snow, which lies for four or more months in 
the higher valleys. At this season the mean temperature is 
much below freezing, so that agriculture is at a standstill 
and Communications are restricted. After the snowfields 
melt in the spring the rivers are in spate. The mount- 
ing volume of their waters is augmented in their middle 
courses by seasonal rainfall, which reaches its maximum 
between March and May. Although in the rivers’ lower 
courses intermittent rains continue during the winter 
months, the total rainfall rarely exceeds eight inches (200 
millimetres) annually, and from May onward rain ceases 
altogether. In the alluvial plain, the most conspicuous cli­
matic feature is the extreme heat of the summer months, 
with day temperatures rising as high as 120° F (49° C), 
and with the relative humidity as low as 15 percent. The 
fertility of the delta is therefore entirely dependent upon 
the seasonal flooding of the Tigris and Euphrates.

Plant and animal life. Dense communities of common 
reed and the narrowleaf cattail are found in the wide areas 
of marshland through which the rivers flow in south Iraq. 
The young shoots of both are used by Marsh Arabs for 
fodder. Along the rivers themselves in their lower courses 
the Euphrates poplar and a species of willow grow in 
small beits. The poplar is used for practical purposes such 
as boat building. Undergrowth in these riverain thickets is 
composed chiefly of five-stamen tamarisk and mesquite, 
which also extends northward to the middle course of the 
Tigris and to its tributaries, up to an altitude o f 3,000 feet. 
It is often accompanied by licorice, from whose roots an 
exportable product is obtained.

Wild pigs are widespread in the marshes adjoining the 
rivers throughout their courses. In Southern Iraq, jackals 
and occasional hyenas are to be seen among the river- 
side gardens, and a very large form of Indian jungle cat 
inhabits the more remote tamarisk thickets. The smaller 
Eastern wild cat is less common. Among smaller animals 
are several species of gerbils and the agile jerboa, which 
may be seen as far north as central Anatolia. Buxton’s 
mole-rat, which covers the entrance to its burrow with a 
mound of earth, is also found in the riverbanks. Many 
birds migrating between Europe and Asia fly along the 
rivers’ course.

Locally resident birds include babblers, bulbuls, scrub 
warblers, and sandgrouse. Among the larger species that 
frequent the marshes and occasionally breed there are pel- 
icans, flamingoes, herons (including the huge giant heron), 
storks, spoonbills, and two kinds of bustard. Winter visi- 
tors are geese, white-fronted or graylag, and innumerable 
ducks, including all the common European kinds as well 
as the red-crested pochard and marbled duck. Gray cranes 
breed on the upper reaches of the Euphrates. Brilliant 
European bee-eaters visit the riverbanks on passage, and 
Persian bee-eaters remain to breed. Both the European 
and the Indian rollers nest in the vicinity of the rivers, 
particularly in the vertical banks of water channels.

Among the freshwater fish characteristic of the Tigris- 
Euphrates system, the carp family is the most conspicu­
ous. The rivers harbour a variety of genera in this family, 
including small-scale forms recalling the Indian mahseer. 
A barbel genus is recorded as attaining a weight of 300 
pounds (136 kilograms). Besides carp, there are a few va- 
rieties of catfish as well as the spiny eel with its curious 
tubulär nostrils.
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The people. With the exception of city dwellers, the 
Arab population on the rivers’ banks live either by stock 
breeding or by agriculture. Their way of life varies from 
the nomadism of the desert bedouin to the settled condi­
tion of the peasantry (fellahin) in the agricultural districts. 
Both bedouin and fellahin, together with semi-settled 
Arabs, may be included within the organization of a single 
tribe. Over the past half Century, however, tribal associa- 
tions have begun to disintegrate. Among the fellahin an 
improved system of land Settlement and legal reforms are 
breaking the authority of feudal landlords and encourag- 
ing the syndication of small holdings.

The uniform simplicity of village life among the fellahin 
extends to the limits of the delta. Almost the only Varia­
tion is to be found among the Ma'dan, or Marsh Arabs, 
who occupy the vast triangle of swampland between an- 
Näsirlyah, al-'Amärah, and Basra. A distinctive culture 
emerges from their seminomadic life. They raise water 
buffalo and hunt wildfowl or pigs from their mashuf ca- 
noes. The giant mardi reeds found in these swamps reach 
a height of up to 25 feet, providing them with building 
material for their characteristic architecture.
North of al-Fathah gorge, the Tigris and its tributaries 

pass through country in which pure Arabs are increasingly 
in a minority. In the 17th Century this region provided 
winter pasture for the Kurdish tribes but was then settled 
with Turkmen by Sultan Murad IV, in order to secure 
his lines of communication with Baghdad. To the north 
the Turkmen merge with the Iraqi Kurds, whose orchards 
and vegetable gardens are found along the Tigris tribu­
taries and their smaller affluents. In their upper courses, 
both the Tigris and the Euphrates pass through moun­
tain country whose inhabitants were once predominantly 
Kurdish. Today, however, the Kurds have become assim- 
ilated into the Anatolian population. Until recently the 
highland provinces, where both rivers have their sources, 
were underpopulated as a result of the departure of the 
Armenians early in the 20th Century.

The economy. The rivers have two well-marked flood 
periods; the first, an irregulär rise mainly due to the rain, 
that lasts from November to the end of March; the sec- 
ond, that of the main flood in April and May. During 
the second period, the rivers’ combined discharge may 
reach 175,000 cubic feet (4,960 cubic metres) per second, 
but the volume drops rapidly in June and rarely exceeds 
one-tenth of that amount in later summer and autumn. 
From the point of view of agriculture, the rivers are high 
at the wrong time of year for most crops (except rice), 
so that cultivation by direct inundation cannot be gener- 
ally practiced.

Furthermore, the sheer volume of flood water endangers 
the bunds within which the rivers are confined in their 
lower courses. The primary requirement of river control is 
therefore to maintain an effective system of diversion and 
storage, both as a precaution against the kind of inunda­
tion that threatened the existence of Baghdad as recently 
as 1954 and as a means of retaining the flood waters for 
distribution in the hot season. To this end, in the early 
decades of the present Century, barrages were built at al- 
Hindlyah and al-Küt, and an important weir constructed 
on the Diyälä east of Baghdad. The diversionary escapes 
at ar-Ramädl on the Euphrates and at Sämarra on the 
Tigris were both completed in 1956. An even larger stor­
age basin has been created by the construction of a dam 
at Dukän on the Little Zab in 1958, and yet another is 
being built at Bakhma on the Great Zab.

Irrigation. The districts of northern Iraq and Syria, to­
gether with the piedmont area of southeastern Anatolia, 
through which the two rivers flow in their middle courses, 
have a milder climate than the plains in the south and 
sufficiënt rainfall to raise a erop of winter grain without 
irrigation. North of 'Anah on the Euphrates and of Tikrit 
on the Tigris date palms disappear and are replaced by 
vines, olives, tobacco, and temperate fruits. There are no 
major canal Systems in this area, and such irrigation as 
is required is supplied by mechanical lifts. By contrast, 
in the south the principal crops are wheat, barley, millet, 
and rice, as well as dates, all of which are dependent 
upon irrigation. Irrigation takes three forms. Water is dis-

tributed from rivers and canals by direct flow onto the 
land through small channels; by lifting water mechanically 
into such channels; and by direct inundation. The second 
of these methods is limited to land relatively close to rivers 
and canals; the third is useful only for rice cultivation. 
The relative importance of each method may be judged by 
the figures for 1942, an average and comparatively recent 
year; out of a total area cropped by irrigation, 1,700,000 
acres (688,000 hectares) were dependent on lifts, 1,500,000 
on canals, and 250,000 on inundation. Canals are of two 
kinds; controlled canals, which receive water from regu­
lators on the main river at all seasons, and uncontrolled 
canals, which are fed only when the river level reaches 
the canal head—an eventuality that unfortunately occurs 
mainly at the season when water is least in demand.
While the Tigris, at the northern extremity of the delta, 

flows at a slightly higher level than the Euphrates, before 
reaching Baghdad the relationship is reversed, and the 
Euphrates becomes the higher of the two by about 30 feet. 
There is a second reversal before the Tigris reaches al-Küt. 
In antiquity, advantage was taken of these characteristics, 
which permitted irrigation from one river and drainage 
into the other, and the Situation is still partially reflected 
in the Operation of the controlled canal zones of the pres­
ent irrigation system.

Five areas are dependent upon irrigation from large 
canals, controlled by barrages and sluice gates. The canal 
Systems are the following: (1) the five left-bank Euphrates 
canals, running generally eastward between ar-Ramädl 
and al-Musayyib. Irrigation is perennial and is by free 
flow. (2) The Euphrates canals, depending directly on the 
Hindïyah Barrage. (3) The Diyälä canals, whose flow is 
maintained in summer by the Diyälä Weir. (4) The canal 
system on the Küt Barrage, including the Gharräf Canal, 
and the Dujaylah (an old bed of the Tigris). (5) Canals and 
spillways from al-'Amärah to Qal'at Sälih, on the left bank 
of the Tigris. Uncontrolled canal irrigation and inunda­
tion are predominantly practiced in rice-growing areas, 
such as in ash-Shämlyah district (through which run the 
two branches of al-Hindïyah channel of the Euphrates) 
along the lower Euphrates around as-Samäwah, from an- 
Näsirlyah to the Hawr al-Hammär, and along the Lower 
Tigris below al-Küt. Water-lifting machinery, consisting 
either of oil pumps or more primitive types of apparatus, 
is in use throughout the middle and lower courses of both 
rivers. Among the traditional devices in use, particularly 
on the middle Euphrates, are tall waterwheels, driven by 
the force of the current, which raise the water in earthen- 
ware jars attached to their rims. On the Tigris the height 
of lifts vary from six feet in the lowest reaches to 40 feet 
at Baghdad.

In the great irrigated areas of lower Mesopotamia, where 
the system of extensive cultivation has traditionally been 
practiced, a primary threat is the gradual salinization of 
the soil. The irrigation water from the rivers is slightly 
saline and the heavy residue left by evaporation in hot 
weather is augmented by salt forced to the surface by 
groundwater. The resultant deterioration of the soil has 
been promoted by the pattern of irrigation canals, whose 
dikes, created by dredging, have divided the low-lying 
ground into small units, making it difficult to drain off 
water before evaporation occurs. Philologists have found 
evidence in cuneiform texts to suggest that the deterio­
ration of land through salinization was already well un- 
derstood as early as the third millennium b c , when the 
centres of agricultural prosperity began to shift northward 
from the original homeland of the Sumerians.

Navigation. In 1836 a British expedition, led by Col. 
Francis Chesney, navigated the Euphrates by steamship 
from an-Näsiriyah to al-Qurnah, north of the Hawr al- 
Hammär. Today the Euphrates is not navigable except by 
local craft. From Basra to Baghdad, however, the Tigris 
is navigable by steamers with draughts of 4 feet 6 inches 
in the high water season and 4 feet at low water. Above 
Baghdad small steamers of three foot draught can, with 
some difficulty, reach Mosul. Much of the downstream 
traffic on both rivers consists of kalaks—rafts of timber 
and brushwood supported on inflated skins. Kalaks carry 
loads of up to 35 tons and take three or four days to cover
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the 275 miles from Mosui to Baghdad. Upon arrival, the 
rafts are dismantled, the timber is sold, and the skins 
are retumed by road to their starting-point. Sailing craft 
include muhaylahs and safinahs 30-80 feet long, with 
a capacity of up to 50 tons. Carrying smaller loads are 
balams—long, narrow double-ended, flat-bottomed craft 
with a shallow draft. Until recently guffahs —huge circular 
coracles o f basketwork, coated with bitumen and capable 
of carrying up to 20 men—were in regulär use in the 
vicinity of Baghdad.
The ancient trade route from the Persian Gulf to the 

Mediterranean followed the right bank of the Euphrates 
almost to Aleppo. The modern road and railway, after 
Crossing the river at as-Samäwah, are diverted at al-Hillah 
toward Baghdad, but the road returns from Baghdad to the 
important Euphrates Crossing at al-Fallüjah, after which it 
runs across the desert to Damascus. From Baghdad, with 
its four modern bridges over the mainstream, the railway 
foliows the right bank of the Tigris to Mosui, then turns 
northwestward across the corner of Syria known as the 
“Bec-de-Canard” to follow the Turco-Syrian frontier to 
the Euphrates Crossing at Jaräbulus. On its way, it passes 
near the ruins of Haran (modern Harran), the “crossroads 
city” of the ancient world, and intersects a road that runs 
due north from ar-Raqqah to cross the headwaters of Eu­
phrates once more at Samsat.

Among the mountains of east Anatolia, railways follow 
ancient paths, in part, along the upper course of the Tigris 
and both confluents of the Euphrates, bridging the Eu­
phrates near Malatya.

Study and exploration. History has little to record re- 
garding physiological changes in the upper and middle 
courses of the two rivers. In the delta, by contrast, the 
pattem created by complex hydrological developments 
over a period of several millennia is available for study, 
even if it is as yet only partially understood. Different 
explanations, for example, have been given for the way 
in which the plains were formed and the present coastline 
created. Until recently it was thought that the head of the 
Persian Gulf once extended as far as the apex of the delta 
but must have receded southward until, in early historie 
times, it corresponded roughly to a line drawn through al- 
'Amärah and an-Näsiriyah. Nearer to the present coastline, 
meanwhile, the westward outflow from the Kärün River 
had built up a barrier of silt, behind which a great lake 
formed. The lake had then gradually filled with alluvium, 
until only the Hawr al-Hammär and the marshes around 
it remained. In 1952, this long-accepted interpretation was 
refuted by geologists who detected a gradual subsidence in 
the basal rocks beneath the Euphrates estuary at a rate that 
was enough to maintain the alluvial deposit at a constant 
level. They accordingly concluded that the coastline had 
remained almost unchanged since historie times—a con- 
tention that still requires to be reconciled with conflicting 
archaeological evidence.

The tangle of waterways and ancient irrigation chan­
nels with which the Mesopotamian Plain appears to be 
covered, especially when seen from the air, gives an exag- 
gerated impression of ancient prosperity, modified only if 
one remembers that at no time in the past were all these 
channels in simultaneous use. Of the major canal Systems 
on which the country depended in early medieval times, 
for instance, some are today re-used and extended, while 
others are obsolete and forgotten. The five great Euphrates 
canals (Isa, Sarsar, Malik, Kutha, and Nil), on which the 
fertility of central Iraq depended in Abbäsid times, have 

The modern counterparts, but their overflow can no longer
ancient drain into the Tigris because of a change in level. East of
canals the Tigris, now long neglected and dry, is the great Nahra-

wän Canal, which irrigated an area extending almost to the 
Persian frontier. Leaving the Tigris just north of Sämarrä' 
and utilizing an ancient bed of the main river, this canal 
collected the waters of al-Uzaym and the Diyälä, carrying 
them southeastward almost to al-Küt. It was abandoned 
after the Mongol invasions, and only a small part of its 
former dependent territory is now supplied with water 
by the Diyälä Weir. The old Ishaqi-Dujaylah Canal that 
irrigated the farmlands west of the Tigris in the same era 
also now lies derelict. (S.H.F.L.)

ARABIAN SEA
The Arabian Sea lies in the northwestern section of the 
Indian Ocean. Situated within the trade wind latitudes, it 
forms part of the Principal sea route between Europe and 
India. It is bounded to the east by India, to the north by 
Pakistan and Iran, to the west by the Arabian Peninsula 
and the Horn of Africa, and to the south by the remainder 
of the Indian Ocean. To the north the Gulf of Oman 
connects the sea with the Persian Gulf via the Strait of 
Hormuz. To the west the Gulf of Aden connects it with 
the Red Sea via the Strait of Bab el-Mandeb. Its total area 
is about 1,490,000 square miles (3,859,100 square kilo­
metres); it has a mean depth of 8,750 feet (2,734 metres).
In Roman times its name was the Mare Erythraeum (the 
Erythraean Sea).

Political units bordering the sea—apart from India, Iran, 
and Pakistan—are the Sultanate of Oman, Yemen (Aden), 
and Somalia. Islands in the sea include Socotra (a part 
of the Yemen [Aden]) off the Horn of Africa, the Kuria 
Muria Islands off the coast o f Oman, and the Laccadive 
Islands (a part of India), the latter of which are a group 
of coral atolls lying between 100 and 250 miles (160-400 
kilometres) off the Southwest (Malabar) coast of India. The 
Indus River is the principal river draining into the sea.

Physical features. Most of the Arabian Sea has depths 
that exceed 9,600 feet, and there are no islands in the mid­
dle. Deep water reaches close to the bordering lands except 
in the northeast, off Pakistan and India. To the southeast 
the Laccadive Islands form part o f the submarine Maldive 
Ridge, which extends farther south into the Indian Ocean 
where it rises above the surface to form the Maldive Is­
lands. On the western side of the sea, the plateau island 
of Socotra, about 70 miles long and with an area of about 
1,200 square miles, is an insular extension of the Horn of 
Africa, lying 160 miles east of Cape Guardafui.

Submarine morphology and geology. Stretching south­
eastward from Socotra is the submarine Carlsberg Ridge, The 
which coincides with the beit of seismic activity in the Carlsberg 
Indian Ocean that divides the Arabian Sea into two ma- Ridge 
jor basins—the Arabian Basin to the east and the Somali 
Basin to the west. The deepest soundings, 15,900 feet, have 
been recorded in the Somali Basin. The Carlsberg Ridge is 
longitudinally split by a central valley that reaches depths 
of 10,800 feet below the sea’s surface. The Coastal escarp- 
ments of the Gulf o f Aden are formed by rift faults that 
converge toward the Southwest to continue into Africa as 
the boundary scarps of the Ethiopian Rift Valley, which 
forms part of the East African Rift Valley.
The Arabian Basin is separated from the Gulf of Oman 

Basin by the Murray Ridge, a narrow submarine ridge 
that extends northeast to Southwest to meet the Carlsberg 
Ridge.

A deep submarine canyon has been discovered off the 
mouth of the Indus River, while an abyssal cone (a cone 
in the lowest depths of the ocean) and an associated 
abyssal plain occupy much of the northeast floor of the 
Arabian Sea. To the east of the Somali coast is another 
large abyssal plain.

The Coastal shelf is narrow along the coast of the Arabian 
Peninsula and is even narrower along the Somali coast.
No true coral reefs are found along the Arabian coast.
Sediments near Ras al-Hadd (the easternmost headland 
of the Arabian Peninsula), where upwelling of deep water 
occurs in summer, consist of fine greenish mud with a 
high organic content containing hydrogen sulfide. The re­
gion, which contains many fish remains, is known as a fish 
cemetery. Deposits derived from the land cover the major 
part of the Continental slope bordering the sea, down to 
a depth of about 8,250 feet. Below this, deposits con­
sist of Globigerina (a genus of microscopie animals with 
calcareous shells belonging to a group known as Foram- 
inifera), while basins lying below 12,000 feet are covered 
by red clay. Manganese nodules have been discovered in 
the midst of foraminiferal ooze; a single dredge obtained 
as much as 275 pounds (125 kilograms) of these nodules.
Sediment thickness decreases from 8,200 feet in the north 
to about 1,600 feet in the south of the Arabian Basin.

The Arabian Sea is believed to have been formed dur­
ing the Mesozoic and Cenozoic eras (i.e., within the last
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225,000,000 years). Geophysical studies conducted in the 
Gulf of Aden suggest that the Continental blocks of Africa 
and Arabia separated, with new oceanic crust forming in 
between, in the pre-Miocene epoch (i.e., more than 26,- 
000,000 years ago).

Climate and hydrography. Minimum surface tempera­
tures of about 75° to 77° F (24° to 25° C) occur in the 
central Arabian Sea in January and February, while tem­
peratures higher than 82° F (28° C) occur both in June 
and in November. During the rainy season, which occurs 
when the Southwest monsoon winds blow, from April to 
November, salinities of less than 35 parts per 1,000 have 
been recorded in the upper 150 feet of the sea, while dur­
ing the dry season from November to March, when the 
northeast monsoon winds blow, salinities of more than 36 
parts per 1,000 have been recorded at the surface over the 
entire Arabian Sea north of latitude 5 ° north, except off 
the Somali coast.

The complex Somali Current, which attains speeds of 
about seven knots off the coast of Socotra, becomes part 
of a clockwise circulation system that continues to the 
northeast along the coast o f Arabia and thence south along 
the coast of India to 10° north. At this point it merges 
with the southwestem drift current, flowing east between 
5° and 10° north, that is associated with the Southwest 
monsoon winds. Pronounced upwelling of deeper waters 
occurs along the Somali and Arabian coasts in summer. 
Of the five water masses that have been distinguished in 
the upper 3,000 feet of the north Indian Ocean, three have 
been identified as originating in the Red Sea, the Persian 
Gulf, and the Arabian Sea, respectively. The paths of flow 
of these water masses are to the south and east.

Marine life. High levels o f inorganic nutrients, such as 
phosphate concentrate, which produce a rieh fish life, have 
been observed in the western Arabian Sea and off the 
southeastem coast of the Arabian Peninsula. Occurring in 
the euphotic zone (zone of light, which is found in the 
upper 450 feet of the sea), this concentration of nutrients 
is undoubtedly due in part to Coastal upwelling, which 
plays a major role in fertilizing the water.

Pelagic fish (i.e., those living at or near the surface far 
from the land) in the Arabian Sea include tuna, sardine, 
billfish (a species having a long sharp bill or snout), wa- 
hoo (a large, swift game fish), sharks, lancet fish (a large 
species having dagger-like teeth), and moonfish (a species 
of silvery fish with very compressed bodies).

A periodic phenomenon in the Arabian Sea, however, is 
mass mortality of fish. In 1957, for example, in an area 
of approximately 77,000 square miles about 20,000,000 
tons of fish were believed to have perished. Fish mortality 
is attributed to a subsurface layer of water of tropical 
origin that is poor in oxygen but rieh in phosphate; under 
certain circumstances this layer is brought to the surface 
by strong upwelling, resulting in the death of fish from 
lack of oxygen.

Study and exploration. To medieval Arabs the Arabian 
Sea was known as the Sea of India or as part of the 
“Great Sea,” from which smaller gulfs such as the Sea of 
Faris (Persian Gulf) or Sea of Kolzum (Red Sea) were dis­
tinguished. From about the 8th or 9th centuries onward. 
Arab and Persian seafarers leamed to use the surface 
currents propelled by the summer and winter monsoon 
winds. Detailed navigational instructions for sailing be­
tween Southern Arabian, East African, and Red Sea ports, 
as well as ports in India, Malaysia, and China, were writ- 
ten down by pilots from Oman and the Hadramawt region 
of Southern Arabia between the 9th and 15th centuries. 
Some of these works, entitled in Persian rahmangs (books 
of routes), contain useful information on navigating by 
the stars, on winds, currents, soundings, descriptions of 
coasts, approaches, and islands. Among flourishing me­
dieval ports mentioned in these works are Diu and Surat 
in India, Hormuz in Persia, and Muscat and Aden on the 
Arabian Peninsula. Landmarks mentioned included Ra s 
(cape) al-Hadd and Ra s Madrak—capes on the southeast 
coast of the Arabian peninsula—and Cape Guardafui in 
Somalia, which is the cape of the Horn of Africa.
In recent times the Arabian Sea has been studied by 

several oceanographic expeditions, of which the most im­

portant has been the Mabahiss, or John Murray, Expedi­
tion of 1933 to 1934, which reported findings concerning 
hydrography, Chemistry, currents, water masses, bottom 
topography, and sediments. Further information was ob- 
tained during the International Indian Ocean Programme 
(1960-65) in which British, U.S., Soviet, and German 
ships participated, studying currents, biological productiv- 
ity, seismology, and geology. (An.A.A.)

BAY OF BENGAL
The Bay of Bengal, lying roughly between latitude 5°-  
22° N and longitude 80°-9 5° E, forms a relatively shal­
low embayment of the northeastem Indian Ocean. The 
bay occupies an area of 839,000 square miles (2,173,000 
square kilometres) and is bordered by India and Sri Lanka 
(Ceylon) on the west, Bangladesh to the north, and Burma 
and the northern part of the Malay Peninsula to the east. 
According to the definition of the International Hydro­
graphie Bureau, the Southern boundary of the bay extends 
from Dondra Head at the Southern end of Sri Lanka to 
the northern tip of Sumatra. The bay is about 1,000 miles 
(1,600 kilometres) wide, with an average depth of more 
than 2,600 feet (790 metres). The maximum depth is 14,- 
764 feet (4,500 metres). A number of large rivers, namely, 
the Ganges and Brahmaputra on the north, the Irrawaddy 
on the east, and the Godävari, Mahänadi, Krishna, and 
Cauvery on the west, flow into the Bay of Bengal. The An- 
daman and Nicobar groups are the only islands. Among 
the principal ports on the bay are the Indian ports of 
Calcutta, Cuddalore, Käkinäda, Machilïpatnam, Madras, 
Paradip, and Vishäkhapatnam.

A number of expeditions have traversed the area since 
the latter part of the 19th Century, and, in connection with 
the International Indian Ocean Expedition, the “Vityaz” 
from the Soviet Union, and the “Pioneer” and “Anton 
Bruun” from the United States, have more recently car- 
ried out detailed investigations. Extensive work has been 
done on the western coast of the bay by research workers 
of Andhra University.

Physical features. Physiography. The Bay of Bengal is 
bordered to the north by a Continental shelf 100 miles 
wide, but narrower to the south, and by slopes of vary­
ing gradiënt on the west, north, and northeast. Except 
for the submarine canyons around Sri Lanka, the trough- 
like valley off the Ganges Delta, and suspected north- 
south turbidity channels, the deep floor of the bay until 
recently was believed to be occupied by a vast plain slop­
ing to the south and in places dissected by underwater 
valleys, perhaps caused by turbidity currents. As a result 
of the International Indian Ocean Expedition, however, 
the oceanography is now better understood, and many 
new physiographic features—mountain chains, submarine 
canyons, and deep channels—have been brought to light. 
One of the main submarine features is the north-south 
Indonesian Trench near the Nicobar-Sumatra mainland, 
which extends into the bay at a maximum depth of 14,800 
feet. A large submarine canyon beginning at the head of 
the bay and called “Swatch of No Ground” extends across 
the Continental shelf for 100 miles with a uniform breadth 
of eight miles. It appears to begin at about 60 to 180 feet 
and to cut into the shelf to depths of as much as 3,000 
feet below the adjacent shelf level.
In 1963 the Andhra, Mahadevan, and Krishna canyons 

were discovered off the Andhra coast. A number of other 
canyons have been identified off the Käkinäda-Madras 
(Coromandel) coast and named after rivers in the vicinity 
of their locations, namely, Swarnamukhi Canyon, Pennar 
Canyon, Madras Canyon, Nagaijuna Canyon, Godävari 
Canyon, Gautami Canyon, and another south of Puri. 
Some of them are believed to have been formed during 
the Pleistocene (10,000 to 2,500,000 years ago) and to 
have been maintained since then by progressive slumps, 
density flows, and slow creep.

Hydrography. A unique feature of the bay is the ex­
treme variability of its physical properties. Temperature in 
the offshore areas, however, is very uniform at all seasons, 
with decreasing temperatures toward the north. Surface 
densities are considerably greater in spring than in fall. 
The sea presents alternately slick and ruffled surfaces over
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shallow internal waves all along the east-coast shelf. Sur­
face movements of the waters change direction with the 
season, the northeast monsoon giving them a clockwise 
circulation, the southeast monsoon a counterclockwise cir­
culation. Severe storms occur at the change of monsoon, 
particularly to the south in October.

In addition to water-level changes resulting from waves 
and tide, the average sea level varies throughout the year.

Marine life and bottom deposits. Near its shores the Bay 
of Bengal is rieh in phytoplankton and the related Zoo­
plankton. The Coastal strips near the outlets of the Vam- 
sadhära, Nägävali, Vasishta Godävari, and Vainateyam 
Godävari rivers have deposits of heavy mineral sands, es- 
pecially rieh in manganese. The source of the manganese 
has been traced to the rocks in the drainage basins of 
the rivers emptying their waters and sediment load into 
the bay. The amount of organic matter present in the 
continental-shelf sediment of the northern part of the 
east coast is poor compared with the world’s average for 
nearshore sediments.

On the basis of the available data, the Bay of Bengal 
can be divided into two areas, one characterized by clay 
minerals such as illite and kaolinite (Andaman and Nico­
bar Islands) and the other containing montmorillonite— 
another clay mineral characterized by swelling in water 
(eastern and Southern parts of the bay). These minerals 
appear to be derived mainly from the Indian peninsula 
and from the Himalayas, where they occur abundantly in 
sedimentary rocks and soils of the river basins. Modern 
geophysical methods of exploration employed in offshore 
prospecting are likely to open new vistas into the bay’s 
structure and possible mineral resources under the ocean 
bed.

The economy. The bay faces on the fertile deltas of 
many large and navigable rivers: the Ganges and Brahma­
putra on the north, the Irrawaddy on the east, and the 
Mahänadi, Godävari, and Cauvery on the west. The Dec- 
can coast provides no harbours, Madras having a mere

open roadstead; but on the east the drowned coast has 
given many good ports, such as Sittwe, Moulmein, and 
Rangoon. (S.B.)

BRAHMAPUTRA RIVER

The mighty Brahmaputra River flows for 1,800 miles 
(2,900 kilometres) from its source in the Himalayas to 
its confluence with the Ganges, after which the mingled 
waters of the two rivers empty into the Bay of Bengal. 
Along its course it passes through the Tibetan Autono- 
mous Region of China; the union territory of Arunachal 
Pradesh and the state of Assam, India; and Bangladesh. It 
is known to the Tibetans as the Tsangpo, to the Chinese 
as the Ya-lu-ts’ang-pu, to the Indians as the Brahmaputra, 
and to the people of Bangladesh as the Jamuna. For most 
of its length, the river serves as an important inland water- 
way; it is not, however, navigable between the mountains 
of Tibet and the plains of India. In its lower course, the 
river is both a creator and a destroyer—depositing large 
amounts of fertile alluvial soil but also causing disastrous 
and frequent floods.

Physical features. The river’s source lies in the Chema- 
Yungdung Glacier, which covers the slopes of the Hi­
malayas about 60 miles (100 kilometres) southeast of 
Lake Manasarowar in southwestem Tibet. The three head- 
streams that arise there are the Kubi, the Angsi, and 
the Chema-Yungdung. From its source the river runs for 
nearly 700 miles (1,120 kilometres) in a generally easterly 
direction between the main Himalayan range to the south 
and the Nien-ch’ing-t’ang-ku-la Shan (Nyenchen Tangla) 
to the north. Throughout its upper course the river is gen­
erally known as the Tsangpo (the Purifier); it is also known 
by the Chinese name Ya-lu-tsang-pu Chiang and by other 
local Tibetan names at various points along its course.

In Tibet the Tsangpo receives a number of tributaries. 
The most important left-bank tributaries are the Jo-k’a 
tsang-pu (Raga Tsangpo), which joins the river west of 
Jih-k’a-tse (Zhikatze), and the La-sa Ho (Kyi Chu), which
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flows past the Tibetan Capital of Lhasa and joins the 
Tsangpo at Ch’ü-shui. The Ni-yang Ho (Gyamda Chu) 
joins the river from the north at Tse-la (Tsela Dzong). On 
the right bank the Nien-ch’u Ho (Nyang) meets the river 
at Jih-k’a-tse.

After passing P’i (Pe) in Tibet, the river turns suddenly 
to the northeast and cuts a course through a succession of 
great, narrow gorges between the mountainous complex 
of Gyala Peri (23,458 feet, or 7,150 metres, in height) 
and Na-mu-cho-pa-erh-wa Shan (Namcha Barwa) (25,446 
feet, or 7,756 metres, in height) in a series of rapids and 
cascades. Thereafter, the river tums south and forces its 
way through the eastern extremity of the Himalayas to 
enter the Assam Valley of northeastern India as the Di- 
häng River.

At the town of Sadiya, India, the Dihäng turns to the 
Southwest and is joined by the two mountain streams 
of Luhit and Dibang. After the confluence, about 900 
miles from the Bay of Bengal, the river is known as 
the Brahmaputra (the Son of Brahma [the Creator]). In 
Assam the river is mighty, even in the dry season, and 
during the rains its banks are more than five miles apart. 
As the river follows its braided, 450-mile course through 
the valley, it receives several rapidly rushing Himalayan 
streams, including the Subansiri, Bhareli, Dhansiri, Ma­
nas, Chämpamäti, Saralbhänga, and Sankosh rivers. The 
main tributaries from the hills and from the plateau to 
the south are the Burhi Dihing, the Disäng, the Dikhu, 
and the Käpili.

The The Brahmaputra enters the plains of Bangladesh after
complex turning south around the Gäro Hills below Dhubri, India,
lower After flowing past Chilmäri, Bangladesh, it is joined on its
:ourse right bank by the TIsta River, following a 150-mile course 

due south as the Jamuna River. (South of Gaibända, the 
Old Brahmaputra leaves the left bank of the main stream 
and flows past Jamälpur and Mymensingh to join the 
Meghna River at Bhairab Bäzär.) Before its confluence 
with the Ganges River, the Jamuna receives the combined 
waters of the Baral, Atrai, and Huräsägar rivers on its 
right bank and becomes the point of departure of the large 
Dhaleswari River on its left bank. A distributary of the 
Dhaleswari, the Burhi Ganga, flows past Dacca and joins 
the Meghna River above Munshiganj.

The Jamuna joins with the Ganges north of Goalundo 
Ghät, after which, as the Padma, their combined waters 
flow to the southeast for a distance of about 65 miles. The 
Padma reaches its confluence with the Meghna River near 
Chändpur and then enters the Bay of Bengal through the 
Meghna Estuary and lesser channels.

Climate. The climate of the Brahmaputra Valley varies 
from the harsh, cold, and dry conditions found in Tibet 
to the generally hot and humid conditions prevailing in 
the Assam Valley and Bangladesh. Tibetan winters are 
severely cold, with minimum temperatures below 32° F 
(0° C), while summers are mild and sunny. The river 
valley lies in the rain shadow of the Himalayas; there is 
little rain in the summer, but some snow and rain falls 
during the winter. In the Indian and Bangladesh part of 
the valley, the monsoon climate is somewhat modified; 
the hot season is shorter than usual, and the average tem­
perature is 82° F (28° C). Precipitation is relatively heavy, 
and humidity is high throughout the year. The annual 
rainfall of between 70 and 150 inches (1,780 and 3,810 
millimetres) falls mostly between June and early October; 
light rains also fall from March to May.

Plant and animal life. Large areas in Assam are covered 
with sal (valuable timber trees that yield resin) forests, and 
tall reed jungle grows in the swamps and depressed, water- 
filled areas (Jhïls) of the immense floodplains. Around 
the Settlements in the Assam Valley, the many fruit trees 
yield plantains, papayas, mangos, and jackfruit. Bamboo 
thickets abound everywhere.

The most notable animal of the swamps in Assam is the 
one-horned rhinoceros, which has become extinct in other 
parts of the world. Tigers and elephants are also found. 
Numerous varieties of fish include the betki, pabda, ruhi, 
chital, and mrigal.

Hydrography. Constant changes of the river’s course 
constitute a significant factor in the hydrology of the

Brahmaputra; the most spectacular of these changes was Changes in 
the eastward diversion of the TIsta River and the ensuing the river’s 
development of the new channel of the Jamuna, which course 
occurred in 1787 with an exceptionally high flood in the 
TIsta. The waters were suddenly diverted eastward into 
an old abandoned course, causing the river to join the 
Brahmaputra opposite Bähäduräbäd Ghät in Mymensingh 
District. Until the late 18th Century the Brahmaputra 
flowed past the town of Mymensingh and joined the 
Meghna River near Bhairab Bäzär (the path of the present- 
day Old Brahmaputra Channel). At that time, the course 
of the Jamuna River (now the main Brahmaputra Chan­
nel) was a minor stream called the Konai-Jenai, which 
was probably a spill channel of the Old Brahmaputra.
After being reinforced by the TIsta flood of 1787, the 
Brahmaputra began to cut a new channel along the Konai- 
Jenai and gradually converted it after 1810 into the main 
stream, now known as the Jamuna.
Along the lower courses of the Ganges and Brahmaputra 

and along the Meghna, the land is subjected to constant 
erosion and deposition of silt because of the shifts and 
changes in these active river courses. Vast areas are sub­
ject to large-scale inundation during the monsoon months 
from June to September. The oscillations of the Jamuna 
since 1787 have been considerable, and the river is never 
in exactly the same place for two successive years. Islands 
and sizable newly deposited lands (chars) in the river ap­
pear and disappear seasonally. The chars are valuable to 
the economy of Bangladesh as additional cultivable areas.

In Tibet the waters o f the Brahmaputra are clear because 
little silt is carried downstream. As sóon as the river en­
ters the Assam Valley, however, the silt charge becomes 
heavy. Because of the speed and volume of water in the 
northern tributaries that flow down from the rain-soaked 
Himalayan slopes, their silt charge is much heavier than 
that carried by the tributaries that cross the hard rocks of 
the old plateau to the south. In Assam the deep channel 
of the Brahmaputra follows the Southern bank closer than 
the northern. This tendency is reinforced by the silt-laden 
northern tributaries pushing the channel south.

Another important hydrographic feature of the river is 
its tendency to flood. The quantity of water carried by the 
Brahmaputra in India and Bangladesh is enormous. The 
Assam Valley is enclosed by hill ranges on the north, east, 
and south and receives over 100 inches of rainfall annu- 
ally, while in the Bengal Plain heavy rainfall (70 to 100 
inches) is reinforced by the huge discharge of the TIsta,
Torsa, and Jaldhäka rivers. This results in heavy annual 
floods and an estimated discharge during the rainy season 
of 500,000 cubic feet (14,200 cubic metres) per second.
The Assam earthquake of 1950 led to numerous landslides 
on the Himalayan slopes of the Assam Valley; the resulting 
enlarged discharge, combined with enormous amounts of 
silt, caused extraordinary floods. Between 1950 and 1970 
there were heavy flood conditions every year except 1951,
1952, and 1958.
The people. The people living in the different sections 

of the Brahmaputra Valley are of diverse origin and 
culture. North of the Himalayan rampart, the Tibetans 
practice Buddhism and speak the Tibetan language. They 
engage in animal husbandry and cultivate the valley with 
irrigation water taken from the river.

The Assamese are a mixture of Mongolian-Tibetan,
Aryan, and Burmese ethnic origins. Their language is akin 
to Bengali, which is spoken in West Bengal, India, and 
Bangladesh. From the late 19th Century a vast number of 
immigrants from the Bengal Plain of Bangladesh entered 
the valley; they settled there to cultivate the almost empty 
lands, particularly the low floodplains. In the Bengal Plain 
itself the river flows through an area that is densely pop- 
ulated by the Bengali people, who cultivate the fertile 
valley. The hilly margins of the plain are inhabited by the 
hill tribes of the Garos, Khäsis, and Hajangs.

The economy. Irrigation and flood control. Flood- 
control schemes and the building of embankments were 
initiated after 1954. In Bangladesh the Brahmaputra em- 
bankment running west of the Jamuna River from north The TIsta 
to south helps to control floods. The TIsta Barrage Project Barrage 
is both an irrigation and a flood-protection scheme. Project
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Little power has been harnessed along the Brahmaputra 
or the Assam Valley, although the estimated potential is 
great. The tributaries that drain the Shillong plateau have 
deep Stretches and a series of rapids and falls that are suit- 
able for hydroelectric development. Actual development 
is so far limited to the Barpani Dam and the Umiam Pro­
ject near Gauhäti, which have a total capacity of almost
60,000 kilowatts and which serve areas of the Khäsi Hills 
in Meghalaya. There is little demand for electric power in 
the Brahmaputra Valley because manufacturing is limited 
and there is relatively little urbanization. Power needed 
on the tea estates in the Assam Valley is locally generated 
by thermal sources, which mainly use crude oil.

Navigation and transport. The river is navigable in Ti­
bet for about 400 miles between La-tzu (Lhatse Dzong) 
and Lhasa. Coracles (boats made of hides and bamboo) 
and large fernes ply its waters at 12,000 feet above sea 
level. The Tsangpo is spanned in several places by suspen­
sion bridges.

Because it flows through a region of heavy rainfall in As­
sam and Bangladesh, the Brahmaputra is more important 
for inland navigation than for irrigation. The river has 
long formed a waterway between West Bengal and Assam. 
It is navigable throughout the Bengal Plain and Assam 
upstream to Dibrugarh, 800 miles from the sea. Besides 
all types of local craft, powered launches and steamers 
may easily ply up and down the river, carrying bulky raw 
materials, timber, and crude oil. After the conflict be­
tween India and Pakistan in 1965, however, heavy traffic 
was suspended.

The Brahmaputra remains unbridged throughout its 
course in the plains. Roads and railroads run along the 
river but never cross it; fernes carry traffic between its 
banks. Sadiya, Dibrugarh, Jorhät, Tezpur, Gauhäti, Goäl- 
pära, and Dhubri are important towns and ferry-crossing 
points in Assam, while Kurlgräm, Rahumäri, Chilmäri, 
Bähäduräbäd Ghät, Phulchari, Sarishäbäri, Jagannäthganj 
Ghät, Nagarbäri, Siräjganj, and Goalundo Ghät are im­
portant Crossing points in Bangladesh. The railheads are 
located at Bähäduräbäd Ghät, Phulchari, Jagannäthganj 
Ghät, Siräjganj, and Goalundo Ghät.

Study and exploration. The upper course of the Brahma­
putra was unknown until the 19th Century. The explo- 
rations of the Indian surveyor Kinthup in 1884 and of J.F. 
Needham in Assam in 1886 established the Tsangpo as 
the upper course of the Brahmaputra. Various British ex­
peditions in the first quarter of the 20th Century explored 
the Tsangpo upstream to Jih-k’a-tse, as well as the river’s 
mountain gorges.

GANGES RIVER
The great river of the North Indian plains is officially as 
well as popularly called the Ganga, both in Hindi and 
in other Indian languages. Internationally, however, it is 
known by its anglicized name, the Ganges. From time 
immemorial it has been the holy river of the Hindus. For 
most of its course it is a wide and sluggish stream, flowing 
through one of the most fertile and densely populated 
tracts of territory in the world. Despite its importance, 
its length of 1,557 miles (2,506 kilometres) makes it only 
the 15th longest river in Asia, and the 39th longest river 
in the world.

Rising in the Himalayas and emptying into the Bay of 
Bengal, it drains a quarter of the territory of India, while 
its basin supports a concentration of about 300,000,000 
people, a population larger than that of any state on earth 
with the exceptions of China and India. The Gangetic 
Plain, across which it flows, is the heartland of the region 
known as Hindustän and has been the cradle of succes- 
sive civilizations from the Kingdom of Asoka in the 3rd 
Century b c , down to the Mughal Empire, founded in the 
16th Century.
For most of its course the Ganges flows through Indian 

territory, although its large delta in the Bengal area, lies 
mostly in Bangladesh. The general direction of the river’s 
flow is from north-northwest to southeast. At its delta, the 
flow is generally southward.

Physical features. Physiography. The Ganges rises in 
the Southern Himalayas on the Indian side of the Tibet

border. Its five headstreams—the Bhägirathi, the Alak- 
nanda, the Mandakini, the Dhauli Ganga, and the Pin- 
dar—all rise in the Uttarakhand region (the northem 
mountainous districts), a division of the state of Uttar 
Pradesh. Of these, the two main headstreams are the 
Alaknanda (the longer of the two), which rises about 30 
miles north of the Himalayan peak of Nanda Devi, and 
the Bhägirathi, which originates about 10,000 feet (3,050 
metres) above sea level in an ice cave at the foot of the 
Himalayan glacier known as Gangotri. Gangotri itself is a 
sacred place for Hindu pilgrimage. The true source of the 
Ganges, however, is considered to be at Gaumukh, about 
13 miles south of Gangotri.
After the Alaknanda and Bhägirathi unite at Devaprayäg, 

they form a main stream known as the Ganga, which cuts 
through the outer (Southern) Himalayas to emerge from 
the mountains at Rishikesh. It then flows onto the plain 
at Hardwär, a place that is held sacred by the Hindus.

Although there is a seasonal Variation in the river’s 
flow, its volume increases markedly as it receives more 
tributaries and enters a region of heavier rainfall. From 
April to June the melting Himalayan snows feed the 
river, while in the rainy season from July to September 
the rain-bearing monsoon winds cause floods. Within the 
state of Uttar Pradesh, the principal right bank tributaries 
are the Jumna (Yamuna) River that flows past Delhi, the 
Capital of India, to join the Ganges near Allahäbäd and 
the Tons that descends from the Vindhya Range in the 
state of Madhya Pradesh and joins it soon after. The left 
bank tributaries in Uttar Pradesh are the Rämganga, the 
Gomati, and the Ghäghara.

The Ganges next enters the state of Bihär, where its main 
tributaries from the Himalayan region to the north are the 
Gandak, the Burhi Gandak, the Ghugri, and the Kosi and 
its most important Southern tributary is the Son. In West 
Bengal, the last Indian state that the Ganges enters, the 
Mahänanda joins it from the north. (Throughout West 
Bengal in India, as well as in Bangladesh, the Ganges is 
locally called the Padma). The river then skirts the Räjma- 
häl Hills to the south, and flows southeast to Farakka, at 
the apex of the delta. The westernmost distributary of the 
delta is the Hooghly, on the east bank of which stands 
the city of Calcutta. The Hooghly itself is joined by two 
tributaries flowing in from the west, the Dämodar and the 
Rupnarayan. In Bangladesh, the Ganges is joined by the 
mighty Brahmaputra (which for about 150 miles before 
the junction is called Yamuna) near Goalundo Ghät. The 
combined stream, now called the Padma, joins with the 
Meghna River above Chändpur. The waters then flow 
to the Bay of Bengal through innumerable channels, the 
largest of which is known as the Meghna Estuary.

Dacca, the principal city of Bangladesh, stands on the 
Burhi Ganga, a tributary o f the Dhaleswari. Apart from the 
Hooghly and the Meghna, the other distributary streams 
which form the Ganges Delta are: in West Bengal, the 
Jalangi; and in Bangladesh, the Matabhanga, the Bhairab, 
the Kobadak, the Gorai (Madhumati), and the Ariäl Khän.

The lengths of the major tributaries of the Ganges, in 
miles, are as follows: the Jumna (860), the Rämganga 
(428), the Ghäghara (600), the Son (487), the Gandak 
(263), the Burhi Gandak (378), the Kosi (450), the Ma­
hänanda (180), the Dämodar (368), and the Brahmaputra 
(1,800).

The delta. The Ganges, as well as its tributaries and 
distributaries, is constantly vulnerable to changes in its 
course in the delta region. Such changes have occurred in 
comparatively recent times, especially since 1750. In 1785, 
the Brahmaputra flowed past the city of Mymensingh; it 
now flows more than 40 miles west of it before joining 
the Ganges.

The delta, the seaward Prolongation of silt deposits from 
the Ganges and Brahmaputra river valleys, covers an area 
of about 22,000 square miles (57,000 square kilometres) 
and is composed of repeated alternations of clays, sands, 
and marls, with recurring layers of peat, lignite, and beds 
of what were once forests. The new deposits of the delta, 
known in Hindi and Urdu as the khädar, naturally occur 
in the vicinity of the present channels.

The Southern surface of the Ganges Delta has been
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formed by the rapid and comparatively recent deposition 
of enormous loads of silt. To the east, the seaward side of 
the delta is being changed at a rapid rate by the formation 
of new lands, known as chars, and new islands. So much 
silt is deposited here that the 100 fathom (183 metre) line 
lies much farther out to sea than it does, for example, off 
the mouth of the Indus in the Arabian Sea. The western 
coastline of the delta has, however, remained practically 
unchanged since the 18th Century.
The rivers in the West Bengal area, being sluggish, have 

been described as dead or dying; little water passes down 
them to the sea. In the Bangladesh delta region, the rivers 
are broad and active, carrying plentiful water; they are 
connected by innumerable creeks. During the rains, from 
June to October, the greater part of the region is flooded 
to a depth of several feet, leaving the villages and home- 
steads, which are built on artificially raised land, isolated 
above the flood waters. Communication between Settle­
ments during this season can be accomplished only by 
boat.

To the seaward side of the delta as a whole there is a 
vast stretch of tidal forests and swampland. The forests, 
which are called Sundarbans (Sanskrit meaning “beauti- 
ful forest”), are protected by India and Bangladesh. For 
conservation purposes, no permanent settlement is per- 
mitted in them.

In certain parts of the delta, there occur layers of peat, 
composed of forest Vegetation and rice plants. In many 
natural depressions, known as bil, peat, still in the process 
of formation, is used as a fertilizer by local farmers. In 
recent years, it also has been dried and used as a domestic 
and industrial fuel.

Climate and hydrography. The Ganges Basin contains 
the largest river system on the subcontinent. The water 
supply is dependent partly on the rains brought by the 
monsoon winds from July to October, as well as on the

flow from melting Himalayan snows, in the hot season 
from April to June. Precipitation in the river basin accom- 
panies the Southwest monsoon winds, but is also related 
to cyclones that originate in the Bay of Bengal between 
June and October. Only a small amount of rainfall occurs 
in December and January. The average annual rainfall 
varies from 30 inches (760 millimetres) at the western end 
of the basin to over 90 inches at the eastern end. (In the 
Upper Gangetic Plain in Uttar Pradesh rainfall averages 
about 30 to 40 inches, in the Middle Plain of Bihär from 
40 to 60 inches, and in the delta region between 60 and 
100 inches.) The delta region experiences strong cyclonic 
storms both before the commencement of the monsoon 
season, from March to May, and at the end of it, from 
September to October. Some of these storms result in 
much loss of life and destruction of homes, crops, and 
livestock. One such storm, which occurred in November 
1970, was of catastrophic proportions, resulting in deaths 
of at least 200,000 people.

Since there is little Variation in relief over the entire 
surface of the Gangetic Plain, the river’s rate of flow is 
slow. Between the Jumna River at Delhi and the Bay 
of Bengal, a distance of nearly 1,000 miles, the elevation 
drops nearly 700 feet. Altogether the Ganges-Brahmaputra 
plains extend over an area of 300,000 square miles. The 
alluvial mantle of the plain, which in some places is more 
than 6,000 feet thick, is possibly not more than 10,000 
years old.

Plant and animal life. The Ganges-Jamuna area was 
once densely forested; historical writings indicate that in 
the 16th and 17th centuries wild elephants, buffalo, bison, 
rhinoceroses, lions, and tigers were hunted there. Most of 
the original natural Vegetation has disappeared from the 
Gangetic Basin as a whole, and the land is now intensely 
cultivated to meet the needs of an ever-growing popula­
tion. Wild animals are few, except for deer, boars, and

Irrigation data from L. Cantor, A  W o r ld  G e o g r a p h y  o f  I r r ig a t io n ; Edinburgh, Oliver and Boyd, 1967; flooding data from R. Rawson, T h e  M o n s o o n  L a n d s  o f  A s ia
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wildcats, and some wolves, jackals, and foxes. Only in 
the Sundarban area of the delta are some Bengal tigers, 
crocodiles, and marsh deer still found. Fish abound in all 
the rivers; especially in the delta area where they form an 
important item of diet. Many varieties of birds are found, 
such as mynah birds, parrots, crows, kites, partridges, and 
fowls. In winter, duck and snipe migrate south across 
the high Himalayas, settling in large numbers in water- 
covered areas. In the Bengal area common fish include 
featherbacks (Notopteridae), barbs (Cyprinidae), walking 
catfish, gouramis (Anabantidae), and milkfish (Chanidae).

The people. Ethnically, the people of the Ganges Basin 
are of mixed origin. In the west and centre of the basin 
they were originally descended from Aryan ancestors. 
Later, Turks, Mongols, Afghans, Persians, and Arabs came 
from the west and intermingled with them. To the east 
and south, largely in the Bengal area, an admixture of 
Tibetan, Burmese, and miscellaneous hill people has also 
occurred. The Europeans, arriving still later, did not settle 
or intermarry to any extent.

Historically the Gangetic Plain has constituted the heart- 
land of Hindustän and has cradled its successive civiliza- 
tions. The centre of the pre-Christian empire of Asoka was 
Patna (Pätaliputra), standing on the banks of the Ganges 
in Bihär. The centres of the great Mughal Empire were at 
Delhi and Agra, on the western peripheries of the Gangetic 
Basin. Kannauj on the Ganges, north of Känpur, was the 
centre of the feudatory Empire of Harsa, which covered 
most of North India in the middle of the 7th Century. 
During the Muslim era, which began in the 12th Century, 
Muslim mie extended not only over the plain, but over 
all of Bengal as well. Dacca and Murshidäbäd in the delta 
region were centrës of Muslim power.

The British, having founded Calcutta on the banks of 
the Hooghly in the late 17th Century, gradually advanced 
up the valley of the Ganges, reaching Delhi in the mid- 
19th Century.
A great number of cities have been built on the Gangetic 

Plain. Among the most notable are Roorkee, Sahäranpur, 
Meerut, Agra (the city of the famous Täj Mahal mauso­
leum), Mathura (esteemed as the birthplace of the Hindu 
god Krishna), Alïgarh, Känpur, Bareilly, Lucknow, Allah- 
äbäd, Väränasi (Benares; the holy city of the Hindus), 
Patna, Bhägalpur, Räjshähi, Murshidäbäd, Bardwan, Cal­
cutta, Howrah, Dacca, Khulna, and Barisäl.

In the delta, the area down the Bhägirathi-Hooghly Chan­
nel was urbanized even before the arrival of the British; 
subsequent growth of commerce and industry resulted 
in further urbanization. Calcutta and its satellite towns, 
known as the Calcutta Metropolitan District, stretch along 
both banks of the Hooghly for about 50 miles, extending 
from Känchräpära-Kalyäni in the north to Budge Budge 
in the south.

The religious importance of the Ganges may exceed that 
of any other river in the world. It has been revered from 
the earliest times, and today is regarded as the hobest of 
rivers by Hindus. While places of Hindu pilgrimage, called 
tirath, are located throughout the subcontinent, those that 
are situated on the Ganges have particular significance. 
Among these are the confluence of the Ganges and the 
Jumna at Allahäbäd, where a bathing festival, or meld, is 
held in January and February, during which about 400,- 
000 persons immerse themselves in the river. Other holy 
places for immersion are at Väränasi (Benares), or Käsl, 
and at Hardwär.
The Hooghly River at Calcutta is also regarded as holy. 

The places of pilgrimage on the Ganges also include Gan­
gotri and the junction of the Alaknanda and Bhägirathi 
headstreams. The Hindus cast their dead upon the river, 
believing that they will thus go straight to heaven, and 
cremation ghats (temples at the summit of riverside steps) 
for burning the dead have been built in many places on 
the banks of the Ganges.

The economy. Irrigation. Use of the Ganges water for 
irrigation, either when the river is in flood, or by means 
of gravity canals, has been common since early times. 
Such irrigation is described in scriptures and mythological 
books written long before the Christian Era. Megasthenes, 
a Greek ambassador who was in India, recorded the use

of irrigation in the 4th Century bc . Irrigation was highly 
developed during the period of Muslim mie from the 12th 
Century onward, and the Mughal kings later constructed 
several canals. The canal system was further extended 
by the British.

The cultivated area of the Ganges Valley in Uttar Pradesh 
and Bihär benefits from a system of irrigation canals which 
have increased the production of such cash crops as sug- 
arcane, cotton, and oilseeds. The older canals are mainly 
in the Ganges-Jumna Doab, a word which means “land 
between two rivers.” The Upper Ganga Canal (which with 
its distributaries is 5,950 miles long), which begins at 
Hardwär, was opened in 1856; the Lower Ganga Canal 
(5,120 miles with distributaries), opened in 1880, begins at 
Naraura. The Sarda Canal irrigates land in Oudh, in Uttar 
Pradesh. The land north of the Ganges, being higher, is 
difficult to irrigate by canal, and water in the subsoil must 
be pumped to the surface by electricity. The expansion 
of irrigation into this area has, therefore, depended on 
the availability of power in the northern part of Uttar 
Pradesh. Large areas in Uttar Pradesh and in Bihär are 
also irrigated by channels running from handdug wells.

The Ganges-Kobadak scheme in Bangladesh, largely an The 
irrigation plan, covers parts of the districts of Khulna, Ganges- 
Jessore, and Kushtia, lying within the moribund part o f Kobadak 
the delta where silt and overgrowth choke the rivers. scheme
Total annual rainfall in this region is generally below 

60 inches, and winters are comparatively dry. The system 
of irrigation is based on both gravity canals and lifting 
devices. Power is provided by a thermal plant situated at 
Bheramara, on the Ganges in the Kushtia District.

Navigation. In ancient times the Ganges and some of 
its tributaries, especially in the east, were navigable. Ac- 
cording to the Greek Megasthenes, navigation took place 
on the Ganges and its main tributaries in the 4th Century 
bc . In the 14th Century, inland river navigation in the 
Ganges Basin was still flourishing. In the 19th Century, 
irrigation-cum-navigation canals formed the main arter­
ies of the water-transport system. The advent of paddle- 
steamers revolutionized inland transport, stimulating the 
growth of the indigo industry in Bihär and Bengal. Reg­
ular Steamer services ran from Calcutta up the Ganges 
to Allahäbäd and far beyond, as well as to Agra on the 
Jumna, and up the Brahmaputra River. Altogether, these 
services covered about 5,000 miles of waterways; they are 
still continued today under governmental auspices in both 
India and Pakistan. Much of the inland water traffic is 
carried on by various types of rural rivercraft.

The decline of large-scale water transport began with 
the construction of railways during the mid-19th Century.
The increasing withdrawal of water for irrigation has also 
affected navigation. Today, the river traffic is insignificant 
beyond the middle Ganges Basin around Allahäbäd.

West Bengal and Bangladesh, however, continue to rely 
on the waterways to transport jute, tea, grain, and other 
agricultural and rural products. Principal river ports are 
Chälna, Khulna, Barisäl, Chändpur, Näräyanganj, Goa­
lundo Ghät, Siräjganj, Bhairab Bäzär, and Fenchuganj, in 
Bangladesh; and in India, Calcutta, Goälpära, Dhubri, and 
Dibrugarh. The partition of India and Pakistan in 1947 
produced far-reaching changes, virtually halting the large 
trade in tea and jute formerly carried to Calcutta from 
Assam by inland waterway.

In Bangladesh, inland water transport is the responsibil- 
ity of the Inland Water Transport Authority (iw ta ). In 
India, the comparable authority is the Ganga Brahmapu­
tra Water Transport Board.

The construction of the Farakka Barrage at the head of The 
the delta, just inside Indian territory in West Bengal, has dispute 
been a bone of contention between India and Bangladesh, over the
According to the Indian view, the port of Calcutta was Ganges 

deteriorating due to the deposit of silt and the intrusion waters 
of saline seawater. In order to ameliorate the condition 
of Calcutta by flushing away the seawater and raising the 
water level, India sought to have quantities of fresh water 
diverted from the Ganges at the site of the Farakka Bar­
rage. The water there is now carried by means of a large 
canal into the Bhägirathi River, which joins the Hooghly 
River, on the banks of which stands Calcutta.



According to Bangladesh, all riparian countries should 
exercise joint control over the waters of international rivers 
for the saké of mutual prosperity. The Ganges waters are 
also vital to irrigation, to navigation, and to the preven- 
tion of saline incursions in Bangladesh. Bangladesh has 
maintained that the Farakka Barrage deprives it of a valu­
able source of water upon which its prosperity depends. 
An uneven agreement on the Ganges waters dispute has 
been reached, however, between India and Bangladesh.

Hydroelectric power. The largest number of streams in 
the Ganges Basin originate in the Himalayas. Power gener- 
ation from these rivers depends upon the extent to which, 
by using water storage, the river flows can be regulated.

The hydroelectric potential of the Ganges Basin has been 
estimated at about 4,800,000 kilowatts, representing an 
annual output of 25,400,000,000 kilowatt hours.

INDUS RIVER
The Indus is a great trans-Himalayan river and one of the 
longest rivers in the world, having a length of 1,800 miles 
(2,900 kilometres). It has a total drainage area of about
450,000 square miles (1,165,500 square kilometres), of 
which 175,000 square miles lie in the Himalayan moun­
tains and foothills and the rest in the semiarid plains of 
Pakistan. The river’s annual flow is about 274,055,000,000 
cubic yards (209,542,000,000 cubic metres)—twice that of 
the Nile and three times that of the Tigris and Euphrates

combined. The river’s name comes from the Sanskrit 
word sindhu. It is mentioned in the Rigveda, the earliest 
(c. 1500 bc) chronicles and hymns of the Aryan peoples 
of ancient India, and is the source of the country’s name.

Physical features. The river rises in south western Tibet 
at an altitude of 16,000 feet (4,875 metres). For about 200 
miles it flows northwest, Crossing the southeastem bound- 
ary of Jammu and Kashmir at about 15,000 feet (4,600 
metres). Eleven miles beyond Leh, in Ladäkh, it is joined 
on its left by its first tributary, the Zäskär. Continuing for 
150 miles in the same direction the Indus is joined by 
its notable tributary the Shyok on the right bank. After 
its confluence with the Shyok, and up to the Kohistän 
Mountains, it is fed by mighty glaciers on the slopes of 
the Karakoram Range, the Nänga Parbat Massif, and the 
Kohistän Ranges. The Shyok, Shigar, Hunza, Gilgit, and 
other streams carry the glacial waters into the Indus. Since 
the present-day precipitation of snow in this region is not 
sufficiënt to feed these great rivers of ice, it seems clear 
that the giant ice streams of the Karakoram are survivors 
of the last Ice Age of the Himalayas.
The Shigar joins the Indus on the right bank near Skärdu 

in Baltistän. The Gilgit, farther down, is another right- 
bank tributary, joining it at Bunji. Some miles farther 
downstream, the Astor River joins as a left-bank tributary. 
The Indus then flows west, crosses the Kashmir border, 
and turns south and Southwest to enter Pakistan. There

Irrigation data adapted from N. G insberg (ed.), T h e  P a tte rn  o f  A s ia  (©  1958); Prentice-Hall, Ine.
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it skirts around the Nänga Parbat Massif (26,660 feet; 
8,126 metres) in gorges as deep as 15,000 to 17,000 feet 
and 12 to 16 miles wide. Trails cling grimly to precipi- 
tous slopes overlooking the river from elevations of 4,000 
to 5,000 feet.

After emerging from this region of high altitude, the 
Indus flows as a rapid mountain stream between the Swät 
and Hazära areas in Pakistan until it reaches the reservoir 
of Tarbela Dam, which was completed in 1975. The Kabul 
River joins the Indus just above Attock, where the Indus 
flows at an elevation of 2,000 feet and is crossed by the 
first bridge carrying rail and road. Finally, it cuts across 
the Salt Range near Käläbägh to enter the Punjab Plain.

The Indus receives its most notable tributaries from the 
Punjab Plains to the east. These five rivers—the Jhelum, 
the Chenäb, the Rävi, the Beäs, and the Sutlej—give the 
name Punjab (“land of five rivers”) to the land shared 
between Pakistan and India.

After receiving the waters of the Punjab rivers, the Indus 
becomes much larger and, during the flood season (July- 
September), is several miles wide. It flows here at an 
elevation of 259 feet. Its slow speed at this stage results 
in its accumulated silt being deposited on its bed, which 
is thus raised above the level of the sandy plain; indeed, 
most of the plain in Sind has been built up by alluvium 
laid down by the Indus. Embankments have been built 
to prevent flooding, but occasionally these give way, and 
large areas are destroyed by inundation. Such floods oc­
curred in 1947 and 1958. During heavy flooding the river 
sometimes changes its course.

Near Tatta the Indus begins its deltaic stage and breaks 
into distributaries that join the sea at various points south- 
southeast of Karächi. The delta covers an area of 3,000 
square miles or more, and extends along the coast for 
about 130 miles. The uneven surface of the delta area is 
marked by a network of existing and abandoned channels. 
The Coastal strip, from about five to 20 miles inland, is 
flooded by high tides.

Hydrography. The principal rivers of the Indus River 
system are snow fed. Their flow varies greatly at different 
times of the year: the discharge is at a minimum during 
the winter months, there is a rise of water in spring and 
early summer, floods occur in the rainy season (July- 
September), and occasionally there are devastating flash 
floods. The Indus and its tributaries receive all their waters 
in the upper hilly parts of their catchments. Therefore, 
their flow is at a maximum where they emerge out of 
the foothills, and little surface flow is added in the plains, 
where much loss of water occurs because of evaporation 
and seepage. On the other hand, some water is added by 
seepage in the period after the monsoon months. In the 
main stream of the Indus, the water level is at its low- 
est from mid-December to mid-February. After this the 
river starts rising, slowly at first and then more rapidly 
at the end of March. The high-water level usually occurs 
between mid-July and mid-August. The river then falls 
rapidly until the beginning of October, when the water 
level subsides more gradually. Annually, the Indus carries 
about 144,283,000,000 cubic yards—one-half of the total 
supply of water in the Indus River system. The Jhelum 
and Chenäb each carries about one-fourth as much as 
the Indus; and the Rävi, Beäs, and the Sutlej combined 
comprise about one-fifth of the total supply of the system 
(271,316,000,000 cubic yards).

There is considerable physiographic and historical evi- 
dence to prove that since the dawn of civilization—at 
least since the days of Mohenjo-daro culture, 4,000 years 
ago—the Indus, from the Southern Punjab to the sea, has 
been shifting its course. It is confined between limestone 
ridges at Rohri-Sukkur, but thereafter it has wandered, 
shifting generally to the west, particularly in its deltaic 
sector, so that about 200 years ago it began to flow into 
the Rann of Kutch. In upper Sind the Indus has shifted 
westward a distance of about 10 to 20 miles in the last 
seven centuries. The river is now held back to some extent 
by higher ground from Sehwän to Tatta at the head of the 
delta, but the possibility of future shifting cannot be ruled 
out. There is also evidence of the shifting of the Chenäb, 
Rävi, Beäs, and Sutlej rivers during the historical period.

Climate. From its source to its mouth, the annual rain­
fall in the Indus region varies between five and 20 inches 
(125 to 500 millimetres). Except for the mountainous sec- 
tion of Pakistan, the Indus Valley lies in the driest part 
of the subcontinent. Northwestern winds sweep the Indus 
Valley in winter (December to February) and bring four 
to eight inches of rainfall— vital for the successful growing 
of wheat and barley. The mountain region of the valley 
receives precipitation largely in the form of snow. A large 
amount of the Indus’ water is provided by melting snows 
and glaciers of the Karakoram, Kohistän, and Himalayan 
mountains. The monsoon rains (July to September) pro- 
vide the rest of the flow. The climate of the Indus Valley 
ranges from that of the dry semidesert areas of Sind and 
lower Punjab to the severe high mountain climate of Ko­
histän, Hunza, Gilgit, Ladäkh, and western Tibet. January 
temperatures here are below freezing point in the north, 
while July temperatures reach a maximum of about 100° 
F (38° C) in Sind and Punjab. Jacobäbäd, one of the 
hottest spots on Earth, is situated west of the Indus River 
in upper Sind and often records summer maximums of 
120° F (49° C).
Plant and animal life. There is a close relationship be­

tween climate and Vegetation in the Indus Valley. In the 
Lower Indus region of Sind, desert conditions prevail 10 
to 25 miles away from the river, and the area is dominated 
by poor grass and sand. Irrigation by floods or canals 
permits some cultivation. In upper Sind and Punjab, over- 
grazing and felling timber for fuel has led to destruction 
of both trees and Vegetation. Further, prolonged human 
interference with natural drainage and deforestation on 
the Siwäliks has led to marked deterioration in ground- 
water conditions and so in Vegetation. It appears that in 
prehistorie and earlier historie times the middle Indus re­
gion was more wooded than it is at present: accounts of 
Alexander the Great’s Indian campaigns (c. 325 bc) and 
records of Mughal hunts in the 16th Century and after sug- 
gest considerable forest growth. Even today, in the Indus 
Plains not far away from the river, there are thorn forests 
of open acacia and bush and undergrowth of poppies, 
vetch, thistles, and chickweed. Near the river are Stretches 
of tall pampa-like grass, and streams and canals are often 
lined with tamarisk trees and some dense scrub, but there 
is nowhere a natural forest. In recent years afforestation 
of some parts of the Thai area in the Punjab east of the 
Indus has been commenced. Cultivated areas close to the 
river have many trees, and the strip below the mountains 
has something of the appearance of parkland. Coniferous 
trees abound in the Pakistan and Kashmir areas of the 
mountainous parts of the Indus Valley.

The Indus is moderately rieh in fish. The best known 
variety is called palla and is the most important edible 
fish found in the river. Tatta, Kotri, and Sukkur, all in 
Sind, are the most important fishing centres. Between the 
Swät and Hazära areas the river is noted for trout fishing. 
In recent years, since the establishment of Pakistan, fish 
culture has been practiced in the reservoirs of dams and 
barrages. Close to the mouth of the Indus— for about 150 
miles along the coast—there are numerous creeks and a 
shallow sea beyond. The area is rich in marine fish, the 
most important catches including pomfrets and prawns, 
which are obtained from November to March. A modern 
fish harbour has been built near the port of Karächi, 
providing cold storage and marketing. In recent years an 
export trade in prawns has developed and sea fish are 
marketed in different parts of Pakistan.

The economy. Irrigation. Irrigation from Indus waters 
has provided the basis for successful agriculture since 
time immemorial. Modern irrigation engineering work 
commenced around 1850, and large canal Systems were 
constructed by the British administration. In many cases 
old canals and inundation channels of Muslim and Sikh 
times were revived and modernized; thus the greatest canal 
irrigation system in the world was created. At partition in 
1947, the international boundary between India and West 
Pakistan cut the irrigation system of the Bäri Doäb and the 
Sutlej Valley Project, originally designed as one scheme, 
into two parts. The headwork feil to India while the canals 
ran through Pakistan. This led to a disruption in the water
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supply in some parts of Pakistan. The dispute that thus 
arose and continued for some years was resolved through 
the mediation of the World Bank by a treaty between Pak­
istan and India (1960) known as the Indus Waters Treaty. 
According to this agreement, the flow of the three western 
rivers of the Indus Basin—the Indus, Jhelum, and Chenäb 
(except a small quantity used in Kashmir)—will be utilized 
exclusively for Pakistan, whereas the entire flow of the 
three eastern rivers—the Rävi, Beäs, and Sutlej—will be 
used by India. In accordance with the Settlement, Pakistan 
was permitted to build storage dams, canals, and barrages 
and to operate a drainage scheme, using tube wells that 
make underground water available for surface irrigation.
The Mangla Dam on the Jhelum River, near the town 

of Jhelum, has a crest length of about 11,000 feet and 
a maximum height of 380 feet and is one of the largest 
rolled earth-fill dams in the world. The reservoir created 
by the dam is 40 miles long and has an area of 100 
square miles. The project also includes a powerhouse. 
Mangla Lake is being developed as a fishing centre and 
a tourist attraction as well as a health resort. The Mangla 
Watershed Management Organization has been formed to 
control the silting of the lake by using various techniques 
of soil Conservation and afforestation.

A second gigantic project is the Tarbela Dam on the 
Indus, 80 miles northwest of Räwalpindi. The dam, of the 
rock-filled type, is 9,000 feet long and 485 feet high, and 
its reservoir is 50 miles long.

Eight new link canals and five barrages have been com- 
pleted by the Pakistan Water and Power Development 
Authority. The biggest of these link canals is the Chashma- 
Jhelum link joining the Indus River with Jhelum, with 
a discharge capacity of 21,700 cubic feet per second. 
Water from this canal is used to feed the Haveli Canal 
and Trimmu-Sidhnai-Mailsi-Bahawal link canal Systems, 
which provide irrigation to the Multän and Bahäwalpur 
divisions in the lower Punjab.

On the Indus itself, there are five important headworks, 
or barrages, after the river reaches the plain. In the hilly 
region, the principal canals west of the Indus are the Swät 
Canals, which flow from the Swät River, a tributary of 
the Käbul River. These help in the irrigation of the two 
chief crops of the area, sugarcane and wheat. The Warsak 
multipurpose project on the Käbul River, about 20 miles 
northwest of Peshäwar, provides irrigation for food crops 
and fruit orchards in the Peshäwar Valley and is designed 
to produce 240,000 kilowatts of electricity. In the plain re­
gion, the Käläbägh or Jinnah Barrage Controls the system 
of canals in the Thal Project, the development authority 
for which was set up in 1949. The project irrigates a former 
desert area. It is an integrated project aiming at the ex- 
tension of agriculture, the development of rural industry, 
and the Settlement of population in villages and towns. 
Farther downstream in the Dera Ghäzi Khän district is 
the Taunsa Barrage, designed for the irrigation of land in 
the Dera Ghäzi Khän and Muzaffargarh districts. It was 
opened in 1959 and produces about 100,000 kilowatts of 
electricity. The power helps to operate tube wells. Within 
the Sind there are three major barrages on the Indus— 
Gudu, Sukkur, and Kotri, or Ghuläm Muhammad. The 
Gudu Barrage is just inside the Sind border and is 4,445 
feet (1,355 metres) long; it irrigates cultivated land in the 
region of Sukkur, Jacobäbäd, and parts of Lärkäna and 
Kalät districts. The project has greatly increased the cul­
tivation of rice, but cotton is rapidly becoming the major 
erop on the left bank of the river and has replaced rice as 
a cash erop. The Sukkur Barrage was built in 1932 and is 
about a mile long. Four canals originate on the right bank 
and three on the left. They serve a cultivable area of about
5,000,000 acres (2,023,500 hectares) of land producing 
both food and cash crops. The Kotri Barrage, also known 
as the Ghuläm Muhammad Barrage, was opened in 1955. 
It is near Hyderäbäd and is nearly 3,000 feet long. The 
right-bank canal provides additional water to the city of 
Karächi. Sugarcane cultivation has been extended, and 
erop increases have been achieved in the cultivation of 
rice and wheat.

Experience in the Indian subcontinent and elsewhere has 
shown that canal irrigation, unless carefully controlled,

can cause much damage to the cultivated land. The water 
in the unlined canals seeps through the soil and raises the 
water table so that the soil becomes waterlogged and use- 
less for cultivation. As irrigation by canals has expanded 
in the Indus and its tributary lands, in some areas under­
ground water has appeared on the surface to form shallow 
lakes. Elsewhere the water has evaporated in the intense 
summer heat, leaving behind layers of salt that make erop 
production impossible. Several careful surveys have been 
made, including one under the Colombo Plan, and have 
revealed that, in the past, some of the Indus Plain has been 
poorly drained or waterlogged and that parts have been 
affected by salinity. To check this, adequate drainage and 
the construction of a network of tube wells is necessary. 
The water drawn out of the tube wells lowers the water 
table and flushes the surface salts down into the earth. An 
effective drainage system is therefore essential.

Navigation. Until about 1880 the Indus and the other 
Punjab rivers carried some navigation, but the advent of 
the railways and expansion of irrigation works has elim- 
inated all but small craft that ply the Lower Indus in 
Sind. There are fishing boats on the Lower Indus, and the 
upper reaches of rivers and canals above the first railway 
Crossing are now used for floating timber down from the 
foothills of Kashmir. (N.A.)

IRRAWADDY RIVER
Irrawaddy, the principal river of Burma and its most im­
portant commercial waterway, is about 1,300 miles (2,090 
kilometres) long. Its name is believed to have derived 
from the Hindu airävati meaning “elephant river.” From 
its sources to its numerous mouths, the river flows wholly 
within Burmese territory. Its total drainage area is about 
158,700 square miles (411,000 square kilometres). Its val­
ley forms the historical, cultural, and economic heartland 
of Burma.

Physical features. The river is formed by the conflu­
ence of the Nmai Hka and the Mali Hka (hka being the 
Kachin word for river). Both branches rise in the glaciers 
of the high and remote mountains in northern Burma 
in the vicinity of 28° north. The eastern branch, the 
Nmai, rises in the Languela glacier and has the greater 
volume of water but is virtually unnavigable because of 
its strong current. The Mali, the western branch, has a 
gentler gradiënt and, although interrupted by rapids, has 
some navigable sections.

The river. About 30 miles south of the confluence is 
Myitkyina, the point of the northernmost limit of seasonal 
navigation by the Irrawaddy steamers. Bhamo, about 150 
miles south of the confluence, marks the northem limit 
for year-round navigation. Between the confluence and 
Bhamo, the width of the river during the low-water sea­
son varies between a quarter of a mile and half a mile. 
The depth of the main channel averages about 30 feet 
(nine metres).

Between Myitkyina and Mandalay, the Irrawaddy flows 
through three well-marked defiles (narrow passages or 
gorges). Just south of Sinbo the river enters the upper, or 
third, defile—a navigational hazard, with a channel only 
50 yards wide at its narrowest. Below Bhamo the river 
makes a sharp westward swing, leaving the Bhamo alluvial 
basin to cut through the cretaceous limestone rocks of the 
second defile. The second defile is about 300 feet wide at 
its narrowest and is flanked by vertical cliffs about 200 
to 300 feet high. South of Thabeikkyin the river enters 
the first defile, which is broader and easier to navigate. 
Between Katha and Mandalay, the course of the river 
is remarkably straight, flowing almost due south, except 
near Kabwet, where a sheet of lava has caused the river to 
bend sharply westward. Leaving the first defile at Kyauk- 
myaung, in the Shwebo District, the river follows a broad, 
open course through the Dry Zone—the ancient cultural 
heartland—where large areas consist of alluvial flats. From 
Mandalay, formerly the Capital of Upper Burma, the river 
makes an abrupt westward turn before curving Southwest 
to unite with the Chindwin River in the Pakokku District, 
after which it continues in a southwesterly direction. It is 
probable that the upper Irrawaddy originally flowed south 
from Mandalay, discharging its water through the present
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Sittang River to the Gulf of Martaban, and that its present 
westward course is geologically recent. After its confluence 
with the Chindwin, the Irrawaddy continues to meander 
through the densely populated Dry Zone to the vicinity of 
Yenangyaung, after which it flows generally south. In its 
lower course, between Minbu and Prome, it flows through 
a narrow valley between forest-covered mountain ranges—  
the Arakan Yoma ridge to the west and the Pegu Yoma 
ridge to the east.

The delta. The delta of the Irrawaddy may be said to 
begin about 58 miles above Henzada. The apex of the 
delta is about 180 miles from its curved base facing the 
Andaman Sea. The sides of the delta are formed by the 
southem extremities of the Pegu Yoma on the east and 
the Arakan Yoma on the west. The westernmost distrib­
utary of the delta is the Bassein River. The easternmost 
stream is the Rangoon River, on the left bank of which 
the Burmese Capital city of Rangoon is built. As the Ran­
goon River is only a minor channel, the flow of water is 
insufficiënt to prevent Rangoon Harbour from silting up, 
and dredging is consequently necessary.

Hydrography. The volume of flow of the Irrawaddy and 
its tributaries fluctuates greatly through the year, chiefly 
due to the monsoon rains, which occur between June and 
September, but also to the rapid melting of glaciers during 
the summer, which adds still further to the volume. The 
average discharge of the river near the head of the delta 
varies between a low of 82,000 and a high of 1,152,000 
cubic feet (2,300 and 32,600 cubic metres) per second; the 
annual average discharge is 460,000 cubic feet per second. 
The range between high and low water is also great. An­
nual variations between low-water level and flood level of 
31.7 feet and 37.3 feet have been recorded at Mandalay 
and Prome respectively. The lowest water level occurs in 
February, and the highest in August. In general, from 
December to March the river varies between the lowest 
level and five feet above it, while from mid-June to mid- 
October the river is 20 to 30 feet (six to nine metres) above 
the lowest level. The river ports therefore find it necessary 
to have separate high-and low-water landing points.

The people. The peoples living on the river’s banks are 
culturally diverse. On the upper reaches, the Kachins, who 
practice shifting agriculture, predominate. In the river val­
ley itself, the Burmese are the dominant group, cultivating 
wheat, cotton, and oilseeds in the Dry Zone, and rice to 
the south and in the delta region, where rainfall is more 
plentiful. Also to the south, and particularly in the delta 
proper, a considerable minority of Karens and some Indi­
ans are to be found among the Burmese majority.

The river The economy. Navigation. The main river ports on the 
ports Irrawaddy, from north to south, are Myitkyina, Bhamo,

Katha, Mandalay, Myingyan, Chauk, Yenangyaung, 
Minbu, Magwe, Thayetmyo, Prome, Henzada, and Yan- 
doon. Of these, Mandalay, Chauk, Prome, and Henzada 
have good landing facilities. The remaining ports have 
landing facilities for only one or two barges or lighters— 
the vessels mooring alongside the riverbank in most places. 
Despite the fact that Mandalay is the chief rail and high- 
way focus in Upper Burma, a considerable amount of 
passenger and goods traffic moves by river. The Chindwin 
valley has no railroad and relies heavily on river transport. 
Chauk, downstream from the confluence in the oil-field 
district, is a petroleum port. Prome, about 140 miles to the 
south, is linked to Rangoon by road and rail. Henzada, 
near the apex of the delta, is the rail junction for lines 
leading to Kyangin and Bassein. A ferry operates between 
Henzada on the west bank and the railway station at 
Tharrawaw on the east.

Regular steamer service on the Irrawaddy is maintained 
by the Inland Water Transport Board (iw t b ), which has 
improved service by introducing diesel engines in place of 
coal-fired ones. Commercial transportation is maintained 
for about 800 miles. From Henzada to Bhamo (670 miles), 
commercial traffic is maintained throughout the year, but 
from Bhamo to Myitkyina (125 miles), for only seven 
months. Over 2,000 miles of navigable waterways exist in 
the Irrawaddy delta. On the Chindwin River transporta­
tion is carried on by steam or diesel vessels throughout 
the year up to Homalin—about 400 miles from its conflu­

ence with the Irrawaddy. Seasonal navigation is carried on 
into Tamanthi, which is 57 (river) miles (91 kilometres) 
above Homalin.

As the Irrawaddy delta is one of the world’s major rice- 
growing areas, rice is a major item of commerce on the 
river. Also transported are other foodstuffs, petroleum, cot­
ton, and local Commodities. Teak logs—of which Burma 
is the world’s major exporter—are floated downstream in 
the form of large rafts. In the delta region, the rice is car­
ried in small country boats to local markets, from where 
it is shipped to Rangoon for export.

The Irrawaddy is crossed mainly by the Ava Bridge, 
which spans the river below Mandalay.

Irrigation. Although the Irrawaddy has been little used 
for irrigation in the Dry Zone, its tributary, the Mu 
River, has been used for this purpose since the 9th Cen­
tury. The current Mu Valley Irrigation Project, financially 
supported by the UN Development Programme, is the 
largest in the country. It permits the dry-season cropping 
of maize (corn), groundnuts (peanuts), sesame, millet, and 
other dry crops.

The soils of the delta are enriched every year by the fer­
tile alluvium carried down by the river. The river waters 
themselves are used to flood the delta rice paddies. “Irra­
waddy” is also the name of an administrative division of 
the delta, which includes the districts of Bassein, Henzada,
Ma-ubin, Myaungmya, and Pyapon. (S.M.B.)

AMUR RIVER
The Amur River (Wade-Giles romanization Hei-lung Chi- 
ang; Pinyin Heilong Jiang) in eastern Asia forms part 
of the frontier between the Union of Soviet Socialist 
Republics and the People’s Republic of China. It rises 
on the northern border of Northeast China and Inner 
Mongolia with the Soviet Union and flows generally east 
and southeast along that border to Khabarovsk, where it 
turns northeastward and flows to the Tatar Strait, separat- 
ing Siberia from the island of Sakhalin. It is the longest 
river in the Soviet Far East. Its Chinese name, Hei-lung 
Chiang, means Black Dragon River; its Mongol name,
Kharamuren, means Black River; among local tribes it is 
known as Mamu.

Physical features. Physiography. The Amur begins at 
the confluence of the Shilka and the Argun rivers, at a 
point 1,755 miles (2,824 kilometres) from its mouth. The 
Shilka rises more than 340 miles farther inland at the 
junction of the Siberian Ingoda River and the Mongolian 
Onon River. The Argun River rises in the Chinese au- 
tonomous region of Inner Mongolia, about 1,000 miles 
from its confluence with the Shilka. The entire river sys­
tem of the Amur includes numerous rivers and lakes; 
among the rivers are five major ones—the Zeya, Bureya,
Sungari, Ussuri, and Amgun.

It is customary to treat the river as divided into three 
sections: the Upper, Middle, and Lower Amur. The Upper 
Amur begins at the juncture of the Shilka and Argun and 
ends at the mouth of the Zeya (Blagoveshchensk), about 
550 miles (880 kilometres) downstream. The Middle Amur 
extends about 600 miles (960 kilometres) from the Zeya 
north to Khabarovsk. The Lower Amur, from Khabarovsk 
to the mouth, is also about 600 miles in length.

The Upper Amur flows through a mountain valley be- The Upper 
tween the spurs of the Greater Khingan, which is covered Amur 
by thick larch woods, and the pine-clad slopes of the River 
Amarzarsky mountain ridge. Near Albazino the moun­
tains part, and the river enters open-plateau country. The 
winding river has built up sandbanks, many of them really 
spits of land formed at looping bends of the river, which 
in places has cut deeply into the earth. The terraced slopes 
of the valley testify that in remote times the land was flat 
and the Amur wandered through wide floodlands. Below 
Yermakovo lie the Burning Mountains, rocky precipices 
made up of complex layers of spontaneously igniting car- 
bonaceous, clayey shales that are continually steaming and 
sometimes give off flames.

Middle Amur flows into the Zeya-Bureya Depression.
The left slope of the valley merges imperceptibly with the 
plain, while the right slope—steep and high—borders the 
Lesser Khingan Range. Below the Bureya River the plain
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narrows gradually, and near Pashkovo the river runs past 
spurs of the Bureya Range. Farther on it flows along a 
narrow ravine-like passage through the Lesser Khingan 
mountains, its depth and speed sharply increasing.

The Lower Amur runs between low, overflowing banks 
into a vast marsh, the surface of which is broken by 
channels and dotted with lakes and ponds; the riverbed 
branches often, and the channel becomes very wide. Near 
Novoye the Sungari, the Amur’s largest tributary, pours in 
its yellow, muddy waters. Near Khabarovsk it is joined by 
the Ussuri. With these accessions to its waters, it overflows 
widely over the flat, marshy ground of the tidal valley. 
The riverbed becomes a labyrinth of branches, channels, 
offshoots, former riverbeds, islands, sandbanks, and spits. 
During high-water seasons these sections overflow, and 
the region becomes an enormous lake. At Khabarovsk 
the Amur is only 230 miles from the shores of the Sea 
of Japan; but, diverted by the Sikhote-Alin Mountains, it 
runs northward for 600 miles before it finds the sea. Near 
Komsomolsk-na-Amure the plain gradually narrows, and 
the river flows for 90 miles among mountains into a scenic 
forest valley. It then enters the Udil Kizinsky hollow with 
wide, flat, marsh-ridden ground. In the hollow lie two large 
lakes—the Big Kizi and the Udyl. Near Bogorodskoye the 
hollow is closed in by the Chayatyn Range, and the river 
flows out onto a low-lying plain, where the Amgun, the 
last of its important tributaries, joins the Amur on its left 
bank. It enters the sea through a wide, bell-shaped estuary, 
which is about 30 miles long.

Climate. The Amur Basin has a monsoon climate—a 
seasonal alternation of winds from the mainland and from 
the ocean. In winter the dry, cold air moving down from 
Siberia brings clear, dry weather with strong frost. Snow- 
fall is generally light. In summer the warm, moist ocean 
winds predominate, bringing heavy rains and thus raising 
the water level in the Amur and its main tributaries.

Autumns are warm and dry. Average temperatures, in 
January, range from —11° F (—24° C) in the south to 
—27° F (—33° C) in the north. The average July temper­

ature in the south (at Blagoveshchensk) is 70° F (21° C) 
and in the north about 64° F (18° C). Precipitation in 
the Amur Basin is uneven, being heaviest in the maritime 
section, where it ranges between 24 and 36 inches (600 
and 900 millimetres) annually. In the middle regions the 
annual rate does not exceed 24 inches, and in the western, 
Continental regions it averages 12-16 inches. The peak 
months are July and August, when there are four or five 
inches of rainfall.

Marine life. The Amur is rieh in fish. The lower river 
has about 100 species of fish, the upper river 60, surpass- 
ing even large European rivers such as the Volga and the 
Danube. About 25 or 30 species are of commercial value. 
Northern forms include the Siberian salmon, the sig, and 
the burbot; Southern forms include the Chinese perch and 
the white amur. There are about 20 indigenous species of 
carp and broadhead. A biological peculiarity of the Amur 
fishes is the large number of species that develop in the 
sea and therefore escape exposure to the sharp changes in 
water level that occur in the river in summer.

Hydrology. The river is fed principally by the monsoon 
rains that fall in summer and autumn. The rainwater 
finds its way quickly into the river, resulting in a period of 
flooding that extends from May to October. During that 
period there are usually several times of high water when 
the river is from 16 to 26 feet (5 to 8 metres) above its 
usual level. In particularly rainy years the high-water level 
may be as much as 45 feet above the usual level in the 
Upper Amur. Farther downstream the variations are less; 
in the lower reaches, the maximum rise is only about 8 
feet. In August and September the floodwaters begin to 
abate. The lowest level of the river is reached in March 
and April, before the spring flood, which is fed mainly by 
runoff of melted snow and which is much smaller than 
the monsoon floods that occur in summer and autumn. 
Those floods often cause serious economie loss.
The mean discharge of the Amur is 380,000 cubic feet 

(10,900 cubic metres) per second. The rate of flow near 
Komsomolsk-na-Amure is about 348,200 cubic feet (9,860
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cubic metres) per second and at the mouth about 383,800 
(10,900). The rate varies from as low as 5,300 cubic feet 
(150 cubic metres) per second to 7,000 (200) in winter near 
Khabarovsk; the highest rate ever recorded was 1,400,000 
(40,000) in 1897.

Ice forms in the Amur in the second half of October. 
The Upper Amur becomes icebound at the beginning, the 
Lower Amur in the second half of November. The lower 
reaches of the river open at the end of April, the upper 
reaches at the beginning of May. Ice jams often occur in 
the sharp bends of the river, raising the water level by as 
much as 50 feet.

At the mouth of the Sungari, the water in the Amur is 
comparatively clear, but lower down it becomes muddy. 
In a year the river carries down about 20,000,000 tons 
of sediments.

The people. The territories of the Amur were originally 
populated by hunting and cattle-breeding nomadic tribes, 
such as the Buryats, Yakuts, Nanais, Gilyaks, Udegeys, 
and Oroks, From the 18th Century onward the area north 
of the Amur was settled by Russians along with Ukraini- 
ans, Belorussians, Tatars, Latvians, and others. South of 
the Amur live Chinese, Mongols, Manchus, and many 
other peoples.

The Russians began to explore the Amur Basin in the 
17th Century. Maksim Perfilyev passed through the region 
in 1638. In the spring of 1644 Vasily Poyarkov set off on 
a three-year exploration of the Amur; he covered much of 
the river basin and estuary. Yerofey P. Khabarov followed 
in 1649-51; Khabarovsk—the second largest city in the 
Soviet Far East—is named for him.

In 1849-55 an expedition under the leadership of a 
Russian naval ofïicer, Gennady I. Nevelskoy, made the

D ep th

200 655

9 nnn 6.560z .u u u ; *"

4.000 13,125

v  S p ot de pths  
in m etres

The China Sea.

discovery that Sakhalin is an island and that, therefore, 
the Amur is accessible from the south and not alone from 
the north as the Russians had previously supposed. This 
was the beginning of the systematic study of the water 
system of the Amur. A series of large expeditions was 
planned and carried out in the first part of the 20th Cen­
tury (occupying the years 1901-09, 1927-29, 1932, 1935— 
36). In 1952-58 the Academy of Sciences of the U.S.S.R. 
sponsored a thorough exploration of the Amur.

The economy. The Amur is navigable throughout its 
course for about half the year. The large tributaries—  
the Zeya, Bureya, Sungari, Tunguska, Ussuri, and Am- 
gun—are navigable, as are some of the lakes. The main 
ports include Pokrovka, Blagoveshchensk, Leninskoye, 
Khabarovsk, Komsomolsk-na-Amure, and Nikolayevsk- 
na-Amure. The potential hydroelectric power of the Amur 
River Basin is estimated at roughly 45,000,000 kilowatts, 
but little of this potential has so far been developed.

(A .P .M .)

CHINA SEA
The China Sea is that part of the western Pacific Ocean 
bordering the east-southeast Asian mainland. It consists 
of two seas, the South China Sea and the East China Sea, 
which connect through the shallow Taiwan Strait between 
Taiwan and the People’s Republic of China.

East China Sea. The East China Sea, or Eastern Sea, 
known in Chinese as the Tung Hai (Pinyin Dong Hai), ex­
tends northeastward from the South China Sea. Eastward 
it includes waters out to the Ryukyu Island chain; north 
to Kyüshü, which is the southernmost of Japan’s main 
islands; northwest to the island of Cheju-do off South 
Korea; and hence west to the mainland of China. This 
northern boundary separates the East China Sea from the 
Yellow Sea.

Physiography. The East China Sea, which has an area 
of 290,000 square miles (752,000 square kilometres), is 
largely shallow, with 71 percent of the area less than 650 
feet (200 metres) and an average depth of only 1,145 feet. 
The deeper part is the Okinawa Trough, extending along- 
side the Ryukyu Island chain, with a large area over 3,300 
feet (1,000 metres) deep and a maximum depth of 8,912 
feet (2,717 metres). The western edge of the sea is a con- 
tinuation of the shelf that extends from the South China 
Sea up to the Yellow Sea. A large number of islands and 
shoals dot the eastern boundary as well as the area near 
the Chinese mainland. The shallow shelf areas are covered 
with sediments from the bordering landmasses deposited 
mainly by the Yangtze and other rivers near the northern 
part of the sea. Coarser sediments of sand occur farther 
out, and rocks, muds, and oozes are also found in scattered 
areas. Seismic profiling indicates that the geological sub- 
bottom structure comprises nearly parallel folds, with rock 
ridges near the northern limits of the East China Sea, near 
the edge of the Continental shelf, and along the Ryukyus. 
These have afforded barriers for sediment brought down 
by the great Huang (Yellow) and Yangtze rivers. Between 
the ridges the sediment is up to one mile thick.

Most of the shelf belongs to the stable Neo-Cathaysian 
Geosyncline (or Cathaysian Platform), dating back at least
300,000,000 years or longer. The Okinawa Trough ap- 
pears to be perhaps 10,000,000 years old. The Ryukyus 
are a double island chain, with several volcanic islands on 
the East China Sea side. Many of the volcanoes are still 
active. Epicentres of earthquakes are found along the axis 
of the Okinawa Trough and the Ryukyu Island are.

Climate. Weather is dominated by the monsoon wind 
system, the result of differential heating between land 
and water. In summer, the high Asian landmass is much 
warmer than the sea; in the winter, it is much colder, 
particularly in the Plateau of Tibet. Summer heating of 
air masses over Asia builds areas of low pressure and 
creates the monsoonal winds, which in this season blow 
predominantly from the southeast. This brings in warm, 
moist air from the western Pacific Ocean, producing a 
rainy summer season that is accompanied by typhoons. 
In winter the Situation is reversed: monsoon winds blow 
predominantly from the north, bringing with them cold, 
dry air from the continent.

Boundaries 
of the East 
China Sea
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Hydrography. Winds also influence water circulation of 
Sea the Kuroshio (Japan) current, a north-flowing branch of
currents the warm North Equatorial Current that flows near Tai- 
and tides wan. Some of the Kuroshio enters the eastern part of the 

East China Sea, then diverts eastward back out into the 
Pacific, and flows east of Japan. Strengthened by monsoon 
winds, it is at its widest and fastest in summer, and the 
axis is displaced well into the East China Sea. This warmed 
surface water varies from 86° F (30° C) in the south to 
77° F (25° C) in the north. In winter, northerly mon­
soon winds modify the circulation, and the north-flowing 
Kuroshio, though still important, is reduced in strength, 
while southerly flowing Coastal currents are strengthened. 
This brings in colder water, with temperatures of 41° F 
(5° C) in the north to 73° F (23° C) in the south.
Because of the constricting nature of the adjoining Yel­

low Sea and the funnel shape of some of the inlets on 
the mainland, tidal ranges are especially high along the 
coast of China. For example, the spring tide range, which 
is highest in summer and winter, is as much as 23 feet at 
San-sha Bay and 36 feet at Hangchow Bay.

The economy. The East China Sea is a highly marine- 
organic productive region, with China, Japan, Taiwan, and 
North and South Korea actively fishing in the area. Most 
of the fishing is done by small local boats, although larger 
trawlers are also used. Tuna, mackerel, shrimps, sardines, 
milkfish, sea breams, croakers, shellfish, and seaweeds are 
the main resources harvested. The records of fishing in- 
tensity correlate well with the preference of bottom fishes 
for areas of fine-grain, organic-rich sediments that are 
probably the result of the greater abundance of worms and 
other small, mud-digesting organisms in the area.

In addition to the local shipping traffic in and out of 
Chinese and Korean ports, the East China Sea serves as 
the main shipping route from the South China Sea to 
Japanese and other North Pacific ports.

South China Sea. The South China Sea, known in Chi- 
Boundaries nese as Nan Hai (Pinyin Nan Hai), is bounded on the 
of South west by the Asian mainland, on the south by the Southern 
China Sea limit of the Gulf of Thailand and the east coast of Malay 

Peninsula, and on the east by Taiwan, the Philippines, 
and Bomeo. The Southern boundary is a rise in the seabed 
between Sumatra and Borneo, and the northern boundary

M. Gifford— De Wys Ine.

A portion of the delta of the M ekong R iver as it flows through 
Southern Vietnam and empties into the South China Sea.

Stretches from the northernmost point of Taiwan to the 
coast of Fukien Province, China (the Southern limit of the 
East China Sea). It embraces an area of about 848,400 
square miles, with an average depth of 3,740 feet.

Physiography. The major topographic feature is a deep 
rhombus-shaped basin on the eastern part, with reef- 
studded shoal areas rising up steeply within the basin to 
the south (Reed, Tizard, Nanshan banks) and northwest 
(Paracel Island and Macclesfield banks). The deep portion, 
called the China Sea Basin, has a maximum depth of 16,- 
452 feet, and an abyssal plain with a mean depth of 14,100 
feet. The Continental shelf falls off sharply near Luzon and 
Palawan islands and forms the Palawan Trough near the 
latter island.

Along the northwest side of the basin to the mainland 
is a broad, shallow shelf as wide as 150 miles. It includes 
the Gulf of Tonkin (maximum depth of 269 feet) and the 
Taiwan Strait. The large islands of Hainan and Taiwan 
are situated on this shelf. To the south, off Vietnam, the 
shelf narrows and connects with the Sunda Shelf, one of 
the largest in the world, which covers the area between 
Borneo, Sumatra and Malaysia, and includes the Southern 
part of the South China Sea, the Gulf of Thailand, and 
the Java Sea. This broad trough is about 130 feet deep 
at its periphery and up to 330 feet in its central part. On 
the bottom of the shelf is a network of submerged river 
valleys that converge into the Sunda Depression and then 
into the China Sea Basin. These valleys and tributaries 
vary in width up to three miles.

The Sunda Shelf is covered with littoral sediments con- 
tributed by submerged valleys. The inner zone of mud 
is characteristic of the Continental shelf near the Mekong 
and Red River deltas, while the sediment of the deeper 
parts of the South China Sea is mainly composed of clay.
A characteristic part of the sediments in both deep and 
shallow water is volcanic ash. This is found in layers, 
derived from large volcanic eruptions in the East Indies, 
notably the enormous eruption of Krakatoa in 1883, when 
ash was transported through the entire area by both wind 
and currents.

The South China Sea has connecting channels. The For- Connecting 
mosa Strait on the north is about 90 miles wide, with channels 
a depth of about 230 feet. The main deep channel con­
necting the South China Sea with the Pacific Ocean lies 
between Taiwan and the Philippines and has a depth of 
about 8,500 feet. Shallow channels are found on the east 
along the Philippine Island chain and on the south be­
tween Borneo and Sumatra. The western connection to 
the Indian Ocean is the long Strait of Malacca. At its 
narrowest part it is 19 miles wide and about 100 feet 
deep. The South China Sea is the largest “marginal sea” 
of the western Pacific. Some 1,000,000 to 60,000,000 
years ago, it was rifted and collapsed as a result of sea- 
floor spreading. The China Sea Basin is believed to have 
dropped 2.5 miles, leaving residual plateaus studded with 
numerous coral reefs, islets, and banks, some of which are 
drowned atolls.

Climate. Weather is tropical and largely controlled by 
monsoons. In summer, monsoonal winds blow predomi­
nantly from the Southwest; in winter, winds blow from the 
northeast. Annual rainfall approximates 12.3 feet (3,750 
millimetres), and summer typhoons are frequent.

Hydrography. Monsoons control the sea-surface cur­
rents as well as the exchange of water between the South 
China Sea and adjacent bodies of water. In August, the 
surface flow into the South China Sea is from the south 
through Karimata and Kelasa (Gasper) straits. Near the 
mainland the general flow is northeasterly, passing out 
through the Taiwan and Luzon straits. There is a weak 
countercurrent on the eastern side of the sea. In February, 
the flow is generally to the Southwest; the strongest flow 
occurs along the buiging part of Vietnam, with speeds of 
up to three knots (nautical miles per hour).

The near-surface waters are relatively warm (about 84°
F [29 ° C] in the summer) because of the low latitude and 
a tendency for the equatorial current to feed warm water 
into the area. In early summer, wind from the South­
west not only moves the surface water to the northeast 
but causes it to be displaced off the coast. As a result,
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upwelling areas having colder surface temperatures and 
higher nutriënt content are found off central Vietnam. In 
winter, the general surface temperature is colder, ranging 
from about 70° F (21° C) in the north to 81° F (27° C) 
in the south.

The major rivers draining into the South China Sea are 
the Hsi Chiang, which enters near Macau; the Red River 
at Haiphong, Vietnam; and the Mekong River, near Ho 
Chi Minh city (Saigon), Vietnam. The wet summer season 
causes the Mekong River to triple its annual average flow, 
and it causes an even greater relative change in the flow 
of the Red River.

The economy. The heavily fished South China Sea is 
the main source of animal protein for the people living 

Fishing near its shores, providing as much as 50 percent for the 
densely populated Southeast Asian area. Most abundant 
are the various species of tuna, mackerel, croaker, an- 
chovy, shrimp, and shellfish. Nearly the entire catch is 
consumed locally, either fresh or preserved.
The main transport route to and from Pacific and In­

dian ocean ports is through the Strait of Malacca and the 
South China Sea. In the main, oil and minerals move up 
the coast, and food and manufactured goods move down. 
Some areas in the central South China Sea are not well 
sounded, and nautical charts bear the notation “dangerous 
ground.” (E.C.LaF.)

HUANG HO
The Huang Ho (Huang He in Pinyin), or Yellow River, 
one of the most northerly and the second longest of 
China’s rivers, flows from the eastern highlands of the Ti­
betan Autonomous Region along a course of 3,011 miles 
(4,845 kilometres) to the Yellow Sea. It passes through the 
provinces of Tsinghai and Kansu, the autonomous regions 
of Ningsia Hui and Inner Mongolia, and then into the 
provinces of Shensi, Shansi, Honan, and Shantung. For 
much of its length it is a shifting, turbulent, muddy stream 
that often overflows its banks and sends floodwaters across 
the North China Plain. For this reason it has been called 
“China’s Sorrow” and “The Ungovernable.” The name 
Huang (Yellow) comes from the fine, loess soil that it 
brings down with it. More than 110,000,000 people live 
in the basin of the Huang Ho, which flows past the cities 
of Lan-chou, Pao-t’ou, Sian, T’ai-yüan, Lo-yang, Cheng- 
chou, K’ai-feng, and Tsinan. It drains an area of 288,000 
square miles (745,000 square kilometres).

Physical features. The Huang Ho is divided into two 
distinct parts: the mountainous upper basin and the plains 
section, which is itself subdivided into the middle and 
lower basins. The broad highlands of the mountainous 
part rise 1,000 to 1,300 feet (300 to 400 metres) above 
the river and its tributaries. The highlands are built upon 
crystalline rocks that are sometimes visible as eroded 
outcroppings on the surface. On the plateau these rock 
Systems are covered with thick layers of friable deposits, 
consisting mainly of loess. The loess strata have thick- 
nesses of 160 to 200 feet and in some places as much as 
500 feet, extending eastward from the highlands of Tibet 
all the way to the North China Plain. Through this loose 
loam the river has cut deep valleys, carrying away with it 
huge quantities of silt; the easily eroded loess soil accounts 
for the instability of the riverbed.

Downstream the Huang Ho Basin becomes fan shaped 
as it broadens out across the North China Plain, which is 
broken only by the low Shantung Hills. The plain consists 
of fine silt, brought down by the river, laid over sand and 
gravel that was deposited when the sea receded in the ge- 
ological past. Along the river are occasional areas of sand 
dunes 15 to 30 feet (4.5 to nine metres) in height. The 
plain, which contains a number of old beds of the river, is 
China’s rice granary.

Physiography. The Huang Ho originates at an altitude The 
of about 15,000 feet in the Pa-yen-k’a-la Shan (Pa-yen- upper 
k’a-la Mountains), in the eastern Tibetan Highlands. In its basin 
upper reaches the river crosses two large lakes, Cha-ling 
Hu and O-ling Hu. These are shallow lakes covering an 
area of about 40 square miles, rich in fish and frozen in 
winter. The Huang Ho in this region flows generally from 
west to east. It enters deep gorges winding its way along 
the Southern slopes of the Amne Machin, somewhat above 
the city of Lan-chou. With many rapids, its fall exceeds 10 
feet per mile. Populated areas are few. Past the gorges it 
leaves the Tibetan Highlands and flows northward across 
the Ordos Desert, in northern China, having flowed about 
726 miles from its source. The basin upstream from that 
point covers an area of about 48,000 square miles, con­
sisting chiefly of inaccessible, highly mountainous terrain 
with a cold climate. The few inhabitants engage in cat- 
tle breeding.

The middle part of the Huang Ho consists of a great The 
northward loop through the Ordos Desert and then a middle 
southward course through a long trench forming the bor- basin
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der between Shensi and Shansi provinces to the city of 
Cheng-chou, a distance of more than 1,800 miles. Most 
of the middle basin is cut through the Loess Plateau 
at altitudes ranging between 3,000 and 7,000 feet. The 
plateau contains terraced slopes as well as alluvial plains 
and a scattering of peaks sometimes exceeding 1,500 feet 
in height. Within its large loop, the Huang Ho drains an 
area of about 23,000 square miles. The river at first flows 
in a northeasterly direction for about 550 miles among 
bare loess hills; it has many rapids, and in a number of 
places it narrows. It then turns eastward and flows for 
another 500 miles through alluvial plains; in this stretch 
it has many branches, and its fall is less than four inches 
per mile. If it continued eastward it would flow to Peking, 
but instead it turns sharply to the south and flows for 
about 445 miles through narrow gorges with steep slopes 
several hundred feet in height. The river’s width usually 
does not exceed 150-200 feet in this section. The Huang 
Ho gradually widens and then turns sharply to the east 
for another 300 miles. Here it flows through inaccessible 
gorges between the eastern peaks' of the Tsinling Shan. 
The average fall in this stretch is about 14 inches per mile 
and increasingly rapid in the last 1 0 0  miles before the 
river enters the North China Plain.
This middle basin of the river, between the Tibetan High­

lands and the North China Plain, contains the two longest 
tributariës: the 537-mile Wei Ho of Shensi Province and 
the 430-mile Fen Ho of Shansi Province.

The The lower part of the Huang Ho is about 435 miles long
lower basin with an average fall of about three inches per mile. This 

is an area of great floods because the riverbed in many 
places lies above the surrounding land. In the section 
above the city of K’ai-feng, the low-water level is between 
six and 1 0  feet above the surrounding countryside; the 
mid-water level is between 19 and 23 feet; and the high- 
water level sometimes as much as 33 feet above that of 
the land. From K’ai-feng to the Grand Canal (Yün Ho), 
the riverbanks rarely exceed three to six feet in height. 
Marshes are common. Below the Grand Canal the height 
of the banks increases to 13-16 feet and in some places 
to 25. Several centuries ago the Chinese built dikes along 
the river, which in places are broad enough to accommo- 
date villages.
The delta of the Huang Ho begins approximately 160 

miles from its mouth, spreading out over an area of about 
950 square miles. Built up by silt brought down by the 
river, the delta is swampy and covered with reeds. A sand 
bar at the mouth impedes navigation by boats drawing 
more than four feet of water at low tide; at high tide the 
depth on the bar is eight or nine feet.

Hydrography. In the past 4,000 years several radical 
changes have occurred in the Huang Ho’s course; at dif­
ferent times the river has entered the Yellow Sea at points 
varying by as much as 500 miles. From 2278 b c  to 602 
b c , when it occupied its northernmost course, it flowed 
through the city of Tientsin and entered the nearby Gulf 
of Chihli (Po Hai). From 602 b c  to a d  70, both the river 
and its mouth shifted to the south of the Shantung Penin­
sula. From a d  70 to 1048 the Huang Ho again shifted 
north, taking up a course much along its present bed.

From 1048 to 1194 changes in the course of the river 
occurred farther inland, where the river enters the North 
China Plain. In 1194 the river occupied its southernmost 
course, the mouth having shifted to the Southern edge of 
the delta. In that year, as a result of the rupturing of 
the protecting dikes, a second arm of the Huang Ho was 
created in the Southern part of the Shantung Peninsula. 
From 1289 to 1324 the river took over the bed of the Ko 
Ho and a large part of the Huai Ho, later returning to its 
old bed. It was stable for more than 500 years until 1854, 
when it again began to move farther to the north of the 
Shantung Peninsula, where it now is located.

Up stream In the upper and middle sections of the Huang Ho, al-
alterations terations of the riverbed are comparatively slight; concave 
in course banks have been washed away, and the alluvial deposits 

have formed radiating convex banks, or arms, some of 
which are under cultivation. Numerous outcroppings of 
rock on the bottom of the river also cause changes in 
the bed. In the downstream areas, however, where the

riverbed is higher than the surrounding land, changes in 
the bed sometimes lead to a sudden rupturing of the dikes 
and the flooding of extensive areas. This flooding, which 
occurs during periods of high water, covers the surround­
ing territory with huge amounts of silt.
Breaks in the dikes have occurred throughout history.

Between 960 and 1048 there were 38 breaks, and 29 
from 1048 to 1194. In later years such breaches were less 
frequent as a result of systematic construction. The slack- 
ening of these efforts during the Taiping Rebellion led to 
a significant change in the course of the river in 1852-54.

In 1887 the Huang Ho burst the dikes near the city 
of K’ai-feng and began to flow into the Huai Ho, but 
engineering efforts succeeded in returning it to its former 
location in 1889. The flood of 1887 covered 30,000 square 
miles, completely burying many villages under silt. In 
1889 another flooding injured nearly 1,000,000 persons 
and destroyed 1,500 villages. The next major flood, in 
1921, wiped out hundreds of populated places, mainly 
near the mouth of the delta. In the flood of 1933 more 
than 3,000 populated places were submerged, 3,600,000 
people injured, and 18,000 killed. Other floods occurred 
in 1938 and 1949.

The delta of the Huang Ho is one of the most active in 
the world. In the Century from 1870 to 1970 it pushed 
outward into the sea an average of more than 1 2  miles.
Some outlying parts have been expanding even more 
rapidly: one area grew six miles during the period 1949—
51, and another grew more than 15 miles in 1949-52.
The Huang Ho carries an average annual volume of 

about 11.6 cubic miles (48.2 cubic kilometres) of water 
down to the sea—as much as 16.8 cubic miles (70 cubic 
kilometres) in high-volume years and as little as 4.8 to 6.0 
(20 to 25) in low-volume years. There are also seasonal 
variations in its volume. More than half of the annual 
precipitation falls during the rainy season, July to October.
The average annual precipitation for the entire basin is 
about I8 V2 inches (470 millimetres), but its distribution is 
very uneven. In some years the bulk of the river volume 
comes from its tributaries. In the upriver areas the main 
source is snowfall in the mountains, with the high-water 
level (33 feet [10 metres]) occurring in the spring. The 
highest water levels in the middle and lower parts of the 
river (10 to 23 feet [three to seven metres]) occur in July 
and August. The maximum flow of water near Lan-chou 
is 7,000-8,000 cubic yards (5,350-6,115 cubic metres) per 
second; near Lung-men, 13,000; and in the lower parts of 
the river, 47,000 (as recorded in 1943).

The Huang Ho is the world’s muddiest river. It carries 
along about 57 pounds of silt per cubic yard (34 kilograms 
per cubic metre) of water, as compared with two pounds 
for the Nile, seven for the Amu Darya, and 17 for the 
Colorado. Floodwaters may contain up to 1,200 pounds 
of silt per cubic yard (700 kilograms per cubic metre) 
of water (70 percent by volume). The river carries down 
to the sea about 1,520,000,000 tons of silt a year, partly 
because much of the basin is composed of loess, which 
is loose and easily moved. Other factors are the steepness 
of the slopes, the rapidity of the current, and a lack of 
forested areas and reservoirs to check erosion and allow 
the silt to settle out. The irrigation system in the plain is 
not enough to slow the river current.

The Huang Ho freezes over in parts of its middle section 
for several months a year. On the great plain near K’ai- 
feng there are 15 to 2 0  icebound days a year but none 
at all farther downstream. Ice blockage is broken up with 
the help of bombs dropped from airplanes or sometimes 
artillery shelling.

The economy. The 4,000-year-old irrigation system of Canals and 
the Huang Ho, augmented by recently constructed irriga- dams 
tion and navigation canals, brings water to about 1 0 , 0 0 0  

square miles of land. The Grand Canal, cutting across the 
lower river, runs for more than 1,100 miles from Peking 
in the north to Hangchow in the south. The People’s Vic- 
tory Canal, completed in 1953, runs for 30 miles parallel 
to the Peking-Hankow railroad and links the Huang Ho 
north of Cheng-chou with the Wei Ho at Hsin-hsiang.
It raises the level of the Wei Ho, improving navigation 
between Hsin-hsiang and Tientsin and also providing a

(
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network of irrigation channels between Hsin-hsiang and 
the Huang Ho.

A 1,000,000-kilowatt power station and dam is located 
at San-men-hsia (Three-Gate Gorge) on the Honan-Shansi 
border, 130 miles west of Chengchou; the reservoir is 120 
miles long. Before the construction of the reservoir, navi­
gation by boat was restricted to a stretch of 100 miles or so 
on the lower reaches of the river. Current plans envisage 
the construction of new dams and reservoirs, the exploita- 
tion of its hydroelectric potential (estimated at 30,000,000 
kilowatts), and extension of the navigable length of the 
river and its tributaries.

Study and exploration. Chinese civilization arose in the 
lower valley of the Huang Ho, which is mentioned in an­
cient Chinese writings of the 3rd millennium b c . During 
the reign of one Yao, runs the record, catastrophic flood­
ing occurred on both the Huang Ho and Yangtze River, 
inundating all of the North China Plain. Regular records 
have been kept since the 6th Century b c  of major floods 
and also of changes in the river’s course. Water levels have 
been studied since 1736. The first European to explore the 
upper reaches of the Huang Ho was a Russian traveller, 
Nikolay Przhevalsky, in 1879 and 1884. Since the 1950s 
the river has been studied intensively by Soviet scientists 
as well as by the Chinese. (I.V.P.)

SEA O F JA PA N

The Sea of Japan is a marginal sea of the western Pacific 
Ocean, bounded by Japan and the Soviet island of Sakha- 
lin to the east and by the Soviet Union and Korea (where 
it is known as the East Sea) on the Asian mainland to the 
west. lts area is 389,100 square miles (1,007,800 square 
kilometres). It has a mean depth of 4,429 feet (1,350 me­
tres) and a maximum depth of 12,276 feet (3,742 metres).

Physical features. Physiography. The sea is almost el- 
liptical, having its major axis from Southwest to northeast; 
to the north it is approximately bounded by latitude 
51 °45' N, while to the south it is bounded by a line drawn 
from the Japanese island of Kyüshü westward through the 
Gotö-rettö (Goto Islands) of Japan to the Korean island 
of Cheju (also known as Quelpart Island) and then north­
ward to the Korean peninsula.

The sea itself lies in a deep basin, separated from the East 
China Sea to the south by the Tsushima-kaikyö (Tsushi­
ma Strait) and Korea Strait and from the Sea of Okhotsk 
to the north by Söya-kaikyö (Söya Strait, or La Pérouse 
Strait) and Tatar Strait, all of which have sill depths of 
less than about 700 feet. To the east it is also connected 
with the Inland Sea of Japan by Kanmon-kaikyö.

Compo- Underwater, the sea is separated into the Japan Basin 
nent basins (about 9,800 to 11,500 feet deep) to the north, the Yamato 

Basin (8,200 feet deep) to the southeast, and the Tsushima 
Basin (6,600 feet deep) to the Southwest. While a narrow 
Continental shelf with an average width of about 19 miles 
(30 kilometres) fringes Siberia and the Korean peninsula, 
on the Japanese side of the sea there are wider Continental 
shelves with depths at the edge of between about 430 and 
1,300 feet, as well as groups of banks, troughs, and basins 
lying offshore. The banks lying off the coasts of Japan are 
divided into groups, which include Okujiri Ridge, Sado 
Ridge, Hakusan Banks, Wakasa Ridge, and Oki Ridge.

Geology. Yamato Ridge, which has an average depth of 
about 1,475 feet (450 metres), consists of granite, rhyolite, 
andesite, and basalt, with boulders of volcanic rock scat- 
tered on the seabed. The top of the Korea Plateau is about
3,000 feet below the surface and has a depression in its 
central part. Geophysical investigation has revealed that, 
while Yamato Ridge is of Continental origin, the Japan 
Basin and the Yamato Basin are of oceanic origin.

Bottom deposits in the Sea of Japan indicate that earth- 
bom sediments, such as mud, sand, gravel, and fragments 
of rock, exist down to depths of 650 to 1,000 feet; hemi- 
pelagic sediments {i.e., half of oceanic origin), mainly 
consisting of blue mud rich in organic matter, are found 
down to depths o f about 1,000 to 2,600 feet; and deeper 
pelagic sediments, consisting of red mud, are found down 
to a depth of nearly 13,000 feet.

A n u m b e r  o f  s u b m a r i n e  c a n y o n s  a r e  f o u n d  o n  t h e  C o n ti­
n e n t a l  s lo p e ,  a t  d e p t h s  o f  m o r e  t h a n  6,500 f e e t  o n  t h e  w e s t

side of the basin, while those near the islands of Japan lie 
at depths of only about 2,600 feet.

Argument over the formation of the Sea of Japan has 
not yet ended, although there is agreement that the four 
straits that connect the sea either to the Pacific Ocean 
or to marginal seas were formed in very recent geological 
periods. The oldest of these straits are the Tsugaru-kaikyö 
and Tsushima-kaikyö, whose formation interrupted the 
migration of elephants into the Japanese islands at the 
end of the Tertiary Period (about 2,500,000 years ago); 
the most recent is Söya-kaikyö, which was formed at the 
end of the Wisconsin Ice Age (60,000 to 11,000 b p ) and 
which closed the route once used by the mammoths whose 
fossils have been found in Hokkaidö.

Climate. The Sea of Japan contributes greatly to the 
mild climate of Japan because of the effect exerted by 
its relatively warm waters; evaporation is especially no- 
ticeable in winter, when an estimated 5,000,000,000 tons 
of water vapour rise as steam fog near the Polar Front 
{i.e., the frontier between the cold, dry polar air mass 
and the warm, moist tropical air mass). From December 
to March the prevailing northwest monsoon wind carries 
cold and dry Continental polar air masses over the warmer 
waters of the sea, resulting in persistent precipitation in 
the form of snow along the mountainous coasts of Japan.
In summer the southerly tropical monsoon blows from 
an area of higher atmospheric pressure over the North 
Pacific onto the Asian mainland, causing dense fog when 
its warm and moist winds blow over the cold currents that 
prevail over the northern part o f the sea at that season.
The winter monsoon brings rough seas and causes Coastal 
erosion as a result of the heavy surf that breaks along 
the western coasts of Japan. In summer and fall typhoons 
occasionally occur.

The northern part of the sea, especially off the Siberian 
coast as well as in Tatar Strait, freezes in winter; as a 
result of convection, melted ice feeds the cold currents in 
that part of the sea in spring and summer.

Hydrography. The waters of the sea generally circulate 
in a counterclockwise pattem. A striking contrast occurs 
between the cooler and relatively fresher water in the west­
ern part and the warmer and relatively more saline water 
in the eastern part. A branch of the Kuroshio Current, the 
Tsushima Current, together with its northem branch, the Prevailing 
East Korea Warm Current, flows north, bringing warmer currents 
and more saline water, before flowing into the Pacific 
through the Tsugaru-kaikyö as the Tsugaru Current, as 
well as into the Sea of Okhotsk through the Söya-kaikyö as 
the Söya Current. Along the coast o f the Asian mainland, 
on the other hand, three cold currents—the Liman, North 
Korea, and Central (or Mid-) Japan Sea cold currents—  
bring cooler, relatively fresh, and turbid water southward.

The economy. Fisheries and mineral deposits form the 
main economie resources. Fisheries may be divided into 
pelagic (oceanic) and demersal (sea-bottom) categories.
Pelagic fishes include mackerel, horse mackerel, sardines, 
anchovies, herring, fishes of the salmon and trout family, 
sea bream, and squid; the demersal category includes cod,
Alaskan pollack (bluefish), and Atka mackerel. Seals and 
whales are also to be found, as well as such crustaceans as 
prawns and crabs. The fishing grounds are for the most 
part on the Continental shelves and their adjacent waters, 
as well as in the Polar Front zone and on the submarine 
banks.

Herring, sardines, and bluefin tuna have traditionally 
been caught, but since 1946 the fisheries have been be­
coming depleted. Squid fishing is carried on in the central 
part o f the sea, salmon fishing in the shoal areas of 
the north and Southwest, and crustacean trapping in the 
deeper parts.

Mineral resources on or in the sea bottom include mag- 
netite sands as well as natural gas and petroleum deposits 
off Japan and Sakhalin Island.

As trade increases between Asian countries, the Sea of 
Japan is being increasingly used as a commercial water- 
way. While the waters of the sea historically have served to 
protect Japan from foreign invasions, the Southern straits 
have been the scene of some historical naval battles. On 
two occasions—in 1274 and 1281—the fleets of Kublai
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Khan, founder of the Yüan (Mongol) dynasty in China, 
attempted to cross the straits to conquer Japan, but the 
conqueror’s forces were either destroyed by typhoons or 
beaten by the Japanese. In 1905, at the battle of Tsushima 
Strait, the Japanese navy almost completely destroyed the 
Baltic fleet of the Russian tsar. (M.U.)

MEKONG RIVER
The Mekong, 2,500 miles (4,000 kilometres) long, is the 
longest river in Southeast Asia and the seventh longest in 
all of Asia. Rising in Tsinghai Province, China, it flows 
through Yunnan Province, after which it forms part of the 
international border between Burma and Laos, as well as 
between Laos and Thailand, also flowing through Laos, 
Kampuchea, and Vietnam before draining into the South 
China Sea to the south of Ho Chi Minh City (Saigon). 
Vientiane, capita! of Laos, and Phnom Penh, Capital of 
Kampuchea, both stand on its banks. About 77 percent 
of the drainage area of the Mekong lies within the four 
countries traversed by its lower basin— Laos, Thailand, 
Kampuchea, and Vietnam.

Physical features. The Mekong River drains more than
307,000 square miles (795,000 square kilometres) of land, 
Stretching from the Tibetan Plateau to the South China 
Sea. Among Asian rivers, only the Yangtze, Ganges, and 
Irrawaddy have larger minimum flows. The Mekong Riv­
er’s small width in the first 1,150 miles of its course, and 
the contrast between the physical conditions that prevail 
above and below the reach where it flows down off the 
Yunnan highlands, divide it into two major parts.

The Upper Mekong is a long, narrow valley comprising 
roughly 26 percent of the total area, cutting through the 
mountains and plateaus of China. The Lower Mekong,

below the point where it forms the border between Burma 
and Laos, is a stream 1,454 miles in length that claims 
the drainage from the Korat Plateau of Thailand, from 
most of Kampuchea, and from the westward slopes of the 
Chaïne Annamitique (Annamite mountain chain) in Laos 
and Vietnam before reaching the sea through the distribu­
tary channels of its delta.

ïn its upper reaches the Mekong is one of the cluster of 
great streams rising in the plateau between the Salween 
and the Yangtze; the streambed has cut deeply into the 
rugged landscape through which it flows. Where it flows 
between Burma and Laos, it drains about 8,000 square 
miles of Burmese territory, all of which consists of rough 
and relatively inaccessible terrain. In its more gentle lower 
Stretches, where for a considerable distance it constitutes 
the boundary between Laos and Thailand, it forms a 
subject of both friction and cooperation among the four 
countries of Kampuchea, Laos, Thailand, and Vietnam.

Physiography. The upper sources, known locally as the 
Pam and the Dzi Chu, rise at elevations of more than
16,000 feet (4,875 metres) in the Tibetan highlands on 
the Southern border of Tsinghai. They flow southeasterly 
through the Chamdo region of Tibet. The main stream, 
called the Lan Ts’ang Chiang, descends in a southerly 
direction across the highlands of Yunnan, which are cut 
by erosion into hills and valleys, to a point south of Yiin- 
ching Hung, where it becomes the border between Burma 
and China. The river then moves in a southwesterly di­
rection; over a reach of more than 125 miles it forms the 
Burmese-Laotian border. Although two great roads cross 
it—the caravan route from the southeast to Lhasa, and 
the K’un-ming-to-Burma road— much of the river valley 
in the high plateau and in the Yunnan Mountains is ex- 
tremely inaccessible and sparsely populated.

Below Burma, the river basin may be divided into six 
major sections—the northern mountains, Korat Plateau, 
eastern highlands, Southern lowlands, Southern highlands, 
and delta sections. All these sections have somewhat simi- 
lar landforms, Vegetation, and soils. Most of the Vegetation 
in the lower basin is of the tropical broadléaf variety, 
although the occurrence of individual species varies with 
latitude and topography.

The northern mountains section has highly folded moun­
tains reaching elevations of about 9,000 feet above sea 
level, many with slopes slanting at steep angles. As far 
south as the latitude of Vientiane, these dissected uplands 
(i.e., cut by erosion into hills and valleys) are covered with 
dense deciduous forest that has deteriorated as a result of 
inroads made by shifting cultivation. To the south of the 
east-west course of the river above Vientiane lies the Ko­
rat Plateau, which embraces almost all of the Thai portion 
of the basin as well as the lower parts of the Mekong’s 
Laotian tributaries. This is an area of flat or gently rolling 
plains traversed by relatively flat valley bottoms. Soils and 
deciduous Vegetation on the uplands are thin, and much 
of the original forest has been replaced by grassland as a 
result of grazing and repeated burning.
The eastern highlands form part of the Chaïne Annami­

tique of mountains, from which streams drain west into 
the Mekong. Throughout most of the distance between 
Muong Sen in Vietnam and Krachéh in Kampuchea the 
watershed forms the border between Vietnam to the east 
and Laos and Kampuchea to the west. There is greater 
relief in the northern than the Southern parts of the wa­
tershed, but the highlands in general are characterized by 
rapid streams that flow through narrow valleys before en­
tering the Korat Plateau or other lowlands. Forest degra- 
dation, that has resulted from lumbering, the temporary 
use of land for cultivation, and grazing, is widespread.

The Southern lowlands border both sides of the Mekong 
below Paksé in Laos. The part of the river that flows 
through Kampuchea has wide Stretches of alluvium in its 
floodplain. Near Phnom Penh, the Kampuchean Capital, 
a junction occurs between the Mekong and the Tonle Sap 
river, which connects it to the Tonle Sap lake, sometimes 
called the Great Lake. The direction of flow of the Tonle 
Sap river varies according to the season. In midsummer, 
when the Mekong is in flood, waters flow down the Tonle 
Sap to the lake, which at this time increases its area from

Origin of 
the river

The Korat 
Plateau

The Great 
Lake of 
Tonle Sap
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about 1,000 square miles to about 3,000 square miles. In 
midwinter when the floods subside, the Tonle Sap reverses 
its flow to drain southeastward into the Mekong. Tonle 
Sap lake is one of the most productive fishing grounds in 
the world, producing as much as 26 tons of fish a year per 
square mile.
Along the Southern border of the basin in Kampuchea, 

the Éléphant and Cardamon mountains form a string of 
Southern highlands that drain northward into the South­
ern lowlands.

The river divides into two streams—the Mekong and 
the Bassac—below Phnom Penh. From this point onward 
the delta spreads out to the sea. The delta, which has a 
total area of about 25,000 square miles (65,000 square 
kilometres), has three major sections. The upper section, 
above Chau Phu, has strong natural levees (embankments 
built on either side of the river by accumulated deposits of 
silt) behind which are low, wide depressions. The middle 
section has some areas that are well drained, others that 
are poorly drained and swampy. Along the lower section, 
formed by the river mouths and by the area to the South­
west, sediment carried down from the upper river is in 
the process of being deposited, and the flooding is less 
extreme than in the upper sections of the delta.

Hydrology. The mean annual flow of the river at Krä- 
chéh in Kampuchea is about 500,000 cubic feet per 
second (cusecs), making a total annual discharge for the 
year of about 378,000,000 acre-feet. The recorded mini­
mum at Krachéh is about one-twelfth of the mean, and 
the annual peak flow about four times the mean. Below 
Krachéh the peak flows diminish as the water spreads 
out into the distributary channels and backswamps. Flow 
comes chiefly from rainfall in the lower basin and reflects 
the Variation in seasonal rainfall caused by the monsoon 
winds; this Variation generally forms a regulär annual 
pattern: in April the flow is ordinarily at its lowest; in 
May or June the flow begins to increase, doing so most 
rapidly in the eastern highlands and northern mountains; 
the highest water levels are reached as early as August or 
September in the upper reaches and as late as October 
in the Southern reaches. The northeast monsoon wind, 
beginning ordinarily in November in the Southern areas, 
brings dry weather until May.

The annual sediment load is recorded as being highest 
at Paksé, where it amounts to 132,000,000 tons; it is 
about half that amount at the Burmese border and about 
two-thirds at Phnom Penh. The dominant hydrologie fact 
affecting agriculture is the long dry period in which rice 
cultivation is impossible without irrigation.

The people. The inhabitants of the lower basin amount 
to half the population of the four riparian countries. 
About 80 percent are engaged in agriculture, and rice is 
the major erop. Heaviest population concentrations are 
in the delta and on the Korat Plateau. The small urban 
population has been growing rapidly, chiefly through mi- 

Ethnic gration to the Capital cities. There is no common ethnic
groups tie among the basin populations. Ethnic groups range

from Sino-Tibetan, including Karen and Meo mountain 
groups, in the Upper Mekong region, to Khmer, Cham, 
Tai, Mon, and Vietnamese lowland groups in the Lower 
Mekong Basin. The Vietnamese are heavily concentrated 
in the delta, and the Khmer and Tai are the most widely 
distributed in the lower basin.

The economy. Irrigation and flood control In the lower 
basin the management of water offers major opportuni- 
ties to increase the economie productivity of the tributary 
lands. Farmers practicing shifting cultivation on the up­
lands and the rice growers on the rain-fed lowlands are 
able, under normal conditions, to grow only one erop a 
year, taking advantage of wet-season precipitation. Half 
the cultivated land is dependent upon some form of inun­
dation by flood flows. Control of water, however, makes 
it possible to store water during the dry season, and thus 
permits the harvesting of a second or third erop. If ir­
rigation is combined with flood control, the losses and 
delays caused by floods pouring over the river’s banks 
are reduced. Where storage facilities and the degree of 
downward slope are favourable, hydroelectric power can 
be generated. If navigational conditions on the Mekong’s

main stream and on some of its tributaries were to be 
improved, transport costs for landlocked areas could be 
reduced.

After the Bureau of Rood Control of the United Na- 
tions Economie Commission for Asia and the Far East 
( e c a f e ) had recommended study of the Lower Mekong, 
surveys were carried out by e c a f e  and by the U.S. Bureau 
of Reclamation. This led to the adoption by Cambodia,
Laos, Thailand, and South Vietnam of a 1957 Statute cre- 
ating the Committee for Coordination of Investigations of 
the Lower Mekong; a 1978 agreement extended the work 
of the Committee but no longer included Kampuchea, 
as there was no competent authority to represent it. By 
the mid-1980s the three riparian countries had sponsored 
a series of preinvestment and general scientific inves­
tigations and had undertaken construction of multiple- 
purpose water projects. They had continued to cooperate 
despite the political stresses produced by the war in Viet­
nam and its aftermath and had enlisted the assistance of 
other countries.

Investigations undertaken included basic mapping, hy­
drologie observations, soil surveys, fisheries studies, health 
studies, engineering-feasibility studies, power-market sur­
veys, agricultural research and pilot farms, and many 
other inquiries. The engineering studies had provided for 
reconnaissance appraisal of all of the tributary basins 
and for more detailed examination of selected projects.
Flood forecasting was begun and river navigation was im­
proved. Mineral surveyors explored possible opportunities 
for bauxite and iron development. Some irrigation and 
power projects have been initiated or completed.

The focus of the Mekong Development Project as a 
whole shifted after the Vietnam War to the planning of 
comprehensive programs for agricultural and community 
development in areas where water supply was available, 
with each country working out its individual financial ar- 
rangements. No formal negotiations with the two upstream 
riparian countries, Burma and the People’s Republic of 
China, or with adjacent countries that might be markets 
for power, had as yet taken place.

Navigation. In the Vietnamese part of the delta there 
is an elaborate system of canals. Smaller seagoing vessels 
can sail upstream as far as Phnom Penh and vessls draw- 
ing almost 15 feet can reach Kompong Cham during high 
water. Continuous water transport is blocked chiefly by 
the barriers of the Khone Falls and other falls between 
Sarnbor and Paksé, and upstream uses of the river are 
limited to local traffic. (G.F.W.)

YAN G TZE RIV ER

The Yangtze River (in Chinese Ch’ang Chiang, in Pinyin 
Chang Jiang, also spelled Yangtze Kiang, English Blue 
River) is the longest river in both China and Asia, and is 
the fourth longest river in the world. lts length is 3,434 
miles (5,525 kilometres); its basin extends for 2,000 miles 
from west to east and is over 600 miles wide. Rising from 
its source in the west of China, the river, either completely 
or partially, traverses 12 provinces or regions, including 
the autonomous region of Tibet. Population distribution 
in the Yangtze Basin is uneven; it is greatest in the plains 
that adjoin the banks of the river and its tributaries in cen­
tral and eastern China and is most sparse in the highland 
areas to the west of the basin. More than three-quarters of 
the river’s course runs through mountains.

The name Yangtze, which came to be applied to the 
entire river, is derived from the name of the ancient fief- 
dom of Yang; it came to be applied by Europeans to the 
whole river. Among the Chinese people this name is not 
commonly used; instead the generally accepted name in 
China for the river is Ch’ang Chiang (Long River); to a 
lesser extent it is also called Da Kiang (Great River). Yet 
another name, also given by Europeans, the Blue River, is 
a misnomer; in its middle and lower course the water of 
the Yangtze has a brown-yellow hue.

The Yangtze has eight principal tributaries. On its left The 
bank, from source to mouth, these are: the Ya-lung Chiang principal 
(about 730 miles [1,170 kilometres] long), the Min Chiang tributaries 
(490 miles), the Chia-ling Chiang (700 miles [1,120 kilo­
metres]), and the Han Shui (950 miles); while on the right
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The Yangtze River Basin.

bank are the Wu Chiang (630 miles [1,010 kilometres]), 
the Yüan Chiang (600 miles), the Hsiang Chiang (500 
miles), and the Kan Chiang (470 miles).
The Yangtze Basin is the granary of China and con- 

tributes almost half of the crops of the country, including 
up to 70 percent of the total gross volume of rice. In 
addition, many other crops are grown, among them cot- 
ton, wheat, barley, corn (maize), beans, and hemp. Such 
large cities as Shanghai, Nanking, Wu-han, Chung-king, 
and Ch’eng-tu are located in the basin, all of which have 
populations of more than 1,000,000.

Physical features. The upper course. The upper course 
of the Yangtze flows through the Tibetan highlands, where 
the population consists mainly of persons engaged in cat- 
tle breeding and in primitive agriculture. The summers 
are warm and the winters cold, and the growing season 
lasts for four or five months. In the most heavily pop­
ulated points live a small number of Chinese, Dungan, 
Nepalese, and Indians. In the mountainous regions ad- 
joining the highlands of the Southwest, the population is 
predominately Chinese; like the other minorities, they are 
primarily engaged in agriculture.

Sources The Yangtze initially rises from two sources, which are
of the located in the T’ang-ku-la Shan-mo (T’ang-ku-la Moun-
Yangtze tains) at an altitude of 18,000 feet (5,500 metres) above sea

level. The main (southem) source is known locally by its 
Tibetan name, Ulan Muren (Wu-lan-mu-lun in Chinese). 
From the confluence of its source streams, the river flows 
through a shallow, spacious valley, the bottom of which 
is studded with lakes and small reservoirs. This part of its 
course lies in the higher regions of the Tibetan highlands. 
The river’s character changes sharply upon reaching the 
eastern limits of the highlands. Here, in exiting from Tibet, 
the river descends from a great altitude, winding its way 
south of the high Pa-yen-k’a-la Shan and forming a narrow 
valley between one and two miles in depth. Individual 
mountain peaks exceed 16,000 feet above sea level and 
are crowned with glaciers and perpetual snow. The steep, 
rocky slopes are cut with gorges and deep valleys. For 
several hundred miles the Yangtze flows in southeasterly 
direction, before turning southward to flow downward in 
rushing rapids. For a considerable distance the river flows 
through passes that are so steep that no room is left even 
for a narrow path. Villages, which are rarely found, are 
located high above the river. In this region the Yangtze 
runs close and parallel to both the Mekong and Salween 
rivers; all three rivers are within 15 to 30 miles of one 
another and continue to flow in mutual proximity for a 
distance of more than 250 miles.

North of latitude 26° N the paths of the rivers diverge, 
with the Yangtze turning to the east. The Yangtze then 
flows through mountains to the city of I-pin, passing 
through a winding valley with steep slopes. Admitting 
the waters of many tributaries, among which the Ya-lung 
Chiang is the largest and contributes the most water, the The 
Yangtze widens to between 1,000 and 1,300 feet, reaching Ya-lung 
depths not infrequently exceeding 30 feet. In the narrow Chiang 
gorges the water width decreases by almost half, but the 
depth increases sharply.
Toward the end of the upstream part of its course, the 

Yangtze descends to a level of 1,000 feet above sea level.
Thus, the total fall upstream for about 1,600 miles is more 
than 17,000 feet, or an average of over 10 feet per mile of 
its course. In the mountains, however, there is a substan- 
tial stretch where the fall of the river is several score feet 
for each mile of its path.

The middle course. The middle course of the Yangtze is 
characterized by hot summers and not very cold winters, 
while the precipitation measures from 40 to 60 inches 
(1,016 to 1,524 millimetres) a year; the growing season 
lasts for more than half a year. A large part of the rainfall 
occurs in summer; this is favourable to the development 
of agriculture, which in this region dominates the econ­
omy. The main population is Chinese, with many other 
national minorities represented.

In its middle course, which Stretches for about 630 miles 
between the cities of I-pin and I-ch’ang, the Yangtze The 
crosses hilly Szechwan Province, where the mountainous river’s 
region connects the highlands in the southwestern part. of course 
China with the mountainous region of Tsinling east of the between 
Himalayas and south of Sian. The river’s width here is I-pin and 
from about 1,000 to 1,600 feet, and the depth in places I-ch’ang 
exceeds 30 feet. The current is fast; the banks are often 
high and steep. The fall of the river in Szechwan province 
is more than 820 feet (about one foot per mile of flow).
The people of Szechwan call this area the “Land of Plen- 
ty.” The soil here is very fertile, and the climatic condi­
tions are entirely favourable to agriculture, since the high 
mountains associated with the steppe (treeless plain) safely 
protect the province from the cold north and west winds.
The mild climate also favours the development of seri- 
culture (the production of raw silk by raising silkworms).
Deposits of various useful minerals are concentrated in 
this section of Szechwan Province: coal, copper, phospho- 
rus, gold, oil, and gas. The population is especially dense 
on the plain in the vicinity of the city of Ch’eng-tu. Also 
located in this area is Chungking, a large-scale industrial 
centre and river port.
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Leaving Szechwan province behind, the Yangtze flows 
for a distance of 125 miles through a mountainous region 
where the three narrow gorges of Tsyuytan, U, and Silin 
are located, before exiting onto the plain. The gorges have 
steep, sheer slopes composed mainly of thick limestone 
rocks, rising from 1,300 to 2,000 feet above the river 
and presenting the appearance of fantastic towers, pillars, 
or spears. The first gorge—about five miles long—is the 
shortest, but it is considered the most dangerous for nav­
igation; the river here is very narrow and contains many 
rapids and eddies. The following gorge, which Stretches 
for about 30 miles, is a narrow, steep corridor with almost 
vertical walls of heights up to 1,600 or even 2 , 0 0 0  feet. 
The last gorge is located upstream of I-ch’ang and extends 
for a distance of 2 1  miles; in places limestone cliffs rise 
directly out of the water to heights of hundreds of feet. 
The gorges are rocky, and the walls speckled with cracks, 
niches, and indentations. The width of the Yangtze be­
tween the gorges is 1,600 to 2,000 feet and about 500 to 
600 feet within the gorges; the depth in gorges, however, 
also increases to between 500 and 600 feet, thus making 
the Yangtze the deepest river in the world.

The lower course. The lower part of the Yangtze River 
Basin, situated at the edge of an extensive plain in the low­
lands of eastern China, experiences a temperate, Coastal 
climate featuring a warm spring, a hot summer, a cool fall, 
and a comparatively cold winter. Monsoons (rain-bearing 
winds) dominate the weather of the region, and in the 
summer and fall typhoons are experienced periodically. 
The natural conditions here are exceptionally favourable 
to agriculture; the growing period continues for eight to 11 

months, and in some areas two or three successive crops 
can be harvested in a single year.

This region is the most industrially and agriculturally 
developed area in China. A majority of the population 
of the basin, mostly Chinese, are concentrated here, and 
the population density is very high. About 1,300 miles 
downstream, the Yangtze begins its exit from the Shangsia 
Gorges, flowing into an extensive plain. Here the river 
forms a complex system consisting of the main river 
channel, many tributaries, and lakes. The Yangtze flows 
to the city Wu-han across the flat Liang-tzu Hu Plain, 
contributing alluvial and lake deposits to the bed of the 
large Yün-meng Tse (Yun-men Lakes).

On the wide terrace-like slopes are situated a number 
The lake of lakes that begin as small and end as large reservoirs, 
region such as Ch’ang Hu, Hung Hu, and Tung-t’ing Hu. The 

total area of the lakes exceeds 6,600 square miles (17,100 
square kilometres). The lakes are of national economie 
significance, mainly as fisheries. At the edge of the Liang- 
tzu Hu Plain the Yangtze widens markedly, the course 
of its stream wandering in the form of a large loop. The 
width of the river is up to 2,600 feet, the depth is over 
1 0 0  feet, and the water current flows at a rate of three to 
four feet a second. The banks are built up for protection 
from floods. In the Southern part of the plain lies Tung- 
t’ing Hu, which is the largest lake in the region, having an 
area of from 1,400 to 1,800 square miles; it shares four 
tributaries and two canals with the Yangtze, whose flow it 
serves to regulate. The surrounding area, agricultural and 
studded with lakes, is called the rice bowl of China.
On the Yangtze, near the mouth of the Han Shui (Han 

River), are located three cities—Han-yang and Hankow 
on the left bank, and Wu-ch’ang on the right bank. In 
the course of time these cities have come to form one 
huge city—Wu-han, a large metallurgical base and river 
port. Further east on the Liang-tzu Hu Plain, the Yangtze 
flows into a narrowing, picturesque valley and then exits 
onto the plain, in the Southern part of which is located 
another large lake— P’o-yang Hu, which has an area of 
about 1 , 0 0 0  square miles and which is linked to the 
Yangtze by a wide tributary. The river then turns to the 
northeast, flows through a wide, closed valley into which 
many lakes empty, and exits into the North China Plain. 
The width of the river increases at this point to between
3,000 and 6,000 feet, and the depth in places approaches 
100 feet. In this region there are a number of large cities, 
An-ch’ing, Wu-hsi, Soochow, and Shanghai among them. 
The Grand Canal, which, with a length of 1,300 miles, is

one of the longest canals in the world, leaves the Yangtze 
in the vicinity of the city Chen-chiang.

The Yangtze Delta. The Yangtze Delta, which begins 
beyond the city of Chen-chiang, consists of a large num­
ber of branches, tributaries, lakes, ancient riverbeds, and 
marshes that are connected with the main channel. During 
major floods the delta area is completely submerged. T’ai 
Hu, with an area of about 1,300 square miles, is notable T’ai Hu 
as the largest of the many lakes in the delta. The width of 
the Yangtze in the delta, as far as the city of Chiang-yin, 
ranges from less than a mile to almost two miles; further 
downstream the channel gradually widens and becomes a 
large estuary, the width of which exceeds 50 miles near 
the mouth of the river.

Before emptying into the sea, the Yangtze divides into 
two arms that drain independently into the East China 
Sea. The left branch has a width of from three to six 
miles, the right branch of from six to 15 miles. Between 
the branches is situated Ch’ung-ming Tao (Ch’ung-ming 
Island), which has an area of 300 square miles and which 
was formed over 1 , 0 0 0  years ago as a result of the deposit 
of alluvium at the mouth of the Yangtze. The depth of the 
river in places approaches 1 0 0  to 130 feet but decreases to 
several feet near the sea at the mouth of the river due to 
the presence of sandbars.

The section of river from the mouth to 250 miles up­
stream is subject to the influence of tides. The maximum 
range of the tides near the mouth is 13 to 15 feet.

The present bed of the Yangtze in this area is several 
yards above the plain. Thus, for protection of the sur­
rounding region from floodwaters, the banks of the main 
and other rivers are built up; the total length of banks 
on the Yangtze that have thus been diked is about 1,700 
miles. Dams have also been built for flood protection on 
the shores of several lakes; the Ch’ing-chiang Reservoir, 
for example, built for this purpose near Tung-t’ing Hu, 
has a capacity of 194,000,000 cubic feet (5,500,000 cubic 
metres). The delta is protected from the sea by two gigan- 
tic parallel banks that are faced with stone in most parts.
The extensive area of the delta is used for the planting of 
rice and cotton.

Hydrology. The Yangtze Basin is comparatively well 
irrigated; the average yearly rainfall amounts to about 43 
inches (1,100 millimetres). Most of the rain is brought 
by the monsoon winds and falls primarily in the summer 
months. In the mountainous part of the basin most of the 
precipitation takes the form of snow. Floods, which result Spring 
from the monsoon rains in the middle and lower parts floods 
of the basin, usually begin in March or April and last 
for about eight months. In May the water level decreases 
somewhat, but then sharply increases again, continuing to 
rise until August, when it reaches its highest level. After 
that the water level gradually falls to the premonsoon 
levels, the decrease continuing through the fall and most 
of the winter until February, when the lowest annual 
level is reached.
The annual range of water level fluctuations is very 

great—an average of about 65 feet—with 26 to 35 feet 
during years of low water. In the gorges, the range of 
water levels caused by flooding reaches huge proportions 
— from 130 to 150 feet. Downstream, the impact of the 
water level Variation is lessened by the regulating effect 
of the lakes; here tides exert the greatest influence on the 
water level. Near the city of Wu-sung the daily tidal range 
is 15 feet, and the yearly range is 2 0  feet.

A breakdown of the water volume delivered to the mouth 
of the Yangtze shows that the highland part of the basin 
contributes 1 0  percent of the flow, while all of the rest of 
the water in the river is contributed by the middle and 
downstream parts of the basin, with the Tung-t’ing Hu 
and P’o-yang Hu being responsible for about 40 percent 
of the volume.

The Yangtze carries a tremendous volume of water. Even 
in the upstream areas the average volume of flow exceeds
70,000 cubic feet a second. For comparison, it may be 
noted that the second longest river in China, the Huang 
Ho, has a volume of flow at its mouth of 52,580 cubic 
feet per second, which is significantly less than that of the 
Yangtze. After the inflow from the first large tributary—
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the Ya-lung Chiang—the volume in the Yangtze sharply 
increases, approaching an average of 194,000 cubic feet 
a second. Further downstream the Yangtze admits many 
tributaries, and the volume gradually increases, reaching
529,000 cubic feet per second at the end of the Shangsia 
Gorges near ï-ch’ang, 847,000 cubic feet per second near 
Hankow, and 1,100,000 cubic feet per second near Nan­
king. The average volume at the mouth of the Yangtze 
equals 1 ,2 0 0 , 0 0 0  cubic feet per second, while the total 
volume entering the sea annually is 244 cubic miles (1,072 
cubic kilometres), ranking it fourth in volume of flow 
among rivers of the world.

During the seasonal rains the Yangtze widely floods the 
lower areas, and the maximum volume of water entering 
the sea can amount to from 1,800,000 to 2,500,000 cubic 
feet per second. During the dry season the flow decreases, 
sometimes to 2 1 2 , 0 0 0  and 282,000 cubic feet per second. 
In spite of the fact that the current volume of the Yangtze 
exceeds that of the Huang Ho, the Yangtze is significantly 
less muddy than the Huang Ho. This is explained by the 
fact that in the Yangtze Basin the soil is secured by a 
greater amount of Vegetation. In the mountainous part of 
the basin, particularly in the Tibetan highlands, the waters 
of the Yangtze are transparent and contain little silt.

Downstream, however, the waters become muddy and 
acquire a coffee colour. It is estimated that the Yangtze 
carries between 280,000,000 and 300,000,000 tons of allu- 
vium to its mouth, depositing an estimated 150,000,000 to
200,000,000 tons on the river bottom in addition. Thus, 
the total amount of partiele substance carried or deposited 
is between 430,000,000 and 500,000,000 tons in a year. 
As a result of the depositing of alluvium at the river’s 
mouth, the delta extends into the sea an average of one 
mile in 64 years.
During the period of monsoon rains the Yangtze and 

its tributaries spill over, creating extensive floods. If the 
floods in the main channel coincide with flooding in one 
or more of the major tributaries, powerful, destructive 
flood waves can result, an occurrence that has happened 
repeatedly in the history of China.

The flooding frequently results from the deposit of silt 
in the bed of the Yangtze. Upon leaving the mountains 
and entering the plain, the current in the Yangtze sharply 
decreases, and thus the flow cannot continue to carry the 
entire amount of silt. As a result, a significant portion is 
deposited in the bed, causing the bottom to rise. An analo- 
gous Situation occurs in many of the Yangtze’s tributaries. 
Flooding thus presents a great danger to the inhabitants 
of the adjacent plains.

In ancient literature there is much information about a 
legendary flood that is thought to have occurred in 2297 
b c . The flood occurred as a result of extremely intensive 
and extended heavy rains. The Huang, Wei, and Yangtze 
rivers overflowed their banks and submerged almost the 
entire North China Plain, turning it into a huge sea; in the 
lowest places the water remained for many years. Since 
that catastrophe many other major floods have occurred. 
Historical records indicate that, during the period from 
206 b c  to a d  1960, China has experienced more than 
1,030 major floods. Especially extensive flooding has oc­
curred on the Yangtze more than 50 times and on its trib­
utary, the Han Shui, 32 times; on the average, the Yangtze 
Basin is the scene of catastrophic flooding every 50 to 55 
years. Extensive flooding may also take place in shorter 
periods of time. This has been the case in the last 100 
years, during which time the Yangtze Basin was flooded 
in 1870, 1896, 1931, 1949, and 1954. Of these, the 1931 
and 1954 floods have been general, national disasters. 
The 1931 flood resulted from heavy, continuous monsoon 
rains that covered most of the middle and lower parts of 
the basin. During May and June, six huge flood waves 
swept down the river, destroying the protecting dams and 
dikes in 23 places and flooding more than 35,000 square 
miles of land; 40,000,000 persons were rendered homeless 
or otherwise suffered. Many population centres, including 
Nanking, Wu-han, and others, were underwater. In Wu- 
han, the water remained for more than four months, the 
depth exceeding six feet, and in places ranging up to more 
than 20 feet. In the summer of 1954 a new, powerful

flood occurred, resulting from continued monsoon rains.
The water level sharply increased and at times exceeded 
the 1931 flood levels by almost five feet. As a result of 
effective flood-control measures, however, many of the 
potential consequences of the flood were averted.

The economy. Navigation. The Yangtze is the principal 
river used for transportation in China. Along the river for 
1,700 miles there is intensive cargo and passenger traffic.
The river serves as a continuation of the sea routes, bind­
ing the inland and sea ports together with other major 
cities into a transportation network in which Nanking,
Wu-han, and Chungking play the leading roles. Junks are Rivercraft
widely used for transporting cargo, and a small number
of sail craft with displacements o f 50 to 100 tons are also
used. Large ships of up to 10,000-tons displacement can
travel as far upriver as Wu-han, which is 700 miles (1,120
kilometres) from the coast, and craft of up to 2 , 0 0 0  tons
can reach I-ch’ang, but only smaller craft can reach P’ing-
ch’uan. Water routes in the Yangtze Basin total about
35,000 miles (56,000 kilometres). The Yangtze is joined
to navigable branches of the Huang Ho and Wei Ho by
the Grand Canal, which is further connected with the
seaports of Hangchow and Tientsin.
Two large railroad bridges have been built across the 

Yangtze at Nanking and Wu-han. Another bridge crosses 
the river at Chungking.

Resources. The Yangtze River and its associated tribu­
taries and lakes, including the large Tung-t’ing Hu, P’o- 
yang Hu, and T’ai Hu, abound with fish. The fishing trade 
is widely developed and is a major livelihood for much of 
the population of the region. Up to 500 kinds of fish can 
be found in Chinese rivers, the majority of which inhabit 
the Yangtze and its tributaries. About 30 kinds of riverine 
fauna have economie significance, especially carp, bream,
Chinese perch, gapers (a species of large burrowing clam), 
and lamprey; the most valuable economically are white 
and black amur (large members of the carp family), flat- 
fish, and spotted flatfish. Sturgeon are also important; the 
gorges are a favourite spawning area. Further downstream 
great amounts of roe can be found, and these are col- 
lected and distributed throughout the country for artificial 
cultivation. Several billion roe are collected annually. The 
artificial cultivation of fish for trade involves mainly white 
and black amur, flatfish, and carp.

In the Yangtze Basin the extensive territory under cul­
tivation—especially for rice, the most important erop— 
requires man-made irrigation facilities. Even in the areas 
of highest precipitation severe droughts are experienced, 
resulting in the loss of crops. This is explained by the 
extremely irregulär distribution of precipitation over the 
course of the year, with 60 to 80 percent falling in the 
summertime. Rainless periods sometimes last for six to 
eight weeks. Irrigation has existed in the Yangtze Basin 
since ancient times, but many modern irrigation projects 
have been undertaken.

Hydroelectric power. The resources for the production 
of energy from the Yangtze are extremely great, although 
they have not been developed to a large extent. The total 
potential power is estimated to be 217,200,000 kilowatts, 
representing 40 percent of the total energy potential of all 
of the rivers of China. The power resources in the vicinity 
of the Tsyuytan, U, and Silin gorges are especially great, 
amounting to about 40,000,000 kilowatts. Many tribu­
taries of the Yangtze that have significant fall and volume, 
such as the Ya-lung Chiang, Min Chiang, Chialing Chi­
ang, and other rivers that are tributaries o f Tung-t’ing and 
P’o-yang lakes, also have a potential for contributing large 
amounts of hydroelectric energy. It is anticipated that the 
prevention of destructive floods, the development of new 
agricultural territory, and the improvement of conditions 
for agriculture can be achieved simultaneously by the 
development of the hydroelectric-energy potential of the 
Yangtze Basin. (A.P.M.)

YELLOW  SEA

The Yellow Sea (in Chinese Huang Hai) is a large inlet of 
the western Pacific lying between the People’s Republic of 
China and the Korean peninsula. It is situated to the north 
of the East China Sea, which it bounds on a line running
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from the mouth of the Yangtze River, near Shanghai, 
to Cheju-do (Cheju Island) off South Korea. It measures 
about 600 miles (960 kilometres) from north to south 
and about 435 miles from east to west. In the northwest 
part of the sea, northwest of a line between the Liaotung 
Peninsula to the north and the Shantung Peninsula to the 
south, is the Gulf o f Chihli (Po Hai). The area of the Yel­
low Sea proper (excluding the Gulf of Chihli) is 156,000 
square miles (404,000 square kilometres), its mean depth 
is 144 feet (44 metres), and its maximum depth is 338 

Origin of feet. The Yellow Sea derives its name from the colour of
the name silt-laden water discharged from major Chinese rivers.

Physical features. Physiography and geology. The Yel­
low Sea, including the Gulf of Chihli and the Korea Bay, 
forms a partly enclosed, flat, and shallow marine embay- 
ment. Most of the sea, which is deeper than the Gulf of 
Chihli, consists of an oval-shaped basin with depths of 
about 200 to 260 feet (60 to 80 metres). The sand deposits 
of the Great Yangtze Bank lie off the Yangtze River to 
the south, near the East China Sea.

The Yellow Sea as it now exists was formed in the 
postglacial epoch {i.e., not more than 1 1 , 0 0 0  years ago). 
Generally, the east and west Coastal regions have a sandy 
bottom because of the strong tidal currents; the central 
basin has muddy silt; there is also a preponderance o f  
mud on the side nearer the China mainland because of 
the vast amount of sediment discharged by the Huang Ho 
(Yellow River) and other major rivers.

Climate. Generally, the climate is characterized by very 
cold, dry winters and wet, warm summers. From late 
November to March, a strong northerly monsoon prevails, 
which in the Gulf of Chihli is sometimes accompanied by 
severe blizzards. Typhoons occur in summer, and in the 
colder season there are occasional storms. Air tempera­
tures range from 82° to 50° F (28° to 10° C) and pre­
cipitation from about 20 inches (500 millimetres) in the 
north to 79 inches in the south. Sea fog is frequent along 
the coasts, especially in the upwelling cold-water areas.

Hydrography. The warm current of the Yellow Sea is 
a part of the Japanese Tsushima Current, which diverges 
near the western part of Kyüshü Island and flows at less 
than 0.5 knots (nautical miles per hour) northward into 
the middle of the sea. This warm current is modified by 
the low salinity of the Coastal water but still maintains 
its relatively higher salinity. On the other hand, along 
the Continental coasts southward-flowing currents prevail, 
which strengthen remarkably in the winter monsoon pe­
riod when the water is cold, turbid, and of low salinity.

The tidal range is considerable (13 to 26 feet) along the 
shallower west coast of the Korean peninsula, with a max­
imum spring tide of almost 27 feet. Along the coasts of 
China it amounts to about three to 10 feet (except the Gulf 
of Chihli, which has more than 10 feet). In the Yellow 
Sea, the tide rises twice daily. The tidal system rotates in a 
counterclockwise direction. The speed of the tidal current 
is less than one knot in the middle of the sea, but near the 
coasts and in the straits and channels stronger currents of 
more than two or three knots are recorded.

The innermost Coastal sections of the Gulf of Chihli 
freeze in winter, and drift ice and ice fields hinder nav- 

Tempera- igation in parts of the Yellow Sea. Surface temperature 
ture and ranges from freezing level in winter in the Gulf of Chihli 
salinity to summer temperatures of from 72° to 82° F (22° to 28° 

C) in the shallower parts. Thus, the annual range is very 
large—from 40° to 50° F (4° to 10° C), a good indication 
of continentality. In winter, the temperature and salinity 
in the sea are homogeneous from surface to bottom. In 
spring and summer, the upper layer is warmed and diluted 
by the fresh water from rivers, while the deeper water 
remains cold and saline. This deep layer of cold water 
stagnates and moves slowly south in summer. Around this 
mass of water, especially at its Southern tip, concentrations 
of commercial bottom fishes are found. The dominant 
salinity in the Gulf of Chihli is 30 to 31 parts per thousand 
(%o), and that in the Yellow Sea proper is 31 to 33 parts 
per thousand. In the Southwest monsoon season (June to 
August), the increased rainfall and runoff cause a very low 
salinity in the upper layer in summer.

The economy. The Yellow Sea, like the East China Sea,

is famous for its fishing grounds. Since the early 20th 
Century, rieh demersal (bottom-dweiling) fishing resources 
have been exploited by Japanese, Chinese, and Korean 
trawlers. The annual catch amounts to several hundred 
thousand tons and consists of sea bream, croakers, lizard 
fish, prawns, cutlass fish, horse mackerel, squids, floun- 
ders, and other species. Overfishing and the consequent 
decline of fisheries had, by the 1970s, been brought under 
control. Along the Coastal waters, spawning areas and fish 
nurseries are established. (M.U.)

LENA RIV ER

The Lena is, in terms of water volume, the second largest 
river in the Soviet Union; in terms of length it is one 
of the largest rivers in the world, flowing 2,730 miles 
(4,400 kilometres) from its source in a small lake in the 
mountains west of Lake Baikal, in Central Asia, to the 
mouth of its delta on the Arctic Laptev Sea. The area of 
the river basin is about 961,000 square miles (2,490,000 
square kilometres).

Physical features. Physiography. The Lena (which the 
Yakuts call Big River) has three main sections, each of 
about 900 miles (1,450 kilometres): the upper section 
from the source to the Vitim tributary; the middle course 
from the Vitim to the mouth of the Aldan; and the lower 
section from the Aldan to the Laptev Sea.

In the section from the source to the Vitim, the Lena 
flows in a deep-cut valley, the rocky and steep slopes of 
which are raised above the river, often up to 1 , 0 0 0  feet 
(300 metres). These slopes are formed on the right bank 
by the ledges of the Northern-Baikal Upland. The width 
of the river valley varies from one to six miles, but here 
and there it narrows in ravines to only 700 feet. The 
best known ravine, named Pyany Byk (Drunken Buil), is 
situated 147 miles below Kirensk.

In the first 110 miles from its source the Lena has a 
great number of shallow, rocky shoals, which occur as far 
as the Kirenga tributary. Below the mouth of the Kirenga 
the depth of the riverbed in the pools increases to 30 
feet, and the rate of the flow decreases with a decrease 
in gradiënt. In the middle course, from the mouth of the 
Vitim to the Aldan, the Lena becomes a large, deep river.
The water supply increases, especially after the junction 
with the Olyokma, and the width of the river reaches one 
mile. From the mouth of the Vitim to the Olyokma, the 
river skirts the Patom Plateau, on the right bank, forming 
an enormous bend; the width of the valley increases in 
places to 2 0  miles. Its slopes are gentle and green with 
forests, and along them run well-marked terraces formed 
by rivers. In this section of the valley there occurs an ex­
tensive water meadow, in which small lakes are scattered.

Below the Olyokma, the character of the valley changes Scenic 
sharply. In a stretch of about 400 miles, from Olyokma attractions 
to Pokrovsk (60 miles above Yakutsk), the Lena flows 
along the bottom of a narrow valley with sheer, broken 
slopes. The enormous rocks sometimes resemble the ru- 
ins of a castle, or columns, or the figures of people and 
animals; and the area is a favourite place for tourists and 
rock climbers. In this section the Lena receives its largest 
tributaries. In addition to the Vitim aand the Aldan, these 
include the Great Patom and the Olyokma, flowing in on 
the right, and the Nyuya, on the left. Below the mouth 
of the Aldan the width of the valley of the Lena extends 
1 2  to 16 miles, and the width of the water meadow 
reaches four to nine miles. Here the Lena enters into the 
borders of the Central Yakut Plain. The water meadow 
abounds with lakes, often marsh-ridden, and the riverbed 
divides, forming many islands and branches. The depth is 
from 50 to 70 feet, but there are many shallow sections 
with sandbanks.

In the lower section between the island of Zholdongo 
and the beginning of the delta the Lena Valley becomes 
narrow, its width being about one mile. The islands of 
the delta are low-lying, and covered with peat bogs; some 
fossilized ice may be found.

Climate. The climatic features of the Lena Basin are 
determined by its location well inside the Asian continent.
In winter a powerful anticyclone is formed, the spur of 
which occupies all of Eastern Siberia. Because of the anti-
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cyclone the winter is notable for its clear skies and prevail­
ing calm. The frosts reach —76° to —94° F (—60° to —70° 
C), the average monthly air temperature in January being 
—22° to —40° F. In July averages range between 50° and 
6 8 ° F (10° to 20° C). Due to its remoteness from the sea, 
the amount of precipitation in the basin is slight. Only in 
the Southern mountains does the yearly total reach 24- 
28 inches (600-700 millimetres); in most of the basin it 
is 8-16 inches and in the delta four inches. Between 70 
and 80 percent of the precipitation falls in the summer 
in the form of steady rain. In winter, on the average, not 
more than two inches of snow fall, so that the snow cover 
is very slight.

The very cold temperatures result in large accumulations 
of ice in the form of icy knolls. These are formed of 
groundwaters that accumulate between the layers of soil 
frozen permanently over many years and layers of season- 
ally frozen soil. Sometimes the icy knolls disintegrate with 
considerable force, scattering ice blocks. The riverbeds 
and floodlands are also covered with permanent ice in 
some places.

Plant and animal life. The Vegetation of the Lena Val­
ley reflects the features of the natural zones across which 
the river flows. The main part of the river basin is cov­
ered with taiga (swampy northern coniferous forest); in 
the lower reaches are found tundra and scattered for­
est. Spruce, cedar, birch, and poplar predominate in the 
moister regions. In the central valley occur some expanses 
of steppe, a rare occurrence above latitude 60° N. Char­
acteristic of the water-meadow area are peat bogs and 
swamps and thickets of willow, alder, and dwarfish birches. 
In the lower valley course appear tundra plants such as 
mosses and lichens, partridge grasses, whitlow grass, arctic 
poppy, and cotton grass.

The plankton of the Lena is rather poor and restricted 
in variety. More than 100 species of animals are found. 
Commercially important fish include sturgeon, salmon, 
roach, dace, and perch. The main concentration of these 
varieties is in the mouth region, where in the summer 
there is comparatively warm water.

Hydrography. More than 95 percent of the Lena’s wa­
ter is obtained from melting snow and from rain; 1 to 
2  percent of the yearly flow comes from subsoil waters. 
Typical of the Lena Basin are high floods, especially flash 
floods, in summer, and very little flow in winter. Com­
plete cessation of flow may occur with the freezing of the 
river through to the bottom. The average volume of the 
Lena at the mouth is 21,300 cubic yards (16,300 cubic 
metres) per second; the greatest volume is 260,000 cubic 
yards per second, and the minimum is 478 cubic yards 
per second. The total yearly volume approaches 100 cubic 
miles. During the high-water period the water level rises 
by an average of 30 to 50 feet, and in the lower course 
reaches 60 feet.
The highest temperature of the water in the upper course 

of the river reaches 6 6 ° F (19° C) and in the lower course 
about 57° F (14° C). The river is free of ice in the south 
for five to six months and in the north four to five months. 
The breakup of ice in the spring causes significant damage 
to the shores: the ice floes grind the rocks, pull trees out 
by their roots, and carry away large sections of the banks.

The Lena carries out into the sea about 12,000,000 tons 
of suspended alluvium and 41,000,000 tons of dissolved 
matter a year. The proportion of suspended alluvium in 
the water is small: even in floodwaters it does not exceed 
50 to 60 grams per cubic metre. The mineralization of the 
water in the lower Lena during low water is from 80 to 
100 grams per cubic metre, and in floodwaters 160 to 500 
grams per cubic metre.

The people. Among the peoples living in the Lena 
Basin, mainly on the banks of the river and its tributaries, 
are Russians, Evenks, Yakuts, and Yukaghirs. There are 
many industrial and cultural centres, collective farms, and 
state farms. In the territory of the basin is found the Yakut 
Autonomous Soviet Socialist Republic, with the capita! 
of Yakutsk.

The economy. The Lena is navigable by small boats in 
sections below Kachug and from Ust-Kut by larger vessels. 
The largest wharves are Bulun, Zhigansk, Yakutsk, Vitim,

Kirensk, Osetrovo, Zhigalovo, and Kachug; Osetrovo is an 
important river port, equipped with modern machinery. 
The largest navigable tributaries are the Kirenga, Vitim, 
Olyokma, Aldan, and Vilyuy. Wood products, fürs, gold, 
mica, industrial products, and food are the main cargoes.

Within the borders of the Central Yakut Plain various 
agricultural crops—barley, oats, wheat, potatoes, cucurri- 
bers, and others—are grown. The large meadows and pas­
til res present successful livestock raising. Future prospects 
for the economie development of the Lena Basin are ex­
tremely good. The basin is rieh in useful fossil minerals, 
and gold and coal occur in exploitable quantities. In 1955, 
in western Yakutia, rich deposits of diamonds were dis­
co vered in the Vilyuy Basin. To the east of the diamond- 
bearing region are found vast deposits of natural gas; near 
Olyokminsk are found salt beds, and to the south of Ya­
kutsk, iron ore and coking coal.

The hydroenergy potential of the Lena and its tributaries 
is about 40,000,000 kilowatts.

Study and exploration. The first exploration of the Lena 
was conducted by Russians at the beginning of the 17th 
Century. In 1631 a fortress and a settlement was founded 
at Ust-Kut. The first scientific research was conducted by 
the Great Northern Expedition in 1733-43. Cartography 
was begun in 1910. In 1912, in the icebreakers “Taymir” 
and “Vaygach,” the delta was surveyed and mapped. Fur­
ther surveying was conducted in the interwar period, and 
is currently being conducted by the Yakut branch of the 
Academy of Science of the U.S.S.R. and by other govern- 
ment bodies. (I.V.P.)

OB RIVER

One of the greatest rivers of Asia, the Ob flows across 
Western Siberia in a twisting diagonal from its southeast- 
ern sources in the Altai Mountains to its northwestern 
outlet through the Gulf of Ob (Obskaya Guba) into the 
Kara Sea of the Arctic Ocean. It is a major Communica­
tions artery, Crossing territory at the heart of the Soviet 
Union that is extraordinarily varied in terms of physical 
environment and the character of its peoples: even allow- 
ing for the barrenness of much of the region surrounding 
the ice-threatened lower course of the river and the inhos- 
pitable waters into which it discharges, it drains a region of 
great economie potential, much of which is being realized 
under long-term Soviet development plans.

Physical features. The Ob proper is formed by the 
junction of the Biya and Katun rivers, in the foothills of 
the Soviet sector of the Altai, from which it has a course 
of 2,268 miles (3,650 kilometres); but, if the Irtysh River 
is regarded as part of the main course rather than as the 
Ob’s major tributary, then the maximum length, from the 
source of the Black (Cherny) Irtysh in China’s sector of 
the Altai, is 3,362 miles (5,410 kilometres) or, if the Gulf 
of Ob be included, 3,959 miles (6,370 kilometres). The 
catchment area is approximately 1,150,000 square miles 
(2,975,000 square kilometres) down to the delta’s end or
1,343,000 square miles (3,479,000 square kilometres) if 
the gulf be included—the aggregate 172,000 square miles 
(445,000 square kilometres) of undrained land in the 
south of the basin being included in both totals. The Ob’s 
catchment area constitutes about half o f the whole Kara 
Sea; it is the largest Soviet catchment area and the sixth 
largest in the world.

The basin. The West Siberian Plain covers about 85 
percent of the Ob Basin, the rest of which is occupied 
in the south by the terraced plains of Turgay (Kazakh- 
stan) and the small hills of northemmost Kazakhstan, and 
in the southeast by the Kuznetsky Alatau, by the Salair 
Range (Salairskoye Kryazh), by the Mountains of Shoria, 
and, behind them, by the Altai Mountains.

There are more than 1,900 rivers within the basin, their 
aggregate length being about 112,000 miles. The Irtysh, a 
left-bank tributary 2,639 miles long, itself drains 634,362 
square miles (a somewhat larger area than that drained by 
the Upper and Middle Ob before the Irtysh confluence); 
and some 70 percent of the whole basin is drained by left- 
bank tributaries.

The huge basin of the Ob could be taken, geographically,
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as a representative cross section of Soviet territory: in 
the far south, around Lake (Ozero) Zaysan (recipiënt of 
the Black Irtysh and source of the Irtysh proper), there 
is arid semidesert; in the central regions of the West Si- 
berian Plain—that is to say, over more than half of the 
basin—there is the swampy coniferous forest known as 
taiga, with very large expanses of marshland; and in the 
north there are vast Stretches of the icy, treeless plains 
known as tundra.

The mainstream and its tributaries. The Upper Ob runs 
from the Biya-Katun junction to the confluence of the 
Tom, the Middle Ob from the Tom confluence to the Ir­
tysh confluence, the Lower Ob from the Irtysh confluence 
to the Gulf of Ob.

The Biya and the Katun both rise in the Altai Moun­
tains: the former in Lake (Ozero) Teletskoye, the latter to 
the south, among the glaciers of Mount (Gora) Belukha.

The From their junction the Upper Ob at first flows westward,
Upper Ob receiving the Peschanaya, the Anuy, and the Charysh trib­

utaries from the left; for this reach, the river has low banks 
of alluvium, a bed studded with islands and shoals, and an 
average gradiënt of one foot per mile. From the Charysh 
confluence the Upper Ob flows northward on its way to 
Bamaul, receiving another left-bank tributary, the Aley, 
and widening its floodplain as the valley widens. Turning 
westward again at Bamaul, the river receives a right-bank 
tributary, the Chumysh, from the Salair Range: the valley 
hereabouts is three to six miles wide, with steeper ground 
on the left than on the right; the floodplain is extensive 
and characterized by diversionary branches of the river 
and by lakes; the bed is still full of shoals; and the gra­
diënt is reduced, but the depth increases markedly. At 
Kamen-na-Obi, however, where the river begins to loop 
northeastward, the width of the valley shrinks to two to 
three miles and that of the floodplain to less than one 
mile, and reefs of rock emerge in places from the bed. Just 
above Novosibirsk another right-bank tributary, the Inya, 
joins the Upper Ob; and a dam at Novosibirsk forms the 
great reservoir known as the Ob Sea. Below Novosibirsk, 
where the river leaves the region of forest steppe to enter 
a zone of aspen and birch forest, both valley and flood­
plain broaden notably, till at the Tom confluence they are 
respectively 12 and three or more miles wide. The depth 
of the Upper Ob (at lower water) varies between six and a 
half and 2 0  feet (two and six metres).

The The Middle Ob begins where the Tom flows into the
Middle Ob mainstream, from the right. Taking at first a northwest- 

erly course, the river henceforth becomes much deeper 
and wider, especially after receiving its mightiest right- 
bank tributary, the Chulym, shortly below the confluence 
of the Shegarka from the left. Successive tributaries of the 
northwesterly course, after the Chulym, include the Chaya 
and the Parabel (both left), the Ket (right), the Vasyugan 
(left), the Tym (right), and the Vakh (right). Down to the 
Vasyugan confluence the river passes through the South­
ern belt of the taiga (marshy forest country); thereafter 
it enters the middle belt. Below the Vakh confluence the 
Middle Ob changes its course from northwesterly to west- 
erly and receives more tributaries: the Tromyegan (right), 
the Great (Bolshoy) Yugan (left), the Lyamin (right), the 
Great (Bolshoy) Salym (left), the Nazym (right), and fi- 
nally, at Khanty-Mansiysk, the Irtysh (left, as has been 
said). In its course through the taiga the Middle Ob has 
a minimal gradiënt, a broadening valley (18-30 miles 
wide), and a correspondingly broadening floodplain ( 1 2 -  
18 miles), through which it flows in a complex network 
of channels, with the main bed widening from less than 
one mile on the higher reaches to nearly two miles at 
the end and becoming progressively free of shoals. Low- 
water depths vary between 13 and 26 feet (four and eight 
metres); and at high water there are great floods every year, 
sometimes spreading from 15 or even 50 miles across the 
valley and lasting from two to three months.

The From its start at the Irtysh confluence the Lower Ob
Lower Ob flows northwestward as far as Peregrebnoye and thereafter 

northward, Crossing the northern belt o f  the taiga tili it 
enters the zone o f  forest tundra in the vicinity o f  its delta. 
The valley is w ide, w ith slopes steeper on the right than 
on the left, and the vast floodplain is m uch intersected by

channels of the river and dotted with lakes. Below Pere­
grebnoye the river divides itself into two main branches: 
the Great (Bolshaya) Ob, which receives the Kazym trib­
utary and the Kunovat from the right; and the Little 
(Malaya) Ob, which receives the Northem (Sevemaya)
Sosva, the Vogulka, and the Synya from the left. These 
main branches are reunited below Shuryshkary into a sin­
gle stream nearly 1 2  miles wide; but after the confluence 
of the Poluy (from the right) the river divides itself again 
to form a delta, the two principal arms of which are the 
Khamanelskaya Ob, which receives the Shchuchya from 
the left, and the Nadymskaya Ob, which is the more con­
siderable of the pair. At the base of the delta lies the Gulf 
of Ob, which represents a 500-mile extension of the river’s 
valley invaded by the sea, with a width reaching 50 miles 
at certain points and its own catchment area (forest tundra 
and tundra proper) of more than 40,000 square miles.

Climate and hydrology. The Ob Basin has short, warm 
summers and long, cold winters. The average temperature 
for the year ranges from 14° F (—10° C) on the shores of 
the Kara Sea to 34° F (1 0 C) and 36° F (2° C) in the forest 
zone and to 38.8° F (3.8° C) on Lake (Ozero) Zaysan.
The absolute maximum temperature, in the arid south, is 
104° F (40° C); the minimum, in the Altai Mountains, 
is —76° F (—60° C). Rainfall, which occurs mainly in the 
summer, varies between averages of 12 inches (300 mil- 
limetres) a year in the north to 2 0  inches in the taiga zone 
and 1 0 0  inches on the steppes, but the western slopes of 
the Altai may receive as much as 62 inches a year. Snow 
cover, which lasts for 240-270 days in the north and for 
160-170 in the south, is deepest in the forest zone (24-36 
inches) and in the mountains (80 inches), much shallower 
on the tundra ( 1 2 - 2 0  inches), and very thin on the steppe 
(8-16 inches).

On the Upper Ob the spring floods begin very early in Annual 
April, when the snow on the plains is melting; and they flooding 
have a second phase, ensuing from the melting of snow 
on the Altai Mountains. The Middle Ob, scarcely affected 
by the Upper Ob’s phases, has one continuous spring- 
summer period of high water, which begins in mid-April.
For the Lower Ob, high water begins later in April or 
early in May. Levels in fact begin to rise when the wa- 
tercourse is still obstructed by ice; and maximum levels, 
which will have been attained by May on the Upper Ob, 
may not be attained till June, July, or even August on the 
lower reaches. For the Upper Ob, the spring floods are 
over in July, but autumnal rains bring high water again 
in September-October; for the Middle and for the Lower 
Ob, the spring-summer floodwaters gradually recede until 
freezing sets in (on the lower reaches, flooding may last 
four or five months). The rising of levels on the Ob proper 
and on the Irtysh obstructs the drainage of the minor 
tributaries’ individual catchment areas.

The autumnal ice drift on the Ob lasts from about Oc­
tober 31 to November 10; then the lower reaches begin 
to freeze solid; by November 25 the whole river is frozen; 
and the upper reaches remain so for some 150 days, the 
lower for 220. The thawing of the ice, which takes longer 
than the freezing, lasts from the end of April (upstream) 
to the end of May; and the spring drift (about five days in 
duration) produces considerable ice jams.

The difference of level between high water and low is 
approximately 10 feet on the Upper Ob; 36 feet on the 
Middle Ob down to Aleksandrovskoye, but only about 
28 feet between Surgut and the Irtysh confluence; and at 
most 39 to 40 feet on Stretches of the Lower Ob, but less 
than 2 0  feet at the mouth of the river.

The water is wärmest in July, reaching a maximum of 
82° F (28° C) in the vicinity of Barnaul.

In terms of drainage, the Ob is the third greatest river 
of the U.S.S.R.—after the Yenisey and the Lena. Every 
year it pours about 515,000,000,000 cubic yards (394 cu­
bic kilometres) of water into the Arctic Ocean—about 12 
percent of that ocean’s total intake from drainage.

The volume of flow at Salekhard, just above the delta, 
is nearly 56,000 cubic yards (42,800 cubic metres) per 
second at its maximum, 2,600 (2 ,0 0 0 ) at its minimum, 
while for Barnaul, on the Upper Ob, the corresponding 
figures are 12,673 cubic yards (9,690 cubic metres) per
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second and 211 (161). Most of the water comes from the 
melting o f seasonal snow and from rainfall; much less of 
it comes from ground drainage, from mountain snow, and 
from glaciers.

The waters of the Ob are only slightly mineralized: dis- 
solved substances account for an annual outpouring of
30,200,000 tons of ions into the Kara Sea. The total 
amount of solid matter brought down by the Ob every 
year amounts only to 50,000,000 tons.

Plant and animal life. Rich meadows extend in bands 
one to two miles wide for great distances along the banks 
of the Ob and cover many of the numerous islands. Pine, 
cedar, silver fir, aspen, and birch also grow on the banks 
and occasionally constitute isolated forests on the higher 
ground of the floodplain; and large areas near the river 
are covered with willow, snowball trees ( Viburnum), bird 
cherry (Prunus padus), buckthom (Hippophaë), currant 
bushes, and wild roses.

Of some 50 species of fish to be found in the river or 
in the gulf, the most valuable economically are sturgeon, 
S te r le t ,  and such “whitefish” as nelma (Stenodus leuci- 
chthys nelma), musksun (Coregonus muksun), chir (C. 
nasus), and pelyad (C  pelea); pike, burbot, Siberian dace, 
carp, and perch are also caught. For lack of oxygen in the 
water, however, many fish die every winter in the reaches 
between the Tym confluence and the delta.

Fur-bearing mammals of the Ob Valley include Euro­
pean and Siberian mole, Siberian and American mink, 
ermine, fox, wolf (in the taiga), elk, white hare, water rat, 
muskrat, otter, and beaver. Among more than 170 species 
of birds breeding in the floodplain are grouse, partridge, 
goose, and duck.

The people. Politically, most of the Ob Basin belongs 
to the Russian S.F.S.R., but the south of it forms the 
northemmost part of Kazakhstan. Russians, Ukrainians, 
and Belorussians constitute the majority of the population, 
but there are, of course, numerous non-Slavic peoples 
also. These include the Kazakhs in the south, the Altai 
and Shor peoples of the mountains, the Tatars of the Ir­
tysh Basin, the Khants (Ostyaks) and the Mansi (Voguls), 
whose natsionalny okrug (national area) occupies part of 
the taiga; and the Nenets, Nganasan, Enets, and Selkup 
peoples of the north. The valleys of the river are more 
densely populated than other parts of the basin.

The economy. The earliest known sailing directions for 
the Lower Ob are those appended to Pyotr Ivanovich 
Godunov’s Chertyozh (“Chart”) of Siberia (1667); further 
details were provided by Semyon Ulyanovich Remezov in 
his Chertyozhnaya Kniga Sibiri (“Chart-Book of Siberia”; 
completed 1701); and the Russian scientists of the Great 
Northern Expedition ( 1 7 3 3 -4 3 )  investigated the Lower Ob 
as well as other Siberian rivers. For the next 150 years 
the river system was investigated chiefly for purposes of 
communication within the basin. Hydrological studies, 
however, were inaugurated by the end of the 19th Century 
and were pursued intensively in the 2 0 th; and during the 
Soviet period the hydroelectric potential of the rivers was 
not only studied but also developed.
The Ob’s total hydroelectric potential is estimated at 250,- 

000,000,000 kilowatt-hours. There are three main stations: 
one on the Ob proper, at Novosibirsk, the other two on 
the mountainous reaches of the Irtysh, at Bukhtarminsk 
and at Ust-Kamenogorsk.

The Ob, one of Western Siberia’s principal means of 
communication, is navigable for 190 days of the year on 
its upper reaches, for 150 on its lower. It serves the basin 
both for importing and for exporting. The Trans-Siberian 
Railway crosses the Irtysh at Omsk and the Upper Ob 
at Novosibirsk. Railways going into Kazakhstan from 
Novosibirsk and from the foothills of the mountains cross 
the Upper Ob at Barnaul. (L.K.M.)

YENISEY R IV ER

One of the world’s great rivers, the Yenisey (from the 
Evenki name Ioanesi, Great River) runs from south to 
north across the Asiatic heart of the Soviet Union. It tra­
verses a vast region of strikingly varied but generally old 
landscapes in which are found ancient people and customs 
as well as enormous programs of economie development.

Physical features. The river begins at the Siberian city 
of Kyzyl at the confluence of two of its tributaries—the 
Great Yenisey (Bolshoy Yenisey), or By-Khem, which rises 
on the Eastern Sayan Mountains of the Tuva A.S.S.R. 
(Tuvinskaya A.S.S.R.), and the Little Yenisey (Maly Yen­
isey), or Ka-Khem, which rises in the Darkhat Bowl of 
the Mongolian People’s Republic. From the confluence 
the Yenisey River runs for 2,167 miles (3,487 kilometres), 
mainly along the border between Eastern and Western 
Siberia, before emptying into the icy Kara Sea. If the 
Great Yenisey is reckoned as the source, then the river as 
a whole is 2,543 miles (4,092 kilometres) long; if the Little 
Yenisey, then 2,549 miles (4,102 kilometres). The headwa- 
ters of the Selenga River, which rise in eastern Mongolia 
and flow through Lake Baikal (Ozero Baikal), the world’s 
largest freshwater lake, into the Angara tributary of the 
Yenisey, may be reckoned as the river’s ultimate source, in 
which case its length totals 3,442 miles (5,540 kilometres) 
draining a basin that at 996,000 square miles (2,580,000 
square kilometres) is larger than all but six of the nations 
of the world. The system within Soviet boundaries com- 
prises some 2 0 , 0 0 0  tributary or subtributary streams, with 
an aggregate length of some 550,000 miles. All the major 
tributaries of the Yenisey join its right-bank zone, a region 
constituting 80 percent of the basin area.

Physiography. Extending for some 2,175 miles from 
south to north and for some 1,060 miles from east to 
west, the Yenisey Basin exhibits a considerable diversity of 
features. Lowlands constitute only 6  percent or 7 percent 
of the total area: a narrow strip on the edge of the West 
Siberian Plain and part of the North Siberian Lowland 
(Severo Sibirskaya Nizmennost). In the south, the Western 
and Eastern Sayan, the Tuva, the Baikal, and the Khentey 
mountains constitute a larger proportion of the basin’s 
area, with elevations mostly between 2,300 and 7,200 feet 
(700-2,200 metres), steep valleys, and vast bowls between 
ranges. In Southern Tuva and in the Sayans there are some 
magnificent higher peaks, culminating in Mount (Gora) 
Munku-Sardyk (11,450 feet [3,491 metres]). Most of the 
basin Stretches over the western sector of the Central Si­
berian Plateau, with elevations between 1,640 and 2,300 
feet, bordered in the northwest by the Putorana Moun­
tains (Gory Putorana; rising to 5,580 feet), in the west by 
the Yenisey Ridge (Yeniseysky Kryazh; 3,622 feet), and 
in the southeast by the Angara Ridge (3,353 feet).

The Yenisey River proper is di visible into three principal 
sections: the 295 miles from Kyzyl to Oznachennoye on 
the Southern edge of the Minusinsk Basin; the 544 miles 
from Oznachennoye to the Angara confluence; and the 
1,328 miles from the Angara confluence to the sea.
For the first 115 miles from Kyzyl, the Yenisey flows 

westward through the Tuva Bowl (Tuvinskaya Kotlovina), 
often divided into branches by gravelly shoals and varying 
in width between 100 and 700 yards (90 and 640 metres). 
After receiving the Khemchik River from the left it turns 
northward to wind through the Western Sayan for some 
180 miles down a spectacular narrow canyon (sometimes 
1 0 0  yards wide) with many rapids—including the cascad- 
ing Great Falls.

On flowing out of the mountains at Oznachennoye, the 
Yenisey broadens its valley in the Minusinsk Basin: just 
below the Abakan confluence the valley is more than three 
miles wide; the bed, about 500 yards from bank to bank, is 
studded with islands; the flow velocity is reduced to about 
two yards per second; and the huge 240-mile stretch of 
the narrow Krasnoyarsk Reservoir (Krasnoyarskoye Vo- 
dokhranilishche), contained on the east by northwestern 
spurs of the Eastern Sayan, begins. A little way upstream 
from Krasnoyarsk the valley becomes still broader, but 
there are submerged ridges of rock in the bed, representing 
extensions of the Yenisey Ridge; one such ridge causes the 
rapids near Kazachinskoye.

Below the Angara confluence, the right bank of the 
Yenisey remains mountainous and is often precipitous, but 
the left bank assumes the character of a floodplain. The 
bed, having been only 870 yards wide above the conflu­
ence, is at least 2 , 0 0 0  yards wide below it; depth increases 
to between 32 and 56 feet, and the flow velocity drops 
by 50 percent or more. Farther downstream, however,

The
Lower
Yenisey
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just above the Podkamennaya Tunguska confluence, the 
Yenisey cuts through spurs of the Yenisey Ridge; rapids 
occur at Osinovo, and below them the river plunges down 
a steep and scenic gorge in which its bed is reduced to a 
width o f 800 yards. The widening and deepening process 
is then resumed: the valley is about 25 miles wide around 
the Lower Tunguska (Nizhnyaya Tunguska) confluence 
and about 93 miles wide around Dudinka and Ust-Port; 
the bed’s width increases to 2,700 and then to 5,500 yards; 
and depths, from a minimum of 16 feet for the whole 
of the Yenisey’s lower course, reach a maximum of more 
than 80 feet.

The estuary of the Yenisey begins as far upstream as the 
confluence of the Kureyka (the next considerable tribu­
tary north of the Nizhnyana). Below Dudinka the bed is 
in places divided by islands, some of them 1 0  or 1 2  miles 
long; and a true delta begins north of Ust-Port, where the 
numerous Brekhov Islands (Brekhovskiye Ostrova) divide 
the river into channels, with the westernmost bank about 
47 miles from the easternmost. The several channels are 
reunited in a single wide “throat” down which the river 
flows into the Yenisey Gulf (Yeniseysky Zaliv) of the Kara 
Sea.

The largest tributaries of the Upper and Middle Yenisey 
are the Khemchik and the Abakan from the left and 
the Tuva from the right. Fed chiefly by rainwater in the 
mountains and by snow in the foothills and on the plains, 
they begin their spring high water in May or June and are 
swollen by summer rain floods. The Angara, on the other 
hand, being influenced for its whole length by thé fact 
of its rising in Lake Baikal, practically never experiences 
low water. With a length of 1,105 miles, and with its own 
basin of more than 407,700 square miles—twice the size 
of the Yenisey’s prior to their confluence—and with a vol­
ume approaching 5,900 cubic yards (4,500 cubic metres) 
per second at its mouth (as against the Yenisey’s annual 
average of about 4,500 before the confluence), the Angara 
might better have been recognized as the upper course of 
the main river than as a tributary. The Podkamennaya 
Tunguska and the Lower Tunguska, with an aggregate vol­
ume of more than 5,600 cubic yards per second, also play 
an important role in the formation of the Yenisey runoff.

Hydrology. About 50 percent of the Yenisey’s water 
comes from snow, between 36 percent and 38 percent 
from rainwater, and the remainder from groundwater. For 
the greater part of the system the East Siberian hydrologi- 
cal regime prevails: violent spring floods are followed first 
by a rapid fall of levels, then by a slower fall, with summer 
and autumn rain floods punctuating the sequence; in win­
ter the runoff is reduced sharply, but levels remain high 
as ice jams are formed. In terms of runoff, the Yenisey 
is the greatest river in the U.S.S.R., with about 150 cubic 
miles (600 cubic kilometres) annually. It carries about 

Ice and 10,500,000 tons of alluvium into the Kara Sea every year, 
alluvium in addition to nearly 30,000,000 tons of dissolved mineral 

substances. In midsummer the water temperature varies 
from 57° F (14° C) to 6 6 ° F (19° C), but freezing begins 
on the Lower Yenisey early in October and affects the 
whole river by early December; ice jams and underwater 
ice are characteristic. Thawing occurs toward the end of 
April on the upper reaches, in May on the middle, and 
from May to mid-June on the lower. The water of the 
Middle Yenisey is very turbid in spring and summer and 
contrasts sharply with the limpid water of the Angara; and 
in summer the two streams flow in the same bed without 
mingling for nine miles or so from their confluence.

Climate. The climate of the Yenisey Basin is distinctly 
Continental, affected by cold Arctic Ocean air masses, and 
its cold season prevails from late September to mid-June 
in the north and from mid-October to late April in the 
south. Even summer is cold in the northern basin, with 
temperatures between 46° and 54° F (8 ° and 12° C) only 
in July, when frosts may still occur; but summer is hot in 
the south, with July temperatures between 64° and 6 8 ° F 
(18° and 20° C). The average temperature for January is 
below 4° F (—20° C): though it rises to 3° F (—16° C) in 
the foothills of the Sayan Mountains, it falls to —18° F 
(—28° C) and in places to —33° F (—36° C) in the Central 
Siberian Plateau. There is an annual rainfall of about 16

or 20 inches (400 or 500 millimetres) in the west and of 
12 or 16 in the east of the Central Siberian Plateau; but 
in the mountainous south and southeast rainfall generally 
ranges between 20 and 47 inches a year, while the enclosed 
bowls of the Southwest experience much less (12 inches 
around Minusinsk and less than eight in Tuva). Most of 
the rain (from 80 to 90 percent) falls in the warmer season 
and chiefly in its latter period. Since the snow cover in 
most of the basin is slight (16 inches in the south, 24 in 
the north, 35 on the Yenisey Ridge alone), the soil and 
subsoil are frozen to a considerable depth for long periods 
over most of the basin and all the year round north of the 
Lower Tunguska.

Plant and animal life. Most of the basin is covered with 
taiga (dense, marshy forest), with pine predominating in 
the south and larch farther north. Siberian cedar grows on 
the Southern mountains. In Mongolia, Transbaikalia, and 
Tuva there are also steppes, bordered in the extreme south 
of the Selenga Basin by semi-desert. In the far north of 
the basin, taiga is superseded by lonely Stretches of tundra 
(marshy, moss-covered plain).

The Yenisey and its tributaries are rieh in fish: the 
mountain streams of the headwaters support grayling, 
trout, goldilocks (Brachymystax lenok), roach, and dace; 
the middle course has Sterlet, trout, goldilocks, several 
species of whitefish (Coregonus), and grayling; the lower 
course has Siberian lamprey, Siberian sturgeon, Sterlet, 
alpine char, trout, gold and silver carp, pike, and many 
others. The estuary has fewer species of fish but is rieh 
in the economically valuable sturgeon. The lower reaches 
of the Yenisey are also much favoured in summer by 
migrant waterfowl from the south; the small lakes and 
islands support ducks, geese, and swans; and the muskrat 
has adapted itself to the channels o f the delta.

The people. The peoples of the Yenisey Valley are var- 
ious. Around the western headwaters (Great and Little 
Yenisey) Tuvinians predominate, with an admixture of 
Russians promoting the economy. To the north of Tuva 
the Krasnoyarksy kray (territory) of the Russian S.F.S.R. 
extends down the whole valley northward to the Kara Sea; 
its population comprises Russians, Ukrainians, Tatars, and 
numerous other indigenous peoples. The Khakass people 
occupy an “autonomous region” Southwest of Krasno­
yarsk. The vast Evenk “national district,” extending from 
south of the Podkamennaya Tunguska to north of the 
Kureyka, is inhabited both by the Evenk people and by 
Russians from the west and Yakuts from the east. In the 
far north the Taymyr “national district” has a majority of 
Russians and some Evenks, but also the Yakuts (Sakha) 
and Dolgan, the Nenets, and the Nganasan peoples.

The economy. Hunting, fishing, the breeding of rein- 
deer, and für farming are the native occupations of the 
more northerly peoples, and mining is also important, 
especially for graphite and coal. Processing and manufac- 
turing industries are pursued in the south. The hydro- Power and 
electric potential of the Yenisey is estimated at 18,000,000 navigation 
kilowatts. To exploit it, the Krasnoyarsk Hydroelectric 
Station was built, with a reservoir area of 810 square miles 
(2,100 square kilometres), and the Sayan Hydroelectric 
Station was built farther upstream. On the Angara, the 
Bratsk and the Irkutsk stations provide power; and on the 
Khantayka River, the Khantaysk station (operative from 
1970) provides power for the Norilsk industrial complex 
(southeast of Dudinka). By the end of the 20th Century, it 
is predicted, the Yenisey Basin will have 18 hydroelectric 
stations, with a total reservoir area of more than 17,000 
square miles (44,000 square kilometres).
The Yenisey is regularly navigated between Oznachen­

noye and the sea. A great elevator capable of lifting ships 
along an inclined railroad between the upper and lower 
waters of the Krasnoyarsk Hydroelectric Station was being 
constructed in 1971 to permit through traffic. The chief 
ports are Krasnoyarsk, Strelka (at the Angara confluence),
Yeniseysk, Igarka, Dudinka, and Ust-Port; seagoing ves­
sels sail up to Igarka. Lumber is the main cargo; some 
of it going upstream to Krasnoyarsk, but the downstream 
traffic carries bread, coal, petroleum products, and ma- 
chinery, as well as lumber. Tourist cruises are the latest 
innovation on an increasingly important river.
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Study and exploration. Russians first settled on the 
Yenisey in 1607, when a winter station was established 
on the Turukhan River (a left-bank tributary joining the 
Yenisey just below the Lower Tunguska confluence). Nov- 
gorod merchants, however, may have been trading with 
peoples of the valley as early as the 1 Ith Century. In 1619 
a fort was built at Yeniseysk; and in 1628 Krasny Yar 
(now Krasnoyarsk) was founded. From there roads went 
eastward into the Buryat country and southward into the 
fertile Minusinsk Basin. The Russian hold on the line of 
the Yenisey was definitively secured early in the 18th Cen­
tury. Exploration of the rivers was then initiated, with a 
detachment of the Great Northern Expedition (1733—43) 
operating on the Yenisey. Later, the Lower Yenisey was 
explored by an expedition of 1894-96; and from 1907 to 
1912 a party made a more thorough investigation of the 
whole river. Studies for development plans or for scientific 
purposes continue. (C.G.T.)
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als: A Key to Soviet Po wer (1953), and The Soviet Mineral-Fuels 
Industries, 1928-1958: A Statistical Survey (1963); wang kung- 
ping , “Mineral Resources o f China, with Special Reference to 
the Nonferrous Metals,” Geogrl. Rev., 34:621-635 (1944); r.o . 
w hyte, Grasslands of the Monsoon (1968), and Land, Live­
stock, and Human Nutrition in India (1968). See also robert
G. JENSEN, THEODORE SHABAD, and ARTHUR W. WRIGHT (eds.),
Soviet Natural Resources in the World Economy (1983). 
Human resources and political geography: A number o f  

Asian countries have published national or development at- 
lases; o f  particular interest are those o f China (1979), India 
(serially, 1968- ), Israel (1970), Japan (1977), Malaysia (1977), 
Thailand (1969), and Turkey (1977). The Tübinger Atlas des 
Vorderen Orients (1977- ) is an authoritative atlas o f histori­
cal, cultural, and social aspects o f the development o f the Near 
East. w.G. east, o.H.K. spate, and c.A. fisher (eds.), The Charig- 
ing Map ofAsia, 5th ed. (1971), is a general political geography. 
alistair l a m b , Asian Frontiers: Studies in a Continuing Prob­
lem (1968); and jo h n  robert victor prescott, Map of Main­
land Asia by Treaty (1975), concentrate on the problem o f  
political frontiers. guy  wint (ed.), Asia Handbook (1969), is a 
current events summary and detailed fact book dealing with the 
continent, c .g .f . simkin , The Traditional Trade of Asia (1968), 
discusses the history o f the growth of trade between the Oc­
cidental and the Asian regional zones, often with considerable 
geographic materials included. w .b. fisher, The Middle East: A 
Physical, Social, and Regional Geography, 7th ed. (1978), pro- 
vides complete coverage o f  southwestern Asia; and george b. 
cressey, Crossroads: Land and Life in Southwest Asia (1960), 
is somewhat more thematic in its coverage. j e. spencer and 
w.L. Thomas, Asia, East by South: A Cultural Geography, 2nd 
ed. (1971), is a full-scale geography dealing with the region from 
Pakistan through Japan; whereas c .a . fisher, South-East Asia: 
A Social, Economic, and Political Geography, 2nd ed. (1966); 
and Donald  w. fryer , Emerging Southeast Asia: A Study in 
Growth and Stagnation, 2nd ed. (1979), deal in more detail with 
the mainland o f Southeast Asia and Indonesia-Philippines. 
Richard  a . butwell, Southeast Asia Today—and Tomorrow: 
Problems of Political Development, 2nd ed. (1969), concentrates 
on the Problems o f political nationalism in the former colonial 
countries. p .e . lydolph , Geography of the U.S.S.R., 3rd ed. 
(1977); is a full-scale geography o f the Soviet lands, including 
Central Asia and Siberia. w .h . parker , An Historical Geography 
of Russia (1968); and chanakya  sen, Soviet-Asian Relations 
in the 1970s and Beyond: An Interpretational Study (1976), 
concentrate on the historical geography and political expansion 
of the Soviet state into Asia. Edw ard  allworth (ed.), Central 
Asia: A Century of Russian Rule (1967), is a political-historical 
study o f  Russian control o f Central Asia; and lawrence 
krader , Peoples of Central Asia, 3rd ed. (1971), is primarily 
concerned with the historie ethnic groupings o f Central Asia. 
Southeast Asia’s political prospects are the subject of several 
works, including Richard  butw ell, Southeast Asia: A Politi­
cal Introduction (1975); chawla sudersham  (ed.), Southeast 
Asia under the New Balance of Power (1974); and jay taylor, 
China and Southeast Asia: Peking’s Relations with Revolution­
ä r  Movements (1976). The political and economic develop- 
ments o f  the Middle East are the subject o f the annual Middle 
East Contemporary Survey. Economic conditions in Southeast 
Asia and the Far East and their implications for the Western 
world are discussed in roy hofheinz and kent e. calder, 
The Eastasia Edge (1982).
Resource development: For the continent as a whole, the

basic, most authoritative, and up-to-date sources o f economic 
data and information are the publications o f the United Na­
tions Economic and Social Commission for Asia and the 
Pacific (escap), formerly the United Nations Economic Com­
mission for Asia and the Far East (ecafe), and certain 
other intergovernmental organizations. The Economic Survey 
of Asia and the Pacific, prepared and published annually by

escap, is the m ost comprehensive account o f  the economic 
Situation in the continent as a whole. The u.s. congress, 
join t  economic  cöm m ittee , has published a number o f  
studies on the Chinese economy, which include: China, a 
Reassessment of the Economy (1975); China and the Chi­
nese (1976); and Chinese Economy Post-Mao: A Compendium 
of Papers (1980). shin-yong  chun  (ed.), Economic Life in 
Korea (1978), addresses Korea’s striking economic growth.

Also valuable is The Political Economy of the Middle East 
(1980), published by the u.s. congress, join t  economic Com­
m ittee . A multi-disciplinary analysis o f  the Problems o f under- 
development, development, and planning for development in 
Asian countries is found in g unnar  m yrdal, Asian Drama: An 
Inquiry into the Poverty of Nations, 3 vol. (1968); the countries 
covered include Burma, Sri Lanka, Cambodia (Kampuchea), 
Laos, Indonesia, Malaysia, Thailand, and Pakistan, but most o f  
the work is devoted to India. The following studies in escap’s 
“Mineral Resources Developm ent Series” may be particularly 
useful in respect to mining and industries: Mining Develop­
ments in Asia and the Far East (ännual); Mining Developments 
in Asia arid the Far East: A Twenty-Year Review, 1945-1965 
(1967); Lignite Resources of Asia and the Far East: Their Ex­
ploration, Exploitation and Utilization (1956); Copper, Lead 
and Zinc Ore Resources of Asia and the Far East ( 1960); Baux­
ite Ore Resources and Aluminum Industry of Asia and the Far 
East (1962); Tin Ore Resources of Asia and Australia (1964); 
Mineral Raw Material Resources for the Fertilizer Industry in 
Asia and the Far East (1967); Mineral Resources of Lower 
Mekong Basin and Adjacent Areas of Khmer Republic, Laos, 
Thailand and Republic of Viet-Nam (1972); and Proceedings 
of the Third Session of the Committee on Natural Resources 
(1977). For data on mineral resources located in China see k .p . 
w ang , “The Mineral Resource Base o f Communist China,” 
in u.s. congress, join t  economic com m ittee, An Economic 
Profile of Mainland China, vol. 1 (1967).

The numerous studies ecafe and escap have made relating 
to industries include Asian Industrial Development News (an­
nual); Industrial Development in Asia and the Far East (1965); 
Development Prospects of Basic Chemical and Allied Industries 
in Asia and the Far East (1963); and Industrial Developments 
in Asia and the Far East: Selected Documents Presented to the 
Asian Conference in Industrialization, 4 vol. (1966). Helpful 
works dealing with industries in China include choh-ming  
li (ed.), Industrial Development in Communist China (1964); 
FREDERiCK M. co ne , Chinese Industrial Growth: Brief Studies 
of Selected Investment Areas (1968); yuan-li w u and kung- 
chia y eh , Growth, Distribution, and Social Change: Essays 
on the Economy öf the Republic of China (1978); barry m . 
RiCHMAN, Industrial Society in Communist China (1969); and 
yuan-li wu, The Steel Industry in Communist China (1965). 
The role o f small industries in the development effort is dis­
cussed in “Modernization o f  Small Industries in Asia,” Eco­
nomic Bulletin for Asia and the Far East, 11:24-40 (1960); 
and Carl riskin , “Small Industry and the Chinese Model o f  
Developm ent,” China Quarterly, 46:245-273 (1971). amnuay 
tapingkae (ed.), Higher Educätion and Economic Growth in 
Southeast Asia (1976), examines the role that higher educa- 
tion plays in the economic growth o f the countries o f this 
region. Later overviews are presented in nobutoshi akao 
(ed.), Japan’s Economic Security (1983); yujiro hayami and 
MASAO k ik u ch i, Asian Village Economy at the Crossroads: An 
Economic Approach to Institutional Change (1982); and k .v . 
sundäram , Geography of Underdevelopment: The Spatial Dy­
namics of Under development (1983).

ecafe and escap publications on the development of power 
resources include: Electric Power in Asia and the Far East 
(annual); Proceedings of the Regional Seminar on Energy Re­
sources and Electric Power Development (1962); and The Role 
and Application of Electric Power in the Industrialization of 
Asia and the Far East (1965). Projections o f future energy 
requirements are made in the development plans of many 
countries, but the national council of applied  economic 
research , Demand for Energy in India, 1960-1975 (1960), 
is an early example o f  nonofficial estimates. Material on the 
power industry in China includes: yuan-li w u, Economic De­
velopment and the Use of Energy Resources in Communist 
China (1963); jo h n  ashton , “Development o f Electric Energy 
Resources in Communist China,” in u.s. congress, joint eco­
nomic com m ittee , An Economic Profile of Mainland China, 
vol. 1 (1967); robert CARRiN, Power Industry in Communist 
China ( 1969); and vaclav smil, China’s Energy: Achievements, 
Problems, Prospects (1976). Possibilities and the potential o f  
nuclear power development are discussed in the Reports (\959- 
60) o f  the Preliminary Assistance Missions sent to several 
Asian countries by the International Atomic Energy Agency. 
A list o f civilian power reactors in Operation or under con­
struction with all pertinent technical data may be found in the 
international  atomic energy  agency , Power and Research
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R e a c to r s  in  M e m b e r  S ta te s  (published twice a year). The vast 
energy reserves to be found in the Soviet Union are the subject 
o f iAiAN f . ELLioT, T h e  S o v ie t  E n e r g y  B a la n ce : N a tu r a l G as, 
O th e r  F o ss il  F uels, a n d  A lte r n a tiv e  P o w e r  S o u rc e s  (1974). See 
also TAiSHiRO shirai (ed.), C o n te m p o r a r y  I n d u s tr ia l R e la tio n s  
in  J a p a n  (1983).

A g ricu ltu re: Among the several publications o f  the Food and 
Agriculture Organization o f  the United Nations (fao) are the 
following: T h e  S ta te  o f  F o o d  a n d  A g r ic u ltu re  a n d  F A O  R ic e  
R e p o r t  (both are published annually). The asian development 
bank, A sia n  A g r ic u ltu r a l S u rv e y , 2  vol. (1968); and yujiro
HAYAM I, VERNON W. RU TTA N , a n d  HERM AN M. SOUTHW ORTH
(eds.), A g ric u ltu ra l G ro w th  in  J a p a n , T a iw a n , K o rea , a n d  th e  
P h ilip p in e s  (1978), are comprehensive surveys covering most 
o f  Asia. A succinct account o f  Asian agriculture may be found 
in Colin  clark , “Agriculture in Asia,” P a c if ic  C o m m u n ity ,  
4:283-294 (1970); and the likely ways to improve its contribu- 
tion to the economy are discussed in “Strategies for Agricultural 
Growth,” E c o n o m ie  S u rv e y  o f  A s ia  a n d  th e  F a r  E a st, 1969, pt. 
IA (1970). The agricultural Situation in China is described in 
j .l . buck, o .l. dawson, and yuan-li w u , F o o d  a n d  A g ricu ltu re  
in  C o m m u n is t C h in a  (1966); and jolo  buck , T h ree  e ssa ys  on  
C h in e se  F a rm  E c o n o m y  (1980). The growth in cereals output 
and its economie and social impact may be found in lester 
r . brown, “The Agricultural Revolution in India,” F ore ign  A f  
fa ir s , 46:688-698 (1968); sam-ch un g  hsieh , “New Outlook for 
Asian Agriculture,” I n te r n a tio n a l  D e v e lo p m e n t R ev ie w , 10:6— 
9 (1968); United  states Departm en t  of a g riculture , T a i­
w an  ’s  A g r ic u ltu ra l D e v e lo p m e n t:  l t s  R e le v a n c e  f o r  D e ve lo p in g  
C o u n tr ie s  T o d a y  (1968); as well as norm an  e. borlaug , “The 
Green Revolution: For Bread or Peace?” B u ll. A to m . S cien t. 
(1971). An informative collection o f  data is joh n  w . long- 
w orth , B e e f  in J a p a n : P o litic s , P ro d u c tio n , M a rk e tin g , a n d  
T ra d e  ( \9 S 3 ) .

C o m m e rc e :  ( T ra n sp o r t): The status and problems o f  trans­
port in Asian countries and its role in their econom ie develop­
ment is exhaustively dealt with in “Transport Development,” 
E c o n o m ie  B u lle tin  f o r  A s ia  a n d  th e  F a r  E a st, vol. 11, no. 3 
(1960). The Asian Highway Project, designed to connect the 
capitals and seaports o f  Asian countries, is described by M.s. 
ahm ad , “The Asian Highway,” ib id ., 19:45-48 (1968). Despite 
the role o f animals as a major mode o f  transport in the 
rural areas o f most Asian countries, not much literature is 
available on the subject; the in d ia n  planning  commission, 
R o le  o f  B u llo c k  C a r ts  a n d  T ru ck s  in  R u r a l  T ra n sp o rt:  C a se  
S tu d ie s  (1963), is most valuable. w ilfred  ow en , D is ta n c e  a n d  
D e ve lo p m e n t: T ra n sp o rt a n d  C o m m u n ic a tio n s  in  I n d ia  (1968), 
is an excellent treatment o f  the subject for India; as are Vic­
tor  d . lippit , “Development o f  Transportation in Communist 
China,” C h in a  Q u a r te r ly , 27:101—119 (1966); and yuan-li wu, 
T h e  S p a tia l  E c o n o m y  o f  C o m m u n is t  C h in a : A  S tu d y  on  In du s­
tr ia l  L o c a tio n  a n d  T ra n s p o r ta tio n  (1967). (T ra d e ): A historical 
perspective o f Asian trade from its remote beginnings may be 
found in c .g .f . simkin , T h e  T r a d it io n a l  T r a d e  o f A s ia  (1968). 
j.c . van leur , In d o n e s ia n  T r a d e  a n d  S o c ie ty :  E ss a y s  in  A sian  
S o c ia l a n d  E c o n o m ie  H is to r y  (1955), includes a sociological 
interpretation o f early Asian trade, b.g . g h a te , A s ia ’s  T rade  
(1948), is a descriptive account o f  the Situation up to the early 
1940s; and alfred  k . ho , T h e  F a r  E a s t  in  W o r ld  T rade: D e ­
v e lo p m en ts  a n d  G ro w th  S in c e  1 9 4 5  (1967), brings the general 
survey up to 1960. Among several studies prepared by ecafe, 
the following are particularly useful: “Asia’s Trade with West­
ern Europe, with Special Reference to the Common Market,” 
E c o n o m ie  S u rv e y  o f A s ia  a n d  th e  F a r  E a st, 1962 , pt. 1 (1963); 
“Foreign Trade o f ecafe Primary Producing Countries,” E co ­
n o m ie  S u rv e y  o f  A s ia  a n d  th e  F a r  E a s t, 1959 , pt. 2 (1960);

“Trade Between Developing ecafe Countries and Centrally- 
Planned Economies,” E c o n o m ie  B u lle tin  f o r  A s ia  a n d  th e  F a r  
E a st, 15:16-51 (1964); and “Intra-Regional Trade As Growth 
Strategy,” E c o n o m ie  S u rv e y  o f  A s ia  a n d  th e  F a r  E a st, 1969, pt. 
1B (1970). sEiji naya , “The Commodity Pattem and Export 
Performance o f  Developing Asian Countries to the Developed  
Areas,” E c o n o m ie  D e v e lo p m e n t a n d  C u ltu ra l C h an ge , 15:420- 
437 (1967), is comprehensive and analytical. Material relating 
to the foreign trade o f  China includes: pauline lew in , T h e  
F ore ign  T ra d e  o f  C o m m u n is t  C h in a : l t s  I m p a c t  on  th e  F ree  
W o rld  ( 1964); and Alexander  Eckstein , C o m m u n is t  C h in a ’s  
E c o n o m ie  G ro w th  a n d  F o re ig n  T ra d e: I m p lic a t io n s  f o r  U .S. 
P o lic y  ( 1966). Later monographs include dennis t . yasutomo, 
J a p a n  a n d  th e  A s ia n  D e v e lo p m e n t B a n k  (1983); and rae wes- 
ton , G old: A  W o r ld  S u rv e y  (1983).

D e m o g ra p h ie  p a tte rn s:  georg  borgstrom , T h e  H u n g ry  
P lan e t: T h e  M o d ern  W o r ld  a t  th e  E d g e  o f  F a m in e , 2nd rev. ed. 
(1972); s. chandrasekhar , I n d ia ’s  P o p u la tio n :  F acts, P ro b le m  
a n d  P o lic y  (1967), H u n g ry  P e o p le  a n d  E m p ty  L a n d s , 3rd ed.
(1954) , P o p u la tio n  a n d  P la n n e d  P a r e n th o o d  in  In d ia , 2nd éd. 
(1961), C o m m u n is t C h in a  T o d a y , 4th rev. ed. (1964), A s ia ’s  
P o p u la tio n  P ro b le m s  (1967, reprinted 1977), and In fa n t M o r ta l­
ity , P o p u la tio n  G ro w th  a n d  F a m ily  P la n n in g  in  I n d ia  (1972); 
c .d . co wan (ed.), T h e  E c o n o m ie  D e v e lo p m e n t o f  S o u th e a s t A s ia  
(1964); KiNGSLEY da vis, T h e  P o p u la tio n  o f  I n d ia  a n d  P a k is ta n  
(1951); philip m . Hauser (ed.), U rb a n iza t io n  in  A s ia  a n d  th e  
F a r  E a s t  (1957); alfred  de souza (ed.), T h e  In d ia n  C ity :  
P o verty , E co lo g y  a n d  U rban  D e v e lo p m e n t (1978); lea jellinek , 
chris MANNiNG, and gavin  jones, T h e  L ife  o f  th e  P o o r  in  
In d o n e sia n  C itie s  (1978); ping-ti ho , S tu d ie s  on  th e  P o p u la tio n  
o f  C h in a , 1 3 6 8 -1 9 5 3  (1959); jacques m . may , T h e  E c o lo g y  o f  
M a ln u tr it io n  in  th e  F a r  a n d  N e a r  E a s t (1961); political and 
economic planning  (pep), W o rld  P o p u la tio n  a n d  R eso u rc es
(1955) ; joh n  robbins, T o o  M a n y  A s ia n s  (1959); edgar snow, 
R e d  C h in a  T o d a y : T h e  O th e r  S id e  o f  th e  R iv er , rev. ed. (1971); 
joseph e . spencer, A sia , E a s t  b y  S o u th : A  C u ltu ra l G e o g ra p h y  
(1954); morris b. ullm an , C itie s  o f  M a in la n d  C h in a : 19 5 3  a n d  
19 5 8  (I960); United Nations, economic and  social council, 
R e p o r t on  th é  W o r ld  S o c ia l  S itu a tio n  (1957- ); United Na­
tions, D e p a r tm e n t o f  E c o n o m ie  a n d  S o c ia l  A ffa irs, T h e  F u tu re  
G row th  o f  W o r ld  P o p u la tio n  (1958); and c .k . yang , A  C h i­
n ese  V illa g e  in E a r ly  C o m m u n is t  T r a n s itio n  ( \9 5 9 ) .  escap has 
published a number o f  country monographs that analyze the 
demographic trends o f  individual Asian countries. Transfor- 
mations in Asian nations are analyzed in benedict anderson , 
I m a g in e d  C o m m u n itie s :  R e f le c tio n s  on  th e  O rig in  a n d  S p r e a d  
o f  N a tio n a lism  ( 1983).

Contemporary studies o f  international issues involving Asia 
include edward In gram , T h e  B e g in n in g  o f  th e  G re a t G a m e  
in  A sia , 1 8 2 8 -1 8 3 4  (1979), and his C o m m itm e n t  to  E m p ire :  
P ro p h es ies  o f  th e  G re a t G a m e  in  A sia , 1 7 9 7 -1 8 0 0  (1981); joh n  
p . fox , G e rm a n y  a n d  th e  F a r  E a s te rn  C ris is , 1 9 3 1 -1 9 3 8 :  A  
S tu d y  in  D ip lo m a c y  a n d  I d e o lo g y  (1982); keith  st. cartmail, 
E x o d u s  In d o c h in a  ( 1983); linda  mason and roger brown, 
R ice , R iv a lry , a n d  P o litic s:  M a n a g in g  C a m b o d ia n  R e l ie f  ( 1983); 
Richard  h . solomon (ed.), A sia n  S e c u r ity  in  th e  19 8  Os . P r o b ­
le m s  a n d  P o lic ie s  f o r  a  T im e  o f  T ra n s itio n : C on feren ce  on  
E a s t A s ia n  S e c u r ity  in  th e  1 9 8 0 s  (1980); russell d . buhite, 
S o v ie t-A m e ric a n  R e la tio n s  in  A sia , 1 9 4 5 -1 9 5 4  (1981); donald  
s. ZAGORIA (ed.), S o v ie t P o l ic y  in  E a s t A s ia  ( 1982); rajendra  
k . jain  (ed.), U .S - S o u th  A s ia n  R e la tio n s , 1 9 4 7 -1 9 8 2 , 3 vol. 
(1983); and wilbur schramm  and erwin atw öod , C irc u la tio n  
o f  N e w s  in th e  T h ird  W orld : A  S tu d y  o f  A s ia  (1981). 

enayetur  RAHiM, S c h o la r s ’ G u id e  to  W a sh in g to n , D .C . f o r  
S o u th  A s ia n  S tu d ie s  ( 1982), is a reference source listing re­
sources o f research collections.
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Mustafa Kemal, known as Atatürk (Father o f  
Turks), a distinguished Turkish soldier, reformer, 
and statesman, was the founder of the Republic 

of Turkey and its first president. His successful struggle for 
the liberation of Turkey against the powers o f the Entente 
(an alliance of Britain, France, and Russia) after Turkey’s 
defeat in World War I has inspired many embryonic States 
in Asia and Africa to fight for their independence.

Early life and career. Mustafa was born in 1881 in 
Salonika, Greece, Ottoman Empire, of a Turkish family 
of humble origin. His mother was Zübeyde Hamm, his 
father Ali Riza, a minor government employee. When 
Mustafa was still in the primary school he lost his father, 
and his mother took the boy to live in the country with 
her brother. Returning to Salonika later, Mustafa finished 
primary school and entered the military secondary school 
in that town in order to become an officer in the Ottoman 
army. It was at this school that one of his teachers, who 
admired the boy for his skill in mathematics and who 
was also called Mustafa, suggested he should call himself 
Mustafa Kemal (maturity and perfection). After finishing 
secondary school, Mustafa Kemal went on to the military 
high school in Manastir, where, observing with hatred the 
continuous attacks of the Christian Macedonian anarchists 
on the Turkish population, he became, like most of his 
fellow cadets, an ardent nationalist.
In 1899 Mustafa Kemal entered the Military Academy 

in Istanbul. There he came to take a close interest in 
politics; he and his fellow students read secret pamphlets 
attacking the despotic rule of Sultan Abdülhamid II. He 
was especially influenced by the patriotic and liberal think­
ing of the poet Namik Kemal Bey. He also read books 
on the French Revolution and developed an admiration 
for Napoleon.

In 1902 Mustafa Kemal was graduated from the Military 
Academy and entered the General Staff College, where his 
interest in politics continued. After finishing the college 
with the rank of captain, he was appointed to the cavalry 
regiment in Damascus. There, together with some of his 
friends, he founded a secret society called “Fatherland and 
Freedom,” which, however, failed to make much progress. 
On his return to Salonika, Mustafa Kemal, like many of 
his fellow officers, joined the secret “Committee of Union 
and Progress,” which spread its revolutionary activities 
throughout the armed forces and caused the proclamation 
of the Constitution of 1908.

Mustafa Kemal devoted all his time and energy to his 
profession in the following years. In 1911, when the Ital- 
ians attacked Tripoli, an Ottoman province at that time, 
he hurried there together with some of his officer friends 
and, forming troops of the natives, launched successful 
guerrilla raids on the enemy. In the same year Mustafa 
Kemal was promoted to major. In the Balkan War of 
1912 he was charged with the defense of the Gallipoli 
Peninsula—a task that gave him an excellent opportunity 
to study the strategie position of this important area. In 
1913 he was sent to Sofia as military attaché, and during 
his stay there he acquired a good knowledge of the West­
ern Standards in taste, the arts, and the relations between 
men and women in polite society. He made good use of 
this knowledge later when he set about reforming social 
life in his country. While still in Sofia, Mustafa Kemal 
was promoted to lieutenant colonel.

When World War I broke out, Mustafa Kemal was ap­
pointed to the command of the 19th Division at £anak- 
kale. He defeated the British at Gallipoli twice and gained 
for himself in the Turkish press the title of “the Saviour 
of Istanbul.” And he was promoted to colonel. In 1916, 
serving on the eastern front, he stopped the advance of 
the Russian forces to the south and was promoted to 
brigadier general.

In 1917 Mustafa Kemal accompanied the crown prince, 
Vahideddin, on a state visit to Germany. During a tour of 
the German Western Front he did not hesitate to express 
openly his view about the vulnerability of the front and 
Germany’s position in the war. On his return to Istanbul 
Mustafa Kemal feil ill, and for treatment he went to Vi­
enna and Carlsbad (now Karlovy Vary, Czechoslovakia) 
where he had a further opportunity to observe European 
civilization.

In 1918 Mustafa Kemal was appointed to command 
the 7th Army in Palestine; when he took up his duties, 
however, the fight with the British had all but ended, and 
the enemy was advancing northward without meeting any 
resistance. The Arab guerrillas too were launching attacks 
on the Turkish army. To avoid the capture of the whole 
7th Army, Mustafa Kemal withdrew his forces to the 
north of Aleppo. When, after the Armistice of Mudros 
(Moüdhros), the German officers and commanders serv­
ing in Turkey returned to their country, Mustafa Kemal 
assumed the command of all the forces of the southeastem 
front. Disagreeing with the British over the enforcement 
of the terms of the Armistice, however, he was appointed 
to a post in the Ministry of War. On his arrival in Istanbul 
he found the fïeet o f the Entente anchored in the har- 
bour. The terms o f the Armistice were hard enough, but 
information was now received about a secret agreement 
reached by the States of the Entente for the partition of 
the Ottoman territories. Moreover, the minorities in Istan­
bul and elsewhere had seized the opportunity to organize 
themselves against the Turks. The Turkish people looked 
for a means of redress; in some parts of the country they 
formed organizations called Associations for the Defense 
of Rights to fight against them.

Activities after World War I. In Istanbul there were 
two main ideas about Turkey’s future: the Sultan and 
his supporters were thinking of placing the country un­
der English protection, while some well-known Turkish 
journalists and intellectuals were spreading propaganda 
for placing Turkey under an American mandate. In both 
cases the aim was to maintain the Ottoman Empire in 
its cosmopolitan structure. Mustafa Kemal, however, per- 
sisted in the idea of an independent Turkish nation living 
within its national boundaries and believed that this could 
be achieved if the nation was prepared for a new struggle. 
Before deciding on a course of action, he had talks with 
many Turkish and foreign notables, including the Sultan 
and his ministers. Then he discussed it with his friends, all 
commanders who were bitterly disillusioned over the abo- 
lition of the Ottoman army by the terms of the Armistice, 
and saw the solution in starting a war of independence 
in Anatolia.

An excellent opportunity for this presented itself soon: 
the powers of the Entente were putting pressure on the 
Turkish government to take measures against riots likely 
to break out in the eastern provinces. The Sultan ap­
pointed Mustafa Kemal as Inspector of the Third Army 
in Erzurum, endowing him with power over military and 
civilian authorities. On May 15, 1919, immediately before 
Mustafa Kemal’s departure for Erzurum, the Greeks oc­
cupied Izmir.

After a secret interview with the Sultan, Mustafa Kemal 
left Istanbul with a large suite of staff officers and set foot 
in Samsun on May 19. In Amasya, with the approval of 
local corps commanders, he issued a secret circular dated 
June 22 in which he described the dangers that the coun­
try faced: how the government in Istanbul had yielded 
weakly to the forces of occupation and how the only 
hope of salvation lay in the nation’s own struggle for its 
liberation. Such a struggle, he added, had already begun, 
and to make it the decision of the nation itself a national 
congress would be convoked in Sivas with the participa-
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tion of three delegates from each province. He ordered all 
unit commanders to strengthen their forces, disregarding 
the terms of the Armistice about the demobilization of the 
Turkish army. Finally, he warned both the military and 
civilian authorities that henceforth they would take their 
orders from him alone.
Mustafa Kemal’s demands were fervently complied with 

by the military because his demands meant saving the 
army from extinction. The army took under its control all 
postal and telegraphic Communications in Anatolia and 
forced into obedience those civil administrators who tried 
to resist Mustafa Kemal’s orders.

In all the towns and cities he called at on his way to Sivas, 
Mustafa Kemal met the leading citizens and explained to 
them his views on a national struggle for independence. 
He arrived in Sivas amid warm demonstrations of support 
by the people, and after important talks with the notables 
of the city, he proceeded to Erzurum, ignoring all orders 
given by the Sultan’s government, under pressure from the 
States of the Entente for his immediate return to Istanbul. 
In Erzurum a congress was to be convened on July 23 
by the Association for the Defense of the Rights of East­
ern Anatolia. In the meantime the military and civilian 
authorities of Erzurum received an order for Mustafa Ke- 
mal’s arrest and transport to Istanbul. Although this order 
went unheeded, Mustafa Kemal resigned his Commission 
in the army, deeming it necessary to have more freedom 
as the leader of the national struggle he had started. Thus 
he entered the congress as a mere delegate and was elected 
its president. At his Suggestion the congress accepted the 
National Covenant, which was in the nature of an oath 
requiring the indivisibility of the fatherland and the suc­
cessful completion of the national movement. In addition, 
a Standing Committee of nine members was elected of 
which Mustafa Kemal was chosen president. On Septem­
ber 4 he opened the National Congress in Sivas, and he 
was again elected president of the congress. The National 
Congress adopted all the decisions taken by the Congress 
of Erzurum and rejected decisively the idea of placing 
Turkey under American mandate. Resisting a motion for 
establishing a new state in Anatolia, Mustafa Kemal pro- 
posed the joining of all local Associations for the Defense 
of Rights into one society to be called the Association for 
the Defense of the Rights of Anatolia and Rumelia. The 
proposal was accepted, and so the prototype of a political 
party was formed. The Ottoman cabinet of Ferid Pa$a 
and succeeding Ottoman governments continued to view 
the national movement as an act of rebellion and Mustafa 
Kemal’s activities as illegitimate.

Role in the founding and reform of modern Turkey. On 
December 27 Mustafa Kemal transferred the seat of the 
national struggle to Ankara, thinking it a more conve- 
nient location for his purposes. In the meantime, at the 
general elections of members for the Ottoman Chamber 
of Deputies in Istanbul, Mustafa Kemal’s supporters won 
an overwhelming majority and succeeded in getting the 
chamber to proclaim as its own decision the principles of 
the National Covenant. They also secured the cancellation 
of the government’s former decree about Mustafa Kemal’s 
dismissal from the army. Alarmed at these indications of 
change in the Ottoman policy, the British occupied Istan­
bul officially on March 16, 1920, and dissolved the Cham­
ber of Deputies. Mustafa Kemal vehemently protested the 
British govemment’s action; but, in fact, the occupation of 
the Ottoman Capital and especially the dissolution of the 
chamber were extremely useful to his aims because they 
removed the legal obstacle that Istanbul presented to his 
plan of forming a national government in Anatolia. So, 
after a new election of deputies, he opened on April 23 in 
Ankara the first Grand National Assembly of Turkey, and 
he was elected its president. At Mustafa Kemal’s proposal, 
a constitutional law was passed changing the name of the 
state to Turkey and stipulating that sovereignty and exec- 
utive powers would be used on its behalf by the Grand 
National Assembly. Accordingly, as president of the as­
sembly Mustafa Kemal took upon himself the offices of 
the prime minister and o f the president of the state. Thus 
ended the Islämic form of government that had existed in 
Turkey since the Middle Ages; and, as in the French Rev­

olution, the Turkish people passed suddenly from rule of 
absolutism and the caliphate to a regime based on national 
sovereignty. This important change caused serious upris- 
ings in some regions, but they were quickly suppressed by 
the national forces.

Mustafa Kemal now busied himself with the work of 
gaining control of such parts of the country as were then 
under occupation. First, in the east, the Armenians and 
the Georgians were defeated, and through the mediation 
of Soviet Russia, a treaty was signed with them that re- 
gained for Turkey even the territories it had lost in 1878. 
After extensive guerrilla warfare, the French in the south 
evacuated Turkish territories and withdrew to Syria and 
recognized the legitimacy of the National Government in 
Ankara. Ignoring Ankara altogether, the British got the 
Ottoman government to sign the Treaty of Sèvres. The 
National Government proclaimed that it did not recognize 
as legitimate a treaty of such terms, whereupon the Greek 
army extended its area of occupation, advancing within 
50 kilometres of Ankara. At this time of great anxiety the 
National Assembly appointed Mustafa Kemal the Com­
mander in chief with extraordinary powers. On August 
26, 1922, after an all-out offensive planned and directed 
personally by the Commander in Chief, the Greek army 
was defeated and forced within two weeks to leave Ana­
tolia completely. Upon this decisive victory and with the 
mediation of the States of the Entente, an armistice was 
signed with the Greeks according to which they evacu­
ated all Turkish territories. The British ceded £anakkale 
and Istanbul to the National Government. Vahideddin, 
the last Ottoman sultan, fled abroad, and upon a motion 
by Mustafa Kemal the National Assembly terminated the 
600 years of Ottoman rule in Turkey. The Treaty of Lau­
sanne, signed on July 24, 1923, established the integrity 
of Turkey’ s national frontiers and its complete indepen­
dence. All privileges granted to the European countries by 
the Ottomans were cancelled. Thus, Mustafa Kemal real- 
ized his dream of founding a completely independent and 
national Turkish state in place of the Ottoman Empire, 
that “sick man of Europe” that had been for a long time 
a subject of strife among the great powers of Europe.

In 1922 Mustafa Kemal married Latife Hamm, the well- 
educated daughter of a wealthy family in Izmir. The mar- 
riage was contracted in the modern manner, not in the 
tradition of Islam. In order to show the Turkish people 
that the place of women in society was by the side of their 
men, he took his wife with him on his trips around the 
country. His marriage did not last long, however. During 
his long years of single life he had developed an indepen­
dent habit of living that he found difficult to give up and 
that his wife could not tolerate.

On one occasion as early as 1917, Mustafa Kemal had 
remarked that, had he the power and the authority, he 
would change social life in Turkey at one blow. This 
opportunity had now presented itself, and he launched 
on a program of reforms. In place of the Association for 
the Defense of the Rights of Anatolia and Rumelia, he 
founded the People’s Party (later renamed the Republican 
People’s Party) and became its leader. With the general 
elections held immediately after the signing of the Treaty 
of Lausanne, this party, as Turkey’s only political party, 
took complete control of the government. On October 
29, 1923, Mustafa Kemal proclaimed the Republic and 
was elected its first president. In 1924 he abolished the 
caliphate. In the meantime, a group of his friends who 
were against his drastic methods of reform and who be­
lieved in more gradual progress over a longer period of 
time founded the Progressive Republican Party. Mustafa 
Kemal continued his reform program: he closed down all 
institutions based on the Muslim cänon law, monasteries, 
and religious orders. “Science is the most reliable guide in 
life,” he remarked, and abolishing the traditional system 
of education, which was mainly religious, he established 
secular schools of the modern type. The whole Ottoman 
legal system was modemized, and a new civil and penal 
code was adopted. His reforms penetrated the daily life of 
every Citizen. The Oriental forms of dress that carried a re­
ligious significance were discarded in favour of European 
dress. Dances, balls, and other forms of entertainment in-
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volving both men and women were encouraged, and the 
enlightened classes adopted the European way of life.

Mustafa Kemal’s reforms did not go unchallenged. In 
Eastern Anatolia a man called §eyh Said stirred up a 
rebellion to restore the Muslim canon law; in Izmir prepa- 
rations for a plot to assassinate Mustafa Kemal were 
reportedly discovered; and there were said also to be some 
local attempts at rebellion against the use of hats. Mustafa 
Kemal punished severely all the leaders of these move- 
ments, closed down the Progressive Republican Party, 
and, reverting to the former authoritarian regime, pursued 
his program of reform. Setting aside all the old laws and 
traditions that held women inferior to men, he established 
complete equality between the sexes, including the right of 
electing and being elected. In 1928 he substituted Roman 
characters for the Arabic that had been used in Turkey 
for centuries. He endeavoured to popularize Western clas- 
sical music and the theatre in Turkey. In 1930 he made 
a second attempt at introducing a multiparty regime by 
allowing the creation of the Free Republican Party; but, 
as this party soon became a centre for antireformist ideas 
and activities, it met the same Tate as the Progressive Re­
publican Party. Mustafa Kemal also launched a large-scale 
program of research in the fields of Turkish language and 
history. By this means he wanted to strengthen in society 
the ties of national feeling in place of the old ties of 
religion. In 1933 a law was passed to make the use of fam­
ily names compulsory, and the National Assembly gave 
Mustafa Kemal the name Atatürk, which soon became so 
populär as to supersede his previous name and titles.

Atatürk’s foreign policy can be summed up by his motto: 
“Peace at home, and peace in the world.” In economy, he 
followed a policy of national economy, nationalizing all 
foreign firms and Companies. On the question of Turkey’s 
industrialization, he placed his hope on private domestic 
Capital for a while, but discovering its insufficiency, he 
decided to encourage etatism (state socialism). In neither 
case, however, did he achieve any important success. If 
one or two items of foreign policy are excepted, there 
was a gradual slowing down in the last five years of Ata­
türk’s life, and his final year passed in serious illness. He 
died on November 10, 1938, in Istanbul, where he had 
gone to rest.

Atatürk made major reforms in Turkey in the field of 
politics, law, and culture that only affected, however, bu- 
reaucrats and a minority of well-to-do people in the cities. 
The poorer part of the population, and especially the 
peasants who still subsisted in an agricultural order of the 
medieval type, continued to live much the same as before. 
Nevertheless, the Western view of life had gained enough 
power among the educated classes to make a return to the 
old way o f life impossible.
BIBLIOGRAPHY. For a complete bibliography, see j.p .d . kin- 
ross, Atatürk: The Rebirth of a Nation (1964); b. lewis, The 
Emergence of Modern Turkey (1961); and unesco , Atatürk 
(Eng. trans. 1963). Additional information may be found in 
the sociETE pouR l’etude  d ’histoire tu rq u e , Histoire de la 
république Turque (1935), which was written under the patron­
age o f  Atatürk.
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Athens

The Capital of the republic of Greece and gener­
ally considered the nursery of Western civilization, 
Athens (Greek Athinai) lies five miles (eight kilome­

tres) from the Bay of Phaleron, an inlet of the Aegean (Ai- 
gaion) Sea where Piraeus (Piraiévs), the port of Athens, is 
situated, in a mountain-girt arid basin divided north-south 
by a line of hills. Greater Athens has an area of 165 square 
miles (427 square kilometres). The Kifisós River, only a 
trickle in summer, flows through the western half; and the 
Ilisós River, often dry, traverses the eastern half. The sur­
rounding mountains—Pärnis, 4,636 feet (1,413 metres);

Pentelicus (Pendéli), 3,631 feet; Hymettos (Imittós), 3,365 
feet; and Aigäleon, 1,535 feet—add to the impression of 
barrenness. Yet such considerations are superficial when 
compared with the fecundity of Athens’ bequests to the 
world, such as its philosophy, its architecture, its literature, 
and its political ideals.

For treatment of the city in its regional setting, see 
g r e e c e ; historical and cultural aspects are treated further 
in the article g r e c o -r o m a n  c i v il iz a t io n : Ancient Greek 
Civilization.
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Physical and human geography
CHARACTER OF THE CITY

Athens, when approached from the Middle East, is the 
first European city, with tall buildings, newspaper kiosks, 
modern shops, and modishly dressed citizens. Approached 
from Europe, it seems, if not exactly the first Oriental city, 
at any rate not quite European, in its ill-fitting, locally 
tailored modernity. The European notes a medley of char- 
acterless concrete and out-of-style dress, with the smell of 
spitted meat and spices in narrow, unpaved streets as clam- 
orous as bazaars and a few streets away from the centre.

Nevertheless, it is wrong to say that Athens is a mixture 
of East and West: it is Greek and, more particularly, 
Athenian. The Athenians, after all, nurtured Western civ­

ilization. Yet, some three centuries after the death of 
Pericles (429 b c ), they entered upon a period of bondage 
that lasted almost 2,000 years. Athens was Treed in 1833, 
and in the following 135 years it was the scene of 14 
revolutions, another brutal foreign occupation, and a civil 
war of especial savagery. This long history of passion 
and suffering has had considerable effect on the Athenian 
character. The core of that character is an implacable will 
to survive, buttressed by a profound sense of loyalty (espe­
cially to the family) and patriotism. The Greek Orthodox 
Church, which is directed by a synod sitting in Athens, 
was a main force in keeping alive the Greek language, 
tradition, and literature when such things were forbidden, 
and most people still support it.
The millennia of oppression, instead of driving the Athe-
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Central Athens and (inset) its metropolitan area.
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nians into obtuse moroseness, have honed their wit and 
rendered them tough but supple, while centuries of pri- 
vation have only preserved their warmth and generosity. 
The long oral tradition, alive even under the invader, has 
reflected and stimulated a taste for rieh talk. Of course, 
the poetic impulse to make a good story better leads to 
considerable exaggeration in daily conversation, suiting a 
vanity that goes with a sharp-edged sense of personal and 
family honour and the spoiling of children. The ancient 
heroes, too, were vain about both themselves and honour, 
boasting as much about outwitting the enemy as about 
outfighting him. Cunning, as in the Odyssey, is still a 
virtue there.

THE LANDSCAPE
Climate. The climate of Athens is benign: frost is rare 

(the minimum temperature is 32° F, or 0° C) and snow 
seldom lies, while the summers, though hot (maximum 
temperature is 99° F, or 37° C), are dry, and a fresh north- 
easterly wind often blows by day. The nights are cool. All 
of this permits outdoor activity the year around and has 
had an important effect on both the style of architecture 
and the life and political institutions of the city.

The city plan. In 1833 there was almost no Athens at 
all. During the fight for independence, it had been entirely 
evacuated in 1827, and six years later held perhaps 4,000 
people in the straggle of little houses on the north slope 
below the Acropolis. The newly imported king of the Hel- 
lenes, Otho, the 18-year-old son of Ludwig I of Bavaria, 
was installed in the only two-story stone house, while his 
German architects hurried ahead with plans for a palace 
and a new Athens far out in the fields.

Below the well-sited but very plain palace, a large gar­
den square, Sintagma (Constitution) Square, was laid out. 
Today it is garnished in the tourist season with some of 
Europe’s most luxurious cafe chairs, and at all seasons it 
is hemmed in by tall new buildings and elderly luxury 
hotels. Broad avenues were created and are still the city 
centre’s principal thoroughfares (Stadiou and Panepisti- 
miou [Elefthérios Venizélou]), between which an orderly 
grid öf narrow side streets was laid out. The housing that 
developed was generally the sort of architecture familiär 
in Victorian London: solid, porched, rather imposing, the 
later imitations graceless and monotonous. In Athens it is 
called the Othonian style, but there is little of it left as the 
centre encroaches on old residential areas.

Growth of Once the new Capital was established, the city grew at a 
the new regulär rate of about 7 percent a year, soon reaching 50,- 
capital 0 0 0  inhabitants, a figure not much exceeded in the days 

of Athens’ greatest power and glory. By 1907 the munic- 
ipality had a population of 167,479. Omónia (Harmony) 
Square had been built at the western end of the two main 
streets, with other broad avenues radiating from it, but it 
did not develop as the hoped-for balance to Sintagma.

By then the railway to Piraeus had been built, its station 
near the antique Agora. Indeed, the city plan projected a 
logical growth southward along this axis, but a real-estate 
developer beckoned northward—the National Archaeolog- 
ical Museum is out this way—and the newly rich followed. 
The palace garden almost touched the Arch of Hadrian 
and the 15 mammoth columns (some of them seven feet 
10 inches in diameter) of the temple of Olympian Zeus, 
last of the Classical buildings built in Athens, and beyond 
lay empty fields. The slopes of Mt. Likavittós, outside the 
town limits, were still pine-clad.

Since then, the garden has become one of the painfully 
rare public parks in Athens. Likavittós now rears up in 
the middle of the city (as if Hyde Park or Central Park 
were a 1 , 1 1 2 -foot mountain), its lower slopes built upon, 
and many o f the trees felled for a road leading to a cog 
railway and restaurant.

Along Panepistimiou Street rose the Academy of Athens, 
in marble from Mt. Pentelicus, its pediments and colon­
nades gilded. Its new neighbours were the University of 
Athens (refounded in 1837), the colonnade adorned with 
paintings, and the National Library. All were done in 
Greek Revival style by the court’s German architects. 
A new Royal Palace (now the Presidential Residence) 
was built during 1891-97, a little southeast of the old

(which is now a Parliament house) on Herodes Atticus 
Street. This leads to the 70,000-seat Panathenaic (Athens)
Stadium, reconstructed by an expatriate Greek million- 
aire in time for the revival of the Olympic Games in
1896.
In 1921 the orderly progress o f Athens was overturned 

and haphazard development began, for ethnic minorities 
were exchanged between Greece and Turkey, and approx­
imately 1,500,000 Greeks, most of them penniless, came 
home from Asia Minor. Despite government efforts to 
resettle them elsewhere, many swarmed into shantytowns 
around the fringes of Athens and Piraeus, and the area’s 
population soared from 473,000 to 718,000. After that, 
the city began to spread in two directions, south toward 
Piraeus and north toward the village of Kifisiä, which first 
became a smart suburb when Herodes Atticus built his 
villa there in the Ist Century b c .

In the 1940s hideous things happened in Athens. During 
the German occupation many people died from starvation, 
and the city began to fall apart from lack of maintenance.
When the Germans left, part o f the Allied-equipped re- 
sistance refused to lay down its arms, and the civil war 
began. For a while the government held only the Par­
liament building, neighbouring embassies, and a part of 
Sintagma Square, while the palace garden was used as a 
common grave.

Housing. A construction boom began in the 1950s.
New apartment houses pushing up everywhere erased old 
social boundaries (though the Kolonäki district on the 
southeast slope of Likavittós remained an enclave o f re- 
spectable fortunes), and villages that had been attached 
to the city in the previous expansion lost their physical 
and political identities. A network of major highways was 
thrown up. The west side of the historie olive grove by 
the Kifisós River was shorn, and hillside greenery began 
to disappear under housing, either unauthorized or made 
legal through political skulduggery. Open space vanished, 
without Provision for parks, playgrounds, or even schools, 
and Athens spread down to the sea by Glifadha, joining 
up with Piraeus. Piraeus itself was transformed from one 
of the world’s celebrated honky-tonk ports into a clean, 
newly built, flower-decorated city.

The Athens master plan was enlarged several times to Enlarge- 
keep pace with spread, which by 1964 had already at- ment of 
tained 75 square miles, with a built-up area of 17 square the city’s 
miles outside the plan altogether. Land values in the cen- master 
tre quadrupled, then octupled, and rose proportionately plan 
elsewhere. Traffic increased almost to the Saturation point 
at rush hours, and the city continued to sprawl beyond 
its planned limits. As international tourism increased,
Ellinikón Airport, south of the city, was expanded and 
modernized.
The city water supply from an artificial lake at Marathon 

was insufficiënt to supply the new building construction, 
and the Mórnos River 110 miles to the northwest was 
dammed and tapped. Installation of a modern sewer Sys­
tem was undertaken, together with Controls to check the 
floods that roar into Athens when heavy rains pour off 
the denuded mountains.

Traditional features. The older Athens has not entirely Old Athens 
disappeared in all this hubbub. Older men may have 
given up smoking hookahs in shadowy cafes but not their 
33-bead kombouloi (“worry beads”), which were acquired 
from the Turks.

Old Athens occupies the six streets sidling off Monasti- 
räki Square, by the excavated Agora. In this area are tiny 
open-fronted shops hung with tinselled folk costumes and 
all of the monuments of Athens reproduced in copper, 
piaster, plastic, and paint. There is an alley of antique 
dealers, a Street of smithies, one of hardware merchants, 
and another of wildly assorted miscellany.

Close to this lively quarter is the Pläka, on the north slope 
of the Acropolis. Small, one-story houses, dating from 
about the time o f independence, are clustered together up 
the hillside in peasant simplicity. There are appropriately 
tiny squares with tavernas, once celebrated for their folk 
music, dancing, and simple fare. There are vine-covered 
pergolas and some unpaved streets too narrow for cars.
The baths built by the Turks still function morning and
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afternoon, but the bouzouki, a local relative of the lute, 
is giving way to the electric guitär. The taverna signs are 
multilingual, and the ubiquitous kitchen chair is being re- 
placed by the plastic-ribbed restaurant seat. Progress laps 
at the Pläka like a vengeful sea, but the Acropolis is just 
up above, just under the stars.

The Acropolis. Many of Athens’ bequests (all, if the 
theatre of Herodes Atticus may be regarded as an embodi- 
ment of the city’s literature) to the world are expressed in 
and around the Acropolis, the natural centre of Athens. 
Rising some 500 feet above sea level, with springs near the 
base and a single approach, the Acropolis was an obvious 
choice of citadel and sanctuary from earliest times. That it 

The could be something more is evidenced in the Parthenon,
Parthenon one of the brightest jeweis in mankind’s, let alone Athens’, 

treasury. As deceptively simple as Socrates’ conversation, 
this columned, oblong temple is the expression—without 
a tracé of strain or conflict—of a human ideal of clarity 
and unity. The architectural genius is concentrated in the 
exterior, for within was a shelter for the goddess Athena-— 
the patroness who lent her name to the city—not a place 
for mass worship. Its spiritual quality, the Sensation of 
being almost afloat, is enhanced by the lack o f a sin­
gle, straight, vertical line in the peristyle (the surrounding 
colonnade); each vertical is almost imperceptibly bowed, 
theoretically meeting some 11,500 feet in the sky. The 
columns, of diminishing thickness toward the centre of 
the colonnade, with diminishing space between them, lean 
toward the centre, too; all these differences are virtually 
invisible to the beholder. Even the 20 flutings of each 
column diminish in width as they rise, and the humblest 
details of craftsmanship are perfect.

On the northeast corner of the interior are faint tracés of 
Christian wall paintings dating from the temple’s service 
as the Church of St. Mary, and in the southeast corner of 
the porch is the stair leading to the minaret that emefged 
through the roof when the building was a Turkish mosque. 
The Parthenon was also used as a powder magazine, 
when, on September 26, 1687, Venetian artillery, attack- 
ing the Turks from the Hill of the Muses, scored a direct 
hit. A member of the party with the field commander, 
General Königsmark, wrote, “How it dismayed His Ex- 
cellency to destroy the beautiful temple which had existed 
three thousand years!” Conversely, Francesco Morosini, 
the commander in chief, when reporting to the Venetian 
government, called it “a fortunate shot.” Wishing to bring 
home more than just good news, he also tried to lower 
Athena’s horses in the centre of the west pediment, but 
his men’s dexterity was not as highly developed as their 
marksmanship and the masterpieces smashed to bits on 
the rock below.

The Turks regained possession of the Acropolis the fol­
lowing year and later began selling souvenirs to Euro­
peans. The Duc de Choiseul, formerly French ambassador 
in Constantinople, picked up a piece of the Trieze and 

Lord Eigin two metopes. In 1801 the British ambassador, Lord Eigin, 
arrived with an imperial decree permitting him to pull 
down Turkish houses on the Acropolis to seek fragments 
of sculpture. Among the 50 pieces he took home (the
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shipping charges were £75,000, a huge sum for those days) 
was most of the remaining Parthenon sculpture, which he 
later sold to the British Museum for £35,000. The Greeks 
have forgiven the clumsiness of the Venetian engineers, the 
accuracy of Venetian cannoneers, and the vandalism of 
the Turks, but they still nurture rancour against Eigin. He 
also removed one of the caryatids from the Erechtheum, 
a temple of Athena called after a shrine dedicated to the 
legendary king Erechtheus or to Poseidon Erechtheus, but 
replaced her with a piaster cast. From London he sent a 
town clock for Athens, duly erected in the Agora and lost 
in the fire of 1885.

The Erechtheum (5th Century b c ), which later became a 
church under the Byzantines and subsequently the Turk­
ish commander’s harem, was originally dedicated to both 
Athena and Poseidon and was the most venerated of the 
Acropolis temples.

The Propylaea, the matchless entryway into the Acropo­
lis, was the only opening in the surrounding wall. Just in 
front of it and to the left is the 27-foot-high pedestal for 
the thank offering to Agrippa, the victor of the Battle of 
Actium, who interceded for Athens, which had supported 
the loser, Mark Antony. To the right was the temple of 
Athena Nike (Giver of Victory), 27 feet long and I8 V2 feet 
wide, which stood untouched until the Turks demolished 
it in 1686 to use the stones as defenses against the Vene- 
tians. In 1836 it was badly restored, and 100 years later 
its foundations began to slip into previously undiscovered 
Turkish cisterns, revealing the 6 th-century foundations of 
Peisistratus’ earlier shrine to Artemis Epipyrgidea (Arte­
mis on the Tower). The temple was then more accurately 
reconstructed. The northern wing of the Propylaea, the 
Pinakotheke, was used by the Frankish dukes, who recon­
structed the interior to make a two-story building. In the 
12th Century, Greek Orthodox bishops lived in the Pina­
kotheke, and in the 14th Century, the dynasty of Athenian 
dukes from Florence turned the Propylaea into a fortified 
castle with a Tuscan tower, which Heinrich Schliemann, 
the German excavator who discovered Troy, paid to have 
dismantled in 1875.

When the Turks, who had occupied Athens since 1456, 
departed, they left the monuments in a state of ruin, the 
ground covered with garden plots, and several hundred 
small huts. After Greece won its independence, Otho, the 
first king of the Hellenes, had everything that postdated 
the classical period swept away, set scholars to work iden- 
tifying the remains, and encouraged some reconstruction.

According to Pausanias, the Greek traveller and geog- 
rapher of the 2nd Century a d , the colossal 30-foot-high 
bronze seated statue of Athena Promachos (Athena Who 
Fights in the Foremost Ranks), by the 5th-century bc  
Athenian sculptor Phidias, was set up in the open behind 
the Propylaea, her gleaming helmet and spear visible to 
marmers off Cape Sunium (Soünioh) 30 miles away. The 
6  th-century Byzantine emperor Justinian carried the statue 
off to Constantinople (now Istanbul), just as Phidias’ 
ivory and gold statue of Athena had been taken from the 
Parthenon. Both of these masterpieces were lost to other 
looters in the crusaders’ sack of Constantinople in 1204. 
Other statues stood in profusion amid small temples, such 
as the sculptor Myron’s group of Marsyas and Athena, his 
Perseus, and his heifer; Phidias’ Lemnian Athena and his 
Pericles; and a gigantic bronze effigy of the Trojan horse. 
There was an altar to Athena Hygeia (the Health Giver), a 
precinct sacred to the goddess Artemis Brauronia (named 
after a statue of her, brought from the town of Brauron), 
the Pandroseum (a building named after Pandrosos, a girl 
associated with Athena in legend), where the sacred olive 
tree of Athena grew, and beyond the Parthenon the great 
altar of Athena.

Other notable buildings. Below the Acropolis sanctu­
ary, on the Southwest slope of the hill, Herodes Atticus, 
a rieh Roman, built a 5,000-seat odeum as a memorial 
to his wife in a d  161. A conventional Roman theatre, 
except that the semicircular auditorium was hollowed out 
of the rock, it was roofed in cedar and had a three-story 
facade of arches. Repaired but roofless, it is now used for 
the Athens summer festival of music and drama. A 300- 
yard-long portico Stretching toward the Theatre of Diony-
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sus had been built some 300 years earlier. The Dionysiac 
theatre itself, scooped out of the south slope early in the 
5th Century, replaced the Agora stage as the drama centre. 
It also replaced the Pnyx as the meeting place for the 
populär assembly. Rebuilt many times, the ruined theatre 
now visible is largely Roman, the last construction work 
on the stage probably dating from the early 3rd Century 
a d . The Dionysia, the spring festival, which drew crowds 
from many parts of Greece and colonies in Asia Minor 
and Italy, was held in this theatre, which had 13,000 seats 
in 67 rows. The jury had larger front seats and the ec- 
clesiastical dignitaries small stone thrones, on which their 
titles can still be read. Three tragic and four comic plays 
were presented in competition for the prize. Production 
costs were met by private sponsors who, when their cho- 
ruses won the prize tripod, displayed it in an elaborate 
memorial in the Street o f Tripods to the east of the the­
atre. The only one of these monuments still standing is 
that o f Lysicrates, erected 334 b c , a small circular temple 
2 1 V2 feet high, its six columns an early example of the 
Corinthian order. The monument was preserved through 
incorporation into a convent (in which the English poet 
Lord Byron had a study) and influenced British Georgian 
and Regency architecture through the engravings of the 
Edinburgh artist “Athenian” Stuart. Farther east lay the 
Odeum of Pericles, and to the west are tracés (420 b c ) of 
the precinct of Asclepius, the god of healing, which took 
the form of a hospital portico for patients and temples 
decorated with votive reliefs.

On the Hill of Ares, the god of war, to the right of 
the descent from the Propylaea, a legendary jury of gods 
spared Ares from execution for the murder of the sea god 
Poseidon’s son. Trials for homicide continued to be heard 
on this hill through the ages, and the Supreme Court of 
Greece still bears the name.

Across Apostólou Pävlou (Apostle Paul Avenue) are the 
Hill of the Nymphs, where an Austro-Greek, Baron Sina, 
built an observatory in 1842; the Hill of the Muses, 
crowned with the remains of the marble monument to 
Philopappus, a Syrian who was Roman consul in the 
2nd Century a d ; and the middle hill, the Pnyx (Tightly 
Crowded Together), the meeting place of the Ecclesia, the 
assembly of 18,000 citizens who heard the great Athenian 
orators. (In fact, attendance of more than 5,000 persons 
was rare at any gathering, but the Pnyx would still have 
been crowded.)

The Agora. The avenue leads down to the Agora, which 
the American School of Classical Studies started restoring 
in 1931, paying $2,500,000 compensation to the several 
hundred families living there. Financed by, among others, 
the Rockefeller Foundation, the Marshall Plan, and the 
Greek government, the work went on until 1960. It in­
cludes what has been called “the pitiless replica of a 180- 
columned portico of the 2nd Century b c ,” which serves 
as a museum.

At the approaches to the Agora is the best preserved of all 
Greek temples, the Theseum (5th Century b c ). Although 
virtually intact and absolutely genuine, it has all the dead- 
ness of a latter-day reproduction. The beauty, the mystery, 
and the genius that render the Parthenon incandescent 
eluded the architects and builders of the Theseum.

The Horologium and the Orthodox cathedrals. An­
other monument is the octagonal, 42-foot-high marble 
Horologium of Andronicus of Cyrrhus, usually called the 
Tower of the Winds because each side bears a weather- 
beaten figure of the wind from that particular compass 
point. It used to have a sundial, a water clock for telling 
the hour on cloudy days, and a weather vane. The Turks 
left it unchanged, believing it to be the tomb of two local 
prophets, Sakhratis and Aflatun (Socrates and Plato).

In the shadow of the 19th-century, neo-Byzantine Greek 
Orthodox Cathedral (Mitropolis) nestles the 12th-century 
Mitrópolis, Äyios Elefthérios, one of three genuine Byzan- 
tine churches still surviving. It is red brick, like the others, 
and tiny. Its Pentelic marble is ruddied with age, and its 
outer walls are artfully, if  promiscuously, decorated with 
classical Greek tidbits: panels, votive tablets, and morseis 
of frieze. Like its sisters, this retired cathedral is charming, 
unassuming, and comforting.

THE PEOPLE

The population of Greater Athens increased considerably 
after the war of independence in the early 1830s. The 
rapid growth was largely due to the great influx of refugees 
from Asia Minor in the early 1920s and the migration of 
rural inhabitants from the provinces during World War 
II and the Communist rebellion (1946-49). By the 1960s 
Athens had become a bustling cosmopolitan city. Almost 
all Greeks adhere to the Greek Orthodox faith.

THE ECONOMY

Industry and trade. Since World War I Athens has 
become the hub of all mercantile business, export and 
import. With Piraeus, it is the most important manu- 
facturing city in Greece. Athens accounts for half of the 
jobs in industry and handicrafts, and earnings are much 
higher than the national average. There are cloth and cot- 
ton mills, distilleries, breweries, potteries, flour mills, soap 
factories, tanneries, Chemical works, and carpet factories. 
Exports include olive oil, tomato products, wine, cement, 
bauxite, and textile manufactures. Publishing enterprises 
are important.

The brilliant Attic light, however, is now dimmed by the 
pall of pollution hovering over the city. To discourage new 
factories from adding to the problem and to stimulate the 
economic growth of other regions, an industrial wage tax 
has been imposed in the Athens area, and tax incentives 
have been offered to new factories set up in other areas.

Transportation and shipping. Athens accounts for more 
than half o f the nation’s cars, trucks, and buses. Further- 
more, the number of merchant ships registered in Greece 
(mostly at Piraeus, the country’s largest port) has increased 
as Greek shipowners, since the late 1960s, have answered 
the government’s call to bring their foreign-registered ships 
home (though many Greek ships remain under other 
flags). Scores of shipping offices have opened in refur- 
bished Piraeus, while on weekends shipping magnates sail 
to the nearby islands of Hydra and Spetse in chrome-fitted 
luxury yachts, flying Panamanian and Liberian flags.

The metropolitan transit system includes an electrified 
rail line, buses, and trolleys. The electric railway, which 
connects Piraeus in the south with the suburb of Kifisiä 
in the north, runs underground within Athens proper. 
Larissa, the main railway station, links the city with the 
rest of the country and the continent. (B.E./Ed.)

History
THE EARLY PERIOD

Factors inducing settlement. The site of Athens has 
been inhabited since the Neolithic Period (before 3000 
b c ). Evidence for this has come from pottery finds on 
and around the Acropolis but particularly from a group 
of about 2 0  shallow wells, or pits, on the northwest slope 
of the Acropolis, just below the Klepsydra spring. These 
wells contained burnished pots of excellent quality, which 
show that even at this remote period Athens had a set­
tled population, with high technical and artistic Standards. 
There are similar indications of occupation in the Early 
and Middle Bronze ages (3000-1500 b c ).

The earliest buildings date from the Late Bronze Age, 
particularly about 1200 bc  when the Acropolis was the 
citadel. Around its top was built a massive wall of cyclo- 
pean masonry (a type of construction using huge blocks 
without mortar). The construction of this wall probably 
marks the union of the 12 tówns of Attica (the department 
in which Athens lies) under the leadership of Athens, an 
event traditionally ascribed to Theseus. The palace of the 
king was in the area of the later Erechtheum, but almost 
no tracés of it have been identified. The town, insofar 
as it was outside the Acropolis, lay to the south, where 
wells and slight remains of houses have been found. The 
principal cemetery lay to the northwest, and several richly 
furnished chamber tombs and many smaller ones have 
been discovered in the area that later became the Agora.

Whether through the strength of its walls, the valour of 
its citizens, or its geographical position away from the 
main route to the Peloponnesus, Athens seems to have 
weathered the Late Bronze and Early Iron ages, troubled
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times, better than other, more important centres. There 
is no evidence of complete or widespread destruction, as 
at Mycenae and Pylos; in fact, the pottery styles show 
an unbroken development through sub-Mycenaean (later 
than the Mycenaean but not yet Greek) to Protogeometric 
(the earliest phase of Geometrie) and Geometrie Period 
(1000 bc  to about 750 b c ). Furthermore, there is posi­
tive evidence that from about 1 0 0 0  b c  the city began to 
expand in a northwesterly direction, into the area that 
had previously been confined to cemeteries. Wells appear, 
indicating occupation by the living, and any graves in the 
area are increasingly confined to restricted plots or placed 
along the roads outside the town limits. The Agora and 
some of the public buildings seem, to judge from scattered 
notices in later writers, to have been located west and 
northwest of the Acropolis. Though there are few remains 
of buildings, the wealth and prosperity of the city can be 
appreciated from late Geometrie graves found in the area 
of the later Dipylon and Erian gates. These graves were 
adorned with large vases, sometimes more than five feet 
high, decorated with geometrie patterns and with scenes 
of battles, processions, and funeral ceremonies.

Athens’ expansion. The 6 th Century b c  was a period 
of phenomenal growth, particularly during the tyranny of 
Peisistratus and his sons (c. 560-510 b c ). On the Acropolis, 
the old primitive shrines began to be replaced with large 
stone temples. About 580 bc  a temple to Athena, known 
as the Hecatompedon (Hundred-Footer), was erected on 
the site later to be occupied by the Parthenon. The pedi- 
ments (triangulär spaces forming the gable) of this temple 
were decorated with large-scale sculpture in gaily coloured, 
porous limestone, representing groups of lions bringing 
down bulls, and with snaky-tailed monsters in the angles. 
These sculptures are now displayed in the Acropolis Mu­
seum. In 566 bc  Peisistratus reorganized the Panatheriaic 
Games in honour of Athena on a four yearly basis. About 
530 bc  a large peripteral temple (One having a row of 
columns on all sides) to Athena Polias (Guardian of the 
City) was erected near the centre of the Acropolis, on the 
site of the old Bronze Age palace. It had marble pedimen- 
tal sculpture representing the battle of the gods and giants. 
Besides these two major temples there were five smaller 
buildings, treasuries and the like, and a wealth of votive 
offerings in marble, bronze, and terra-cotta. The Acropolis 
thus became a full-fledged sanctuary.

This change from citadel to sanctuary is also reflected 
in the arrangement of the entrance at the west. Instead 
of a winding path suitable for defense, there was, from 
about the middle of the 6th Century b c , a broad ramp,

designed as a ceremonial approach, leading up to the gate.
This basic change o f attitude toward the Acropolis must 
mean that the whole lower town was surrounded by a 
fortification wall and the Acropolis was no longer needed 
for defense. The ancient historians Herodotus and Thucy- 
dides teil of such a wall, but no tracé o f it has been found, 
and its course and date are uncertain.

In the lower town, too, the 6 th Century was a period Building 
of growth and change. The old Agora, below the western of the new 
approach to the Acropolis, was now inadequate, and a Agora 
new one was therefore laid out in the low ground to the 
northwest. This was accomplished by demolishing houses 
and filling in wells and gullies, to create a broad* open 
square, which was used for gatherings of all sorts: politi­
cal, judicial, religious, and commercial. Dramatic contests 
were held there, too, before the construction of a separate 
theatre. Various public buildings and shrines were erected 
around the borders of the square, including the Basileios 
(Royal) Stoa, where the archon Basileus, one of the chief 
magistrates of the city, had his headquarters; the Old 
Bouleuterion (or Council House); and a large enclosure 
(100 square feet) that probably housed the Heliaia, the 
largest of the populär lawcourts. At the southeast corner of 
the square a fountain house received water from outside 
the city through a conduit of terra-cotta pipes.
In 480 bc  this flourishing city was captured and destroyed 

by the Persians. The Acropolis buildings were burned and 
the houses in the lower town mostly destroyed, except for 
a few that had been spared to house the Persian leaders.

Athens at its zenith. When the Athenians returned, in 
479 b c , they immediately rebuilt their fortification wall 
larger than before. About 20 years later the famous Löng 
Walls were built, connecting the city with its port, Pi­
raeus, four miles away. They were parallel over most of 
their course, forming a corridor 550 feet wide. These walls 
played a vital part in the history of Athens during the 
Classical period, for they allowed it to carry the supplies 
brought in by its powerful fleet in safety to the city, even 
when enemy forces roamed the Atfic countryside.

For 30 years after the Persian destruction, the Athenians 
built only fortifications and some secular buildings in the 
Agora, notably the Stoa Poikile, or Painted Colonnade, 
with its famous paintings by Polygnotus and Micon, one 
of which represented the Battle of Marathon. The Tholos, 
the round building that served as the headquarters of the 
executive committee of the council, was also built at this 
time. Lack of attention to the Acropolis was partly the 
result of the oath, sworn before the Battle of Plataea in 
479 b c , that sanctuaries destroyed by the barbarians would
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not be rebuilt but left as memorials of their impiety. In 
449 b c , however, peace with Persia was at last officially 
established, and the oath was annulled. Athens, moreover, 
had ample funds, for the silver mines in the Laurium 
(Lavrion) Hills of southem Attica were in full production. 
These mines had always been exploited, but in 483 bc  a 
big strike was made, the proceeds of which were used to 
build the ships that won the Battle of Salamis in 480 b c . 
Thereafter, the mines remained productive throughout the 
5th and 4th centuries, providing Athens with the sinews 
of its strength in the great Classical age. Another source 
of revenue was the tribute that the allies had been paying, 
as members of the Delian League, to prosecute the war 
against Persia. Athens had been collecting and adminis- 
tering this money and, eyen though the war was officially 
over, continued to collect it in spite of the protests of the 
allies, who degenerated into subjects of Athens. Pericles 
deemed it proper, over the protests of his opponents, to 
use this money on beautifying the city; in this way he 
could keep the money in circulation and provide jobs for 
the whole population. Thus began one of the largest and 
most enduring works programs in history.
In a period o f 40 years the Acropolis was entirely rebuilt 

in gleaming white marble quarried from Mt. Pentelicus, 
10 miles north of the city. The first great work was the 
Parthenon, begun in 447 b c  and finished, except for some 
details, in 438 b c . The architects were Ictinus and Cal- 
licrates, and Phidias was in charge of the whole artistic 
program. The building was considerably larger than was 
usual, having eight columns across the ends and 17 on the 
long sides, against six by 13 for the average temple. It was 
richly decorated with sculpture, having a running frieze all 
around the top of the cella (the walled-in chamber within 
the colonnade) wall outside, and sculptured metopes and 
sculptured pediments. Inside the cella stood the cult statue, 
the great gold and ivory figure of Athena, the work of 
Phidias. No sooner was the main work on the Parthenon 
completed than the Propylaea was begun. This was the 
monumental gateway with five doors at the head of the 
approach, designed by the architect Mnesicles. Its large 
outer vestibule was covered by a marble ceiling, supported 
by marble beams with a free span of 18 feet, about which 
Pausanias wrote, “The Propylaea has a ceiling of white 
marble which in the beauty and size of the stones remains 
supreme even to my time.” Work on the Propylaea was 
nearly finished when it was stopped by the outbreak of 
the Peloponnesian War in 432 b c , but, as things began to 
go well for Athens, the little temple of Athena Nike was 
erected on the bastion in front of the Propylaea, perhaps 
in 425 b c . Around the time of the Peace of Nicias (421 bc) 
the Erechtheum was begun. This was a small Ionic temple 
of highly irregulär plan, which housed various early cults 
and sacred tokens. When the building was about half-fin- 
ished, work was suddenly interrupted, probably because 
of the disastrous Athenian expedition to Sicily (415-413 
b c ), but it was resumed in 409, and the building was com­
pleted in 406. The final defeat of Athens two years later 
put an end to all building, but the Acropolis had been 
completed, and in later centuries only secondary buildings 
and monuments were added.

In the second half of the 5th Century there was also 
some building activity in the lower town. Even before the 
Parthenon, work was begun on the temple of Hephaestus 
(the god of fire), the Theseum, which still stands on a low 
hill. In the Agora itself, a new Bouleuterion was built, and 
two colonnades, the Stoa of Zeus and the South Stoa, were 
constructed. On the south slope of the Acropolis, next 
to the theatre, Pericles built an odeum, a large enclosed 
concert hall, its roof supported by a forest of columns. 
Of the theatre itself there are no identifiable remains, but 
the arrangements were no doubt quite simple, and it is 
known that a theatre existed on this spot from the late 
6 th Century bc  because of the old temple of Dionysus (the 
god of wine) nearby, which dates from the same period. A 
sanctuary of Asclepius was founded on the south slope of 
the Acropolis in 420 b c .

Athens was slow in recovering from its defeat in the Pelo­
ponnesian War, but in 394 bc  its admiral, Conon, won 
a decisive naval victory over Sparta off Cnidus, on the

west coast of Asia Minor. As a result he rebuilt the Long 
Walls, which the Spartans had demolished to the music 
of flutes 1 0  years before, believing they were inaugurating 
the freedom of Greece. The walls of Piraeus were also 
rebuilt, and those of the city were repeatedly strengthened 
in the course of the 4th Century, notably by the addition 
of a ditch, or moat, as protection against siege machinery.

Apart from military works, there was little building in 
4th-century Athens until the years 338-322 b c , when the 
orator Lycurgus was in control of the state finances and 
there was great activity. On the Pnyx, the broad-backed 
hill west o f the Acropolis where the Athenian populär as­
sembly had met since the reforms o f Cleisthenes in the 6 th 
Century, a large auditorium was constructed. At the same 
time, two large stoas were started on the terrace above. The 
Theatre of Dionysus was rebuilt and greatly enlarged, with 
stone seats to accommodate the crowds. (Lycurgus did 
another service to the theatre by having definitive copies 
made o f the old plays.) The Panathenaic stadium was also 
built about then, partly with state funds and partly by 
private contributions; the land was donated by a certain 
Deinias, and one Eudemus of Plataea provided 1,000 yoke 
of draft animals to level the ground. The period was one 
of lavish private expenditure in other fields as well. The 
tripods won in choral contests were displayed on elaborate 
monuments, sometimes even resembling small temples; 
the best preserved of these is that of Lysicrates (334 bc), a 
small round building with six Corinthian columns. Tombs 
also became increasingly elaborate, often portraying the 
whole family in high relief. In 315 bc  a stop was put to 
all this extravagance by the sumptuary laws of Demetrius 
ofPhalerum.

Meanwhile, the philosophy schools flourished. Plato (c. 
428-348/347 b c ) established himself in the Academy, a 
gymnasium that had existed since at least the 6 th Century 
b c  in the great olive grove about a mile west of the city. 
Plato himself had a house and garden nearby. Aristotle 
and his Peripatetics occupied the Lyceum, another gym­
nasium, just outside the city to the east, and his successor 
Theophrastus lived nearby. Antisthenes and the Cynics 
used the Cynosarges gymnasium to the southeast of the 
city. Zeno held forth in the heart of the city, in the Stoa 
Poikile, in the Agora, and his followers were therefore 
known as Stoics. Epicurus and his followers had a house 
and garden in town.

Apart from its temples and public buildings and its great 
avenues, however, Athens seems to have made a poor 
impression. A 3rd-century-BC visitor complained that the 
city was dry and ill-supplied with water, that it was badly 
laid out because of its great antiquity, and that most of 
the houses were mean. The streets were in fact narrow and 
winding, and the houses, it is true, presented a blank wall 
to the Street except for the entrance door, but then they 
were built around a central courtyard, off which the var­
ious rooms opened. There was often an upper story, and 
the court had a well. Water brought in by the aqueducts 
was not considered good because it was hard (containing 
salts o f magnesium or calcium) and caused rheumatism. 
Waste water was carried off in an elaborate System of 
underground drains beneath the streets.

Hellenistic and Roman times. Athens in Hellenistic and 
Roman times depended for its embellishment less on its 
own resources than on the generosity of foreign princes. 
One o f the Ptolemies (miers of Egypt) gave a gymnasium, 
erected near the sanctuary of Theseus, and the Ptolemies 
were probably also instrumental in the founding of the 
sanctuary of the Egyptian gods Isis and Sarapis. More im­
portant were the donations of the Attalids of Pergamum 
(a dynasty of Asia Minor); Eumenes II (197-159 b c ) gave 
a large, two-story colonnade on the south slope of the 
Acropolis near the theatre. His brother Attalus II (159— 
138 b c ), who had studied at Athens under the philosopher 
Carneades, head of the New Academy, likewise gave a 
colonnade. This was a large, elaborate, two-story building 
more than 350 feet long with a row of shops at the rear. It 
was located on the eastern side of the Agora and has been 
reconstructed in modern times (1953-56) to serve as the 
museum of the Agora excavations. The Stoa of Attalus 
was the first element in a large-scale reconstruction of the
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Agora. It was followed in quick succession by three build­
ings, the Middle Stoa, the East Building, and the South 
Stoa, which together formed a separate South Square.

The capture of Athens by the Roman general Sulla in 8 6  

bc  was accompanied by great slaughter and much destruc­
tion of private houses, but the only public building to be 
destroyed was the Odeum of Pericles, burned by the de- 
fenders lest its timbers be used by the enemy. The odeum 
was rebuilt a few years later, through the generosity of 
King Ariobarzanes of Cappadocia.

Under the Roman Empire, Athens enjoyed imperial 
favour. A spacious market for the sale of oil and other 
Commodities was laid out east of the old Agora with funds 
originally provided by Julius Caesar and supplemented 
by the emperor Augustus. In the old Agora itself, a new 
odeum, or concert hall, was built in the middle of the 
square by Marcus Agrippa, the emperor’sson-in-law and 
one of his chief lieutenants. A large building, perhaps a 
lawcourt, was also erected at the northeast corner. At the 
southeast corner of the Agora a handsome library was 
erected about a d  100, the gift of one T. Flavius Pantainus 
and his family. It was decorated with a group of marble 
sculpture representing Homer flanked by the Iliad and 
the Odyssey. On the Acropolis a small round temple was 
erected to the goddess Roma and the emperor Augustus.

The emperor Hadrian (a d  117-138) completed the great 
temple of Olympian Zeus, started more than 600 years 
earlier by the Peisistratids. This temple formed the chief or­
nament of the new eastern suburb of Athens, and Hadrian 
gave the area a monumental entrance through a gateway, 
the inscriptions on which proclaimed, on one side, “This 
is the Athens of Theseus, the old city,” and, on the other, 
“This is the city of Hadrian, not o f Theseus.” Hadrian also 
built a library, a gymnasium, and a pantheon (a sanctuary 
of all the gods). His aqueduct, which brought water from 
the mountains to the north, has been reconditioned and 
still serves the modern city.

In the reign of Valerian (a d  253-260), the walls of 
Athens, which had been neglected since Sulla’s capture of 
the city in 86  b c  and had fallen into min, were rebuilt, 
and the circuit was extended to include the new suburb 
northeast of the Olympieion. This was done because of 
the threat of a barbarian invasion, but when that invasion 
came, in a d  267, the walls were of no avail. The Heruli, 
a Germanic people from northern Europe, easily captured 
Athens, and though the historian P. Herennius Dexippus 
rallied 2 , 0 0 0  men on the city outskirts, they could only 
resort to guerrilla tactics. The lower town was sacked, and 
all the buildings of the Agora were burned and destroyed. 
The Acropolis, however, may have held out; at least there 
is no evidence of extensive damage at this time.

This sack of Athens is comparable only to that by the 
Persians in 480 b c , but now the reaction was quite dif­
ferent. The Athenians abandoned the outer circuit and 
established a new and much smaller line north of the 
Acropolis, leaving even the Agora area outside the walls. 
This new wall, which, on the evidence of coins, was built 
in the reign of Probus (276-282), consisted of material 
taken from ruined buildings in the lower town.

Athens remained confined within this narrow circuit for 
several generations, but in the 4th and 5th centuries it ex­
perienced a revival. The old outer circuit of the walls was 
restored, and many new buildings were erected. Athens at 
this time was still the cultural Capital o f the Greek world 
and a stronghold of paganism. lts schools of philosophy, 
which retained their ancient names, however different 
their outlooks may have been, flourished, attracting stu- 
dents from all parts. These included the emperor Julian 
the Apostate and two Fathers o f the Church, Basil and 
Gregory of Nazianzus. While the schools existed, Athens 
remained a place of consequence, but when they were 
closed by the emperor Justinian in a d  529, Athens sank 
to the level of a small provincial town. Power and wealth 
had long since moved to Constantinople, the new centre 
of the Greek world.

THE BYZANTINE AND TURKISH PERIODS

Christianity started early in Athens, with the visit of the 
Apostle Paul in a d  51 and the conversion of Dionysius

the Areopagite, a former archon and member of the Court 
of the Areopagus that had heard Paul’s defense of his 
teachings. The little Christian community did not flourish, 
however, and Athens remained a stronghold of older ways. 
In the 5th and 6 th centuries, however, after the formal 
establishment of Christianity and the abolition of pagan 
worship, churches began to be built. These were some­
times ancient temples converted to Christian worship; for 
example, the Parthenon, the Erechtheum, and the temple 
of Hephaestus (the Theseum). Newly built churches had 
a basilica plan and a wooden roof, but these now survive 
only in foundations. In all, some 22 churches of this pe­
riod are known.
The 7th to lOth centuries were dark times for Athens. 

The city is almost never mentioned in the history of the 
period, and archaeological remains are few. In the 1 lth 
and 1 2 th centuries a measure of prosperity returned, and 
the taste o f Athenians then can be gauged by the number 
of small stone and brick churches surviving, built on the 
Byzantine cross-in-square plan, such as the Kapnikaréa, 
and those of St. Theodore and the Holy Apostles.

Athens feil to the crusaders in 1204, remaining in Latin 
hands for 250 years. The town’s outward appearance 
changed little, except that the Parthenon, now a Roman 
Catholic not an Orthodox cathedral, received a bell tower. 

When the Turks captured Athens in 1456, the Parthenon 
became a mosque, and its bell tower was turned into a 
minaret. Other mosques were built in the lower town, but 
in general the age of gunpowder was to prove disastrous for 
Athenian architecture, especially on the Acropolis, which 
was still virtually intact as late as the mid-17th Century.

ATHENS AFTER GREEK INDEPENDENCE

Greek insurgents surprised the city in 1821 and captured 
the Acropolis in 1822; but in 1826 Athens again feil into 
the hands of the Turks, who bombarded and took the 
Acropolis in the following year (the Erechtheum suffered 
greatly, and the monument of Thrasyllus was destroyed). 
The Turks remained in possession of the Acropolis un­
til 1833, when Athens was chosen as the capita! of the 
new kingdom of Greece. Its subsequent history is that of 
the kingdom.

In World War I Athens was the scene of the incidents of 
1916-17 that led to the deposition of King Constantine 
by the Allies. It was occupied by German troops during 
World War II, but the city was spared aerial bombardment.

(E.V./Ed.)
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T he atmosphere that surrounds the Earth consists 
of a mixture of gases, primarily nitrogen and oxy­
gen. This gaseous envelope, commonly called the 

air, also contains numerous less abundant gases, water 
vapour, and minute solid and liquid particles in suspen­
sion. Rocket probes and especially the drag encountered 
by artificial satellites at altitudes of several thousand kilo­
metres have demonstrated that the terrestrial atmosphere 
extends to a very great distance.

The composition of the atmosphere encodes a great deal 
of information bearing on its origin. Furthermore, the 
nature and variations of the minor components reveal 
extensive interactions between the atmosphere, terrestrial 
environment, and biota. The development of the atmo­

sphere and such interactions are discussed in the first ma­
jor section of this article, with particular attention given 
to the rise of biologically produced molecular oxygen, 0 2, 
as a major component of air.

The atmosphere is considered in terms o f layers, or re­
gions, arranged like spherical shells above the surface of 
the Earth. The Chemical and physical properties of these 
various regions are treated in considerable detail. Such 
upper atmospheric phenomena as airglow, auroras, and 
the Van Allen radiation beits are included in the coverage.

For coverage of related topics in the Macropcedia and 
Micropcedia, see the Propcedia, sections 221 and 241.

This article is divided into the following sections:
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Development of the Earth’s atmosphere

A complete reconstruction of the origin and development 
of the atmosphere would include details of its size and 
composition at all times during the 4,500,000,000 years 
since the formation of the Earth. This goal could not be 
achieved without knowledge of the pathways and rates of 
supply and consumption of all atmospheric constituents 
at all times. Information regarding these processes, how­
ever, is incomplete even for the present atmosphere, and 
there is almost no direct evidence regarding atmospheric 
constituents and their rates of supply and consumption in 
the past.

The contrast with related fields of the Earth’s history is 
notable. Fossils and other structural and Chemical details 
of ancient rocks provide information useful to evolution- 
ary biologists and historical geologists, but ancient atmo- 
spheres, “mere vapours,” have not left such substantial 
remnants. These vapours are, however, the stuff of stars 
and the moving force of storms and erosion. Although 
histörians of the atmosphere must rely heavily on infer- 
ence, the object of their interest has played so important 
a role in the Earth’s history that evidence related to its 
development, though indirect, is abundant.

CONCEPTS RELATED TO ATMOSPHERIC DEVELOPMENT

The atmosphere as part of the crust. To the Earth sci- 
entist, the crust includes not only the top layer of solid 
material (soil and rocks to a depth of 6-70 kilometres, 
separated from the underlying mantle by differences in 
density and by susceptibility to surficial geologie processes) 
but also the hydrosphere (oceans, surface waters on land,

and groundwater beneath the land surface) and the atmo­
sphere. Interactions among these solid, liquid, and gaseous 
portions of the crust are so frequent and thorough that 
considering them separately introducés more complexities 
than it eliminates. As a result, a description of the history 
of the atmosphere must concern itself with all volatile 
components of the crust.

Materials. Volatile compounds as well as elements im­
portant in present and past atmospherès or in interactions 
between the atmosphere, biosphere, and other portions of 
the crust include the following:

1 . Present major components: molecular nitrogen (N2) 
and molecular oxygen (0 2)

2. Noble gases: helium (He), neon (Ne), argon (Ar), 
krypton (Kr), and xenon (Xe)

3. Abundant variable components: water vapour (H2C>) 
and carbon dioxide (C 02)

4. Other components: molecular hydrogen (H2),
methane (CH4), carbon monoxide (CO), ammonia 
(NH3), nitrous oxide (N20 ), nitrogen dioxide (N 0 2), 
hydrogen sulfide (H2S), dimethyl sulfide [(CH3)2S], 
sulfur dioxide (S 02), and hydrogen chloride (HC1).

Some elements appear in multiple form—for example, 
carbon as carbon dioxide, methane, or dimethyl sulfide. 
It is useful to consider the occurrence of the elements be­
fore focusing on the more specific aspects of atmospheric 
chemistry (the forms in which the elements are present). 
One can speak of the Earth’s “inventory of volatiles,” 
recognizing that the components of the inventory may be 
reorganized from time to time, but that it is always com- 
posed primarily of the compounds of hydrogen, carbon, 
nitrogen, and oxygen, along with the noble gases.

Important
volatile
compo­
nents
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Processes. A process that delivers a gas to the atmo­
sphere is termed a source for the gas. Depending on the 
question under consideration, it can make sense to speak 
in terms of either an ultimate source, the process that 
delivered a component of the volatile inventory to the 
Earth, or an immediate source, the process that sustains 
the abundance of a component of the present atmosphere. 
Any process that removes gas either chemically, as in the 
consumption of oxygen during the process of combustion, 
or physically, as in the loss of hydrogen to space at the 
top of the atmosphere, is called a sink.
Throughout the history of the atmosphere, sources and 

sinks have often been simultaneously present. While one 
process consumes a particular component, another pro- 
duces it, and the concentration of that component in 
the atmosphere will rise or fall depending on the relative 
strengths of the sources and sinks. If those strengths are 
balanced (or nearly so), the composition of the atmosphere 
will not change (or will change only very slowly, per- 
haps imperceptibly); however, the molecules o f the gas in 
question are passing through the atmosphere and are not 
permanently resident. The rate of the resulting tumover 
of molecules in the atmosphere is expressed in terms of 
the residence time, the average time spent by a molecule 
in the atmosphere after it leaves a source and before it 
encounters a sink.

PROCESSES AFFECTING THE COMPOSITION 
OF THE EARLY ATMOSPHERE

Ultimate sources. The material from which the solar 
system formed is often described as a gas cloud or, at a 
later stage, solar nebula. The cloud was rieh in volatiles 
(termed primordial gases) and must have been the ulti­
mate source of the atoms in the present atmosphere. What 
is of primary concern, however, is the sequence of events 
and processes by which the volatiles present in the initial 
gas cloud were transferred to the Earth’s inventory and 
the efficiency with which this was accomplished.

The formation of the solar system began when one 
portion of the gas cloud became dense enough due to 
compression by some extemal force—a shock wave from 
the explosion of a nearby supernova, perhaps—to attract 
gravitationally the material around it. This material “feil” 
into the region of higher density, making it even denser 
and attracting other material from still farther away. As 
gravitational collapse continued, the centre of the cloud 
became very dense and hot, because the kinetic energy of 
the incoming material was released as heat. Thermonu- 
clear reactions began at the core of the central object, the 
Sun.

Capture and retention o f primordial gases. Far from 
the central point, the material in the gas cloud tended to 
settle to an extensive equatorial plane around the Sun. As 
the material in this disk cooled, chunks of rock grew and 
accreted to form the planets. The planets are much less 
massive than the Sun, but if they grew large enough and 
if the gases around them were cool enough, they could ac- 
cumulate an atmosphere from the volatile components of 
the gas cloud. A partial inventory of that cosmo-chemical 
stockpile, the starting point for atmospheric development, 
is shown in the column for the solar system in Table 1. 
This direct capture is the first of three source mechanisms 
that can be described.

A planetary atmosphere accumulated in this way would 
consist of primordial gases, but the relative abundances 
of the individual components would differ from those in 
the gas cloud if the gravitational field of the new planet 
were strong enough to hold some, but not all, of the gases 
around it. It is convenient to express the strength of a 
gravitational field in terms of escape velocity, the speed 
at which any partiele (a molecule or spacecraft) must be 
traveling in order to overcome the force of gravity. For 
the Earth this velocity is 11.3 kilometres per second (seven 
miles per second), and it follows that, once the solid ma­
terial of the Earth had accumulated, gas molecules passing 
the planet at lower speeds would have been captured and 
accumulated to form an atmosphere.

The speed at which a gas molecule moves is proportional 
to (T/M )[/2, where T  is absolute temperature and M  is

Table 1: Abundances of Elements

solar system* Earth* collection
efficiency
(percent)

H 27,000,000,000 9,500 0.00003
4He 2,200,000,000 0.00005 0.000000000002
C 12,000,000 360 0.003
N 2,500,000 79 0.003
O 20,000,000 3,400,000 17
2°Ne 3,300,000 0.000093 0.000000003
Mg 1,100,000 1,100,000 100
S 520,000 98,000 19
36 Ar 88,000 0.00018 0.0000002
40Ar 0.55 0.053 - tFe 900,000 1,200,000 133
84Kr 26 0.0000036 0.00001
Âbundances indicate how many atoms of each element (or, in the 

case of the noble gases, isotopes) would accompany 106 Silicon (Si) 
atoms. For example, the abundance of nitrogen (N) in the solar 
system is 2.5 times greater than that of Si, whereas its abundance in 
the Earth is less than that of Si by a factor of 0.000079. The Table 
includes the eight most abundant volatile elements, together with
others. fSee text.

molecular mass. As will be shown later, the uppermost lay­
ers of the present atmosphere are still very hot and might 
have been much hotter early in the Earth’s history. At 
temperatures below 2,000 kelvins (K), however, molecules 
of any compound with a molecular weight greater than 
about 10 will have an average velocity o f less than 11.3 
kilometres per second. On this basis, it was long thought 
that the earliest atmosphere of the Earth must have been 
a mixture of the primordial gases with molecular weights 
greater than 10. Hydrogen and helium, with molecular 
weights of 2 and 4, should have been able to escape. 
Because hydrogen is the most abundant element in the 
solar system (see Table 1), it is thought that the most 
abundant forms of the other volatile elements were their 
compounds with hydrogen. If so, methane, ammonia, and 
water vapour, together with the noble gas neon, would 
have been the most abundant volatiles with molecular 
weights greater than 1 0  and, thus, the major constituents 
of the Earth’s primordial atmosphere. The atmospheres 
of the four giant outer planets (Jupiter, Saturn, Uranus, 
and Neptune) are rieh in such components, as well as 
in molecular hydrogen and, presumably, helium, which 
those more massive and colder bodies were apparently 
able to retain.

Outgassing o f the solid planet. The release of gases 
during volcanic eruptions is one example of outgassing; 
releases at submarine hydrothermal vents are another. Al­
though the gas in modern volcanic emanations commonly 
derives from rocks that have picked up volatiles at the 
Earth’s surface and then have been buried to depths at 
which high temperatures remobilized the volatile material, 
a very different Situation must have prevailed at the earli­
est stages of the Earth’s history.

The planet accreted from solid particles that formed as 
the primordial gas cloud cooled. Long before the volatile 
components of the cloud began to condense to form 
massive solid phases (e.g., long before water vapour Con­
densed to form ice), their molecules would have coated 
the surfaces of the solid particles of rocky material that 
were forming. As these solid particles continued to grow, 
a portion of the volatiles coating their surfaces would have 
been trapped and carried thereafter by the particles. If the 
solids were not remelted by impact as they collected to 
form the planet, the volatiles they carried would have been 
incorporated in the solid planet. In this way, even with­
out collecting an enveloping gaseous atmosphere, a newly 
formed planet could include—as material occluded in its 
constituent grains—a substantial inventory of volatiles.

At some point in its early history, the Earth became 
so hot that much of the iron dispersed among the solid 
particles melted, became mobile, and collected to form 
the core. Related events led to the formation of rocky 
layers that were the precursors of the Earth’s present-day 
mantle and crust. As part o f this process o f differentiation, 
volatiles present in the particles would have been released 
through outgassing. The outgassing must have occurred
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on a colossal scale if the accreting particles had retained 
their volatiles right up to the time of differentiation.

An atmosphere created by retention of these outgassing 
products would derive ultimately from nebular gases. Its 
Chemical composition, however, would be expected to dif- 
fer in two principal respects from that of an atmosphere 
formed by the capture of primordial gases: ( 1) whereas 
the captured atmosphere would contain all gases that 
were moving slowly enough (i.e., that were sufficiently 
cold and/or of sufficiënt molecular weight) so that it 
was possible for the planet to retain them gravitationally, 
the outgassed atmosphere would contain only those gases 
“sticky” enough to have been significantly retained in the 
rocky particles from which the planet formed; and (2 ) 
methane and ammonia, two presumed components of a 
captured atmosphere, would probably not be stable under 
the conditions involved in outgassing. Thus, the noble 
gases, which would be poorly held by particles, would be 
of low abundance relative to gases derived from chemi- 
cally active elements. Further, the principal forms of car­
bon and nitrogen in an outgassed atmosphere would be 
carbon monoxide or carbon dioxide together with molec­
ular nitrogen.

Importation. A compromise between the extremes of 
direct capture and outgassing proposes that the Earth’s 
inventory of volatiles was delivered to the planet late in 
its accretionary history—possibly after differentiation was 
nearly complete—by impact of a “last-minute” crop of 
solid bodies that were very strongly enriched in volatile 
materials (these were the last substances to condense as 
the solar nebula cooled). Such bodies might have had 
compositions similar to those of cornets that still can be 
observed in the solar system. These last-minute conden- 
sates may have coated the planet as a surface veneer that 
yielded gases only when heated during differentiation, or 
they may have released their volatiles on impact.

Because such bodies would have been relatively small, 
they would not have been able to retain primordial gases 
by means of a substantial gravitational field. Their com­
plement of volatiles, retained by cold trapping in ices and 
on partiele surfaces, would be expected to resemble the 
“sticky” (i.e., polar and reactive) gases occluded by solid 
particles at earlier stages of cooling of the gas cloud but 
possibly lost during earlier higher temperature phases of 
the Earth’s accretion.

Sinks. The dominant pathways by which gases are re- 
moved from the present atmosphere are discussed below 
in the section Biogeochemical cycles. Apart from those 
processes, three other sinks ment attention and are de­
scribed here.

Photochemical reactions. Sunlight can pro vide the en­
ergy required to drive Chemical reactions that consume 
some gases. Due to a rapid and efficiënt photochemical 
consumption of GH4 and NH3, a methane-ammonia at­
mosphere, for example, would have a maximum lifetime 
of about 1,000,000 years. This finding is of interest because 
it has been suggested that life originated from mixtures 
of organic compounds synthesized by nonbiological reac­
tions starting from methane and ammonia. Recognition 
of the short atmospheric lifetimes of these materials poses 
grave difficulties for such a theory. Water, too, is not sta­
ble against sunlight that has not been filternd by overlying 
layers containing ozone or molecular oxygen, which very 
strongly absorb much of the Sun’s ultraviolet radiation. 
Water molecules that rise above these layers are degraded 
to yield, among other products, hydrogen atoms, H •.

Escape. Hydrogen and helium, or products like H •, 
tend to have velocities high enough so that they are not 
bound by the Earth’s gravitational field and are lost to 
space from the top of the atmosphere. The importance of 
this process extends beyond the very earliest stages of the 
Earth’s history because continuous sources exist for these 
light gases. Helium is continually lost as it is produced by 
the decay of radioactive elements in the crust.

A combination of photochemical reactions and the sub- 
sequent escape of products can serve as a source for 
molecular oxygen (0 2), a major component of the modern 
atmosphere that, because of its reactivity, cannot possi­
bly have derived from any of the other sources so far

discussed. In this process, water vapour is broken up by 
ultraviolet light and the resulting hydrogen is lost from 
the top of the atmosphere, so that the products of the 
photochemical reaction cannot recombine. The residual 
oxygen-containing products then couple to form 0 2.

Solar-wind Stripping. The Sun emits not only visible 
light but also a continuous flow of particles known as the 
solar wind. Most of these particles are electrically charged 
and interact only weakly with the atmosphere, because 
the Earth’s magnetic field tends to steer them around the 
planet. Prior to the formation of the Earth’s iron core and 
consequent development of the geomagnetic field, how­
ever, the solar wind must have struck the top layers of the 
atmosphere with full force. It is postulated that the solar 
wind was much more intense at that time than it is today 
and, further, that the young Sun emitted a powerful flux 
of extreme ultraviolet radiation. In such circumstances, 
much gas may have been carried away by a kind of atomic 
sandblasting that may have had a marked effect on the 
earliest phases of atmospheric development.

Biogeochemical cycles. Interactions with the crust and, 
in particular, with living things, the biosphere, can strongly 
affect the composition of the atmosphere. These interac­
tions, which form the most important sources and sinks 
for atmospheric constituents, are viewed in terms of bio­
geochemical cycles, the most prominent and central being 
that of carbon. The carbon cycle, outlined schematically 
in Figure 1, includes two major sets of processes: biologie 
and geologie.

Biologie carbon cycle. The biologie processes of photo- Photosyn- 
synthesis and respiration mediate the exchange of carbon thesis and 
between the atmosphere or hydrosphere and the biosphere, respiration

photosynthesis
C 0 2 +  2H2̂ 4 ^  CH20  +  2A (or A2) +  H20 .

respiration

In these reactions, CH20  crudely represents organic ma­
terial, the biomass of bacteria, plants, or animals; and A 
represents the “redox partner” for carbon (reduction 4- ox- 
idation —> redox), the element from which electrons are 
taken during the biosynthesis of organic material and 
which accepts electrons during respiratory processes. In the 
present global environment, oxygen is the most prominent 
redox partner for carbon (i.e., A =  O in the above equa- 
tion), but sulfur (S) also can serve as a redox partner, and 
modified cycles based on other partners (e.g., hydrogen) 
are possible. Imbalances in the biologie carbon cycle can 
change the composition of the atmosphere. For example, 
if O is the principal redox partner and if photosynthesis 
exceeds respiration, the amounts of 0 2 will increase. The 
carbon cycle can in this way serve as a source for 0 2.
The strength of this source is dependent on the degree of 
imbalance between photosynthesis and respiration.

Figure 1: A schematic representation of the biogeochemical 
cycle of carbon.
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The biologie degradation of organic material and the 
release of products to the atmosphere need not involve 
an inorganic redox partner such as oxygen or sulfur. 
Communities of microorganisms found in sediments are 
capable of carrying out the process of fermentation, in 
which electrons are shuffled among organic compounds. 
Many individual steps catalyzed by a variety of organisms 
are involved, but the overall reaction amounts to

2CH20  —* C 0 2 +  CH4.

This process is an important source of atmospheric 
methane.

Geologie carbon cycle. The geologie portions of the car­
bon cycle can be described most conveniently by following 
a carbon atom from the moment of its injection into 
the atmosphere in the form of carbon dioxide released 
from a volcano. The carbon dioxide—any C 0 2 in the 
atmosphere—will come in contact with water in the envi­
ronment and is likely to dissolve to form carbonic acid:

co2 + h 2o  ^  h 2c o 3.

This weak acid is an important participant in weathering 
reactions that tend very slowly to dissolve rocks exposed 
to precipitation and groundwater at the Earth’s surface. 
An exemplary reaction showing the conversion of a solid 
mineral to soluble products would be

CaSi03(s) +  2H2CO 3(aq)
Ca 2+(aq) +  2HCO f(aq )  +  H2SiO 3(aq\

where 5  indicates solid and aq stands for aqueous solution. 
Along with the other products of this reaction, the bi- 
carbonate (H C03 ) derived from the volcanic C 0 2 would 
eventually be transported to the ocean. At all points in 
the hydrosphere, the bicarbonate would be in equilibrium 
with other forms of dissolved C 02 through Chemical reac­
tions that could be depicted as follows:

2HC0 3-(aq) ^  CO32~(aq) +  H20  +  CO2{aq).

In settings where its concentration was enhanced, carbon­
ate (C 032-) produced in this way could unite with the 
calcium ion Ca2+, which is naturally present in seawater 
due to weathering reactions, to form solid CaC03, calcite, 
the principal mineral in limestone. The dissolved carbon 
dioxide might return to the atmosphere or remain in the 
hydrosphere. In either case, it eventually could enter the 
biologie carbon cycle and be transformed into organic 
matter. If the CaC03 and the organic matter sank to the 
bottom of the ocean, they both would be incorporated 
in sediments and could eventually become part of the 
rocky material of the crust. Uplift and erosion, or very 
deep burial and melting with subsequent volcanic activity, 
would eventually return the carbon atoms of the CaCÓ3 
and the organic matter to the atmosphere.

Interaction of biologie and geologie cycles. The pace of 
the biologie carbon cycle is measured in the lifetimes of 
organisms, while that of the geologie cycle is measured in 
the lifetimes of sedimentary rocks (which average about
600,000,000 years). Each interacts strongly with the at­
mosphere, the biologie cycle exchanging C 0 2 and redox 
partners and the geologie cycle supplying C 02 and remov- 
ing carbonate minerals and organic matter—the eventual 
source of fossil fuels (e.g., coal, oil, and natural gas)—in 
sediments. An understanding of the budgets and pathways 
of these cycles in the present global environment enables 
investigators to estimate their effects in the past, when 
conditions (the extent of evolution of the biota, the com­
position of the atmosphere, and so on) may have been 
quite different.

The quantitative importance of these processes, now and 
over geologie time, can be summarized by referring to 
Table 2. Carbon in the atmosphere as carbon dioxide is 
almost the smallest reservoir considered in this tabulation, 
but it is the central point from which processes of the 
biogeochemical cycle have distributed carbon throughout 
the Earth’s history. Reconstructions of atmospheric devel­
opment must recognize that the very large quantities of 
carbon now found in sedimentary carbonates and organic 
carbon have flowed through the atmosphere and that the 
organic carbon (which includes all fossil fuels as well as

Table 2: Carbon in the Earth’s Crust

form total amount 
(Pg* C)

Atmospheric C02 (as of 1978) 696
Oceanic C02, HC03“, and C032~ 34,800
Limestones, other carbonate sediments 64,800,000
Carbonate in metamorphic rocks 2,640,000
Total biomass 594
Organic carbon in ocean water 996
Organic carbon in soils 2,064
Organic carbon in sedimentary rocks 12,000,000
Organic carbon in metamorphic rocks 3,480,000
*One Pg (abbreviation for petagram) equals 10'5 grams. 
Entries refer to amounts of carbon.

far more abundant, ill-defined organic debris) represents 
material produced by photosynthesis but not recycled by 
respiration. The latter process must have been accom- 
panied by the accumulation of the oxidized forms (e.g., 
molecular oxygen, 0 2) of carbon’s redox partners.

Table 2 also emphasizes the dissolution of atmospheric 
gases by the ocean. The carbon dioxide in the atmosphere 
is in equilibrium with, and far less abundant than, car­
bon dioxide, bicarbonate ion (H C 03_), and carbonate ion 
(C 032 ) in the ocean. If all carbon dioxide were somehow 
suddenly removed from the atmosphere, the ocean would 
replenish the supply within a few thousand years (the so- 
called stirring time of the ocean). Likewise, any change in 
the concentration of C 02 in the atmosphere is accompa- 
nied by a quantitatively far larger change in the amount of 
C 02, H C 03 , and C 0 32- in the ocean. Similar equilibriums 
prevail for molecular nitrogen (N2) and molecular oxygen
(0 2). The atmosphere contains about 3,940,000 petagrams 
(Pg; one petagram equals 1015 grams) of nitrogen as N2, 
with about 22,000 Pg being dissolved in the ocean. Oxy­
gen is distributed in such a way that 1,200,000 Pg of 0 2 
are in the atmosphere while 12,390 Pg are in the ocean.

Weathering reactions. No matter what their origins, re- 
active gases in the atmosphere are likely to interact with 
other parts of the crust through what are termed weath­
ering reactions. Not just carbonic acid associated with the 
carbon cycle but any acid becomes involved in acidic 
dissolution of susceptible rocks. As it does so, its con­
centration in the atmosphere declines, eventually reaching 
zero unless some process keeps replenishing the supply.

Even if respiration were suddenly to cease, oxygen pro­
duced by photosynthesis, or any oxidant in the atmo­
sphere, would be consumed if oxidizable materials were 
present. The corrosion of metals is the most familiär ex­
ample of this process in the modern world, but there are 
other examples involving natural forms of iron, sulfur, 
and carbon as well. Much of the iron bound in minerals 
is in the ferrous form (Fe2+). As this material is exposed 
by uplift and erosion, it consumes atmospheric oxidants 
to form ferne iron (Fe3+), the red, fully oxidized form of 
iron popularly identified as rust. Sulfide minerals (pyrite, 
or fool’s gold, being the most familiär example) also con- 
sume oxidants as the sulfur is oxidized to produce Sulfate. 
Finally, natural exposure of sedimentary organic matter, 
including coal beds or oil seeps, results in the consumption 
of atmospheric oxidants as the organic carbon is oxidized 
to produce carbon dioxide.

SEQUENCE OF EVENTS IN THE DEVELOPMENT 
OF THE ATMOSPHERE

Absence of a captured primordial atmosphere. If the
planet grew large (and had, therefore, a substantial gravita­
tional field) before all gases were dispersed from its orbit, 
it ought to have captured an atmosphere of nebular gases. 
The size and composition of such an atmosphere would 
depend on temperature as well as planetary mass. If the 
solid planet had reached full size and if temperatures were 
greater than 2,000 K, the minimum molecular weight that 
could be retained might have been high enough that the 
very abundant gases with molecular weights between 10 
and 20 (methane, ammonia, water, and neon) would have 
been collected inefficiently, if at all. A thinner primor­
dial atmosphere consisting of nebular gases with higher
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molecular weights (e.g., argon and krypton; see Table 1), 
however, ought still to have been captured.

In spite of this, characteristics of the present atmosphere 
(see below) show clearly that a primordial atmosphere 
either never existed or was completely lost. Explanations 
offered for both of these possibilities are linked to the de­
velopment of the Sun itself. Astronomical observations of 
developing stars (i.e., bodies similar to the early Sun) have 
shown that their early histories are marked by phases dur­
ing which the gas in their surrounding nebulas is literally 
blown away by the pressure of light and particles ejected 
from the stars as they “tum on.” (After this initial intense 
activity, young stars begin life with an energy output sig- 
nificantly below their mid-life maximum.) If the removal 
of gases occurred in the solar system after involatile solids 
had Condensed but before the inner planets (Mercury, 
Venus, Earth, and Mars) accreted, it would have been im- 
possible for the Earth to capture a primordial atmosphere. 
Altematively, if  planetary accretion preceded ejection o f  
gases and the Earth had accumulated a primordial atmo­
sphere, perhaps the early solar radiation, particularly the 
solar wind, was so intense that it was able to strip all gases 
from the inner planets, meeting the second condition de­
scribed above—namely, complete loss.

Secondary atmosphere. The atmosphere that developed 
after primordial gases had been lost or had failed to 
accumulate is termed secondary. Although the Chemical 
composition of the atmosphere has changed significantly 
in the billions of years since its origin, the inventory o f  
volatile elements on which it is based has not.

Origin. The elemental composition of the volatile in- 
Evidence ventory reveals its secondary origin. Abundances are given
for an in Table 1 for 12 nuclides that can be associated with
atmosphere four groups: (1) chemically active volatiles (H, C, N, O, 
of secon- S), (2) primordial noble gases (4He, 20Ne, 36Ar, 84Kr), (3) 
dary origin elements that form involatile minerals (O, Mg, S, Fe), 

and (4) a noble gas derived by the radioactive decay o f  
an involatile element (40Ar, derived from potassium). A  
comparison o f entries in Table 1 shows that these groups 
have been collected by the Earth with sharply varying ef- 
ficiencies. The column headed “collection efficiency” has 
been derived by the division of the abundance of each 
element on Earth by its abundance in the solar system 
and multiplying by 100. If the collection efficiency is 
close to 100 percent, the abundances are nearly equal 
and the transfer of this element from the solar system’s 
initial reservoir to the planet was highly efficiënt. If the 
collection efficiency is low, most of the element was lost 
and is “missing” from the Earth’s inventory. It is evident 
from Table 1 that efficiencies of collection are correlated 
primarily with Chemical characteristics, not mass. This is 
the pattem expected if volatiles were retained by Chemical 
interactions that yielded involatile phases rather than by 
gravitational attraction. Collection efficiencies for O, Mg, 
S, and Fe (which are included here only as representatives 
of the broad range of elements that were largely bound 
in involatile solid phases as the solar nebula cooled) are 
high. Those for the chemically active volatiles that could 
not form minerals stable at high temperatures (H, C, and 
N) are much lower. Spectacularly decreased efficiencies o f 
collection are associated with the primordial noble gases.
The evidence points decisively to a process in which the 

elements to be retained in the terrestrial inventory were 
separated from those to be lost by a Separation of solids 
from gases. The chemically active volatile elements could 
be incorporated in solids by formation of nitrides and car- 
bides, by hydration of minerals, and by inclusion in crystal 
structures (e.g., as ammonium and hydroxide ions) and 
could form some relatively involatile materials indepen- 
dently (organic compounds with high molecular weights 
are found in meteorites and were probably abundant in 
the cooling solar nebula); yet, none of these mechanisms 
was available to the noble gases. Formation of a group 
of solids rieh in chemically active volatiles but not large 
enough to retain noble gases, followed by a loss of all 
materials still in the gas phase and an incorporation of the 
volatile-rich solids in the Earth, would be consistent with 
the Chemical evidence and with the processes described 
above as outgassing and importation.

The special case o f40Ar (Table 1) is particularly indicative 
of the derivation of the atmosphere through outgassing, 
Whereas the other noble-gas isotopes noted in Table 1 
(4He, 20Ne, 36Ar, 84Kr) are primordial in origin, 40Ar de- 
rives primarily from the radioactive decay of the isotope 
potassium-40. Therefore, even though the solar system 
abundance of 40Ar is much lower than that of 36Ar, its 
abundance on Earth is much higher because, uniquely 
among the noble-gas isotopes listed in Table 1, its source— 
the rock-forming element potassium (K)—is part of the 
solid planet. As radioactive potassium in rocks decay ed 
over the Earth’s history, the 40Ar produced first became 
trapped within mineral erystals at sites formerly occupied 
by K+, then was released when the erystals were melted 
in the course of igneous activity, and eventually reached 
the surface through outgassing. Given the abundance of 
potassium in the Earth’s crust, it would be impossible to 
attribute the origin of the atmosphere to outgassing if the 
abundance of 40Ar was far lower than that o f 36Ar, as in 
the solar system.

Early composition. The most critical parameter pertain- 
ing to the Chemical composition of an atmosphere is its 
level o f oxidation or reduction. At one end of the scale, 
an atmosphere rieh in 0 2 (like the present one o f the 
Earth) is termed highly oxidizing, while one containing 
molecular hydrogen, H2, is termed reducing. These gases 
themselves need not be present. Modem volcanic gases 
are located, for example, toward the oxidized end of the 
scale. They contain no 0 2, but all hydrogen, carbon, and 
sulfur are present as H20 , C 0 2, and S 0 2 (oxidized forms), 
while nitrogen is present as N2 (not NH3). A relationship 
prevails between the oxidation or reduction of outgassing 
volatiles and the inorganic material with which they come 
in contact: any hydrogen, carbon, or sulfur brought into 
contact with modem crustal rocks at volcanic tempera­
tures will be oxidized by that contact.

The abundance of hydrogen in the solar nebula, the com­
mon occurrence of metallic iron in meteorites (represen- 
tative of primitive solids), and other lines of geochemical 
evidence all suggest that the Earth’s early crust was much 
less oxidized than its modem counterpart. Although all 
iron in the modem ernst is at least partly oxidized (to 
Fe2+ or Fe3+), metallic iron may have been present in the 
ernst as outgassing began. If the earliest outgassing prod­
ucts were equilibrated with metallic iron, hydrogen would 
have been released as a mixture of molecular hydrogen 
and water vapour, carbon as carbon monoxide, and sulfur 
as hydrogen sulfide. The presence of metallic iron during 
the last stages of outgassing is, however, unlikely, and, 
because H2 is not gravitationally bound, it would have 
been lost rapidly. At an early point, hydrogen would have 
been almost completely in the form of water vapour and 
carbon in the form of carbon dioxide. Nitrogen would 
have been outgassed along with the carbon and hydrogen. 
As carbon dioxide was consumed by weathering reactions 
and water vapour Condensed to form the oceans, molecu­
lar nitrogen must have become the most abundant gas in 
the atmosphere. It is certain that molecular oxygen was 
not among the products of outgassing.

Among the oldest rocks are water-laid sediments with an 
age of 3,800,000,000 years. Neither they nor any other 
ancient rocks contain metallic iron, though nearly all 
contain oxidized iron (Fe2+). Carbon is present both as 
organic material and in a variety of carbonate minerals. 
The existence of these sediments requires atmospheric 
pressures and temperatures consistent with the presence 
of liquid water. The nature of the iron minerals and their 
abundance suggest that Fe2+ was a significant component 
of ocean water and that concentrations of 0 2 had to 
have been essentially zero because Fe2+ reacts very rapidly 
with 0 2.

The presence of organic carbon and carbonate minerals 
in the sediments dated 3,800,000,000 years old would be 
consistent with the development of a biologically medi- 
ated carbon cycle by that point in time, but the degree 
of preservation of these materials (which were heated to 
temperatures near 500° C [932° F] for millions of years 
at some point in their history) is so poor that the question 
cannot be settled. Relatively well-preserved sediments with

Evidence
for
outgassing 
as the 
primary 
source 
of the 
atmosphere

Absence 
of metallic 
iron in 
ancient 
rocks



1 0  Atmosphere

Lise of a
iologically
ontrolled
arbon
ycle

an age of 3,500,000,000 years are far more abundant. In 
addition to abundant organic carbon and carbonate min­
erals, they contain microfossils and sedimentary features 
demonstrating convincingly that life had arisen on Earth 
by that time. The distribution of the stable isotopes of 
carbon (carbon-12 and carbon-13) in sedimentary mate­
rials younger than 3,500,000,000 years demonstrates that 
living organisms were effectively in control o f the global 
carbon cycle from that time onward.
The existence of sedimentary carbonates is direct evi­

dence that carbon dioxide was present in the atmosphere. 
Its precise abundance is not known, but the best estimates 
are that it was substantially, perhaps 100 times, higher 
than the present atmospheric level. A strongly enhanced 
greenhouse effect (see below Atmospheric heat budget and 
energy transfer), leading to more efficiënt retention of 
heat derived from solar radiation, would be expected. For 
many students of the Earth’s history, the fact that the early 
oceans did not freeze in spite of the dim Sun is evidence 
that the abundance of atmospheric carbon dioxide was 
high enough to provide the enhanced greenhouse effect.

Rise of molecular oxygen. Recognition of the nature of 
the Earth’s pre-oxygenic environment is critical to consid- 
eration of this problem. If humans could somehow take a 
spaceflight not to another planet but to the Earth o f 3,000,- 
000,000 years ago, they would find that space suits would 
have been required on their home planet at that time. 
More dramatically, if  those time-traveling astronauts were 
somehow able to take with them all o f the oxygen from the 
modern atmosphere, they would find that it would disap- 
pear soon after release. Not only was oxygen absent in the 
early atmosphere but potent sinks for Ö2 were abundant 
as well. Oxidizable materials such as ferrous iron, Sulfides, 
and organic compounds littered environments in which 
they are now absent. These Chemicals absorbed 0 2 almost 
immediately after its release. Moreover, as the oxygen- 
absorbing capacity of such compounds was exhausted, 
new material that had been eroded from the unoxidized 
crust took their place. This process continued until the 
rock cycle (Sedimentation, burial, igneous activity, uplift, 
and erosion) had exposed all oxidizable materials in the 
crust. No matter what the supply of 0 2, the process must 
have taken time (about half the rock volume of the crust 
is recycled every 600,000,000 years). It is, therefore, very 
important to distinguish clearly between the first biologie 
production of 0 2 and its persistent accumulation in the 
atmosphere. It is conceivable, even likely, that these events 
were separated by hundreds of millions of years. Evidence

bearing on the oxygenation of the Earth’s atmosphere is 
summarized in Figure 2 and discussed in the following 
sections. The abundance o f 0 2 at each point is expressed 
in terms of its approach to the present atmospheric level 
(PAL). For example, because the pressure of 0 2 in the 
present atmosphere is 0.21 atm (abbreviation for atmo­
sphere, a unit of pressure equal roughly to 14.7 pounds 
per square inch), a planetary atmosphere containing 10 
percent of that amount, 0.021 atm, would be described as 
having an oxygen level of 0.1 PAL.

Photochemical production. The strength of this source 
is limited by the requirement that water vapour rise in the 
atmosphere to altitudes at which solar ultraviolet radiation 
capable of cleaving water molecules has not yet been ab­
sorbed by other atmospheric constituents. The transport 
of water vapour to high altitudes is severely impeded by 
a cold layer in the atmosphere. Water vapour freezes in 
this layer, and the rate o f photochemical production of 
0 2 is thus limited. The severity of this limitation is not 
precisely known, but it is evident that atmospheric lev­
els of oxygen did not rise until oxygenic photosynthesis 
was well established. This does not indicate that photo­
chemical production of 0 2 was insignificant. Rather, it 
demonstrates that the strength of the process as a source 
was exceeded by the strength of the Contemporary oxygen 
sinks (chiefly oxidative weathering reactions at the Earth’s 
surface) and that residence times for 0 2 were so short that 
significant atmospheric concentrations could not accumu- 
late. The best estimate is that pressures of 0 2 at sea level 
and ground level were less than 5 X 10-8 PAL.

Onset o f oxygenic photosynthesis. The development of 
a biologically mediated carbon cycle prior to 3,500,000,- 
000 years ago virtually requires that some form of pho­
tosynthesis had arisen by that time, but the possibility 
remains that sulfur or hydrogen, not oxygen, was serving 
as the redox partner. It also has been noted that some 
sediments 3,500,000,000 years in age contain microfossils 
with shapes resembling those of modern oxygenic pho- 
tosynthesizers. This is suggestive, though not compelling, 
evidence that oxygenic photosynthesis had developed by
3,500,000,000 years ago. Shape is an infamously impre- 
cise indicator of biochemical characteristics of microor- 
ganisms. More specifically, while it might be possible to 
recognize a photosynthetic organism from its shape, it is 
very difficult to determine exactly what redox partners 
that organism employed.

Geochemical and paleontological features of sedimentary 
rocks 2,800,000,000 years in age offer stronger evidence

Figure 2: A “best guess” reconstruction of the abundance of 0 2 in the Earth’s atmosphere 
as a function of time. The 02-abundance axis is logarithmic.
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that oxygenic photosynthesis had arisen by that time. 
At 2,800,000,000 years, the abundance of carbon-13 in 
sedimentary organic carbon decreases sharply from lev­
els maintained between 3,500,000,000 and 2,900,000,000 
years ago, then slowly rises, regaining those levels about
2.200.000. 000 years ago. This has been interpreted in 
terms of a transient in the biogeochemical carbon cycle 
in which biogenic methane (which is strongly depleted 
in carbon-13) served as an important mobile constituent 
of the cycle during the interval from 2,800,000,000 to
2.200.000. 000 years ago. According to this interpretation, 
methane was able to play this role only after 0 2 became 
available and facilitated its metabolism. As 0 2 sinks de- 
creased in strength and the atmosphere became oxidizing, 
however, the mobility of methane was reduced and the 
methane cycle took on its modern form, which seldom 
leads to strongly decreased abundances of carbon-13 in 
sedimentary organic matter.

Microfossils resembling modern oxygenic photosynthe- 
sizers also appear in sediments of this age, and they are 
accompanied by sedimentologic features (apparent “fossil 
gas pockets”) that are interpreted as evidence of aerobic 
metabolism. Thus, evidence dating from about 2,800,- 
000,000 years ago is more abundant and diverse (geo- 
chemically, morphologically, and sedimentologically) than 
that found in rocks 3,500,000,000 years of age. In spite of 
these points of consistency, this evidence is not decisive.

Evidence from younger sediments (see below) indicates 
that oxygenic photosynthesis almost certainly developed 
earlier than 2,200,000,000 years ago. Whatever the precise 
moment of development, it marked the origin of the first 
so-called oxygen oasis, a restricted environment in which 
the abundance of 0 2 rose above 5 X IO-8 PAL probably 
quite significantly. Within such oases, aerobic metabolism 
could occur. At their margins, the delivery of oxidizable 
materials from the surrounding global environment over- 
whelmed the local supply of 0 2. Overall, the atmosphere 
did not become oxidizing, but, as oxygenic photosynthe- 
sizers proliferated, the number and size of the oases grew.

Transition to an aerobic environment. Pyrite and urani- 
nite are minerals of iron and uranium, respectively, that 
are not stable in the presence of 0 2. Though they can 
be found in some modern river sediments, neither can 
survive in them for thousands of years. Yet, many sedi­
ments older than about 2,200,000,000 years contain well- 
rounded grains of these minerals. Their shapes and loca- 
tions indicate prolonged exposure and tumbling in ancient 
rivers or as beach deposits, but there is no evidence of 
Chemical attack by oxygen. The precise significance of this 
Observation is best considered together with measurements 
of the movement of iron in fossil soil profiles.

If soil gases (in equilibrium with the atmosphere) contain 
0 2, iron exposed during the breakdown of soil minerals 
will be immobilized by oxidation and will not be leached 
from near-surface soil horizons. Conversely, if 0 2 is absent 
during soil development, Chemical analysis of fossil soils 
will reveal depletion of iron near the former soil surface. 
Rates o f the dissolution o f  uraninite and the leaching of 
iron in soil profiles also depend on the abundance of 
carbon dioxide (C 02). Because the pattems of dependence 
are different, the combination of evidence based on both 
phenomena allows for the estimation of abundances of 
both C 0 2 and 0 2. This line o f interpretation leads to the 
conclusion that about 2,200,000,000 years ago the ratio 
of the molecular abundance of 0 2 to that of C 02 was 
about 1.3 (at present it is 635), and that the pressure of 
0 2 was near 0.01 PAL while that of C 02 was about nine 
times higher than at present. Other workers agree that the 
uraninite and fossil soil data indicate the development of 
oxidizing conditions at the surface by 2,200,000,000 years 
ago, but they place the most probable level of 0 2 lower by 
a factor of 10 or more.

The consumption öf oxidizing power by the crust is 
recorded by the inorganic constituents of sedimentary 
rocks. Iron-bearing sediments, or iron formations, are of 
particular interest because the collection of substantial 
quantities of iron in a sedimentary basin requires that iron 
be mobile in the world ocean. Mobility requires solubility, 
and, while Fe2+ is soluble, Fe3+, the form of iron that re-

sults if  0 2 comes in contact with Fe2+, is highly insoluble. 
Three States can be distinguished: (1) The existence o f  

iron formations containing only Fe2+ suggests a complete 
absence of oxygen. (2) The existence of iron formations 
containing Fe2* and Fe3* indicates that levels of oxygen 
were low enough—essentially zero in the deep ocean—  
so that iron was mobile, but it also suggests that 0 2 
(perhaps at an oxygen oasis) was important in triggering 
deposition o f the iron, though other means of oxidation—  
photochemical processes, for example—are quite conceiv- 
able. (3) The disappearance of iron formations from the 
sedimentary record suggests persistent oxygenation o f the 
ocean. This sequence of possibilities is represented in the 
geologie record as follows: (1) The oldest sedimentary 
rocks are iron formations that contained only Fe2* at 
the time o f their deposition. (2) The first appearance of 
primary Fe3* (produced during the formation of the rock 
rather than in later weathering) was in iron formations 
about 2,700,000,000 years ago. (3) Iron formations disap- 
peared almost completely from the record about 1,700,- 
000,000 years ago (with a few isolated and very small 
recurrences about 1,000,000,000 years ago). Moreover, the 
abundance of iron formations increased significantly from
2.700.000. 000 to 2,200,000,000 years ago, suggesting that 
some new factor, possibly oxidative precipitation of Fe3*, 
was enhancing the rate of deposition. It is for this same 
time interval that carbon-isotopic evidence indicates the 
Operation of an 0 2-dependent methane cycle.

Evidence for the evolution of eukaryotic organisms 
(those containing a membrane-bound nucleus and other 
organelles) first appears in the microfossil record of about
1.400.000. 000 years ago. Biochemical reactions that oc­
cur during the growth and division of such cells require 
oxygen levels of 0.02 PAL. Attainment of that level by
1.400.000. 000 years ago apparently led to oxygenation of 
the deep sea and the cutoff of deposition o f iron forma­
tions about 1,700,000,000 years ago.
Attainment o f the modern 0 2 level. The abundance o f 

carbon-13 in sedimentary organic materials and in car- 
bonates from 900,000,000 to 600,000,000 years ago in­
dicates that unusually large quantities of organic carbon 
were buried without reoxidation during that interval. The 
burial of this carbon must have been accompanied by the 
accumulation of oxidized forms of carbon’s redox part­
ners. The quantities released were adequate to raise the 
level of 0 2 to 1.0 PAL or more.

It has been caleulated that oxygen requirements of 
the earliest animals, which developed about 700,000,000 
years ago, would have been met—if the animals had 
circulatory Systems that incorporated oxygen carriers like 
hemoglobin—by 0 2 abundances as low as 0.1 PAL. If 
circulatory Systems had not yet evolved, an 0 2 abundance 
of 1.0 PAL would have been required. Studies of fossils 
indicate that the animals were very thin (one to six mil- 
limetres [0.04-0.24 inch]) in spite of great breadth and 
length (up to 1,000 millimetres [39 inches]). Such a shape 
seems optimized forTransport o f 0 2 by diffusion from the 
surrounding water to the cells in which it was needed, 
thus pointing to the latter higher value (namely, an 0 2 
abundance of 1.0 PAL). Other reconstructions of 0 2 levels 
based on biologie evidence suggest that the widespread 
development of land plants about 400,000,000 years ago 
must have driven 0 2 to levels near 1.0 PAL, and they 
show 0 2 levels rising smoothly from levels near 0.1 PAL 
at 650,000,000 years ago to 1.0 PAL at 400,000,000 years 
ago.

Variation in abundance of carbon dioxide. The approx­
imately hundredfold decline o f atmospheric C 02 abun­
dances from 3,500,000,000 years ago to the present has 
apparently not been monotonous. During that interval, nu­
merous ice ages have come and gone. Significant changes 
in climate can result from geographic changes, but it is 
generally concluded that modulation of the efficiency of 
the Earth’s greenhouse effect is also required to produce 
the extreme variations associated with widespread Conti­
nental glaciations. In recognition of this, broad climatic 
variations during the past 750,000,000 years have been 
described in terms of altemating “icehouse” and “green­
house” episodes.
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Ieehouse conditions—apparently associated with the de- 
pletion of atmospheric C 02, the principal greenhouse 
gas— have prevailed since about 65,000,000 years ago and 
during two earlier periods, 650,000,000-530,000,000 and
360,000,000-240,000,000 years ago. It is suggested that 
intervening greenhouse episodes have been associated with 
higher abundances of C 0 2 in the atmosphere. The hypoth­
esis is far from proved. Nonetheless, its details are being 
explored aggressively amid concerns that the accelerated 
production of C 0 2 due to industrial combustion of fossil 
fuels may re verse climatic conditions with catastrophic 
effect. It is feared that such a reversal could result in the 
melting of the polar ice caps and a consequent flooding of 
Coastal areas (see below Climate modificatiori).

(J.M .Ha.)

Structure of the present atmosphere
GENERAL CHARACTERISTICS
The atmosphere extends from the surface of the Earth 
to heights of thousands of kilometres, where it gradually 
merges with the solar wind. The composition of the atmo­
sphere as measured by its mean density (the average mass 
per unit volume) is more or less constant with height to 
altitudes of about 100 kilometres. This state of approx- 
imate uniformity arises as a result of motion and as a 
consequence of the high frequency with which molecules 
of a particular species are involved in collisions with their 
neighbours. A representative oxygen molecule, 0 2, for ex­
ample, encounters a nitrogen molecule, N 2, on average 
once every 10~9 second at the surface. Even at heights of 
100 kilometres, where the density of air molecules is much 
lower, the encounter time is still comparatively brief, 
about 10~3 second. A force imparted to one molecule is 
rapidly transferred to all.

The atmosphere tends to behave as though it were 
composed of a single molecular species with an effective 
molecular mass set by its mean composition. The bulk 
of the lower atmosphere is composed of N2 and 0 2, with 
relative abundances of, respectively, 0.78 and 0.21 based 
on the average number of molecules present in a represen­
tative volume of air. The mass of the hypothetical mean 
molecule of the lower atmosphere is 28.97 atomic units 
(one atomic unit corresponds to the mass of a hydrogen 
atom, 1.66 X 10-24 gram). This value is intermediate be­
tween that of N 2 (28 atomic units) and that of 0 2 (32 
atomic units) and reflects the presence in the atmosphere 
of tracé quantities of water (18 atomic units), argon (40 
atomic units), carbon dioxide (44 atomic units), and other 
less abundant compounds as well.

The collisional interaction between individual molecules 
becomes progressively less efficiënt at altitudes above 
100 kilometres. Molecules begin to experience a force of 
gravity proportional to their individual molecular masses. 
Heavy gases are bound more closely to the Earth, whereas 
lighter gases are free to float higher. The average molec­
ular mass of the atmosphere therefore declines steadily 
with increasing altitude, as illustrated in Figure 3. Atomic 
oxygen is more abundant than N2 above about 160 kilo­
metres. In turn, atomic Oxygen gives way to helium above 
600 kilometres and hydrogen is the major constituent at 
altitudes higher than 1,000 kilometres. The region above 
100 kilometres is referred to as the heterosphere, a name 
intended to emphasize the importance of the change in 
composition as a function of altitude. In the same vein, 
the region lower than 100 kilometres was given the name 
homosphere.

DIVISION BASED ON THERMAL STRUCTURE
A second Classification, based on thermal structure, pro- 
vides a more detailed and, in many respects, more useful 
scheme for the division of the atmosphere into distinct 
layers (Figure 4).

The temperature decreases rapidly above the surface of 
the Earth to an altitude of about 17 kilometres. The air is 
relatively unstable, a consequence Of the decrease o f tem­
perature with altitude. Warmer air is comparatively light 
and has a tendency to rise. Conversely, colder air is dense 
and tends to sink. The atmosphere is poised to turn over,

Figure 3: Average molecular mass of the atmosphere in 
atomic units (one atomic unit corresponds to the mass 
of a hydrogen atom) illustrating changes in composition 
with altitude.

to convect much like water in a kettle heated from below. Tropo- 
This region is known as the troposphere, a term derived sphere 
from the Greek words tropos, “turning,” and sphaira,
“ball.” Most of the weather of the planet is confined to 
the troposphere. The upper boundary of the troposphere 
is called the tropopause.
The temperature begins to increase slowly with altitude 

above the tropopause in a region known as the strato- Strato- 
sphere, from the Latin word stratus, meaning “stretched sphere 
out” or “layered.” Vertical motions are strongly inhibited 
in the stratosphere. An air parcel that attempts to rise be­
comes rapidly colder and denser than the air it displaces. 
Buoyancy forces in this environment act to suppress ver­
tical motion. Motions in the stratosphere are thus largely 
confined to the horizontal, accounting for the layered 
structure of high-altitude stratus clouds. The increase of

From R.M. Goody and J.C.G. Walker, A tm osp he re s , p. 45 (© 1972); 
reprinted by permission of Prentice-Hall, Ine., Englewood Cliffs, New Jersey

logarithm of wavelength in centimetres

Figure 4: Thermal structure of the atmosphere showing 
depths of penetration for sunlight of different 
wavelengths (Ä.).
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temperature with altitude persists to about 50 km, at which 
point the temperature is about as high as at the surface. 
This marks the upper boundary of the stratosphere, the 
stratopause.
The temperature resumes its general decrease with alti­

tude above the stratopause in the mesosphere (mesos de- 
noting “middle”). It reaches a minimum near 85 km at the 
mesopause, which is the coldest region of the atmosphere. 
The temperature increases again with altitude above the 
mesopause in the thermosphere, so named because of the 
importance of thermal conduction in this region. A large 
portion o f the heat deposited in the thermosphere is con­
ducted down ward and is radiated out to space from the 
vicinity of the mesopause.

The thermal structure of the atmosphere reflects in part 
the influence o f energy deposited directly by the absorp- 
tion of sunlight. It is determined, though, to a much larger 
extent by a complex suite o f processes important to redis- 
tributing energy vertically. The Sun is the ultimate source 
of energy. Approximately 45 percent of the energy incident 
from the Sun is absorbed by the surface. A comparable 
amount, about 33 percent, is reflected back to space, either 
by clouds, 26 percent, or by the surface itself, 7 percent, 
as shown in Figure 5. The atmosphere absorbs only 22 
percent of the incident energy; most of this is captured 
by dust in the troposphere. The atmosphere is bathed in 
two more or less distinct radiation fields. The first field, 
originating in the Sun, has the majority of its energy in 
the visible and ultraviolet portions of the electromagnetic 
Spectrum. The second, emanating from the surface of the 
Earth and its lower atmosphere, has most of its energy at 
longer wavelengths—namely, in the infrared.

The solar spectrum at visible wavelengths is about what 
would be expected for a blackbody radiating at a tempera­
ture of 5,785 K, the temperature of the photosphere from 
which most of the solar radiation is emitted. (A blackbody 
is a hypothetical ideal body or surface that absorbs and 
reemits all radiant energy falling upon it.) Radiation at 
shorter wavelengths is more intense (see Figure 6). Light 
at ultraviolet and X-ray wavelengths emanates from the 
outermost regions of the solar atmosphere, the chromo- 
sphere and corona. Temperatures there climb to values 
above 106 K.

Viewed from space, the Spectrum of the Earth would 
be similar to that shown schematically in Figure 7. At 
longer wavelengths the radiation would be emitted by the 
atmosphere and surface and derived more or less equally 
from the dayside and nightside of the planet. At shorter 
wavelengths the spectrum would be dominated by sunlight 
reflected by clouds and by the surface on the dayside.

From R.M. Goody and J.C.G. Walker, Atm ospheres , p. 51 (© 1972); 
reprinted by permission of Prentice-Hall. Inc., Englewood Cliffs, New Jersey

solar radiation planetary radiation

from Sun,
100 atbedo-26+7^33

Figure 5: Energy budget for the surface of the Earth 
illustrating what happens, on average, to 100 units of energy 
incident from the Sun.

Figure 6: Spectrum of the Sun compared with energy emitted 
by an ideal blackbody at 5,785 K.
From C.W. Allen, Q ua rte rly  Jo u rn a l R oya l M e te o ro lo g ic a l S o c ie ty  (1958)

ATMOSPHERIC HEAT BUDGET AND ENERGY TRANSFER * 68
The overall heat budget of the atmosphere and surface is 
summarized in Figure 5. The surface, on average, receives 
17 percent o f its heat directly from the Sun, 15 percent 
from solar radiation scattered by clouds, and the balance,
68 percent, from absorption of infrared radiation emitted 
by the atmosphere. The greater part of the energy absorbed 
by the surface, 79 percent, is retumed to the atmosphere 
in the form of radiation, with spectral properties deter­
mined by the local ground temperature. The remainder, 
21 percent, is transmitted to the atmosphere by conduc­
tion and as a by-product of the exchange o f water, H20 .  
The surface can cool by evaporation of H20 , and the 
associated heat is transmitted to the air as vapour, which 
recondenses to form clouds and either rain or snow. Phase 
changes of H20  play a major role in the energy budget 
of the lower atmosphere. It is, in fact, the importance of 
H20  that sets the Earth apart from all of its neighbours in 
the solar system.

The atmosphere can be conceived of as a compressiblë 
fluid of infinite extent that is heated from below by a 
moist radiating surface and perturbed locally by energy 
absorbed from sunlight. Direct absorption of solar ra­
diation is important primarily for the stratosphere and 
thermosphere. Transfer of energy by infrared radiation is 
a dominant mode for heat transmission between the dif­
ferent atmospheric layers, with an additional contribution 
due to motions generated by spatial heterogeneities in 
heating rates.

Transfer of energy by radiation is effected mainly by 
tracé constituents of the atmosphere, primarily H20 ,  C 02, 
and 0 3. In contrast to the major constituents, N2 and 0 2, 
these gases are able to absorb the longer wavelengths of 
the planetary radiation field. They thus assume an impor­
tance out of proportion to their abundance. They act to 
trap heat radiated by the surface, much as the glass panes 
of a greenhouse do. Like the glass, the atmosphere is 
transparent to sunlight but is essentially opaque to longer 
wavelengths. The infrared-active gases return heat to the 
ground, accounting for about 70 percent of the net input 
of energy to the surface. If the atmosphere were devoid of 
water and carbon dioxide, the surface temperature would 
be about 40 K colder than it is today, and large portions 
of the planet would be covered by ice.

Since the early 1980s there has been growing concern 
over the possibility that an increase in the abundance of 
carbon dioxide caused by combustion of fossil fuels could 
lead to a general warming of the global climate. Simi­
lar effects can arise from increases in the abundances of 
methane, nitrous oxide, and various chlorofluorocarbons 
(CFC’s) such as CC12F2 and CC13F. These species are re-

The so- 
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Figure 7: Spectrum of the Earth as viewed from space 
showing distinction between reflected sunlight and planetary 
radiation. The Earth is assumed to emit as a blackbody at an 
average temperature of 253 K.
Royal Meteorological Society

ferred to collectively as the greenhouse gases in recognition 
of their ability to trap heat. Their importance to climate is 
explored in greater detail below in Climate modification.

The increase of temperature with altitude above the 
tropopause is due primarily to absorption of solar radia­
tion by ozone, 0 3. As noted above, 0 3 is a minor con­
stituent of the atmosphere, a product of the interactiori of 
molecular oxygen, 0 2, with sunlight. It plays a critical role 
in the global life-support system, however, absorbing most 
of the light incident on the Earth in the ultraviolet portion 
of the spectrum with wavelengths between about 200 and 
300 nanometres (one nanometre [nm] equals 10 9 metre). 
The absorption process results in the dissociation of 0 3. 
A portion of the photon energy (hv) is deposited directly 
as heat; a larger fraction appears initially as internal ex- 
citation of O and 0 2. The internal energy is degraded 
rapidly to heat in the stratosphere by collisions with 0 2 
and N 2. Finally, the Chemical potential energy represented 
by O +  0 2 is itself converted to heat as 0 3 is reformed by 
reaction of O with 0 2.

The recombination process involves two separate reac­
tions,

O + o2 —  o3*
0 3* +  M 0 3 +  M,

( 1)

where 0 3* denotes an unstable, energetic intermediate 
form of 0 3. The excess energy in 0 3* is removed by 
collisions with atmospheric molecules M in the second 
step. The pair of reactions is usually considered as a sin­
gle reaction,

0  +  0 2 +  M ^ 0 3 +  M. (2)

The rate of recombination, the number of 0 3 molecules 
formed per unit volume per unit time, is proportional to 
the product of the concentrations of O, 0 2, and M. The 
constant of proportionality, the reaction rate constant, 
may be determined experimentally in the laboratory.

To an excellent approximation in the stratosphere, it may 
be assumed that all of the radiative energy absorbed by 0 3 
is converted locally to heat. The heating rate—and ulti- 
mately the course of temperature with altitude—depends 
on the details of the distribution of 0 3 with height.

The in version of temperature above 80 kilometres, in the 
thermosphere, is due to energy extracted from sunlight 
at wavelengths below 200 nanometres. There are several 
important processes. Between 1Q0 and 200 nanometres, 
absorption of solar radiation leads to dissociation of 0 2,

/zv +  0 2 —► O +  O. (3)

At shorter wavelengths, absorption is associated primarily 
with the ionization of O, 0 2, and N 2,

hv +  O —> 0 + +  e
/zv +  0 2 —► 0 2+ +  e (4)
hv +  N2 N2+ +  e.

(Here, hv represents a photon and e is the electron emit­
ted.) Integrated over altitude, dissociation of 0 2 is bal- 
anced by recombination. Molecular oxygen is reformed, 
either directly by

0  +  0  +  M - * 0 2 +  M, (5)

or indirectly by reactions such as
o  +  o 2 +  m - ^ o 3 +  m

H +  0 3^ 0 H  +  0 2 (6)
O -f OH —» 0 2 +  H.

Sequence (6) is equivalent in effect to reaction (5). It can 
proceed more rapidly, however, under appropriate condi­
tions in the atmosphere, depending on the efficiency of 
the step associated with the production of 0 3 and the 
availability of hydrogen, H. The recombination path (5) is 
said to be catalyzed by the presence of H. As will be seen, 
catalytic reaction chains play a major role in much of the 
chemistry of the atmosphere below 80 kilometres.

The path from the absorption of solar energy by reac­
tions (3) and (4) to the ultimate disposal of this energy 
as heat is less direct for the thermosphere than for the 
stratosphere. Recombination of O atoms, mainly by re­
actions (5) and (6), can occur at altitudes quite different 
from those at which 0 2 is dissociated. The lower densities 
of the thermosphere allow O atoms to diffuse downward, 
with a compensating upward flow of 0 2. Recombination 
requires relatively high densities and is confined mainly 
to altitudes below 100 kilometres. Dissociation of 0 2, on 
the other hand, can proceed at any level, limited solely by 
the supply of 0 2 and by the availability of photons with 
energy sufficiënt to fragment the bond in Ó2. This spa- 
tial Separation of dissociation and recombination results Vertical re­
in a vertical redistribution of energy. Energy absorbed at distribution 
one level by 0 2 is converted to heat at another and is of energy 
transferred in between in the form of Chemical potential 
energy represented by a downward flow of O. Further, 
only a fraction o f the available Chemical potential energy 
is converted to heat. The balance is released as radiation, 
contributing to the phenomenon of airglow (see below).

The fate of the energy deposited in (4) is similarly 
complex. A fraction of the photon energy is imparted 
initially to the photoelectron (an electron ejected by the 
action of a single photon). The photoelectron loses energy 
by collisions, both elastic and inelastic, with atmospheric 
molecules. It can cause further ionization and contribute 
to the production of excited States and the associated emis- 
sion of airglow. Photoelectrons share energy efficiently 
with ambient electrons. As a consequence, the electron 
temperature tends to rise above the temperature of the 
neutral gas. There is a flow of energy from electrons to 
ions to neutrals. To some extent the thermosphere must 
be treated as though it were composed of three character­
istic thermal reservoirs, each one having its own distinct 
temperature.

The heating rate depends on a complex suite of atomic 
and molecular processes and is difficult to evaluate pre- 
cisely. To further complicate matters, the Chemical poten­
tial energy represented by the photo-ion can contribute to 
heating at levels far removed from its original source.

Electrons are removed by dissociative recombination of 
molecular ions such as the oxygen ion 0 2+ and that of 
nitric oxide, NO+:

é? +  0 2+- > 0  +  0  (7)
e +  NO+ —* N  4 -0 . (8)

A portion of the potential energy is convertèd to heat in 
reactions (7) and (8). Some is used to produce excited, 
radiating States of O and N, and some is stored in excited 
States and degraded to heat subsequently by collisions. 
The balance is represented by the atoms N and O and 
is released only when the atoms recombine at a lower 
altitude to reform the stable molecules N2 and 0 2.

An atom or molecule o f mass m  is bound to the Earth by 
the force of gravity. The work done in moving a vertical 
distance AZ is mg AZ, where g  defines the gravitational 
acceleration, 9.8 metres per second per second. The work 
that must be done to escape the gravitational field is mgR, 
where R is the radius of the Earth—6,400 kilometres. 
The average kinetie energy of the atom is (~h)kT, where 
k is the Boltzmann constant, 1.38 X 10-16 erg per degree 
Kelvin and T  is temperature. The atom can escape the 
gravitational field if kT  is much larger than mgR. In prac- 
tice, escape is impeded by collisions, except at the highest
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levels where the density of the atmosphere is low and 
collisions are comparatively rare.

The atmosphere extends to great heights, with density 
declining by a factor of e (2.72) over an altitude interval 
given by (kT)/(mg). The quantity (kT)/{mg) is known 
as the scale height, denoted customarily by H. As noted 
above, it is proportional to the ratio of thermal kinetic 
energy to gravitational potential energy and measures the 
capacity of the atmosphere to support itself thermally in 
Opposition to the confining force of gravity. The scale 
height is about seven kilometres in the lower atmosphere, 
rising to values in excess of 50 kilometres in the ther­
mosphere where the mean molecular mass is smaller, 
reflecting the importance o f lighter gases such as oxygen 
and helium. The scale height provides a useful measure 
of the vertical extent of the atmosphere: the atmosphere 
above a height z contains a total mass equivalent to that 
represented by a hypothetical layer of vertical extent H  
containing gas with density equal to the density at z.
If the mean distance traveled by an atom or molecule 

between collisions exceeds H, it can be assumed that the 
effect of collisions will be relatively unimportant. The 
average distance between collisions, known as the mean 
free path and denoted by X, is given by {Qn}~\ where Q 
is the collision cross section, the target area offered by a 
typical atom or molecule, and n is the number of atoms 
or molecules (targets) per unit volume. The level at which 
X — H is  defined as the critical level, zc. Effects of collisions 
may be ignored for heights greater than zc. The region 
above zc is known as the exosphere. An atom or molecule 
moving upward through zc with speed greater than about 
11 kilometres per second has kinetic energy in excess of 
its gravitational potential energy and in the absence of 
collisions is free to escape from the Earth.

Atoms or molecules of a particular species have a range 
of speeds determined by their temperature, as described 
by the Maxwell-Boltzmann distribution law. For tem­
peratures near the critical level, 750-2,000 K, significant 
numbers of hydrogen atoms have velocities greater than 
11 kilometres per second. These atoms readily escape. 
There is an upward flow of hydrogen at all levels of the 
atmosphere to supply the flux leaving the Earth. Hydrogen 
is lost at a rate of about 108 atoms per square centimetre 
per second averaged over the surface of the planet. These 
escaping hydrogen atoms are derived ultimately from H20  
in the oceans. Integrated over the 4.5 X 109 years of the 
Earth’s history, the escape of hydrogen has removed about 
two metres depth of H20  from the surface of the oceans, 
liberating a quantity of 0 2 roughly equivalent to that pre­
sent in the atmosphere today. The escape of hydrogen is 
not, however, thought to be the major factor in regulat- 
ing the level of atmospheric 0 2. Burial of organic carbon 
in sedimentary rocks provides a more immediate source, 
though the escape of hydrogen may have been important 
at an earlier stage in the life o f the Earth.
Thermal escape, as discussed here, is important mainly 

for hydrogen. There is, however, also a significant loss of 
helium. The loss mechanism in this case is believed to 
involve positively charged helium ions, He+, formed by 
photoionization. These ions are thought to be accelerated 
by electric fields and ejected from the Earth at higher lat­
itudes where magnetic field lines are, on occasion at least, 
open to space. Helium is a transitory constituent of the at­
mosphere. It originales in the Earth’s crust and is quickly 
lost to space. lts concentration reflects a dynamic balance 
between the source from within and loss to the outside.

Composition of the present atmosphere
MAJOR COMPONENTS OF THE LOWER ATMOSPHERE
The atmosphere contains a bewildering array of gases, with 
relative abundances for important species ranging from 78 
percent (N2) to less than one part in 1012 (the hydroxyl 
radical, OH). The longer lived gases—e.g., N2 and 0 2— 
are distributed more or less homogeneously around the 
Earth. The shorter lived species— e.g., carbon monoxide, 
nitric oxide, and ozone—can vary considerably both in 
time and space. In many respects, the atmosphere can be 
considered an extension of the biosphere: almost all of the

major constituents, with the exception of the noble gases, 
are either directly or indirectly under the influence of life.

There are several natural linkages, as, for example, 0 2, 
C 02, CH4, and H2 (molecular hydrogen). Oxygen is a 
product of photosynthesis, summarized conveniently by 
the bulk reaction

hv +  C 02 +  H20  —» CH20  +  0 2. (9)

The notation is qualitative rather than quantitative. The 
formula CH20  denotes any o f a variety of organic com­
pounds formed in the primary life-giving photosynthetic 
event: the stoichiometry is approximately 1-2:1, CHO.

Aerobic respiration and decay involve the reverse of 
reaction (9),

CH20  +  0 2 —»C 02 +  H20  +  energy. (10)

This reaction satisfies the energy needs of the human 
population and of most of the other higher animals. All 
life on Earth ultimately depends on the ability of plants 
to capture solar energy and to store this energy in the 
form of potential food, CH20 . It is a two-way Street. In 
the absence of reaction (10), carbon would accumulate in 
organic form and the fuel for photosynthesis, atmospheric 
C 02, would be depleted. Bacteria play a major role in 
recycling carbon primarily by reactions analogous to (10).

Respiration and decay can proceed even when the supply 
of 0 2 is limited. This can arise, for example, in the sedi­
ments of organic-rich swamps and in the stomachs of ru- 
minants. The product o f anaerobic decay is methane (CH4) 
in this case. Oxidation of carbon may occur photochemi- 
cally in the atmosphere, initiated by reaction with the OH 
radical: molecular hydrogen is a product of the oxidation 
of CH4 and other hydrocarbons; like CH4, H2 is removed 
from the atmosphere mainly by reaction with Ott.

Distribution of carbon, nitrogen, and oxygen compounds. 
Carbon compounds. The bulk of the Earth’s volatile car­
bon resides in sediments, either as organic carbon or as a 
component of carbonate minerals such as calcite, CaC03. 
Carbon is carried to the sediments in detrital material. 
The fraction lost from the oceans during subsequent burial 
represents but a small fraction of the total net primary 
productivity—less than 1 percent.

The life cycle is efficiënt (see above Figure 1). Carbon 
atoms are exchanged back and forth between the atmo­
sphere, biosphere, soils, and oceans. Even the sediments 
pro vide only a temporary, albeit in human terms long 
(100,000,000-year), residence for the restive atom. The 
atom returns to the atmosphere as sediments are uplifted 
and weathered. The transit time from weathering to even­
tual return to the sediments is about 100,000 years, most 
of this spent as a component of the bicarbonate ion, 
H C 03_, in solution in the deep sea.

On time scales of a few hundred years or longer, the 
abundance of C 02 in the atmosphere is determined by 
the dynamics, chemistry, and biology of the oceans. Most 
of the carbon in the oceans is present in cold, relatively 
stagnant water at depth. It returns to the atmosphere in 
association with slow upwelling motion at low latitudes. 
As surface waters cool and sink at high latitude, they 
draw carbon from the atmosphere, roughly balancing the 
source at low latitude. Falling fecal material provides an 
additional important means for transporting carbon from 
the surface to the deep.

The dynamics of this complex exchange are just begin­
ning to be understood. It is clear, though, that the level 
of atmospheric C 0 2 is not immutable. Studies of gases 
trapped in polar ice indicate that CÓ2 has fluctuated from 
about 200 to roughly 280 parts per million (ppm) over 
the past 100,000 years. Low levels o f C 0 2 are associated 
with cold, ice-age conditions at the surface; high values 
correspond to times when the climate was relatively warm 
during interglacials. It appears that this behaviour has per- 
sisted over at least the past 750,000 years.

It is against this background that assessments must be 
made of the impact of the recent change in the C 02 level 
caused by the burning of fossil fuels. The level of C 02 has 
risen since the Industrial Revolution from about 280 ppm 
in 1850 to approximately 350 ppm today. It is expected to 
climb to values in excess of 600 ppm by the early part of
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the 2 Ist Century. This poses a double challenge. Is it pos­
sible to predict accurately the effects of an increasing level 
of C 0 2 on climate? If so, can this knowledge be used to 
influence the course of action over the next few decades? 
Humankind has developed the ability to change the Earth 
on a global scale in a single lifetime. Yet, it remains to be 
seen whether scientific knowledge can develop apace.

Nitrogen compounds. In contrast to carbon, which finds 
its most stable home in sediments, most o f  the Earth’s 
nitrogen is in the atmosphere as the relatively inert gas 
N 2. The N -N  bond in N2 is very strong and is not easily 
fractured in the atmosphere, except at high altitudes where 
the molecule is exposed to energetic ultraviolet radiation 
or at low altitudes where it may be raised to a temperature 
exceeding 2,000 K near a lightning stroke. The bond can 
be broken by biologically mediated reactions, however, by 
photosynthetic blue-green algae or by bacteria functioning 
in symbiosis with plants of the legume family. Dissocia­
tion of N2 is essential for life: amino groups, represented 
by NH2, are indispensable components of living tissue. 
The N -N  bond must be broken before the atom can be 
incorporated in living organisms. The d a ss  of compounds 
containing odd numbers of N atoms is referred to collec- 
tively as fixed nitrogen. When the bond in N 2 is broken, 
the molecule is said to be fixed.

Fixed nitrogen occurs in a variety of oxidation States, as 
shown in Figure 8. Its importance for the biosphere may 
be attributed in no small measure to this aspect of its 
chemistry. Oxidation of ammonium, N H /, represented by

N H / +  | o .  — NO," +  H ,0  +  2H-, (II)

in vol ves a change in free energy of 51.8 kilocalories at 
298 K and one atmosphere. It denotes the first step in the 
oxidation of nitrogen, primary nitrification, in which ni­
trogen is transformed from oxidation state —3 to +3. The 
energy liberated in reaction (11) is ütilized by bacteria, Ni- 
trosomonas and similar genera, which effect the reaction. 
A different group of bacteria, Nitrobacter, is able to oxidize 
nitrogen further, from nitrite (N 0 2_) to nitrate (N 0 3_),

N O ;" +  jO . —» NO» , (12)

a process known as secondary nitrification. Reaction (12) 
involves a release of free energy of 20.1 kilocalories per 
mole.

Plants can use the ammonium ion, N H /, or N 0 2_ or 
N 0 3“ to satisfy their need for fixed nitrogen but generally 
tend to prefer N H /. Nitrogen in N 0 2~ and N 0 3_ must 
be reduced from oxidation state +3 or +5 to —3 before 
it can be assimilated into living tissue. The reactions—in 
this case assimilatory reduction—are denoted by

NO," +  | c H ; 0  +  2H+ — N H / +  | c 0 2 +  | h 20 ,  (13)

and'"-" ■ '
N O / +  2CH20  +  2H+ N H / +  2C 02 +  H20 . (14)

The necessary source of energy here is supplied by oxida­
tion of organic matter, represented by CH20 .

The atmosphere contains 4 X 1015 metric tons of nitrogen 
in the form of N2. Approximately 108 metric tons are fixed 
annually by biologie agents, and about the same amount 
is transformed by various industrial processes associated 
with the combustion of fossil fuels and the manufacture 
of Chemical fertilizer. In the absence of a source, the at­
mosphere would lose its reservoir of N2 in about 2 X 107 
years. The gas would be oxidized to NÖ3_ and would 
tend to accumulate in the oceans. This obviously has not 
happened. There is a return of nitrogen from NÖ3~ to 
N 2 through bacterially mediated denitrification, which is 
described by the reaction

NOj- +  | c H , 0  — / 2 +  | h , 0  + | c 0 2 +  0H  . (15)

Denitrification proceeds under anaerobic conditions (i.e., 
in the absence o f free oxygen) and provides another ex-

assimilation,

i i i__  i i i__  I___ l _______ I______ I
-3  -2  -1 0 +1 +2 +3 +4 +5 +6

oxidation state

internal cycles 
of fixed N
(1016 grams per year)

■4- —  in p u ts  a n d  O u tp u ts  

-+■—  (1 0 14 g ra m s  p e r  y e a r)

Figure 8: Major paths for oxidation and reduction of nitrogen. 
The influence of terrestrial life on atmospheric composition is 
apparent from the biologie transformations of nitrogen shown 
here.
Reprinted with permission from P la n e ta ry  a n d  S p a c e  S c ie n ce , vol. 31,
M.B. McElroy, (© 1983); Pergamon Press, Ltd.

ample of the splendid efficiency of the global life-support 
system. Waste for one species is opportunity for another. 
Reaction (15) is exothermic: it releases energy equivalent 
to 124 kilocalories per mole. It represents an essential 
link in the nitrogen cycle, providing a respiratory path 
for bacteria when 0 2 is deficiënt and serving at the same 
time to maintain a relatively constant level of atmospheric 
N2. The general features of the nitrogen cycle are shown 
in Figure 9.

Nitrous oxide, N20 ,  is the second most abundant nitro­
gen constituent of the atmosphere, as indicated in Table 3. 
It is formed as a by-product of denitrification, by reduction 
of N 0 3~ and by oxidation of N H /, the first step in nitrifi­
cation. Additional production of N20  occurs during fossil 
fuel combustion. The lifetime of N 20  in the atmosphere 
is about 150 years; it is removed mainly by photolysis 
(Chemical decomposition by the action of radiant energy) 
in the stratosphere. Given its relatively short lifetime, as 
compared with N 2, one might expect N20  to vary, and 
indeed there is evidence for a Contemporary increase in 
the concentration of the gas in the atmosphere. This ap­
parent increase is attributed in part to the burning of fossil 
fuels and in part to the general anthropogenic disturbance 
of the global nitrogen cycle. The human role in nitro­
gen fixation is now comparable to that of nature. Other 
links in the nitrogen cycle might be expected to adjust 
accordingly. The atmosphere contains various forms of 
fixed nitrogen besides N 2 and N20 . As mentioned above, 
fixed nitrogen is introduced into the air by lightning at a

From M.B. McElroy, “Chemical Kinetics,“ In terna tio na l R ev iew  o f  S c ie n ce ; (1976)

Figure 9; The nitrogen cycle. Rectangular boxes give the 
major reservoirs, summarizing the approximate contents of 
nitrogen in units of 1015 grams. Exchanges are indicated by 
lines with arrows. Exchange rates are given in units of 106 
grams per year.
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Table 3: Composition of the Atmosphere

species relative abundance 
(parts per billion 

by volume)
source comment

n2 7.81 X 108 biologie long lived
o2 2.01 X 108 biologie long lived
h2o 1 0 M 0 7 physical long lived
Ar 9.34 X 106 radiogenic permanent
co2 3.5 X 105 biologie,

industrial
variable,

increasing
Ne 1 .8  X 1 0 4 interior permanent
He 5.2 X 103 radiogenic escaping
CH4 1.6 X IO3 biologie variable,

increasing
Kr 1.0X103 interior permanent
h2 5.0 X 102 biologie,

photochemical
variable

n2o 3.0X102 biologie,
industrial

increasing
CO 1.0 X 102 photochemical,

industrial
variable,

increasing
S02 <1 0 2 industrial,

photochemical
variable

o3 <1 0 2 photochemical variable
Xe 9 X 10' interior permanent
NO, N02, 

NOx
variable industrial,

biologie
—*

CH3CI 6.0 X 10-* biologie short lived
CC12F2 2.9 X 10- 1 industrial increasing
CCI3F 1.7 X 10-> industrial increasing
CC14 1.2 X 10~* industrial increasing
CH3CCI3 9.8 X IO" 2 industrial increasing
cf4 7.0 X IO“ 2 industrial increasing
CH3Br 1 .0 X 1 0 - 2 biologie,

industrial
possibly

increasing
♦Relatively short lived, with an average lifetime of roughly 
one month.

rate of about 107 tons N yr-1 (metric tons of nitrogen per 
year). It also is released as a product of the combustion of 
fossil fuels and the burning of biomass. In addition, fixed 
nitrogen emanates from soil as a result of the microbial 
oxidation of NH4+, and it is formed in the stratosphere by 
a process involving the reaction of the metastable oxygen 
atom 0 ( ‘D) with N20 ,

0 ( !D) +  N20  NO +  NO. (16)

In all cases, the primary source of fixed nitrogen is nitric 
oxide, NO. About 5 X 107 tons N yr-1 of NO are intro- 
duced directly into the troposphere, much of this in Con­
tinental areas, with a particularly large contribution from 
industrial sources and automobiles and trucks in cities. 
The stratospheric source is smaller, about 106 tons N  yr-1.

Reactions in the atmosphere result in a variety of sec­
ondary nitrogen species. Important compounds in remote 
regions include nitrogen dioxide (N 02), the unstable in- 
termediate nitrogen trioxide (N 0 3), dinitrogen pentoxide 
(N20 5), nitrous acid (H N 02), and nitric acid (H N 03). Sig­
nificant, too, is the set of reactive nitrogen compounds,
NO +  n o 2 +  n o 3 +  n 2o 5 +  h n o 2 +  h n o 3 +  n o 2n o 2,
designated NO*. The subset N 0  +  N 0 2 plays a particu­
larly important role in the photochemistry of ozone and 
is identified separately as NOr

The compound CH3C 0 .0 2N 0 2, known as peroxyacetyl 
nitrate, or PAN, is thought to provide an important stor- 
age reservoir for NO* in the unpolluted troposphere. It 
decomposes thermally in the troposphere, with production 
of N 0 2 and the peroxyacetyl radical, CH3C 0 .0 2,

CH3C 0 .0 2N 0 2 -=t CH3C 0 .0 2 +  N 0 2. (17)

Reaction (17) describes an equilibrium, which favours 
PAN at low temperatures and products at high tempera­
tures. Conditions are such that PAN is relatively stable in 
the upper troposphere, but it decomposes rapidly in the 
warm environment near the ground. The compound is 
believed to form in urban air, a product of the complex 
set of reactions involved in the oxidation of hydrocarbons. 
From there, it can be exported via air motions to the upper 
troposphere, allowing urban air pollution to spread over 
much wider geographic areas. A typical reaction scheme 
for the production of PAN is presented in Table 4.
Fixed nitrogen is removed from the atmosphere by Solu­

tion in rainwater or snow and by deposition on surfaces. 
The lifetime of NO* is relatively short— a month or so 
on average. Investigators have observed considerable tem­
poral and spatial variability in NO*, with concentrations 
as high as 100 parts per billion (ppb) in polluted urban 
environments and as low as 50 parts per trillion (ppt) at 
remote locations, as, for instance, in the central Pacific. 
Fixed nitrogen is removed from the atmosphere mainly as 
H N 0 3, contributing to the acidity of precipitation. This 
matter will be discussed at greater length below in Connec­
tion with the phenomenon of acid rain.

Table 4: A Scheme for Oxidation of 
Alkanes Leading to Production of PAN*

OH + RCH3 -* H20 + RCH2 (4.1)
rch2 + o2 -»• rch2o2 (4.2)

rch2o2 + NO -*• rch2o + no2 (4.3)
RCH20 + 02 -> RCHO + H02 (4.4)
OH + RCHO -*• RCO + H20 (4.5)

RCO + 02 -»> RC0.02 (4.6)
rco.o2 + no2 -> rco.o2.no2 (4.7)

*R denotes a typical methyl radical such as 
CH3.

Carbon monoxide. Photochemical processes play a ma­
jor role not only for NO* but also for CO. Carbon 
monoxide is released to the atmosphere as a product of 
incomplete combustion. It also is formed as an intermedi- 
ate in the oxidation of hydrocarbons, including methane. 
Present understanding of the path for decomposition of 
CH4 is shown in Figure 10. The hydroxyl radical, OH, is 
central to this process. Reaction with OH is the first step 
in the removal of many hydrocarbons, including CH4. 
Production of CO by oxidation of CH4 proceeds at a rate 
proportional to the concentration of OH, as does the re­
moval of CO, which is effected by the reaction

C 0 +  0 H - » C 0 2 +  H. (18)

The radical OH is formed by the reaction of the metastable 
oxygen atom 0 ( ‘D) with H20 ,

0 ( 1D) +  H20  OH +  OH, (19)

with 0(*D) produced by photolysis of 0 3,
hv +  0 3 —> 0 ( JD) +  0 2. (20)

Reactions with CH4 and CO are the primary paths for 
removal o f OH.

This leads to an interesting Situation. An increase in car­
bon monoxide production due to fossil fuel combustion 
or biomass burning is expected to cause a decrease in OH 
concentration, with a resulting increase in the lifetime of 
gases normally removed by reaction with OH. As a conse­
quence, one may expect an increase in CO concentration 
that is even larger than that due to growth in the magni­
tude of the source alone, with a related rise in the concen­
tration of CH4. The increases in the global abundances of 
CO and CH4 that have been observed may be attributed, 
at least in part, to the complexities and nonlinearities of 
the chemistry affecting the concentration of OH.

Carbon monoxide has a lifetime in the atmosphere of 
about a month. The concentration in the Northem Hemi­
sphere is larger than in the Southern Hemisphere by about 
a factor of 2. Surface concentrations at unpolluted sites 
range from 100 to 200 ppb and vary seasonally, with the 
highest values in winter when the OH concentration is 
low. The relative abundance, or mixing ratio, is large near 
the surface, decreasing aloft in the Northem Hemisphere, 
with an opposite trend in the south. Mixing ratios of CO 
in the Southern Hemisphere average about 60 ppb at the 
surface, climbing to roughly 70 ppb in the upper tropo­
sphere. Concentrations in cities reach values as high as 
one part per million and can pose a problem for public 
health from time to time.

Suite of sulfur compounds. In addition to the carbon, 
nitrogen, and oxygen compounds discussed above, the 
atmosphere contains a suite of sulfur-bearing gases. Like 
nitrogen, sulfur can occur in a variety of oxidation States. 
Compounds observed in the atmosphere range from the re­
duced gases carbonyl sulfide (COS), carbon disulfide (CS2),

Rela­
tionship 
between 
increases 
in carbon 
monoxide 
and
methane
concentra­
tions
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Figure 10: Oxidation path for methane, C H 4.
From M.B. McElroy, "Chemical Kinetics," International Review of Science; (1976)

hydrogen sulfide (H2S), and dimethyl sulfide [(CH)2S], 
where sulfur is present in the oxidation state +2, to the 
more oxidized form of sulfur dioxide (S 02), where sulfur 
is in the oxidation state +4. The reduced species H2S and 
(GH3)2S are produced by reactions involving living organ­
isms. Hydrogen sulfide originates mainly from anaerobic 
environments on land (e.g., swamps and marshes). The 
ocean is an important source of (CH3)2S. The origin of 
COS and CS2 is less clear; it may include contributions 
from a variety of sources, both natural and anthropogenic.

Reduced sulfur gases are oxidized at varying rates in 
the atmosphere and contribute to the global budget of 
S 0 2. The first step in oxidation for most involves reaction 
with the OH radical. Lifetimes of H2S and (CH3)2S are 
relatively brief, and the distribution of these species in the 
atmosphere is correspondingly variable. Carbonyl sulfide 
is longer lived, and this species is distributed more or less 
uniformly with latitude, with a mixing ratio of about 500 
ppt. The lifetime of carbon disulfide is intermediate; its 
mixing ratio varies from about 3 to 30 ppt.

Sulfur dioxide is formed not only by oxidation of re- 
Formation duced gases in the atmosphere but also as a by-product of 
□f sulfur the combustion of coal and the smelting of ores such as 
dioxide copper. The anthropogenic component is comparable to 

the natural one on a global scale and is dominant over 
large areas of the industrially developed Northem Hemi­
sphere. The lifetime of S 0 2 is about a week. Sulfur in S 0 2 
is oxidized rapidly by both homogeneous and heteroge- 
neous reactions and is removed from the atmosphere by 
precipitation and by dry deposition on surfaces, mainly 
as sulfuric acid (H2S 0 4) in which sulfur is present with 
oxidation state +6. The abundance of S 0 2 is variable, as 
would be expected given its relatively short lifetime. On a 
global basis, the mixing ratio averages about 200 ppt.

Suite of noble gases. Table 3 includes, in addition to 
the carbon, hydrogen, nitrogen, oxygen, and sulfur species 
discussed above, a suite of noble gases, with mixing ratios 
ranging from almost 1 percent in the case of argon to 
about 1 ppb for xenon. There are two components to the 
Earth’s noble gas inventory. Some o f the noble gases are 
primitive in the sense that the corresponding elements were 
captured from the solar nebula when the Earth formed 
some 4,500,000,000 years ago. Others, nötably helium-4 
and argon-40, are of more recent origin, produced by the 
radioactive decay of such elements as uranium, thorium, 
and potassium in the Earth’s crust and mantle. Noble 
gases are released from the interior of the planet at ocean- 
spreading centres (i.e., the mid-oceanic ridges) when new 
crust is formed, as well as from volcanoes and hot springs. 
With the exception of helium, which escapes, the noble 
gases are inert and accumulate in the atmosphere. Studies 
of the elemental and isotopic composition of the atmo­
spheric gases, in combination with analogous data for 
meteorites and other planets, pro vide valuable clues to the 
origin and early history of the Earth.

Concentrations of halogenated hydrocarbons. The at­
mosphere contains a variety of halogenated hydrocarbons 
as summarized in Table 3. These compounds are for the 
most part industrial in origin, with the exception of methyl

Chloride (CH3C1) and methyl bromide (CH3Br), which are 
produced at least in part by marine organisms. Halo­
genated hydrocarbons are used as solvents, foam-blowing 
agents, fire extinguishers, fumigants, refrigerants, and pro- 
pellants in aerosol spray dispensers. They are among the 
most ubiquitous products o f modern industrial society.

Concentrations of several o f the more widely used chlo- 
rinated species, CC12F2 (CFC-12, or F-12), CC13F (CFC- 
11, or F-l 1), CHC1F2 (CFC-22), CH3CC13 (methyl chlo­
roform), and C2C13F3 (CFC-113), have been increasing at 
compound rates of between 5 and 10 percent over the past 
several decades. The fully halogenated methanes, CC12F2 
and CC13F, are exceptionally stable, with lifetimes in the 
range of 60 to 130 years. They are removed mainly in the 
stratosphere by photolysis in the ultraviolet. They break 
down, releasing their constituent chlorine atoms to form 
reactive radicals, such as Cl and CIO. Chlorine radicals 
play an important role in the chemistry of stratospheric 
ozone (see below). There is concern that an increasing 
burden of stratospheric chlorine could result in a signifi­
cant global reduction in the column abundance of ozone 
with an attendant increase in the transmission of ultravi­
olet solar radiation.
Fluorine is relatively inert in the stratosphere. Atoms of 

fluorine formed by the decomposition of the halocarbons 
react with methane to form hydrogen fluoride (HF). In 
contrast to hydrogen chloride (HC1), which decomposes 
rapidly by reaction with the OH radical, HF is stable in 
the stratosphere. The concentration of reactive fluorine 
radicals is much less than that of chlorine. Consequently, 
fluorine plays a negligible role in the chemistry of strato­
spheric ozone.

The abundance o f brominated halocarbons is much less 
than the abundance of the chlorinated species. Hydrogen 
bromine, however, is less stable than HCl. A relatively 
large fraction o f the bromine in brominated compounds 
that decompose in the stratosphere ends up in the form 
of the radicals Br and BrO. It is thought that these species 
can contribute significantly to removal of ozone. They 
tend to amplify the effect of chlorine and may become 
even more significant in the future.

Formation 
of reactive 
chlorine 
radicals

THE ROLE OF PHOTOCHEMISTRY
The preceding section dealt chiefly with gases that en­
ter the atmosphere from below. As explained, the three 
primary sources for such gases are reactions effected by 
living organisms excluding man, reactions specifically at- 
tributable to human activity, and processes relating to the 
abiotic metabolism of the Earth. In this section, attention 
is focused on the role o f photochemistry, the synthesis of 
gases in the atmosphere as a consequence of the interac- 
tion with sunlight. Ozone is by far the most important 
product of the photochemical process.

The bulk of the atmosphere’s 0 3 is found in the strato­
sphere at altitudes of about 25 kilometres. It is this reser­
voir that is primarily responsible for protecting the surface 
from otherwise harmful rays of ultraviolet sunlight. The 
abundance of 0 3 in the troposphere also is environmen- 
tally significant. Direct exposure to high concentrations of 
0 3 can reduce productivity in plants. It also can have a 
variety of undesirable effects on public health, causing, for 
example, respiratory problems.

The processes regulating the abundance of 0 3 in the 
stratosphere and troposphere are quite distinct. In the for­
mer case, production of 0 3 is initiated by photolysis of 0 2; 
in the latter, the 0 2 bond is broken through a complex set 
of reactions associated with the oxidation of hydrocarbons 
in the presence of NO*.

Stratospheric ozone. Studies of 0 3 have a long his­
tory, dating to about 1930. Early research emphasized 
the chemistry of a hypothetical pure oxygen system. Four 
reactions were considered:

ÄV +  0 2 O +  O, (21)
O +  0 2 +  M —> 0 3 +  M, (22)

Av +  0 3- —* O +  0 2, (23)

O +  0 3 —* 2 0 2. (24)

Ozone as 
a photo­
chemical 
product
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Figure 11: Schem atic view of ozone chemistry in a 
pure oxygen environment.

Reactions (22) and (23) serve to establish the relative 
abundances o f atomic oxygen and ozone. The oxygen 
atom formed in reaction (21) cycles many times through 
(22) and (23) before it is eventually removed by (24). It 
is thus convenient to consider O and 0 3 in combination, 
to think of a family of odd oxygen compounds, 0  +  0 3. 
Reaction (21) is the source of odd oxygen, and reaction 
(24) is the sink. In equilibrium, source and sink must 
balance. This simple scheme is illustrated in Figure 11.

The concentration of O is controlled by reactions (22) 
and (23) at all levels below about 70 kilometres. Thus,

/ 23[o 3

k22[02][M]- (25)

Balancing (21) and (24), using (25), gives

[0 3] =
j 2 i l/2k 22i/2f o 2 i u r 2

L- 1/2 T  1/2 1
K-24 V 2 3

(26)

where J  and k  denote rate constants for (21)-(24) with 
the subscripts identifying the relevant reactions; f o 2 is the 
mixing ratio for 0 2, [0 2] =  f o 2 [M]. (Concentration is sig- 
nified by the bracketing of symbols.)

The essential features of the photochemistry of strato­
spheric 0 3 are summarized by reaction (26). The rate for 
photolysis of 0 2, J2[, is vanishingly small at low altitude: 
photons with sufficiënt energy to dissociate 0 2 are ab­
sorbed by 0 2 and 0 3 above 25 kilometres. Rate constants 
are more or less invariant with height at high altitude, and 
the abundance of 0 3 decreases accordingly with altitude, 
as [M]3/2 at high elevation. The concentration of 0 3 is 
small at low altitude, limited by the small and declining 
value of J2l. It follows that 0 3 must assume a maximum 
value at some intermediate level. In practice, the max­
imum is observed at a height of about 25 kilometres. 
Height variations of / 21, / 23, [M], [O], and [0 3] are shown 
schematically in Figure 12.

Much of the complexity of stratospheric chemistry, and 
indeed much of its recent history, is eoncemed with 
working out the paths for removal of odd oxygen besides 
reaction (24). For example, the pair of reactions

N 0  +  0 3- ^ N 0 2 +  0 2 (27)
N 0 2 +  0 - ^ N 0  +  0 2 (28)

have a net effect equivalent to (24). In the presence of 
nitric oxide, NO, the rate for (24) is faster than would be 
otherwise the case; in short, reaction (24) is catalyzed by 
NO. Similarly, (24) can be catalyzed by chlorine, CI,

CI +  0 3 -> CIO +  0 2 (29)
C10 +  0 - + C l  +  0 2, (30)

by bromine, Br,
Br +  0 3^ B r 0  +  0 2 (31)
BrO +  O Br +  0 2, (32)

or by the hydroxyl radical, OH,
0 H  +  0 3- * H 0 2 +  0 2 (33)
H 0 2 +  0 - ^ 0 H  +  0 2. (34)

Catalytic paths occur for which there is no direct reaction 
analogue. The sequence

OH +  0 3 -»  H 0 2 +  0 2 (35)
H 0 2 +  0 3 -»  OH +  0 2 +  0 2 (36)

is equivalent to

0 ,  + 0 , - 3 0 , . (37)

as is
CI +  o 3 —> CIO +  o2 (38)
Br +  0 3 —► BrO +  0 2 (39)

CIO +  BrO —► CI +  Br +  0 2. (40)

The rate constant for (37) is vanishingly small* and this 
reaction has a negligible effect on stratospheric ozone. The 
catalytic paths, (35) +  (36) in particular, can be important, 
however, and provide additional means for the removal 
of odd oxygen, especially at low altitude where the abun­
dance of atomic oxygen is small.

It is convenient to extend the definition of odd oxygen to 
include N 0 2, CIO, BrO, and H 0 2 (hydroperoxyl). The cat- 
alog of sinks for odd oxygen expands then to encompass 
reactions (28), (30), (32), (34), and (40). Note that each of 
these loss reactions is responsible for the removal of two 
compounds of odd oxygen. Similarly, (21), the only source 
reaction, is responsible for two odd oxygen products.

The concept of odd oxygen is useful in that it provides a Signifi- 
systematic scheme for classifying the several hundred reac- cance of 
tions involved in a comprehensive model of stratospheric the odd 
0 3. Only a few of these reactions are directly implicated oxygen 
in the removal of 0 3. The balance is important mainly in concept 
regulating the levels o f N 0 2, CIO, BrO, and H 0 2.
It is useful to associate these compounds with special- 

ized families in addition to odd oxygen. The choice 
of association is to some extent arbitrary. The fam­
ily of NO, compounds mentioned earlier provides a 
natural link for N 0 2. In similar fashion, CIO is iden­
tified with CI*, CI +  CIO +  C1N03 +  HOC1 +  HCl; BrO 
with Br*, Br +  BrO +  BrN 03 +  HBr; and H 0 2 with HO*,
OH +  H 0 2 +  H20 2. It is important to note that a particu­
lar compound may belong to more than one family.

Reaction of the metastable oxygen atom 0 ( !D) with ni- 
trous oxide, N20 ,

0 ( ‘D) +  N 20  —> NO +  NO, (41)

is the primary source of stratospheric NO*. Decomposition 
of the halocarbons provides the dominant source of CI* 
and Br*, while reaction

0 ( 1D) +  H20 - > 0 H  +  0 H  (42)

is the most important source of HO*. Transport to the 
troposphere is the major means for removal of NO*, CI*, 
and Br* from the stratosphere. HO* is removed in situ by

OH +  HO, H P  +  0 2 (43)

and by
OH +  HNO, H20  +  N 0 3. (44)

J 23 (se c -’)

1 0 ” 4 I O “ 3 I O - 2

number density (cm-3) J 21 (sec-1)

Figure 12: Height profiles for 0 3, O , and M illustrating 
important term s in the equation for 0 3, equation (26).
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Figure 13: Transform ations of nitrogen com pounds in the 
atmosphere.
From Atmospheric Ozone 1985, World Meteorological Organization, Report No.
16, (1986), by courtesy of the National Aeronautics and Space Administration

Sources, sinks, and interchange mechanisms are illustrated 
schematically for NO*, CI*, Br*, and HO* in Figures 13-16.

The distribution of Ö3 with altitude and latitude is deter- 
mined not only by chemistry but also by transport. The 
lifetime of odd oxygen, mainly 0 3, is short at high altitude 
and low latitude where the abundance of atomic oxygen 
is relatively high. Chemistry is the dominant control in 
this case. The influence of transport is important at low 
altitude and high latitude; 0 3 tends to accumulate in these 
regions where it is protected from Chemical loss. This ac­
counts for the gross features of the latitudinal distribution 
displayed in Figure 17. There is a net flow of 0 3 from 
the stratosphere to the troposphere, where it is removed 
heterogeneously at the surface by gas phase reaction with
h o 2.

Tropospheric ozone. Tropospheric 0 3 is supplied either 
by in situ oxidation of hydrocarbons and CO or by 
downward transport from the stratosphere. The path for 
production due to oxidation of CO is particularly simple
and may be summarized as follows:

C 0 +  0 H ^ C 0 2 +  H, (45)
H +  0 2 +  M —» HO, +  M, (46)
H 0 2 +  NO OH +  N 0 2, (47)

hv +  N 0 2 —»■ NO +  O, (48)

and
0  +  0 2 +  M - * 0 3 +  M. (49)

Reactions (45)-(49) are equivalent to the bulk reaction
CO +  2 0 2 ->  C 0 2 +  0 3. (50)

From Atmospheric Ozone 1985, World Meteorological Organization, Report No. 
16, (1986), by courtesy of the National Aeronautics and Space Administration

Figure 14: Transform ations of chlorine com pounds in 
the atmosphere.

An alternate path for oxidation of CO involves reactions 
(45) and (46) followed by

H 0 2 +  0 3 -*  OH +  2 0 2. (51)

The bulk reaction in this case is
CO +  0 3 -> C 02 +  0 2. (52)

In the first path 0 3 is produced, while in the second it 
is consumed. The choice of oxidation scheme depends 
on the relative abundance of NO (nitric oxide) and 0 3, 
on the relative importance of reactions (47) and (51). 
Production of 0 3 is favoured if the abundance of NO is 
high; loss is predominant if NO is low. Similar bifurcation 
occurs in the oxidation of CH4 and other more complex 
hydrocarbons.

The chemistry of tropospheric 0 3 is in general less well 
understood than the chemistry of stratospheric 0 3, because 
the troposphere is intrinsically more complex than the 
stratosphere. Distributions of NO* and hydrocarbons are 
quite inhomogeneous and, as yet, not well defined. Ozone 
can be produced in one region and consumed in another. 
In any case, further research is required to understand 
better the intricacies of tropospheric chemistry.

EFFECTS OF HUMAN ACTIVITY ON ATMOSPHERIC 
COMPOSITION AND THEIR RAMIFICATIONS
Change has been a fact of life for the Earth for most of 
its history. Changes in the past have been both fast and 
slow, regulär and episodic, driven by factors internal to 
the planet and by forces from without. The evolution of 
an oxygen-mediating enzyme altered the composition of

h o 2

( HOBr J
Figure 15: Transform ations of bromine com pounds in 
the atmosphere.

the atmosphere irreversibly some 2,000,000,000 years ago, 
allowing free oxygen to accumulate and thereby chang- 
ing the nature of the biota for all subsequent time. The 
impact of a large asteroid (or possibly a cornet), it is 
thought, led to the demise of the dinosaurs and a variety 
of other species at the end of the Cretaceous Period (from 
about 136,000,000 to 65,000,000 years ago). Climate has 
adjusted throughout geologie time to the changing Posi­
tion of the continents driven by the slow motion of giant 
lithospheric plates, rigid blocks of the Earth’s surface rocks 
(see Plate tecto nics). Ice sheets have waxed and waned 
with regularity in response to the changing orbit and ro- 
tation axis of the Earth, and, as noted above, there have 
been associated changes in the carbon dioxide level of 
the atmosphere. What sets the present era apart, however, 
is the unique importance of a single species, man. Since 
about the mid-19th Century, humankind has developed 
the capacity to harness the powers of nature, to mine the 
reserves of organic carbon laid down in sediments over 
millions of years. It has used this abundant source of 
energy to alter its way of life, with effects, for the most 
part inadvertent though undoubtedly large, for the global 
environment. Some of those effects associated with the 
atmosphere are considered here.

Climate modification. Trace gases, carbon dioxide and 
water vapour in particular, play an essential role in terres­
trial climate. In the absence of these molecules that absorb 
strongly in the infrared, the surface temperature would be 
about 40 K colder than it is today. The oceans would be
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Figure 16: Transform ations of hydrogen com pounds in 
the atm osphere.
From Atmospheric Ozone 1985, World Meteorological Organization, Report No. 16, (1986), by 
courtesy of the National Aeronautics and Space Administration

frozen over, and life as we know it would be impossible. 
There is an important synergism between C 02 and H20 .  
Carbon dioxide itself absorbs only a small fraction of 
the heat radiated by the Earth’s surface. Water vapour is 
much more significant. The abundance of H20 , however, 
is controlled ultimately by temperature. An increase in 
C 02 may be expected to cause an increase in temperature, 
which allows more water vapour to enter the atmosphere 
and leads to a further increase in temperature.

It has been suggested that the climate of the Earth 
could be ultimately unstable. Addition of gases capable 
of trapping heat could accelerate the release of H20  and 
raise the temperature to a point where the oceans would 
evaporate, transforming the atmosphere into a hot steamy 
vapour. The surface pressure of the atmosphere would 
then be about 1,000 times higher than it is today, and its 
dominant constituent would be H20 . Some believe that 
such changes may have occurred on Venus, with H20  
subsequently escaping from the top of its atmosphere. In 
any event, Contemporary Venus is a striking example of 
the importance of the greenhouse effect. Its atmosphere 
contains a large concentration of C 02, almost IO6 times 
more than that of the Earth. Moreover, the Venusian sur­
face temperature is much hotter than the Earth’s—about 
780 K—in spite of the fact that Venus absorbs less energy 
from the Sun because of its ubiquitous cloud cover and 
associated high albedo.

Increase in The concentration of C 02 in the Earth’s atmosphere has
C 02 con- risen steadily over the past 140 or so years, from about 280
centration parts per million in 1850 to about 350 parts per million.

The change is due largely to the combustion of fossil fuels. 
Since the Industrial Revolution, nearly 1.5 X 1011 metric 
tons of organic carbon have been mined and consumed 
in the form of coal, oil, and natural gas. Garbon dioxide 
is the largest single waste product of modern society. The 
average person is responsible for the release of almost four 
tons of C 0 2 each year; the amount is even larger in the 
developed countries. The total global emission in 1985 
was close to 5 X 109 metric tons of C.
Approximately half of the carbon emitted since the In­

dustrial Revolution persists in the atmosphere today. The 
balance is presumed to have made its way into the oceans 
or to have been incorporated into organic matter on land. 
Uptake of C 0 2 by the oceans is limited by the supply of 
carbonate ions, C 0 32 , in surface waters. The bulk reac­
tion is

C 02 +  C 0 32-  +  H20  2HC03-  (53)

Carbon dioxide is a weak acid, and inclusion of C 02 in the 
oceans leads to a reduction in pH, transforming carbon 
from C 0 32 to bicarbonate ions, H C 03 , and dissolved 
neutral carbon. There is a limit, however, to this Switch­
ing. The total negative charge carried by dissolved carbon 
compounds is fixed by the alkalinity of the ocean waters:

[Alk] =  [HCOr] +  2[C 032-]. (54)

Alkalinity can be altered only by the addition of salts, 
which are supplied, for example, by the dissolution of 
calcite, CaC03, in sediments. The C 0 32- content o f waters 
at the ocean surface is small, and sustained uptake of 
C 0 2 requires that C 0 32 be supplied continuously to the 
surface. Over a 100-year period about 10 percent of the 
water in the oceans is exposed at the surface. If such is 
the case, only 30 percent o f the carbon dioxide released to 
the atmosphere by burning fossil fuels can be incorporated 
into the sea.

A continuing rise in carbon dioxide is inevitable. If 
current estimates for the reserve of fossil fuels—about 
4 X 1012 metric tons of carbon—are cpnsidered, and if it 
is assumed that half of this reserve is used up over the 
next 100 years, the level of C 02 could exceed 1,000 parts 
per million. If one assumes more conservatively that the 
consumption of fossil fuels will double over the hext 100 
years, C 02 may be expected to grow to about 600 parts 
per million—approximately twice the value in 1850.

Carbon dioxide is not the only gas with the ability to 
affect climate. The trace gases F - ll ,  F-12, methane, and 
nitrous oxide are even more potent on a molecule-per- Impact of 
molecule basis. It has been estimated that a molecule of other gases 
F -ll or F-12, for example, can produce warming equiva- on the 
lent to that caused by 104 molecules of C 02. Perturbations climate 
to stratospheric ozone and tropospheric ozone also can 
have a significant impact. In short, a comprehensive the- 
ory of climate change must allow for all of these various 
changes in atmospheric composition.
Most assessments of climatic change are based on simple, 

one-dimensional energy-balance models. These models, it 
is hoped, will pro vide an estimate for the globally aver- 
aged change in surface temperature. Studies suggest that 
the rise in carbon dioxide since 1850 should have resulted 
in an increase in the Contemporary surface temperature 
of about 0.4° C. The trace gases F - ll ,  F-12, methane, 
nitrous oxide, ozone, and stratospheric water vapour are 
estimated to have added to heating by C 02 an increment 
equivalent o f an additional 0.16° C, for a net change of
0.56° C. A change of this magnitude is generally consis­
tent with observation, as shown in Figure 18.

From Atmospheric Ozone 1985, World Meteorological Organization, Report No. 
16, (1986), by courtesy of the National Aeronautics and Space Administration

Figure 17: Colum n abundance of 0 3 as function of latitude 
and time of year in Dobson units (one D obson unit defines 
the content of 0 3 in a column of one-millimetre length at 
Standard air pressure and temperature).
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Figure 18: Change in global mean tem perature since 1850.
From Atmospheric Ozone 1985, World Meteorological Organization, Report No. 16, (1986), by 
courtesy of the National Aeronautics and Space Administration

The effects of trace gases are expected to grow relative 
to C 0 2 in the years ahead. Results from one particular 
Simulation are given in Figure 19. In this case, C 02 was 
predicted to cause an increase in surface temperature of 
about 0.9° C by the year 2030. With other trace gases 
included, it was estimated that the temperature increase 
could be as large as 2.2° C. A change of this magnitude 
would be unprecedented in recent Earth history.

A prediction of an increase in global mean temperature, 
whatever its magnitude, has at best limited use for gov- 
emment policymakers. Scientific concern is more with the 
geographic and temporal distribution of the change. Will 
it rain more ör less, and when? How will the change in 
climate affect food production? What changes are to be 
expected in the location of deserts, forests, grasslands, and 
agricultural zones? Benefits may be expected for some and 
Problems for others. Comprehensive assessment requires 
a model incorporating all of the important feedbacks 
between the atmosphere, oceans, and biosphere, with spa- 
tial resolution sufficiënt to distinguish at least the major 
biomes. Such a model is as yet unavailable, though efforts 
to develop it are under way. Preliminary studies with three- 
dimensional models similar to those used for predicting 
weather suggest that climatic zones can be expected to 
shift to higher latitudes oh a warmer Earth. Further work 
is required, however, before models of this kind can be 
used with confidence for quantitative planning.

Depletion of stratospheric ozone. The importance of 
stratospheric 0 3 has been recognized in a general way 
for almost 50 years. In the absence of 0 3, the surface of 
the Earth would be exposed to lethal ultraviolet radiation 
with wavelengths as short as 240 nanometres. It was only
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Figure IS : Changes in the global mean tem perature expected 
due to past and anticipated variations in trace atm ospheric 
ga ses. (Top) Increases in greenhouse forcing per decade from 
1850 through the mid-1980s. (Bottom ) Decadal increments of 
greenhouse forcing projected fo r the period from 1990 to 2030.

From Atmospheric Ozone 1985, World Meteorological Organization, Report No. 
16, (1986), by courtesy of the National Aeronautics and Space Administration

in 1970, however, that scientists began to focus on the 
fact that even small changes in 0 3 can have a significant 
impact on humans. Investigators observed that migration 
of people to lower latitudes—the shift in population from 
the northeastern part of the United States to the Sun Belt 
(roughly the Southern and southwestern regions o f the 
country), for example—was accompanied by an alarming 
rise in the incidence of skin cancer. Not all of this increase 
could be attributed to enhanced sunlight. There appeared 
to be an underlying factor to the smaller abundance o f 0 3 
at lower latitudes and the associated increase in exposure 
of fair-skinned people to solar radiation with wavelengths 
near 300 nanometres. Epidemiological studies suggested 
that the incidence of skin cancer would rise by about 3x 
percent for every x  percent decrease in the column den­
sity of 0 3. This led to inevitable questions conceming the 
stability of 0 3 as the human influence began to extend 
upward through the tropopause to the stratosphere.

It has long been known that the stratosphere tums over 
very slowly. Debris from the testing of nuclear bombs in 
the late 1950s and early 1960s was readily detectable a 
decade later. Plans were under way in the early 1970s to 
develop a commercial fleet of supersonic aircraft. These 
planes were projected to cruise at altitudes of about 20 
kilometres. It seemed inevitable that gases from their ex­
haust would accumulate in the stratosphere, and nitric 
oxide became a particular concern. It was suggested that 
nitric oxide from a fleet of 500 supersonic aircraft could 
lead to a reduction in ozone abundance by as much as 3 
percent. This led to a major research program coordinated 
by the U.S. Department of Transportation, and results 
from the program played an instrumental role in the de- 
cision by the federal government to suspend funds for the 
development of the large supersonic transport (SST). The 
British and French, however, continued their work on a 
smaller version of a supersonic transport, the Concorde, 
which was eventually introduced for limited service from 
Europe to North America and the Middle East. Flying at 
a lower altitude than the SST would have and releasing 
smaller quantities of nitric oxide, the Concorde has had 
a negligible effect on stratospheric ozone. It remains as 
a reminder of a vitriolic debate that served, if nothing 
eise, to draw attention to the stratosphere, to highlight the 
potential vulnerability of even the most remote regions of 
the atmospheric environment.

The debate concerning the environmental impact of the 
SST has had a lasting effect on the development of atmo­
spheric Science, spawning a new interdisciplinary program 
of research linking chemists, physicists, and biologists in a 
common effort to understand the stratosphere. The pro­
gram, with international participation, has been remark- 
ably successful and has led to a new view of the interde- 
pendence of the atmosphere, hydrosphere, and biosphere.

The concern over the effects of exhaust gases from su­
personic aircraft was soon followed by a new issue: the 
possibility that chlorine atoms released by decomposition 
of chlorofluorocarbons could have a larger and more 
persistent effect on stratospheric ozone. CFC’s were devel­
oped first in the 1930s but found widespread use only in 
the years following World War II. They were employed 
with great success by U.S. troops in the Pacific to dis- 
pense insecticides from aerosol spray cans. This led to 
many commercial uses, from propellants and refrigerants 
to foaming agents and degreasers and a host of other 
applications. Moreover, the use of CFC’s rapidly spread 
from the United States to Europe and the Far East. All 
this changed in 1975, when it was recognized that the 
release of CFC’s to the atmosphere could pose a serious 
Problem for stratospheric ozone. Production of F-12 de- 
clined from a peak of about 4.5 X 105 metric tons in 1975 
to about 3.4 X 105 metric tons in 1982. A similar drop 
was registered for F-l 1.

Much of the work undertaken since the mid-1970s has 
focused on the effects of CFC’s on the assumption that the 
composition of the atmosphere was otherwise constant. 
It has become clear, however, that the response of ozone 
depends not simply on the abundance of CFC’s but also 
on the abundances of methane, nitrous oxide, and carbon 
monoxide. These species, too, are changing. Current mod-
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els suggest that a continuing release of CFC’s at the rate 
registered in 1980, other gases remaining constant, would 
lead to a reduction in stratospheric ozone by about 5 per­
cent. Maximum impact is predicted to occur at altitudes 
above 25 kilometres. An increase in nitrous oxide of 20 
percent is expected to cause a reduction in ozone o f about 
2 percent. An increase in carbon dioxide should lead to a 
reduction in stratospheric temperatures with a consequent 
reduction in the anticipated impact of CFC’s and nitrous 
oxide on ozone. The effect of an increasing bürden of 
methane is more complex. Oxidation of methane provides 
a source of ozone at low altitude, while the reaction of 
chlorine with methane converts chlorine radicals to hy­
drogen chloride, resulting in a reduction in the impact of 
CFC’s between 30 and 40 kilometres.

Models suggest that the change in the column density 
of stratospheric ozone to date should be relatively small. 
Reductions in ozone at high altitude, near 40 kilometres, 
ought to be balanced by excess production at low altitudes 
due in part to the higher level of methane and in part 
to NO* released by high-altitude aircraft. Observational 
evidence is consistent with this view. A Statistical analysis 
concluded that the change in the ozone column from 1970 
to 1983 averaged —0.003 percent per decade. It showed, 
however, that a small though statistically significant drop 
in ozone—a decline of about 2 percent—occurred at alti­
tudes above 30 kilometres between 1970 and 1980.

There has been a new development since 1985. That 
year, Joseph C. Farman and his associates at the British 
Antarctic Survey reported that the level of ozone over 
Antarctica had dropped precipitously every October since 
1982, with the first such change apparent as early as 1978. 
A number of theories, or more properly hypotheses, have 
been advanced to account for this phenomenon. Several 
implicate effects of anthropogenic chlorine, enhanced by 
small quantities of bromine. Others suggest that the reduc­
tion may be due to a diminished supply of ozone from low 
latitudes, reflective of a change in stratospheric dynamics. 
In any case, the phenomenon was quite unexpected and 
serves as a powerful waming that current scientific under- 
standing of the stratosphere is still rudimentary.
Acid rain and allied problems. The acidity of rain, or 

of any liquid, depends on the concentration of protons 
(positively charged hydrogen ions), H+, in solution. It is 
measured conventionally by pH, defined by the relation

H =  ~log10 [H+], (55)

where [H+] denotes the molar abundance of H+— i.e., the 
concentration expressed in moles per litre. Pure water 
is characterized by a pH of 7.0. A liquid is said to be 
acidic if pH is less than 7.0; otherwise it is considered 
neutral or alkaline.

Exposed to an atmosphere containing carbon dioxide, 
water absorbs carbon, releasing protons by

CÖ2 +  H20 HC 03- +  H+. (56)

Similar reduction in pH occurs with absorption of nitric 
acid (H N 03) or sulfuric acid (H2S 0 4). Reactions in this 
case may be represented by

H N O , H + +  N O r (57)

and
H2S 0 4 2H+ +  SO,2". (58)

Absorption of less oxidized gases such as nitrogen dioxide 
(N 0 2) or sulfur dioxide (S 02) may be described by

4 N 0 2 +  0 2 +  2H20  4 N 0 3-  +  4H+ (59)

and
2S02 +  0 2 +  2H20  2SCy- +  4H+. (60)

In each case, protons are liberated and pH declines. This 
result may be viewed as an inevitable consequence of the 
Chemical nature of carbon, nitrogen, and sulfur. These el­
ements are poised to form negative ions in their oxidized 
States. The resulting negative charge must be balanced, to 
some extent at least, by production of H+.

The pH of rain in equilibrium with atmospheric C 02 
would have a value of 5.65. The addition of H N 03

S 0 2 with concentrations typical of the clean environment 
remote from concentrated sources, about 100 parts per 
trillion, would lower the pH to approximately 5.3. (This 
assumes lifetimes for nitric acid and sulfur dioxide of 
roughly 10 days with precipitation at an average rate of 
one metre per year.) A concentration of sea salt or alkaline 
aerosol equivalent to about 50 parts per million, a typical 
value, would raise the pH to about 6.0. On this basis, it is 
concluded that the natural range of pH should lie between
5.3 and about 6.0. The data in Table 5 are consistent with 
this view, except for the measurement in Brazil indicating 
a value of 4.6. The acid content of rain in the Amazon 
River basin may reflect the importance o f local biologie 
sources of sulfur, particularly hydrogen sulfide (H2S). As 
mentioned above, hydrogen sulfide is oxidized readily in 
the atmosphere to sulfur dioxide, with a lifetime of no 
more than a few days.

Table 5: The pH of Rain at a Number of 
Representative Remote Locations

place pH

New Zealand 5.5 ±0.5
Pago Pago 5.3 ±0.3
Greenland 5.8 ±0.65
American Samoa 5.3 ±0.36
Hawaii 5.0 ±0.4
Amazon 4.6 ± 0.2
El Salvador 5.2 ± 0.4

Rains in the northeastem part o f the United States show 
median values for pH in the range of 4.1 to about 4.5. 
Values are lowest in a band extending from the Ohio River 
Valley to upstate regions o f New York. Information on the 
composition of precipitation is particularly illuminating. 
Table 6 shows data from sites in Minnesota, Georgia, and 
New York obtained in 1979. Sulfate accounts for about 
60 percent of the negative charge in rains at all three sites; 
nitrate ranges from 20 percent in Georgia to 34 percent in 
New York. The pH in New York was 4.34, as compared 
with the high value, 6.31, measured in Minnesota. The 
difference may be attributed to the presence of alkaline 
aerosol in rain reaching the site at Minnesota. The addi­
tion of calcium carbonate, CaC03, results in removal of 
H+ according to

CaC03 +  H+ —► Ca2+ +  H C 03~ (61)

Soils in the western part o f the United States are generally 
alkaline, and the aerosol content of the atmosphere tends 
to reflect this condition. Soils in the eastern United States 
are more acidic, and the buffering capacity is reduced 
accordingly.

The low pH and high sulfate content of precipitation 
in the Northeast is scarcely surprising. Approximately
12,000,000 metric tons of sulfur were vented to the at­
mosphere from industrial sources east o f the Mississippi 
River in 1978. The sulfur content of rain falling on the 
same region amounted to only 20 percent of the quantity 
released. The balance was either exported or deposited by 
dry processes on various surfaces— Vegetation and so forth.

Table 6: Average Ion Concentrations* Observed
in Precipitation at Three U.S. Sites (in 1979)

ion west central Southwest northwest
Georgia Minnesota New York

so4- 38.9 45.8 44.8
no3- 11.6 24.2 25.0
c i- 8.2 4.2 4.2
HCO3- 0.3 10.3 0.1
Anions 59.0 84.5 74.1
nh4+ 5.5 37.7 8.3
Ca2+ 5.0 28.9 6.5
Mg2+ 2.4 6.1 1.9
K+ 0.7 2.0 0.4
Na+ 17.6 13.7 4.9
H+ 17.8 0.5 45.7
Cations 49.3 88.9 67.7
pH 4.75 6.31 4.34

*Microequivalents per litre.
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The industrial source grew by a factor of 2.5 between 
1950 and 1970, with the rate of growth most rapid during 
the 1950s. The decline in subsequent growth reflected a 
shift by Utilities from coal to oil and nuclear power and 
from high-sulfur to low-sulfur coal, a trend that has been 
reversed somewhat since the early 1980s. The global in­
dustrial output of sulfur in 1978 was about 65,000,000 
metric tons, which may be compared with estimates of
64,000,000 metric tons per year for production by the 
unperturbed global biosphere. The biospheric production 
in the eastern United States is about 100,000 metric tons 
per year and is surely less than the industrial contribution 
by at least a factor of 10.

Industrial sources of oxidized nitrogen are similarly dom­
inant. The global industrial output of NO* (see above) 
is about 20,000,000 metric tons N  per year, distributed 
more or less equally between North America, Europe, and 
the rest of the world. The industrial output is thought to 
exceed production by natural agents in North America by 
a factor of from 3 to 13. Combustion of fossil fuels ac­
counts for about 40 percent of the NO*. Biomass burning 
accounts for another 25 percent, with the remainder from 
lightning and microbial processes in soils.

The relation between emission of potentially acidic com­
pounds and ultimate delivery of acids to specific geographic 
regions is by no means straightforward. It depends on the 
nature of the atmospheric circulation and characteristics 
of the source— e.g., height of smokestacks. Chemical fac­
tors Controlling dry deposition are poorly understood, and 
there are gaps in scientific understanding of the relevant 
aspects of atmospheric chemistry. Oxidation of nitrogen 
dioxide to nitric acid is thought to proceed by the reaction

OH +  N 0 2 +  M -*  KNUS +  M. (62)

Oxidation of sulfur is initiated similarly by reaction with 
the hydroxyl radical, OH,

OH +  SO, 4- M H S 03 +  M, (63)

or it may proceed heterogeneously with hydrogen perox­
ide, H20 2, formed from H 0 2. Ammonia, NH3, is impor­
tant in neutralizing acid aerosols. A complete description 
of the relevant chemistry must thus include NH3 and 0 3 
in addition to oxides of nitrogen and sulfur. Interconnec­
tions between various Chemical cycles can lead to subtle, 
unexpected nonlinearities in the composite effects, with 
important consequences for the geographic pattern of the 
resulting deposition of acid.

Acids can affect receiving Systems in a variety of ways, 
some good, others bad. Addition of nitrate to ecosystems 
deficiënt in nitrogen can lead to enhanced biologie pro- 
ductivity. The benefits, however, may be offset by toxic 
effects associated with the release of aluminum and mag­
nesium from clay minerals if the pH of soils falls below 
about 5.5. Teaching of metals from soils and sediments 
also can have ad verse effects on aquatic Systems. Fish may 
be killed by aluminum even under conditions where the 
pH is considered otherwise benign. Given the current rates 
of acid deposition, the pH of a number of lakes in the 
northeasterri United States and in southeastem Canada is 
expected to average 4.2 to 4.8, with occasional depressions 
to near 3.8 during periods of snowmelt or heavy rain. 
Most fish species and almost all mollusks perish if the pH 
falls below 4.8; planktonic Communities are simplified in 
this case, dominated by a few acid-tolerant taxa. Adverse 
effects of acid precipitation are most obvious for lakes, 
and it is not surprising that this aspect of the issue has 
received the most attention in the press. The effects on 
the terrestrial biosphere are more ambiguous. It appears 
that elevated levels of ozone in the troposphere may pose 
a more serious hazard for plant life even at locations re­
moved from major industrial sites. Effects in this case, for 
a variety o f agronomic and forest species, include foliar 
injury and significant reduction in growth and yield.

In summary, there are deficiencies in current scientific 
understanding of acid rain, both in its atmospheric and 
biospheric dimensions. Uncertainties can be removed or 
reduced by a suitably directed research program. It is clear 
that the chemistry of the troposphere, both polluted and 
clean, should receive attention in this effort.

The ionosphere and phenomena of the upper 
atmosphere
THE IONOSPHERE

General characteristics. The bulk of the atmosphere 
consists of electrically neutral atoms and molecules. At 
high altitudes, however, a significant fraction of the at­
mosphere is electrically charged. This region is generally 
called the ionosphere. It extends throughout the meso- 
sphere and thermosphere but is most important and dis- 
tinct at altitudes above about 80 kilometres. The name 
was introdüced during the 1920s and was formally defined 
in 1950 by a committee o f the Institute of Radio Engi­
neers. Members of the committee identified the region as 
“the part of the earth’s upper atmosphere where ions and 
electrons are present in quantities sufficiënt to affect the 
propagation of radio waves.”

Much of the early research on the ionosphere was car­
ried out by radio engineers and was stimulated by the 
need to define the factors influencing long-range radio 
communication. Priorities have changed in recent years. 
Today, the need is to understand the ionosphere as the 
environment for Earth-orbiting satellites and ballistic mis- 
siles. The emphasis is on processes. Scientific knowledge 
of the ionosphere häs grown tremendously, fueled by a 
steady stream of data from spacecraft-bome instruments 
and enhanced by measurements of relevant atomic and 
molecular processes in the laboratory.

Historically, the ionosphere was thought to be composed 
of a number of relatively distinct layers. The most impor­
tant layers were identified by the letters D, E, and F, with 
the F layer subsequently divided into regions F! and F2. 
The nomenclature is somewhat peculiar. It appears that 
Edward V. Appleton o f Britain, a pioneer in early radio 
probing of the ionosphere, was accustomed to using the 
symbol E to describe the electric field of the wave reflected 
from the first layer of the ionosphere he studied. Later, 
Appleton identified a second layer at higher altitude and 
used the symbol F in this case. Suspecting a layer at lower 
altitude, he adopted the additional symbol D. In time the 
letters came to be associated with the layers themselves 
rather than with the field of the reflected waves. It is now 
known that Appleton’s layers are not particularly distinct. 
The electron density increases more or less uniformly with 
altitude from the D region, reaching a maximum in the F2 
region. In spite of the peculiarities of the original rationale 
for the naming of the layers, the nomenclature employed 
to describe the different regions of the ionosphere contin- 
ues in wide use. Though the names persist? the definitions 
have evolved to reflect present-day understanding of the 
underlying physics and chemistry.

Ionospheric physics and chemistry. Most of the ion­
ization in the ionosphere is effected by photoionization. 
Photons of short wavelength (/.c., high energy) are ab­
sorbed by atmospheric gases. A portion of the energy is 
used to eject an electron, converting a neutral atom or 
molecule to a pair of charged species: an electron, which 
is negatively charged, and a companion positive ion. Ion­
ization in the F! region is produced mainly by ejection of 
electrons from 0 2, O, and N 2. The threshold for ionization 
of 0 2 corresponds to a wavelength of 102.7 nanometres. 
Thresholds for O and N 2 are at 91.1 and 79.6 nanometres, 
respectively.

Positive ions can react with neutral gases and change 
their identity. There is a tendency for these reactions to 
favour production of more stable ions. Thus, ionized oxy­
gen, 0 +, can react with 0 2 and N2, resulting in ionized 
molecular oxygen, 0 2+, and ionized nitric oxide, NO+:

o+ + o2 o + o2+
o + +  n 2- ^ n o + +  n . (64)

Similarly, ionized molecular nitrogen, N 2+, can react with 
O and 0 2, forming NO+ and 0 2+:

n 2+ +  o - + n o + +  n
N2+ -r 0 2 —> N2 +  0 2+. (65)

The most stable, and consequently most abundant, ions in 
the E and Fx regions are 0 2+ and NO+, the latter more so 
than the former. At lower altitude, 0 2+ can be converted
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to NO+ by reactions with the minor species N (nitrogen) 
and NO (nitric oxide),

o 2+ +  n ^ o  +  n o +
0 2+ +  NO —► 0 2 +  NO+. (66)

In the D region, NO+ can be converted to H30 +, the 
hydronium ion, and to companion species such as H50 2+ 
and H70 4+, formed by the addition of H20 . Production of 
hydrated ions is limited by the availability of H20 . As a 
consequence, they are confined to altitudes below about 
85 kilometres.

The electron density in the D, E, and Fj regions reflects 
for the most part a local balance between production 
and loss. Electrons are removed mainly by dissociative 
recombination, a process in which electrons attach to pos- 
itively charged molecular ions and form highly energetic, 
unstable neutral molecules. These molecules decompose 
spontaneously, Converting internal energy to kinetic en­
ergy of fragments. The most important processes in the 
ionosphere involve recombination of 0 2+ and NO+. The 
reactions in this case may be summarized as follows:

0 2+ +  é> - * 0  +  0

NO+ +  £ —»N +  O. (67)

A portion of the energy released in reaction (67) may 
appear as internal excitation of either nitrogen, oxygen, 
or both. The excited atoms can radiate, emitting faint 
visible light in the green and red regions of the spectrum 
and thereby contribute to the phenomenon of the airglow. 
The airglow originates principally from altitudes above 80 
kilometres and is responsible for the diffuse background 
light that makes it possible to distinguish objects at the 
Earth’s surface on dark, moonless nights. Airglow is pro­
duced for the most part by reactions involved in the re­
combination of molecular oxygen. The contribution from 
reaction (67) is readily detectable, however, and provides 
a useful technique with which to observe changes in the 
ionosphere from the ground. Studies of the airglow have a 
long and checkered history in atmospheric Science. Over 
the years they have contributed significantly to scientific 
understanding of processes in the upper atmosphere.
As indicated above, dissociative recombination provides 

an effective path for the removal of molecular ions. There 
is no comparable means for the removal of atomic ions. 
Direct recombination of 0 + with an electron requires that 
the excess energy be radiated as light. Radiative recombi­
nation is inefficiënt, however, compared with dissociative 
recombination and plays a small role in the removal of 
ionospheric electrons. There is a complication at high al­
titudes where atomic oxygen is the major constituent of 
the neutral atmosphere and where electrons are produced 
primarily by photoionization of O. The atomic ion 0 + 
may be converted to NO+ and 0 2+ through reactions with 
N2 and 0 2, but the abundances of N2 and 0 2 decline 
relative to O as a function of increasing altitude. In the 
absence of competing reactions, the concentration of 0 + 
and the density of electrons would increase steadily with 
altitude, paralleling the rise in the relative abundance of 
O. This occurs to some extent but is limited eventually by 
vertical transport.

Ions and electrons produced at high altitude are free to 
diffuse downward, guided by the Earth’s magnetie field. 
The lifetime of Ó+ is long at high altitude where the 
densities of 0 2 and N2 are very small. As ions move down­
ward, the densities o f 0 2 and N2 increase. Eventually the 
time constant for reaction of 0 + with 0 2 and N2 becomes 
comparable to the time for diffusion: 0 + is converted to 
either 0 2+ or NO+ before it can move much farther. The 
0 + density exhibits a maximum in this region. Compe- 
tition between chemistry and transport is responsible for 
the formation of an electron-density maximum in the F2 
layer. The dominant positive ion is 0 +.

The density of 0 + decreases with decreasing altitude 
below the peak, reflecting a balance between production 
by photoionization of O and removal by reaction (65). 
The density of 0 + also decreases above the peak. In this 
case, the removal of photo-ions is regulated by downward 
diffusion rather than by chemistry. The distribution of 0 + 
with altitude above the peak reflects a balance of forces,

a pressure gradiënt that acts to support 0 + in Opposition 
to gravitational and electrostatic forces that combine to 
pull 0 + down. The electrostatic force is set up to preserve 
charge neutrality. In its absence, the density of ions, which 
are much more massive than electrons, would tènd to fall 
off more rapidly with altitude than that of electrons. The 
abundance of electrons would quickly exceed the density 
of ions, and the atmosphere would accumulate negative 
charge. The electric field redresses the imbalance, drawing 
electrons down and providing additional upward support 
for positively charged ions. The abundance of 0 + falls 
with increasing altitude as though 0 + had a mass o f 8 
atomic units rather than 16 atomic units (the electric field 
exerts a force equivalent to the gravitational force on a 
body of mass 8 atomic units, directed upward for ions and 
downward for electrons). The density of electrons falls off 
with altitude at precisely the same rate as 0 +, preserving 
the balance of positive and negative charge.

Ionization at any given level depends on three factors: 
(1) the availability o f photons of a wavelength capable of 
effecting ionization, (2) a supply of atoms and molecules 
necessary to intercept this radiation, and (3) the efficiency 
with which the atoms and molecules are able to do so. 
The efficiency is relatively large for O, 0 2, and N2 from 
about 10 to 80 nm. This is the portion of the spectrum 
responsible for the production of electrons and ions in the 
F, region. Photons between 90 and 100 nm are absorbed 
only by 0 2. They therefore penetrate deeper and are re­
sponsible for producing about half the ionization in the 
E layer. The balance is derived from soft X rays (those 
of longer wavelength), which are absorbed with relatively 
low efficiency in the F region and so are able to penetrate 
to altitudes of about 120 kilometres under conditions of 
high solar elevation. Hard X rays (those of shorter wave­
length), notably below about 5 nm, reach even deeper. 
This portion of the spectrum accounts for the bulk of 
the ionization in the D region, with an additional contri­
bution from wavelengths longer than 102.6 nm—mainly 
from photons in the strong solar emission line at Lyman 
a, 121.6 nm. Lyman a emission is absorbed weakly by 
the major components of the atmosphere, O, 0 2, and N2. 
It is absorbed readily by NO and has sufficiënt energy to 
ionize this relatively unstable compound. In spite of the 
low abundance of NO, the high flux of solar radiation at 
Lyman a is able to provide a significant source of ioniza­
tion for the D region near 90 kilometres.

Ionospheric variations. The ionosphere is variable in 
space and time. Some of the changes are Chemical in 
origin and can be readily understood on the basis of the 
general considerations outlined above. There is a system­
atic Variation, for example, as a function of time of day. 
In the early moming the Sun is relatively low in the sky. 
Radiation must penetrate a large column of air before 
reaching a given level of the atmosphere. Ionization rates 
are less than at noon, and the profile of ionization is 
shifted to higher altitudes. The heights of the D, E, and F, 
layers change in response to solar elevation. The layers are 
lowest and the densities of electrons are highest at noon. 
Ionization in the D, E, and F{ regions tends to disappear 
at night as a result of recombination in the absence of a 
compensating source.

The diurnal Variation of the F2 layer is less dramatic. Ion­
ization produced at high altitudes during the day maintains 
a sizable density of electrons at the F2 peak throughout 
the day and diffuses downward at night. This accounts for 
the fact that radio reception (both in the broadcast and 
shortwave bands) is generally best at night. Ionization at 
lower altitudes—primarily those corresponding to the D 
region—tends to interfere with radio transmissions during 
the day. Interference is minimal at night, since ionization 
in the D layer effectively disappears with the setting of the 
Sun.

The density of ionization varies as a function of solar 
activity in response to changes in the intensity and spectral 
properties of solar radiation. The output of solar energy 
is relatively constant in the visible and near-ultraviolet 
portions of the spectrum. It varies appreciably, however, 
at shorter wavelengths, reflecting changes in the temper­
ature of the outermost regions of the solar atmosphere.

Impact of 
solar activ­
ity on the 
density of 
ionization



$26 Atmosphere

Gravity 
waves and 
atmo­
spheric 
Lides

The changes are particularly large, in excess of a factor 
of 10, at X-ray wavelengths. Variations in the D region 
are correspondingly large, with smaller though still sig­
nificant changes in the E and F layers. The temperature 
of the thermosphere varies as a function of solar activity 
in response to the changing input of energy. Exospheric 
temperatures range from about 750 K at solar minimum 
to as high as 2,000 K when activity is particularly intense.

Solar activity varies on a characteristic time scale of about 
11 years. It is not entirely periodic, however, as successive 
cycles can differ significantly. There are indications that 
activity can be low for periods as long as centuries. For 
example, the Sun was quiet for more than 200 years from 
about 1600 to roughly 1850.

As mentioned earlier, ionization above the F2 peak is 
removed mainly by downward diffusion. Ionization is 
constrained, however, to move along the magnetic field. 
The field is oriented horizontally at the magnetic equator, 
so vertical diffusion is inhibited at low latitudes. The den­
sity of 0 + and electrons at low latitudes is controlled by 
chemistry to a larger extent than at high latitudes. The F2 
peak is correspondingly higher in altitude and the density 
of electrons is elevated accordingly.

Ions and electrons formed at high altitudes and low lati­
tudes are transported to higher latitudes by thermospheric 
winds. As a result, the highest density of electrons at the 
F2 peak is observed at intermediate latitudes, displaced by 
about 10° relative to the magnetic equator.

Transport also can affect the distribution of ionization 
at lower altitudes. The diumal pattem of heating in the 
troposphere and stratosphere excites a spectmm of waves, 
some of which are free to propagate vertically. The am­
plitude of the waves grows significantly as the disturbance 
enters regions of lower density. The passage of the waves 
is associated with strong altemating horizontal winds. Ion­
ization can be driven up inclined magnetic field lines at 
one altitude, while winds blowing in an opposite direction 
at higher altitudes can induce simultaneous downward 
motion. This can lead to bunching of ionization, causing 
a local enhancement of the electron density. The mech- 
anism is particularly important in the E region and is 
responsible for a phenomenon known as sporadic E.

The buildup of ionization is normally limited by disso­
ciative recombination of molecular ions. The ionosphere 
at D- and E-region altitudes, however, contains a small 
but variable concentration o f atomic ions derived from the 
ionization of metals ablated from meteorites. The density 
of metallic ions, notably those o f sodium, magnesium, 
and potassium is sometimes high enough to supply, after 
concentration, a layer of ionization with density compa- 
rable to that of the F layer. This can result in a major 
temporary disruption of radio Communications.

Winds generated in the lower ionosphere by thermal 
forcing from below have characteristic periods expressed 
as submultiples of a day. Waves with a period of 24 hours 
dominate at low latitudes, whereas those with a characteris­
tic period of 12 hours are more important at high latitudes. 
The waves are basically similar in physical origin to tides 
excited in the ocean by lunar gravity. The vertical motion 
to which they owe their origin is generated, however, by 
the diumal pattem of heating and cooling rather than by 
gravity. Additional waves can arise due to irregulär forc­
ing associated, for example, with thunderstorms, motion 
over orographic features, and a range of other small-scale 
meteorologie disturbances. These small-scale disturbances 
are referred to as gravity waves to distinguish them from 
the more regulär planetary-scale motions excited by the 
diumal cycle of heating and cooling. The regulär response 
to thermal forcing is known as the atmospheric tide.

Tides and gravity waves have similar effects on ionization 
in the E region. They both are responsible for concentrat- 
ing ionization in layers. In combination with the large- 
scale system of winds in the lower thermosphere, they also 
are effective in driving an irregulär current that flows in 
the E and lower F regions o f the ionosphere. The current 
owes its origin to differences in the facility with which 
motions of ions and electrons are constrained by the 
magnetic field. It is associated with an electric field and 
results in a modulation o f the magnetic field that can be

readily detected at the surface. The current is particularly 
intense in the equatorial region where it is known as the 
electrojet. The region of strong current flow is called the 
dynamo region.

Protons, H+, and helium ions, He+, are important com­
ponents of the ionosphere above the F2 peak. They in­
crease in abundance relative to the atomic ion of oxygen, 
0 +, with increasing altitude. Protons are produced by the 
photoionization of atomic hydrogen,

hv +  H - * H + +  e, (68)

and by charge transfer from 0 + to H,
0+ +  H —> 0  +  H+. (69)

Helium ions are formed by the photoionization of helium. 
The distribution of H+ and He+ with altitude reflects the 
influence of the polarization electric field set up to pre­
serve charge neutrality. When 0 + is the dominant ion, 
the polarization field acts to lift H+ and He+ with a force 
equivalent, but in opposite direction, to that exerted by 
the gravitational field on a partiele of mass 8 atomic units. 
Protons behave as though they had an effective gravita­
tional mass of —7 atomic units (1 — 8). The effective mass 
of He+ is —4 atomic units (4 — 8).

The abundance of H+ and He+ increases with altitude. 
Eventually H+ becomes the dominant component of the 
ionosphere, and the polarization field is then diminished. 
A field equivalent to the gravitational force acting on 
a body of mass 0.5 atomic units, directed upward for 
ions and downward for electrons, is sufficiënt to maintain 
equal densities of H+ and electrons. The effective masses 
of 0 + and He+ shift to 15.5 atomic units (16 — 0.5) and 
3.5 atomic units (4 — 0.5), respectively, and densities of 
0 +, He+, and H+ decline with further increases in altitude.

The overall structure of the outer ionosphere is influ- 
enced strongly by the configuration of the magnetic field. 
Ionization is removed by diffusion, but diffusion is limited 
to the directions imposed by the morphology of the field.

Close to the Earth, the magnetic field has a structure sim­
ilar to that of an ideal dipole. Field lines are oriented more 
or less vertically at high latitudes, sweep back over the 
Equator when they are essentially horizontal, and connect 
to the Earth in a symmetrical pattem at high latitudes in 
the opposite hemisphere. The field départs from this ideal 
dipolar configuration, however, at high altitudes. There, 
the terrestrial field is distorted to a significant extent by 
the solar wind with its imbedded solar magnetic field. 
Ultimately the terrestrial field is dominated by the inter- 
planetary field. The solar wind compresses the field of the 
Earth on the dayside at a distance of about 65,000 kilo­
metres from the planet. The terrestrial field is stretched 
out on the nightside in a giant tail that reaches past the 
orbit of the Moon, extending perhaps to distances in ex­
cess of 1,000 Earth radii. The boundary between regions 
dominated by the solar and terrestrial magnetic fields is 
known as the magnetopause, and the region interior tó 
the magnetopause is called the magnetosphere.

The outermost regions of the magnetosphere are exceed- 
ingly complex, especially at high latitudes where the ter­
restrial field lines are open. Ionization from the solar wind 
can leak into the magnetosphere in a number of ways. 
It can enter by turbulent exchange at the dayside magne­
topause or more directly at cusps in the magnetopause at 
high latitudes, where closed loops of the magnetic field on 
the dayside meet fields connecting to the magnetotail. In 
addition, it can enter at large distances on the nightside 
where the magnetic pressure is relatively low and the field 
lines are able to reconnect readily, providing easy access 
to the giant plasma sheet in the interior of the magne­
totail. For further information about the magnetosphere 
and related subjects, see e a r t h , t h e : The magnetic field  
of the Earth.

AURORAS

Auroras are perhaps the most spëctacular manifestations 
of the complex interaction of the solar wind with the outer 
atmosphere. The energetic electrons and protons respon­
sible for auroras are thought to emanate from the plasma 
sheet inside the Earth’s magnetotail.

The mag­
netopause 
and the 
magneto­
sphere
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Auroras occur in both hemispheres. They are confined 
för the móst part to high latitudes, to oval-shaped regions 
maihtaining a more or less fixed orientation with respect 
to the Sun. The centre of an auroral oval is displaced a few 
degrees to the nightside with respect to the geomagnetic 
pole. The midnight portion of an oval is, on average, at 
a geomagnetic latitude of 67°; the midday portion is at 
about 76°. An observer between 67° and 74° magnetic 
latitudes generally encounters auroras twice a day—once 
in the evening and once in the moming.

The portion of the Earth that traverses the midnight 
portion of an oval is known as the auroral zone. In 
the Northern Hemisphere, for example, it lies along the 
curve extending from the northem regions of Scandinavia 
through Iceland, the Southern tip of Greenland, the South­
ern region of Hudson Bay, Alaska, and on to the coast o f 
Siberia. This is the prime region from which to view an 
aurora. The phenomenon is by no means static, however. 
The auroral zone shifts poleward at times of low solar 
activity. It has been known to move as far south as 40° 
(geographic latitude) in the United States during periods 
of high solar activity. At low latitudes, an aurora assumes 
a characteristic red colour. In ancient times this feature 
was often interpreted as evidence of impending disaster. 
Auroras assume a variety of forms, depending on the van- 
tage point from which they are observed. The luminosity 
of an aurora is generally aligned with the magnetic field. 
Field lines are close to vertical in polar regions, and so an 
aurora occurring there appears to stand on end, to hang 
from the sky in great luminous drapes (Figure 20). It is a 
spectacular sight indeed, especially if viewed from a dis­
tance either from the north or south. At lower latitudes, 
the magnetic field lines are inclined with respect to the 
vertical. There, an aurora appears as Streamers radiating 
from the zenith. Such is the majesty of auroras that no 
two displays are totally alike. Light can move rapidly 
across the sky on some occasions, and at other times, it 
can appear to stand in place, flickering on and off.
The most common type of aurora is associated with 

the bombardment of the atmosphere by electrons having 
energies of up to 10,000 electron volts (eV). The energy 
for these electrons originates ultimately from the Sun. It 
is propagated through space by the solar wind and is 
communicated to the magnetosphere, most probably to 
the plasma sheet, by complex electromagnetic interactions 
not as yet well understood. The energetic electrons enter 
the atmosphere along magnetic field lines. They produce a 
shower of secondary and tertiary electrons, approximately 
one for every 35 eY of energy in the primary stream.

V.P. Hessler

Figure 20: A u r o r a  b o re a lis .
Multiple auroral arcs photographed in Alaska.

Figure 21: The Van Allen radiation beits contained within the 
Earth’s magnetosphere.

Primaries can propagate to altitudes as low as 100 kilome­
tres. Most of the luminosity is produced, however, by low- 
energy secondary and tertiary electrons. Prominent emis- 
sions are associated with the red line of atomic oxygen at 
630 nm, the green line of atomic oxygen at 558 nm, the 
first negative bands of ionized molecular nitrogen at 391 
nm and 428 nm, and a host of emissions from O, 0 2,
0 2+ and N2. Many of these features also are present in the 
day and night airglow. They are most notable in auroras 
because of their intensity and the rapidity with which they 
switch on and off in response to changes in the flux and 
energy of incoming primaries. An aurora has a charac­
teristic red colour if the energy of primaries is relatively 
low. In this case, emission is dominated by atomic oxy­
gen and is confined for the most part to altitudes above 
200 kilometres. If the energy of the primaries is high, an 
aurora has a greenish blue colour and extends downward 
to altitudes as low as 90 kilometres.

Auroral displays also are produced by the bombardment 
of the atmosphere by energetic protons. Protons with en­
ergies of up to 200,000 eV are responsible for auroral 
activity in a diffuse beit shifted equatorward from the 
main auroral zone. These protons can be detected from 
the ground by Observation of Doppler-shifted radiation 
emitted by fast hydrogen atoms formed by charge transfer 
from atmospheric atoms and molecules. Protons also play 
a role at higher latitudes, especially at times following 
major flares on the Sun. It is thought that the protons 
responsible for auroras at the polar caps are solar in ori­
gin. Associated energies may reach as high as 106 eV, and 
particles may penetrate as deep as 80 kilometres. Polar 
cap auroras can provide a significant transient source of 
mesospheric and stratospheric nitric oxide. They can be 
responsible for small but detectable short-term fluctua­
tions in the abundance of stratospheric ozone.

THE VAN ALLEN RADIATION BELTS
The magnetosphere includes two doughnut-shaped beits, 
or zones, centred on the Equator that are occupied by 
appreciable numbers of energetic protons and electrons Zones of 
trapped in the magnetic field high above the sensible at- energetic 
mosphere (Figure 21). The inner beit extends from roughly protons
1,000 to 5,000 kilometres above the terrestrial surface and and 
the outer beit from some 15,000 to 25,000 kilometres. electrons 
The beits were named in honour of James A. Van Allen,
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the American physicist who discovered them in 1958. Van 
Allen’s find was a triumph of serendipity: he detected the 
presence of the trapped particles with a Geiger counter de­
signed to measure the flux of cosmic rays in space. It was 
the first great disco very of the space age and was achieved 
by combining data obtained with instruments carried by 
three of the earliest U.S. scientific satellites— Explorer 1, 
Explorer 4, and Pioneer 3.
The flux of protons Crossing a square centimetre of sur­

face in the inner Van Allen beit can be as large as 20,000 
per second, higher than the flux of cosmic radiation in 
space by a factor of 104. Protons in the inner belt have en­
ergies in excess of 7 X 108 electron volts, enough to enable 
them to penetrate several centimetres of lead. Spacecraft 
that have to fly through the beits thus must be protected; 
otherwise their electronic components would be subjected 
to irreparable damage.

The high-energy protons in the inner Van Allen beit are 
thought to originate from the decay of neutrons. These 
neutrons are produced by the interaction of energetic cos­
mic rays of galactic origin with the atmosphere. Some of 
the neutrons are ejected upward, and a fraction of them 
decay into protons and electrons upon passing through 
the region occupied by the Van Allen beits. These protons 
and electrons travel in spiral paths along the flux lines of 
the Earth’s magnetic field. At intermediate latitudes, the 
converging flux lines cause the particles to reverse their 
direction, so that they move back and forth between the 
magnetic poles. Collisions with atoms in the thin atmo­
sphere eventually remove the particles from the beits, but 
they generally survive for about 10 years. This relatively 
long lifetime allows particles to accumulate in the radi­
ation beits, providing high fluxes in spite o f the small 
magnitude of the intrinsic source.
The inner beit merges gradually with the outer beit, 

where a portion of the ionization is derived from the solar 
wind. Clear evidence of this is provided by the Observation 
of helium ions in addition to protons in the outer beit. It 
has been established that helium ions account for about 
10 percent of the solar wind. (Unlike the outer zone, the 
inner beit contains no helium ions.) The flux of electrons 
in the outer belt can vary over time intervals as short as a 
few days. These changes appear to correlate with periods 
of strong magnetic disturbance. They are not, however, as 
yet well understood.

Studies of the outer magnetosphere and related phenom­
ena continue to draw attention. Space physicists find it 
a challenging task to unravel the mysteries o f the ever- 
changing cosmic laboratory and hope to continue the saga 
initiated by Van Allen and other pioneers of the space age.

(M.B.McE.)
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Atoms: Their Structure, Properties, 
and Component Particles

The atom is the smallest unit into which matter can 
be divided without the release of electrically charged 
particles. It also is the smallest unit of matter that 

has the characteristic properties of a Chemical element. As 
such, the atom is the basic building block of chemistry. 

Most of the atom is empty space. The rest consists of 
a positively charged nucleus of protons and neutrons sur­
rounded by a cloud of negatively charged electrons. The 
nucleus is small and dense compared .to .the. electrons, 
which are the lightest charged particles in nature. Elec­
trons are attracted to any positive charge by their electric 
force; in an atom, electric forces bind the electrons to 
the nucleus.

It is easier to describe an atom mathematically than con- 
ceptually, and so physicists have developed several models 
to explain its various characteristics. In some respects, the 
electrons in an atom behave like particles orbiting the 
nucleus. In others, the electrons behave like waves frozen

in position around the nucleus. Such wave pattems, called 
Orbitals, describe the distribution of individual electrons. 
The behaviour of an atom is strongly influenced by these 
orbital properties, and its Chemical properties are deter- 
mined by orbital groupings known as Shells.

This article opens with a broad overview of the funda­
mental properties o f the atom and its constituent particles 
and forces. A more mathematical and technical discussion 
of its structure and nucleus is provided in subsequent 
sections. Included too is a historical survey of the most 
influential concepts about the atom that have been for- 
mulated through the centuries. For additional information 
pertaining to nuclear structure and elementary particles, 
see subatomic particles. For coverage of other related 
topics in the Macropcedia and Micropcedia, see the Pro- 
pcedia, sections 111, 112, 121, 122, 124, 125, and 128.
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Components and properties of atoms
CONSTITUENT PARTICLES AND FORCES
Most matter consists of an agglomeration of molecules, 
which can be separated relatively easily. Molecules, in 
tum, are composed of atoms joined by Chemical bonds 
that are more difficult to break. Each individual atom con­
sists of smaller particles— namely, electrons and nuclei. 
These particles are electrically charged, and the electric 
forces on the charge are responsible for holding the atom 
together. Attempts to separate these smaller constituent 
particles require ever-increasing amounts of energy and 
result in the creation of new subatomic particles, many of 
which are charged.

As noted at the outset of this article, an atom con­
sists largely of empty space. The nucleus iS the positively 
charged centre of an atom and contains most of its mass. 
It is composed of protons, which have a positive charge, 
and neutrons, which have no charge. These constituent 

Nucleons protons and neutrons collectively are called nucleons.
Protons, neutrons, and the electrons surrounding them 
are long-lived particles present in all ordinary, naturally 
occurring atoms. Other subatomic particles may be found 
in association with these three types of particles. They can 
be created only with the addition of enormous amounts 
of energy, however, and are very short-lived.
All atoms are roughly the same size, whether they have 

three or 90 electrons. Approximately 50,000,000 atoms 
of solid matter lined up in a row would measure one 
centimetre (0.4 inch). A convenient unit of length for 
measuring atomic sizes is the angstrom (Ä), defined as 
10-10 metre. The radius of an atom measures 1-2 Ä.
Compared to the overall size of the atom, the nucleus 

Size of is even more minute. It is in the same proportion to the
nuclei atom as a marble is to a football field. In volume, the

nucleus takes up only 10“14 of the space in the atom— 
i.e., one part in 100,000,000,000,000. A convenient unit 
of length for measuring nuclear sizes is the femtometre 
(fm), which equals 10“15 metre. The diameter of a nucleus 
depends on the number of particles it contains and ranges 
from about 4 fm for a light nucleus such as carbon to 15 
fm for a heavy nucleus such as lead. In spite of the small 
size of the nucleus, virtually all the mass of the atom is 
concentrated there. The protons are massive, positively 
charged particles, whereas the neutrons have no charge 
and are nearly as massive as the protons. The fact that 
nuclei can have anywhere from one to about 250 nucle­
ons accounts for their wide Variation in mass. The lightest 
nucleus, that of hydrogen, is 1,836 times more massive 
than an electron, while heavy nuclei are nearly 500,000 
times more massive.

Electrons Although electrons exhibit complicated behaviour within 
an atom, they are characterized completely by a few pa­
rameters. The intrinsic properties of an electron are its 
charge, mass, an internal motion called spin, and mag­
netic moment. All electrons have identical properties. As 
the lightest charged particles in existence, they are abso- 
lutely stable because they cannot decay into smaller units. 
Their charge and mass, which are important determinants 
of atomic properties, are listed in Table 1. The spin of 
the electron provides it with a directional orientation. 
The electron has a magnetic moment along its spin axis. 
(Magnetic moment is a propèrty of a partiele, which, like 
a compass needle, causes its axis to align in a magnetic

Table 1: Fundamental Atomic Constants

symbol value
Avogadro’s number n a 6.022 X 1023 mol-'
Fundamental charge e 1.602 X IO-«’ C
Faraday F 9.649 X 104 C mol"'
Planck’s constant h 6.626 X 10-34 j • s

-h = h /2  7t 1.055 X 10-34 j . s
Mass of electron m e 9.11 X 10-3' kg
Rest energy of electron m ec2 8.2 X 10-14 J  = 5 .ii x 105 eV
Mass of proton m p 1.673 X Kr-2? kg
Rest energy of proton m pc2 1.50 X lO-'o J = 938.3 MeV
Bohr radius a0 5.292 X 10-" m = 0.5292 A
Speed of light c 2.998 X IO« m s-i
(in vaeuum)

field.) Electrons are subject not only to the electromag- 
netic force but also to the force of gravity and the so- 
called weak interaction, the force primarily manifested in 
the radioactive decay of nuclei.

Most properties of atoms—-particularly those associated 
with Chemical bonds, physical forces, and the properties 
of bulk matter—depend solely on the behaviour of the 
electrons surrounding the nucleus. The Chemical proper­
ties of an atom depend on the arrangement of its electrons 
making up the cloud around the nucleus. The atoms of 
one element differ from those of other elements in the 
number of their electrons. Also, atoms form molecules 
by lending and sharing electrons. Some elements, such as 
alkali metals, have an electron that is loosely bound to the 
nucleus and thus easily removed in Chemical reactions; 
other elements, such as the noble (or inert) gases, have 
very tightly bound electrons and little affinity for other 
electrons. Electrons that have been freed from their atoms 
can cause lightning, and freed electrons driven through 
wires make up ordinary electric currents.

The nucleus of an atom is characterized by the number 
of protons and neutrons in it. Besides a charge and mass, 
the nucleus also may have a spin and a magnetic mo­
ment of its own, depending on the internal arrangement 
of its protons and neutrons. The forces between nucleons 
include the three forces affecting electrons as well as the 
so-called strong force, which is much more powerful than 
any of the others. Because of the strong force, nuclear 
binding energies are 1,000,000 times the binding energies 
of electrons in atoms. The amounts of energy that can 
be released in a transformation of the nucleus are corre­
spondingly larger than the Chemical energies released by 
a transformation of the electron pattems in atoms. The 
protons and neutrons in the nucleus are govemed by the 
laws of quantum mechanics (see below), which describe 
the complex internal structure of the nucleus.

Even the individual protons and neutrons that make up 
the nucleus have an internal stmeture of their own. The 
constituents of nucleons are called quarks. Unlike the Hadrons 
particles composing the larger units of matter, the quark and quarks 
cannot be freed from the nucleon and studied in isolation.
The strong force acting between quarks is so powerful that 
they can never be completely separated. Any attempt to 
probe the substructure of a nucleon releases particles of 
various types, but the particles produced contain quarks 
in fixed combinations, never single quarks. Particles con­
taining quarks are collectively called hadrons. Hadrons 
are classified into two categories: baryons and rnesons.
Baryons, which are composed of three quarks, include 
protons and neutrons as their lightest examples. Mesons, 
which contain two quarks, are largely responsible for nu­
clear forces. Except for the nucleons, all such particles 
decay in a small fraction of a second after their creation.
There is one more broad category of subatomic par- Leptons 

ticles, the leptons. Electrons and neutrinos are leptons.
They have no detectable internal components and may be 
tmly fundamental particles of nature. The neutrino is an 
uncharged partiele with little or no mass that is created 
during the radioactive decay of nuclei.

PROPERTIES OF ATOMS * 92
Atomic number. The single most important character­

istic of an atom is its atomic number, which is defined 
as the number of units of positive charge in the nucleus.
A neutral atom has an equal number of protons and 
electrons, so that the positive and negative charges exactly 
balance. The atomic number determines the Chemical 
properties of an atom, including the kinds of molecules 
that can be formed and their binding energies. Hence, the 
atomic number determines an atom’s characteristics as 
an element. (An element is composed of atoms with the 
same atomic number.) Elements found in nature range 
from atomic number 1, hydrogen, to atomic number
92, uranium. In addition, artificial elements with atomic 
numbers beyond 100 have been produced.

Atomic mass number. The total number of nucleons 
(both protons and neutrons) in an atom is the atomic 
mass number, or mass number. Atoms with the same 
atomic number but different atomic masses are called
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isotopes. Isotopes have identical Chemical properties, yet 
they can have very different nuclear properties (see below 
Isotopes). The nuclear properties of an atom include pos­
sible radioactivity (the propensity to become radioactive in 
nuclear reactions), magnetic properties, and weight. The 
element potassium, for example, has two natural isotopes, 
39K and 40K. They form exactly the same compounds, 
but 40K is radioactive and decays into another element. 
In scientific notation, the isotope of potassium with 19 
protons, 20 neutrons, and a total of 39 nucleons can be 
written either as 19K39 or as i|K.

Because isotopes have the same number of protons, all of 
the isotopes of a given element occupy the same place in 
the periodic table of elements. Most elements have stable 
isotopes. For example, hydrogen has three isotopes, each 
with one proton. The nucleus of ordinary hydrogen is an 
isolated proton, but the isotope deuterium has a neutron 
bound to the proton. Both of these isotopes are stable. The 
third hydrogen isotope, Tritium, has two neutrons and is 
radioactive. Radioactive isotopes can be made for many 
elements; the more the number of neutrons deviates from 
the optimum number for that atomic mass, the shorter 
the life of the radioactive isotope.

Atomic weight. The term atomic weight, or atomic 
mass, refers to the mass of a fixed number of atoms of 
an element. The Standard scientific unit for dealing with 
atoms in macroscopic quantities is the mole (mol), which 
is defined arbitrarily as the amount of a substance with 
as many atoms or other units as there are in 12 grams 
of the carbon isotope 12C. The number of atoms in a 
mole is called Avogadro’s number, the value of which is 
approximately 6 X 1023. The atomic mass of an element 
expressed in daltons, or more commonly atomic mass 
units (amu’s), is the number of grams in one mole of the 
element. The amu is convenient because atomic masses 
are nearly equal to atomic mass numbers and therefore 
are close to integer values.

Historically, the law for Chemical combination according 
to molar weights was the primary evidence for the exis­
tence of atoms and molecules. For example, two grams of 
hydrogen combine with 16 grams of oxygen to form water. 
This represents two moles of hydrogen of atomic weight 1 
combining with one mole of oxygen of atomic weight 16. 
Elements consisting of a mixture of several isotopes may 
not have an atomic mass close to an integer, because the 
mass will be the weighted average of the different isotopes. 
An example is chlorine, which has two common isotopes, 
35C1 and 37C1, and a weighted average mass of 35.5 amu.

Electric charge. The normal atom is electrically neutral, 
meaning that it carries a net electric charge of zero. Some 
atoms, however, have lost or gained electrons in Chemical 
reactions or in collisions with other partieles. Atoms with 
a net charge, either from the gain or loss of electrons, 
are called ions. If a neutral atom loses an electron, it 
becomes a positive ion; if it gaihs an electron, it becomes 
a negative ion.

The charge on any partiele is a whole multiple of the 
electron’s charge, either positive or negative. The quarks 
are an exception to this rule. They have charges of + 2he  
and — lhe. However, they exist only in groups, and each 
group as a whole has an integral multiple of the electron’s 
charge. The amount of charge in this fundamental unit is 
equal to 1.6 X 10~10 Coulomb. This means that in a cur­
rent of one ampere—roughly what a 100-watt light bulb 
uses in the ordinary 110-volt household circuit—about 6 
X 1018 electrons pass through the wire every second.

Electron S h e lls . The behaviour of electrons in atoms is 
quite subtle and is govemed by the laws of quantum me- 
chanics. According to these laws, electrons occupy various 
regions of the atom in frozen wave pattems called Orbitals. 
The Orbitals are most easily visualized as clouds surround­
ing the nucleus. The shape and size of the orbital, and 
the energy of the electron in it, are calculated by differ­
ential equations. The Orbitals vary in shape from smooth 
and spherical for the electrons most tightly bound to the 
nucleus to rather diffuse and lumpy for the least bound 
electrons. The hydrogen atom has a single electron in a 
spherical cloud. The electron could go into other Orbitals, 
but it would require additional energy in the atom to do

so. The quantum theory provides that the energy o f an 
atom can only change in definite amounts called quanta. 
The different possible States an atom can be in, each with 
its own definite energy, are called energy levels. The light 
emitted from an atom has specific frequencies associated 
with the energy quanta. Energy at the atomic level is 
often expressed in electron volts (eV). There are 2.26 X 
1025 eV in one kilowatt-hour. To remove an electron from 
an atom requires several electron volts, depending on the 
atom. Visible light has a quantum energy of about 2 eV.

Each electron in a multielectron atom has its own orbital, 
according to a law of quantum mechanics known as the 
Pauli principle (also called the Pauli exclusion principle or 
exclusion principle). Thus, in atoms with many electrons, 
many different kinds of Orbitals are occupied. A group of 
Orbitals with the same or nearly the same energy is called 
a shell. The pattem of filled and unfilled Shells in each 
element is different; this variety gives the elements their 
distinctive characteristics.

Chemical behaviour. The Chemical behaviour of atoms 
depends on the Shells o f the more loosely bound electrons. 
The Pauli principle is responsible for Chemical valence, 
the principle of chemistry according to which atoms of 
one element bond to a definite number of atoms in other 
elements according tó simple counting mies. If these Shells 
are completely filled, the electrons are tightly bound and 
the atom does not readily share or lend its electrons to 
form Chemical bonds. If there is only one electron in the 
last shell, it is weakly bound and the atom can be easily 
ionized. Examples of these situations are helium, which 
has a filled shell and is an inert gas, and lithium, which 
has one more electron in the next shell and is a highly 
reactive metal.

One kind of Chemical bond is the ionic bond, in which 
a loosely bound electron from one atom transfers to a 
deeper shell in another atom. The two ions are held to­
gether by their electrical forces. Another kind of bond is 
the covalent bond. In this Situation, the electron clouds of 
one atom are distorted by the presence of another atom. 
In the new cloud pattem, the outer electrons are more 
concentrated in the region between the two atoms. Thus, 
the atoms share their electrons. This allows atoms of the 
same element to form Chemical bonds, which could not 
happen with ionic bonds. Chemical-bond energies typi- 
cally measure several electron volts.

Nuclear properties. Like atoms, nuclei have a shell 
structure with the protons and neutrons in Orbitals. Nuclei 
can exist in States of different energy, but ordinary stable 
nuclei are always in the most bound state. The scale of 
these energies is 1,000,000 times as large as atomic or 
Chemical energies.

Nuclei can undergo transformations that affect their 
binding energies. If a transformation leads to more tightly 
bound nuclei, the excess energy will be released in some 
form. If one mole of atoms undergoes a nuclear transfor­
mation and releases 1,000,000 electron volts (1 MeV) of 
energy per nucleus, the total energy will be 1011 joules.

Some transformations can take place spontaneously, and 
such a process is called radioactivity. In one form of 
radioactivity, a neutron in the nucleus is converted to 
a proton or vice versa. If an electron is emitted at the 
same time, the process is known as beta radioactivity 
and the electron is called a beta ray. In another form of 
radioactivity, the nucleus disintegrates into one of lower 
mass number with the excess nucleons being ejected as a 
small nucleus. The small nucleus is commonly helium-4. 
This process is called alpha radioactivity, and the emitted 
helium-4 nuclei are called alpha rays. A third kind of ray 
observed in radioactivity is the gamma ray. Such rays are 
quanta of light of very high energy that are emitted when 
the nucleus makes a transition from one energy state to 
another of lower energy (see below Radioactivity).

Nuclear transformations also take place in nuclear reac­
tions, which are the processes that occur when a nucleus is 
struck by some extemal partiele. In a fusion reaction, two 
light nuclei come together and merge into a single heavier 
nucleus. Another important reaction is fission, the divi- 
sion o f a nucleus into two roughly equal parts. Fission can 
be induced in the heaviest elements by reactions with free
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neutrons. Both fusion and fission can release energy by 
reforming the nuclei so that their atomic masses are closer 
to the middle range where nuclei have maximum binding 
energy (see below Nuclear fission and Nuclear fusion).

Development of atomic theory

The concept of the atom that Western scientists accepted 
in broad outline from the 1600s until about 1900 orig- 
inated with Greek philosophers in the 5th Century bc . 
Their speculation about a hard, indivisible fundamental 
partiele of nature was replaced slowly by a scientific theory 
supported by experiment and mathematical deduction. It 
was 2,000 years before modem physicists realized that the 
atom is indeed di visible and that it is not hard, solid, 
or immutable.

THE ATOMIC PHILOSOPHY OF THE EARLY GREEKS
Leucippus of Miletus (5th Century bc) is thought to have 
originated the atomic philosophy. His famous disciple, 
Democritus of Abdera, developed and named the building 
blocks of matter atomos, meaning literally “indivisible,” 

The specu- about 430 bc . Democritus believed that atoms were uni- 
ations of form, solid, hard, incompressible, and indestmctible and 
Democ- that they moved in infinite numbers through empty space
ïtus until stopped. Differences in atomic shape and size deter-

mined the various properties of matter. In Democritus’ 
philosophy, atoms existed not only for matter but also 
for such qualities as perception and the human soul. For 
example, soumess was caused by needle-shaped atoms, 
while the colour white was composed of smooth-surfaced 
atoms. The atoms of the soul were considered to be partic­
ularly fine. Democritus developed his atomic philosophy 
as a middle ground between two opposing Greek theories 
about reality and the illusion of change. He argued that 
matter was subdivided into indi visible and immutable 
particles that created the appearance of change when they 
joined and separated from others.

The philosopher Epicurus of Samos (341-270 bc ) used 
Democritus’ ideas to try to quiet the fears of superstitious 
Greeks. According to Epicurus’ materialistic philosophy, 
the entire universe was composed exclusively of atoms and 
void, and so even the gods were subject to natural laws.

Most of what is known about the atomic philosophy 
of the early Greeks comes from Aristotle’s attacks on it 
and from a long poem, De rerum natura (“On the Na­
ture of Things”), which the Latin poet and philosopher 
Titus Lucretius Carus (c. 95-55 bc) wrote to popularize 
its ideas. The Greek atomic theory is significant histori- 
cally and philosophically, but it has no scientific value. It 
was not based on observations of nature, measurements, 
tests, or experiments. Instead, the Greeks used mathemat- 
ics and reason almost exclusively when they wrote about 
physics. Like the later theologians of the Middle Ages, 
they wanted an all-encompassing theory to explain the 
universe, not merely a detailed experimental view of a 
tiny portion of it. Science constituted only one aspect of 
their broad philosophical system. Thus, Plato and Aristot- 
le attacked Democritus’ atomic theory on philosophical 
grounds rather than on scientific ones. Plato valued ab­
stract ideas more than the physical world and rejected the 
notion that attributes such as góodness and beauty were 
“mechanical manifestations of material atoms.” Where 
Democritus believed that matter could not move through 
space without a vacuum and that light was the rapid 
movement of particles through a void, Aristotle rejected 
the existence of vacuums because he could not conceive 
of bodies falling equally fast through a void. Aristotle’s 
conception prevailed in medieval Christian Europe; its Sci­
ence was based on revelation and reason, and the Roman 
Catholic theologians rejected Democritus as materialistic 
and atheistic.

THE EMERGENCE OF EXPERIMENTAL SCIENCE
De rerum natura, which was rediscovered in the 15th Cen­
tury, helped fuel the 17th-century debate between ortho­
dox Aristotelian views and the new experimental Science. 
The poem was printed in 1649 and popularized by Pierre 
Gassendi, a French priest who tried to separate Epicurus’

atomism from its materialistic background by arguing that 
God created atoms.

Soon after Galileo Galilei expressed his belief that vacu­
ums can exist (1638), scientists began studying the jproper- 
ties of air and partial vacuums to test the relative merits of 
Aristotelian orthodoxy and the atomic theory. The exper­
imental evidence about air was only gradually separated 
from this philosophical controversy.

The Anglo-Irish chemist Robert Boyle began his system­
atic study of air in 1658 after he leamed that Otto von 
Guericke, a German physicist and engineer, had invented 
an improved air pump four years earlier. In 1662 Boyle 
published the first physical law expressed in the form of an 
equation that describes the functional dependence of two 
variable quantities. This formulation became known as Boyle’s 
Boyle’s law. From the beginning, Boyle wanted to analyze law 
the elasticity of air quantitatively, not just qualitatively, 
and to separate the particular experimental problem about 
air’s “spring” from the surrounding philosophical issues.
Pouring mercury into the open end of a closed J-shaped 
tube, Boyle forced the air in the short side of the tube 
to contract under the pressure of the mercury on top. By 
doubling the height of the mercury column, he roughly 
doubled the pressure and halved the volume of air. By 
tripling the pressure, he cut the volume of air to a third, 
and so on.
This behaviour can be formulated mathematically in the 

relation P V =  FV', where P  and V are the pressure and 
volume under one set of conditions and F  and V' rep- 
resent them under different conditions. Boyle’s law says 
that pressure and volume are inversely related for a given 
quantity of gas. Although it is only approximately true 
for real gases, Boyle’s law is an extremely useful idealiza- 
tion that played an important role in the development of 
atomic theory.

Soon after his air-pressure experiments, Boyle wrote that 
all matter is composed of solid particles arranged into 
molecules to give material its different properties. He ex­
plained that all things are “made of one Catholick Matter 
common to them all, and . . .  differ but in the shape, size, 
motion or rest, and texture of the small parts they consist 
of.”

In France Boyle’s law is called Mariotte’s law after the 
physicist Edme Mariotte, who discovered the empirical 
relationship independently in 1676. Mariotte realized that 
the law holds true only under constant temperatures; 
otherwise, the volume of gas expands when heated or 
contracts when cooled.

Forty years later, Isaac Newton expressed a typical 18th- 
century view of the atom that was similar to that of De­
mocritus, Boyle, and Gassendi. In the last query in his 
book Opticks (1704), Newton stated:

All these things being considered, it seems probable to me that 
God in the Beginning form’d Matter in solid, massy, hard, im- 
penetrable, moveable Particles, o f  such Sizes and Figures, and 
with such other Properties, and in such Proportion to Space, 
as most conduced to the End for which he form’d them; and 
that these primitive Particles being Solids, are incomparably 
harder than any porous Bodies compounded o f  them; even so 
very hard, as never to wear or break in pieces; no ordinary 
Power being able to divide what God himself made one in 
the first Creation.

By the end of the 18th Century chemists were just be­
ginning to leam how Chemicals combine. In 1794 Joseph- 
Louis Proust of France published his law of definite pro- Law of 
portions (also known as Proust’s law). He stated that definite 
the components of Chemical compounds always combine proportions 
in the same proportions by weight. For example, Proust 
found that no matter where he got his samples of the com­
pound copper carbonate, they were composed by weight of 
five parts copper, four parts oxygen, and one part carbon.

THE BEGINNINGS OF MODERN ATOMIC THEORY
Experimental foundation of atomic chemistry. The

British chemist and physicist John Dalton extended 
Proust’s Work and converted the atomic philosophy of the 
Greeks into a scientific theory between 1803 and 1808.
His book New System o f Chemical Philosophy (part I,
1808; part II, 1810) was the first application of atomic



Atoms 333

Dalton’s 
application 
of atomic 
theory to 
chemistry

Gay- 
Lussac’s 
law of 
combining 
gases

theory to chemistry. It provided a physical picture of how 
elements combine to form compounds and a phenomeno- 
logical reason for believing that atoms exist. His work, 
together with that of Joseph-Louis Gay-Lussac of France 
and Amedeo Avogadro o f Italy, provided the experimental 
foundation of atomic chemistry.
On the basis o f the law of definite proportions, Dalton 

deduced the law of multiple proportions, which stated that 
when two elements form more than one compound by 
combining in more than one Proportion by weight, the 
weight of one element in one of the compounds is in sim­
ple, integer ratios to its weights in the other compounds. 
For example, Dalton knew that oxygen and carbon can 
combine to form two different compounds and that car­
bon dioxide (C 02) contains twice as much oxygen by 
weight as carbon monoxide (CO). In this case, the ratio 
of oxygen in one compound to the amount of oxygen in 
the other is the simple integer ratio 2:1. Although Dalton 
called his theory “modern” to differentiate it from De­
mocritus’ philosophy, he retained the Greek term atom to 
honour the ancients.

Dalton had begun his atomic studies by wondering why 
the different gases in the atmosphere do not separate, 
with the heaviest on the bottom and the lightest on the 
top. He decided that atoms are not infinite in variety as 
had been supposed and that they are limited to one of 
a kind for each element. Proposing that all the atoms of 
a given element have the same fixed mass, he concluded 
that elements react in definite proportions to form com­
pounds because their constituent atoms react in definite 
Proportion to produce compounds. He then tried to fig­
ure out the masses for well-known compounds. To do 
so, Dalton made a faulty but understandable assumption 
that the simplest hypothesis about atomic combinations 
was true. He maintained that the molecules of an element 
would always be single atoms. Thus, if two elements form 
only one compound, he believed that one atom of one 
element combined with one atom of another element. For 
example, describing the formation of water, he said that 
one atom of hydrogen and one of oxygen would combine 
to form HO instead of H20 . Dalton’s mistaken belief that 
atoms join together by attractive forces was accepted and 
formed the basis of most of 19th-century chemistry. As 
long as scientists worked with masses as ratios, a consis­
tent chemistry could be developed because they did not 
need to know whether the atoms were separate or joined 
together as molecules.

Gay-Lussac soon took the relationship between Chemical 
masses implied by Dalton’s atomic theory and expanded it 
to Volumetrie relationships of gases. In 1809 he published 
two observations about gases that have come to be known 
as Gay-Lussac’s law of combining gases. The first part of 
the law says that, when gases combine chemically, they 
do so in numerically simple volume ratios. Gay-Lussac 
illustrated this part of his law with three oxides of nitro­
gen. The compound NO has equal parts of nitrogen and 
oxygen by volume. Similarly, in the compound N20 , the 
two parts by volume of nitrogen combine with one part of 
oxygen. He found corresponding volumes of nitrogen and 
oxygen in N 0 2. Thus, Gay-Lussac’s law relates volumes 
of the Chemical constituents within a compojtnd, unlike 
Dalton’s law of multiple proportions, which relates only 
one constituent of a compound with the same constituent 
in other compounds.

The second part of Gay-Lussac’s law States that if gases 
combine to form gases, the volumes of the products are 
also in simple numerical ratios to the volume of the 
original gases. This part of the law was illustrated by the 
combination of carbon monoxide and oxygen to form 
carbon dioxide. Gay-Lussac noted that the volume of the 
carbon dioxide is equal to the volume of carbon monox­
ide and is twice the volume of oxygen. He did not realize, 
however, that the reason that only half as much oxygen 
is needed is because the oxygen molecule splits in two to 
give a single atom to each molecule of carbon monox­
ide. In his “Mémoire sur la combinaison des substances 
gazeuses, les unes avec les autres” (1809; “Memoir on the 
Combination of Gaseous Substances with Each Other”), 
Gay-Lussac wrote:

Thus it appears evident to me that gases always combine in 
the simplest proportions when they act on one another; and 
we have seen in reality in all the preceding examples that the 
ratio of combination is 1 to 1, 1 to 2 or 1 to 3 . . . .  Gases . . .  in 
whatever proportions they may combine, always give rise 
to compounds whose elements by volume are multiples of 
each other... . Not only, however, do gases combine in very 
simple proportions, as we have just seen, but the apparent 
contraction of volume which they experience on combination 
has also a simple relation to the volume of the gasés, or at 
least to one of them.

Gay-Lussac’s work raised the question of whether atoms 
differ from molecules and, if  so, how many atoms and 
molecules are in a volume of gas. Amedeo Avogadro, 
building on Dalton’s efforts, solved the puzzle, but his 
work unfortunately was ignored for 50 years.

In 1811 Avogadro proposed two hypotheses: (1) The 
atoms of elemental gases may be joined together in 
molecules rather than existing as separate atoms, as Dal­
ton believed. (2) Equal volumes of gases contain equal 
numbers of molecules. These hypotheses explained why 
only half a volume of oxygen was necessary to combine 
with a volume of carbon monoxide to form carbon diox­
ide. Each oxygen molecule has two atoms, and each atom 
of oxygen joins one molecule of carbon monoxide.
Until the early 1860s, however, the allegiance of chemists 

to another concept espoused by the eminent Swedish 
chemist Jöns Jacob Berzelius blocked acceptance of Avo- 
gadro’s ideas. (Berzelius was influential among chemists 
because he had determined the atomic weights of many 
elements extremely accurately.) Berzelius contended incor- 
rectly that all atoms of a similar element repel each other 
because they have the same electric charge. He thought 
that only atoms with opposite charges could combine to 
form molecules.

Because early chemists did not know how many atoms 
were in a molecule, their Chemical notation Systems were 
in a state of chaos by the mid-19th Century. Berzelius 
and his followers, for example, used the general formula 
MO for the chief metallic oxides, while others assigned 
the formula used today, M20 . A single formula stood 
for different substances, depending on the chemist: H20 2 
was water or hydrogen peroxide; C2H4 was marsh gas or 
ethylene. Proponents of the system used today based their 
Chemical notation on an empirical law formulated in 1819 
by the French scientists Pierre-Louis Dulong and Alexis- 
Thérèse Petit conceming the specific heat o f elements. 
According to the so-called Dulong-Petit law, the specific 
heat of all elements is the same on a per atom basis. This 
law, however, was found to have many exceptions and was 
not fully understood until the development of quantum 
theory in the 20th Century.

To resolve such problems of Chemical notation, the Si- 
cilian chemist Stanislao Cannizzaro revived Avogadro’s 
ideas in 1858 and expounded them at the First Interna­
tional Chemical Congress, which met in Karlsruhe, Ger., 
in 1860. A noted German chemistry professor wrote later 
that, when he heard Avogadro’s theory at the congress, 
“It was as though scales feil from my eyes, doubt van- 
ished, and was replaced by a feeling of peaceful certainty.” 
Within a few years, Avogadro’s hypotheses were widely 
accepted in the world of chemistry.

Atomic weights and the periodic table. As more and 
more elements were discovered during the 19th Century, 
scientists began to wonder how the physical properties of 
the elements were related to their atomic weights. During 
the 1860s several schemes were suggested. The Russian 
chemist Dmitry Ivanovich Mendeleyev based his System 
on the atomic weights of the elements as determined by 
Avogadro’s theory of diatomic molecules. In his paper 
of 1869 introducing the periodic table, he credited Can­
nizzaro for using “unshakeable and indubitable” methods 
to determine atomic weights. “The elements, if arranged 
according to their atomic weights, show a distinct pe- 
riodicity of their properties.. . .  Elements exhibiting sim- 
ilarities in their Chemical behavior have atomic weights 
which are approximately equal (as in the case of Pt, Ir, 
Os) or they possess atomic weights which increase in a 
uniform manner (as in the case of K, Rb, Cs).” Skipping
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hydrogen because it is anomalous, Mendeleyev arranged 
the 63 elements known to exist at the time into six groups 
according to valence. Valence, which is the combining 
power of an element, determines the proportions of the 
elements in a compound. For example, H20  combines 
oxygen with a valence of 2 and hydrogen with a valence of 
1. Recognizing that Chemical qualities change gradually as 
atomic weight increases, Mendeleyev predicted a new ele­
ment wherever there was a gap in atomic weights between 
adjacent elements. His System was thus a research tooi 
and not merely a System of Classification. Mendeleyev’s 
periodic table raised an important question, however, for 
future atomic theory to answer: Where does the pattern of 
atomic weights come from?

Kinetic theory of gases. Whereas Avogadro’s theory of 
diatomic molecules was ignored for 50 years, the kinetic 
theory o f gases was rejected for more than a Century. The 
kinetic theory relates the independent motion of molecules 
to the mechanical and thermal properties of gases— 
namely, their pressure, volume, temperature, viscosity, 
and heat conductivity. Three men—Daniel Bernoulli in 
1738, John Herapath in 1820, and John James Waterston 
in 1845—independently developed the theory. The kinetic 
theory of gases, like the theory of diatomic molecules, was 
a simple physical idea that chemists ignored in favour of 
an elaborate explanation o f the properties of gases.

Bernoulli, a Swiss mathematician and scientist, worked 
out the first quantitative mathematical treatment of the 
kinetic theory in 1738, picturing gases as consisting of an 
enormous number of particles in very fast, chaotic motion 
(see Figure 1). He derived Boyle’s law by assuming that 
gas pressure is caused by the direct impact of particles on 
the walls of their container. He understood the difference 
between heat and temperature, realizing that heat makes 
gas particles move faster and that temperature merely 
measures the propensity of heat to flow from one body 
to another. In spite of its accuracy, Bernoulli’s theory 
remained virtually unknown during the 18th Century and 
early 19th Century for several reasons. First, chemistry 
was more populär than physics among scientists of the 
day, and Bemoulli’s theory involved mathematics. Sec- 
ond, Newton’s reputation insured the success of his more 
comprehensible theory that gas atoms repel one another. 
Finally, Joseph Black, another noted British scientist, de­
veloped the calorie theory of heat, which proposed that 
heat was an invisible substance permeating matter. At 
the time, the fact that heat could be transmitted by light 
seemed a persuasive argument that heat and motion had 
nothing to do with each other.

Herapath, an amateur ignored by his contemporaries, 
published his version of the kinetic theory in 1821. He

From Daniel Bernoulli, Hydrodynamica (1738), 
in A Source Book of Physics, trans., W.F. 

Magie (1935); Harvard University Press

Figure 1: A s conceived by Daniel 
Bernoulli in Hydrodynamica (1738), 
gases consist of num erous particles 
in rapid, random motion. He assum ed 
that the pressure of a gas is produced 
by the direct impact o f the particles on 
the walls of the Container (see text).

also derived an empirical relation akin to Boyle’s law but 
did not understand correctly the role of heat and temper­
ature in determining the pressure of a gas.

Waterston’s efforts met with a similar fate. A civil en- 
gineer and amateur physicist, he could not even get his 
work published by the scientific community, which had 
become increasingly professional throughout the 19th Cen­
tury. Nevertheless, Waterston made the first statement of 
the law of equipartition of energy, according to which all 
kinds of particles have equal amounts of thermal energy. 
He derived practically all the consequences of the fact 
that pressure exerted by a gas is related to the number 
of molecules per cubic centimetre, their mass, and their 
mean squared velocity. He derived the basic equation of 
kinetic theory, which reads P =  NM V2. Here P  is the pres­
sure of a volume of gas, N  is the number of molecules per 
unit volume, M  is the mass of the molecule, and V2 is 
the average velocity squared of the molecules. Recogniz­
ing that the kinetic energy of a molecule is proportional 
to M V2 and that the heat energy of a gas is propor­
tional to the temperature, Waterston expressed the law as 
PV/T  =  a constant.

During the late 1850s, a decade after Waterston had 
formulated his law, the scientific community was finally 
ready to accept a kinetic theory of gases. The studies of 
heat undertaken by the British physicist James Prescott 
Joule during the 1840s had shown that heat is a form of 
energy. This work, together with the law of the Conserva­
tion of energy that he helped to establish, had persuaded 
scientists to discard the calorie theory by the mid-1850s. 
The calorie theory had required that a substance contain 
a definite amount of calorie (i.e., a hypothetical weightless 
fluid) to be tumed into heat; however, experiments showed 
that any amount of heat can be generated in a substance 
by putting enough energy into it. Thus, there was no point 
to hypothesizing such a special fluid as calorie.

At first, after the collapse of the calorie theory, physicists 
had nothing with which to replace it. Joule, however, dis- 
covered Herapath’s kinetic theory and used it to calculate 
the velocity of hydrogen molecules in 1851. Then Rudolf 
Clausius developed the kinetic theory mathematically in 
1857, and the scientific world took note. Clausius and two 
other physicists, James Clerk Maxwell and Ludwig Eduard 
Boltzmann (who developed the kinetic theory of gases 
in the 1860s), introduced sophisticated mathematics into 
physics for the first time since Newton. In his 1860 paper 
“Illustrations of the Dynamical Theory of Gases,” Maxwell 
used probability to produce his famous distribution curve 
for the velocities of gas molecules. Employing Newtonian 
laws of mechanics, he also provided a mathematical basis 
for Avogadro’s theory. Maxwell, Clausius, and Boltzmann 
assumed that gas particles were in constant motion, that 
they were tiny compared to their space, and that their 
interactions were very brief. They then related the motion 
of the particles to pressure, volume, and temperature. In- 
terestingly, none of the three committed himself on the 
nature of the particles.

STUDIES OF THE PROPERTIES OF ATOMS
Size of atoms. The first modern estimates of the size 

of atoms and the numbers of atoms in a given volume 
were made by the German chemist Joseph Loschmidt in 
1865. Loschmidt used the results of kinetic theory and 
some rough estimates to do his calculation. The size of the 
atoms and the distance between them in the gaseous state 
are related both to the contraction of gas upon liquefaction 
and to the mean free path traveled by molecules in a gas. 
The mean free path, in turn, can be found from the ther­
mal conductivity and diffusion rates in the gas. Loschmidt 
calculated the size of the atom and the spacing between 
atoms by finding a solution common to these relation- 
ships. His result for Avogadro’s number is remarkably 
close to the present accepted value of 6.022 X 1023. The 
precise definition of Avogadro’s number is the number of 
atoms in 12 grams of the carbon isotope 12C. Loschmidt’s 
result for the diameter of an atom was approximately 10-8 
centimetres.

Much later, in 1908, the French physicist Jean Perrin 
used Brownian motion to determine Avogadro’s number.
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Brownian motion, first observed in 1827 by the Scot- 
tish botanist Robert Brown, is the continuous movement 
of tiny particles suspended in water. Their movement is 
caused by the thermal motion of water molecules bump- 
ing into the particles. Perrin’s argument for determining 
Avogadro’s number makes an analogy between particles in 
the liquid and molecules in the atmosphere. The thinning 
of air at high altitudes depends on the balance between 
the gravitational force pulling the molecules down and 
their thermal motion forcing them up. The relationship 
between the weight of the particles and the height of the 
atmosphere would be the same for Brownian particles sus- 
pended in water. Perrin counted particles of gum mastic 
at different heights in his water sample and inferred the 
mass of atoms from the rate of decrease. He then divided 
the result into the molar weight of atoms to determine 
Avogadro’s number. After Perrin, few scientists could dis- 
believe the existence of atoms.

Electric properties of atoms. While atomic theory was 
set back by the failure of scientists to accept simple physi- 
cal ideas like the diatomic atom and the kinetic theory of 
gases, it was also delayed by the preoccupation of physicists 
with mechanics for almost 200 years, from Newton to the 
20th Century. Nevertheless, several 19th-century investiga- 
tors, working in the relatively ignored fields of electricity, 
magnetism, and opties, provided important clues about 
the interior of the atom. The studies in electrodynamics 
made by the British physicist Michael Faraday and those 
of Maxwell indicated for the first time that something 
existed apart from palpable matter, and data obtained by 
Gustav Robert Kirchhoff of Germany about elemental 
spectral lines raised questions that would only be answered 
in the 20th Century by quantum mechanics.

Until Faraday’s electrolysis experiments, scientists had 
had no conception of the nature of the forces binding 
atoms together in a molecule. Faraday concluded that 
electrical forces existed inside the molecule after he had 
produced an electric current and a Chemical reaction in 
a solution with the electrodes of a voltaic cell. No matter 
what solution or electrode material he used, a fixed quan- 
tity of current sent through an electrolyte always caused 
a specific amount of material to form on an electrode of 
the electrolytic cell. Faraday concluded that each ion of 
a given Chemical compound has exactly the same charge. 
Later, he discovered that the ionic charges are integral 
multiples of a single unit o f charge, never fractions.

On the practical level, Faraday did for charge what Dal­
ton had done for the Chemical combination of atomic 
masses. That is to say, Faraday demonstrated that it 
takes a definite amount of charge to convert an ion of 
an element into an atom of the element and that the 
amount o f charge depends on the element used. The unit 
of charge that releases a gram atomic weight of a simple 
ion is called the faraday in his honour. For example, one 
faraday of charge passing through water releases one gram 
of hydrogen and eight grams of oxygen. In this manner, 
Faraday gave scientists a rather precise value for the ratios 
of the masses of atoms to the electric charges of ions. The 
ratio of the mass of the hydrogen atom to the charge o f  
the electron was found to be 1.035 X 10~8 kilogram per 
coulomb. Faraday did not know the size of his electrolytic 
unit of charge in units such as Coulombs any more than 
Dalton knew the magnitude of his unit of atomic weight 
in grams. Nevertheless, scientists could determine the ratio 
of these units easily.

More significantly, Faraday’s work was the first to im- 
ply the electrical nature o f matter and the existence of 
subatomic particles and a fundamental unit of charge. 
Faraday wrote: “The atoms of matter are in some way 
endowed or associated with electrical powers, to which 
they owe their most striking qualities, and amongst them 
their mutual Chemical affinity.” Faraday did not, however, 
conclude that atoms cause electricity.

Light and spectral lines. In 1865 Maxwell unified the 
laws o f electricity and magnetism in his publication “A 
Dynamical Theory of the Electromagnetic Field.” In this 
paper, he concluded that light is an electromagnetic wave. 
His theory was confirmed by the German physicist Hein­
rich Hertz, who produced radio waves with sparks in

1887. With light understood as an electromagnetic wave, 
Maxwell’s theory could be applied to the emission of 
light from atoms. The theory failed, however, to describe 
spectral lines and the fact that atoms do not lose all their 
energy when they radiate light. The problem was not with 
Maxwell’s theory of light itself but rather with its descrip- 
tion of the oscillating electron currents generating light. 
Only quantum mechanics could explain this behaviour 
(see below The laws o f quantum mechanics).

By far the richest clues about the structure of the atom 
came from spectral lines. Mounting a particularly fine 
prism on a telescope, the German physicist and optician 
Joseph von Fraunhofer had discovered between 1814 and 
1824 hundreds of dark lines in the spectrum of the Sun. 
He labeled the most prominent of these lines with the 
letters .4 through G. Together, they are now called Fraun­
hofer lines. A generation later, Kirchhoff heated different 
elements to incandescence in order to study the different 
coloured vapours emitted. Observing the vapours through 
a spectroscope, he discovered that each element has a 
unique and characteristic pattem of spectral lines. Each 
element produces the same set of identifying lines, even 
when it is combined chemically with other elements. In 
1859 Kirchhoff and the German chemist Robert Wilhelm 
Bunsen discovered two new elements—cesium and rubid- 
ium—by first observing their spectral lines.

Johann Jakob Balmer, a Swiss secondary-school teacher 
with a penchant for numerology, studied hydrogen’s spec­
tral lines and found a constant relationship between the 
wavelengths of the element’s four visible lines (see Figure 
2). In 1885 he published a generalized mathematical for- 
mula for all of the lines of hydrogen. The Swedish physicist 
Johannes Rydberg extended Balmer’s work in 1890 and 
found a general rule applicable to many elements. Soon 
more series were discovered elsewhere in the spectrum of 
hydrogen and in the spectra of other elements as well. 
Stated in terms of the frequency of the light rather than 
its wavelength, the formula may be expressed:

V =  R (l/n 2 — l/m 2).
Here, n and m  are integers and R  is a constant. In the 
Balmer lines, m  is equal to 2 and n takes on the values 
3, 4, 5, and 6.

Adapted from W. Finkelnburg, Structure of Matter (1964); Springer-Verlag, Heidelberg
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Figure 2: Spectrum  of atomic hydrogen, showing the series of 
Balmer lines.

Discovery of electrons. During the 1880s and ’90s, sci­
entists searched cathode rays for the carrier of the electrical 
properties in matter. Their work culminated in J.J. Thom- 
son’s discovery of the electron in 1897. The existence of 
the electron showed that the 2,000-year-old conception of 
the atom as a homogeneous partiele was wrong and that 
in fact the atom has a complex structure.

Cathode-ray studies began in 1854 when Heinrich 
Geissler, a glassblower and technical assistant to the Ger­
man physicist Julius Plücker, improved the vaeuum tube. 
Plücker discovered cathode rays in 1858 by sealing two 
electrodes inside the tube, evacuating the air, and forcing 
electric current between the electrodes. He found a green 
glow on the wall of his glass tube and attributed it to rays 
emanating from the cathode. In 1869, with better vacu- 
ums, Plücker’s pupil Johann W. Hittorf saw a shadow cast 
by an object placed in front of the cathode. The shadow 
proved that the cathode rays originated from the cathode. 
The British physicist and chemist Sir William Crookes 
investigated cathode rays in 1879 and found that they 
were bent by a magnetic field; the direction of deflection
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suggested that they were negatively charged particles. As 
the luminescence did not depend on what gas had been in 
the vacuum or what metal the electrodes were made of, 
he surmised that the rays were a property of the electric 
current itself. As a result of Crookes’s work, cathode rays 
were widely studied, and the tubes came to be called 
Crookes tubes.

Although Crookes believed that the particles were elec- 
trified charged particles, his work did not settle the issue 
of whether cathode rays were particles or radiatioh similar 
to light. By the late 1880s the controversy over the nature 
of cathode rays had divided the physics community into 
two camps. Most French and British physicists, influenced 
by Crookes, thought that cathode rays were electrically 
charged particles because they were affected by magnets. 
Most German physicists, on the other hand, believed that 
the rays were waves because they traveled in straight 
lines and were unaffected by gravity. A crucial test of 
the nature of the cathode rays was how they would be 
affected by electric fields. Heinrich Hertz, the aforemen- 
tioned German physicist, reported that the cathode rays 
were not deflected when they passed between two oppo- 
sitely charged plates in an 1892 experiment. The English 
physicist Thomson thought Hertz’s vacuum might have 
been faulty and that residual gas might have reduced the 
effect of the electric field on the cathode rays.

Thomson repeated Hertz’s experiment with a better vac­
uum in 1897. He directed the cathode rays between two 
parallel aluminum plates to the end of a tube where they 
were observed as luminescence on the glass. When the 
top aluminum plate was negative, the rays moved down; 
when the upper plate was positive, the rays moved up. 
The deflection was proportional to the difference in poten­
tial between the plates. With both magnetic and electric 
deflections observed, it was clear that cathode rays were 
negatively charged particles. Thomson’s discovery estab- 
lished the particulate nature of electricity. Accordingly, he 
called his particles electrons.

From the magnitude of the electrical and magnetic de­
flections, Thomson could calculate the ratio of mass to 
charge for the electrons. This ratio was known for atoms 
from electrochemical studies. Measuring and comparing 
it to the number for an atom, he discovered that the 
mass of the electron was very small, merely Vi836 that of 
a hydrogen ion. When scientists realized that an electron 
was virtually 1,000 times lighter than the smallest atom, 
they understood how cathode rays could penetrate metal 
sheets and how electric current could flow through copper 
wires. In deriving the mass-to-charge ratio, Thomson had 
calculated the electron’s velocity. It was Vio the speed of 
light, thus amounting to roughly 30,000 kilometres per 
second (18,000 miles per second). Thomson emphasized 
that “we have in the cathode rays matter in a new state, 
a state in which the subdivision of matter is carried very 
much further than in the ordinary gaseous state; a state 
in which all matter, that is, matter derived from different 
sources such as hydrogen, oxygen, etc., is of one and the 
same kind; this matter being the substance from which all 
the Chemical elements are built up.” Thus, the electron 
was the first subatomic partiele identified, the smallest and 
the fastest bit of matter known at the time.

In 1910 and 1911 the American physicist Robert An­
drews Millikan greatly improved a method employed 
by Thomson for measuring the electron charge directly. 
Millikan produced microscopie oil droplets and observed 
them falling in the space between two electrically charged 
plates. Some of the droplets became charged and could 
be suspended by a delicate adjustment of the electric 
field. Millikan knew the weight of the droplets from their 
rate of fall when the electric field was tumed off. From 
the balance of the gravitational and electrical forces, he 
could determine the charge on the droplets. He could find 
charges only in integral multiples of a quantity that in 
Contemporary units is 1.602 X I0-19 coufomb. Millikan’s 
electron charge experiment was the first to detect and 
measure the effect of an individual subatomic partiele. 
Besides confirming the particulate nature of electricity, 
his experiment also supported previous determinations of 
Avogadro’s number. Avogadro’s number times the unit

of charge gives Faraday’s constant, the amount of charge 
required to electrolyze one mole of a Chemical ion.

Identification of positive ions. In addition to electrons, 
positively charged particles also emänate from the anode 
in an energized Crookes tube. The German physicist Wil­
helm Wien analyzed these positive rays in 1898 and found 
that the particles have a mass-to-charge ratio more than
1,000 times larger than that of the electron. Because the 
ratio of the particles is also comparable to the mass-to- 
charge-ratio of the residual atoms in the discharge tubes, 
scientists suspected that the rays were actually ions from 
the gases in the tube.

In 1913 Thomson refined Wien’s apparatus to separate 
different ions and measure their mass-to-charge ratio on 
Photographie plates. He sorted out the many ions in var- 
ious charge States produced in a discharge tube. When he 
conducted his atomic mass experiments with neon gas, he 
found that a beam of neon atoms subjected to electric and 
magnetic forces split into two parabolas instead of one on 
a photographic plate. Chemists had assumed the atomic 
weight of neon was 20.2, but the tracés on Thomson’s 
photographic plate suggested atomic weights of 20.0 and
22.0, with the former parabola much stronger than the 
latter. He concluded that neon consisted o f two stable iso- 
topes: primarily neon-20, with a small percentage of neon- 
22. Eventually, a third isotope, neon-21, was discovered 
in very small quantities. It is now known that 1,000 neon 
atoms will contain 909 of neon-20, 88 of neon-22, and 3 
of neon-21. Dalton’s assumptions that all atoms of an el­
ement have an identical mass and that the atomic weight 
of an element is its mass were thus disproved. Today, the 
atomic weight of an element is recognized as the weighted 
average of the masses of its isotopes.

Francis William Aston, an English physicist, improved 
Thomson’s technique when he developed the mass spec- 
trograph in 1919. This device spread out the beam of 
positive ions into a “mass Spectrum” of lines similar to 
the way light is separated into a spectrum. Aston analyzed 
about 50 elements over the next six years and discovered 
that most have isotopes.

Discovery of radioactivity. Like Thomson’s discovery of 
the electron, the discovery of radioactivity in uranium by 
the French physicist Henri Becquerel in 1896 forced scien­
tists to radically change their ideas about atomic structure. 
Radioactivity demonstrated that the atom was neither in- 
divisible nor immutable. Instead of serving merely as an 
inert matrix for electrons, the atom could change form 
and emit an enormous amount of energy. Furthermore, 
radioactivity itself became an important tool for revealing 
the interior of the atom.

The German physicist Wilhelm Conrad Röntgen had 
discovered X rays in 1895, and Becquerel thought they 
might be related to fluorescence and phosphorescence, 
processes in which substances absorb and emit energy as 
light. In the course of his investigations, Becquerel stored 
some photographic plates and uranium salts in a desk 
drawer. Expecting to find the plates only lightly fogged, he 
developed them and was surprised to find sharp images 
of the salts. He then began experiments that showed that 
uranium salts emit a penetrating radiation independent of 
external influences. Becquerel also demonstrated that the 
radiation could discharge electrified bodies. In this case, 
discharge means the removal of electric charge, and it is 
now understood that the radiation ionizing molecules of 
air allows the air to conduct an electric current. Early 
studies of radioactivity relied on measuring ionization 
power or on observing the effects of radiation on photo­
graphic plates.

In 1898 the French physicists Pierre and Marie Curie 
discovered the strongly radioactive elements polonium 
and radium, which occur naturally in uranium minerals. 
Marie coined the term radioactivity for the spontaneous 
emission of ionizing, penetrating rays by certain atoms 
(see below).

Experiments conducted by the British physicist Emest 
Rutherford in 1899 showed that radioactive substances 
emit more than one kind o f ray. It was determined that 
part of the radiation is 100 times more penetrating than 
the rest and can pass through aluminum foil Vso o f a
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millimetre thick. Rutherford named the less penetrating 
emanations alpha rays and the more powerful ones beta 
rays, after the first two letters of the Greek alphabet. 
Investigators who, in 1899, found that beta rays were 
deflected by a magnetic field concluded that they are neg­
atively charged particles similar to cathode rays. In 1903 
Rutherford found that alpha rays were deflected slightly in 
the opposite direction, showing that they are massive, pos- 
itively charged particles. Much later, Rutherford proved 
that alpha rays are nuclei o f helium atoms by collecting 
the rays in an evacuated tube and detecting the buildup 
of helium gas over several days. A third kind of radiation 
was identified by the French chemist Paul Villard in 1900. 
Designated as the gamma ray, it is not deflected by mag- 
nets and is much more penetrating than alpha particles. 
Gamma rays were later shown to be a form of electromag­
netic radiation, like light or X rays, but with much shorter 
wavelengths. Because of these shorter wavelengths, gamma 
rays have higher frequencies and are even more penetrat­
ing than X rays. In 1902, while studying the radioactivity 
of thorium, Rutherford and the English chemist Frederick 
Soddy discovered that radioactivity was associated with 
changes inside the atom that transformed thorium into a 
different element. They found that thorium continually 
generates a chemically different substance that is intensely 
radioactive. The radioactivity eventually makes the new 
element disappear. Watching the process, Rutherford and 
Soddy formulated the exponential decay law, which States 
that a fixed fraction of the element will decay in each unit 
of time. For example, half of the thorium product decays 
in four days, half the remaihing sample in the next four 
days, and so on.

Until the 20th Century, physicists had studied such sub- 
jects as mechanics, heat, and electromagnetism that they 
could understand by applying common sense or by ex- 
trapolating from everyday experiences. The discovery of 
the electron and radioactivity, however, showed that clas- 
sical Newtonian mechanics could not explain phenomena 
at atomic and subatomic leyels. As the primacy of clas- 
sical mechanics crumbled during the early 20th Century, 
quantum mechanics was developed to replace it. Since 
then, experiments and theories have led physicists into 
a world that is often extremely abstract and seemingly 
contradictory.

MODELS OF ATOMIC STRUCTURE
Thomson’s discovery of the negatively charged electron 
had raised theoretical Problems for physicists as early as 
1897, because atoms as a whole are electrically neutral. 
Where was the neutralizing positive charge and what held 
it in place? Between 1903 and 1907 Thomson tried to 
solve the mystery by adapting an atomic model that had 
been first proposed by Lord Kelvin in 1902. According to 
this theoretical System, often referred to as the “plum pud­
ding” model, the atom is a sphere of uniformly distributed 
positive charge about one angstrom in diameter. Electrons 
are embedded in a regulär pattem like raisins in a plum 
pudding to neutralize the positive charge. The advantage 
of the Thomson atom was that it was inherently stable: 
if the electrons were displaced, they would attempt to re­
turn to their original positions. In another Contemporary 
model, the atom resembled the solar System or the planet 
Saturn, with rings of electrons surrounding a concentrated 
positive charge. The Japanese physicist Hantaro Nagaoka, 
in particular, developed the “Saturnian” System in 1904. 
The atom, as postulated in this model, was inherently 
unstable because, by radiating continuously, the electron 
would gradually lose energy and spiral into the nucleus. 
No electron could thus remain in any particular orbit 
indefinitely.

Rutherford’s nuclear model. Rutherford overturned 
Thomson’s model in 1911 with his well-known gold foil 
experiment in which he demonstrated that the atom has 
a tiny, massive nucleus. Five years earlier Rutherford had 
noticed that alpha particles, beamed through a hole onto 
a photographic plate, would make a sharp-edged picture, 
while alpha particles beamed through a sheet of mica only 
20 micrometres (or about 0.002 centimetre) thick would 
make an impression with blurry edges. For some parti­

cles, the blurring corresponded to a two-degree deflection. 
Remembering those results, Rutherford had his postdoc- 
toral fellow, Hans Geiger, and an undergraduate student, 
Emest Marsden, refine the experiment. The young physi­
cists beamed alpha particles through gold foil and detected 
them as flashes of light or scintillations on a screen The 
gold foil was only 0.00004 centimetre thick. Most o f the 
alpha particles went straight through the foil, but some 
were deflected by the foil and hit a spot on a screen placed 
off to one side. Geiger and Marsden found that about one 
in 20,000 alpha particles had been deflected 45 ° or more. 
Rutherford asked why so many alpha particles passed 
through the gold foil while a few were deflected so greatly. 
“It was almost as incredible as if you fired a 15-inch Shell 
at a piece of tissue paper, and it came back to hit you,” 
Rutherford said later. “On consideration, I realized that 
this scattering backwards must be the result of a single 
collision, and when I made calculations I saw that it was 
impossible to get anything of that order of magnitude 
unless you took a System in which the greater part of the 
mass of the atom was concentrated in a minute nucleus. 
It was then that I had the idea of an atom with a minute 
massive centre carrying a charge.”

Many physicists distrusted Rutherford’s nuclear model 
because it was difficult to reconcile with the Chemical 
behaviour of atoms. The model suggested that the charge 
on the nucleus was the most important characteristie of 
the atom, determining its structure. On the other hand, 
Mendeleyev’s periodic table of the elements had been or- 
ganized according to the atomic masses o f the elements, 
implying that the mass was responsible for the structure 
and Chemical behaviour of atoms.

Moseley’s X-ray studies. Henry Gwyn Jeffreys Mose- 
ley, a young English physicist killed in World War I, 
confirmed that the positive charge on the nucleus revealed 
more about the fundamental structure of the atom than 
Mendeleyev’s atomic mass. Moseley studied the spectral 
lines emitted by heavy elements in the X-ray region of 
the electromagnetic spectrum. He built on the work done 
by several other British physicists—Charles Glover Barkla, 
who had studied X rays produced by the impact of elec­
trons on metal plates, and Sir William Bragg and his son 
Lawrence, who had developed a precise method of using 
crystals to reflect X rays and measure their wavelength 
by diffraction. Moseley used a crystal o f potassium fer- 
rocyanide as a diffraction grating to examine the spectra 
of X rays produced by different metals. He arranged his 
crystal so that he could control and vary the angle be­
tween the crystal face and the X-ray beam. The X rays 
from each element were reflected at a unique set of angles. 
By measuring the angle, Moseley was able to obtain the 
wavelength of the X ray hitting the crystal.

Moseley found that the X rays radiated by each ele­
ment have a characteristie frequency that differs according 
to a regulär pattem. The difference in frequency is not 
governed by Mendeleyev’s change in mass, however, but 
rather by the change in charge on the nucleus. He called 
this the atomic number. In his first experiments, con­
ducted in 1913, Moseley used the K series of X rays (X 
radiation associated with the K energy state of an atom) 
and studied the elements up to zinc. The following year he 
extended his work up to gold in the periodic table, using 
the L series of X rays (X radiation associated with the L 
atomic-energy state). Moseley was conducting his research 
at the same time that the Danish theorist Niels Bohr 
was developing his quantum Shell model of the atom (see 
below). The two conferred and shared data as their work 
progressed, and Moseley framed his equation in terms of 
Bohr’s theory. Moseley presented formulas for the X-ray 
frequencies that were closely related to Bohr’s formulas 
for the spectral lines in a hydrogen atom. Moseley showed 
that the frequency of a line in the X-ray spectrum is pro­
portional to the square of the charge on the nucleus. The 
constant of proportionality depends on whether the X ray 
is in the K or L series. This is the same relationship that 
Bohr used in his formula applied to the Lyman and Balmer 
series of spectral lines. The regularity of the differences in 
X-ray frequencies allowed Moseley to order the elements 
by atomic number from aluminum to gold. He observed
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that, in some cases, the order by atomic weights was in­
correct. For example, cobalt has a larger atomic mass than 
nickel, but Moseley found that it has atomic number 27, 
while nickel has 28. When Mendeleyev constructed the 
periodic table, he based his System on the atomic masses 
of the elements and had to put cobalt and nickel out of 
order to make the Chemical properties fit better. In a few 
places where Moseley found more than one integer be­
tween elements, he predicted correctly that a new element 
would be discovered. Because there is just one element 
for each atomic number, scientists could be confident for 
the first time of the completeness of the periodic table; no 
unexpected new elements would be discovered.

Bohr’s shell model. In 1913 Bohr proposed his quan- 
tized Shell model of the atom to explain how electrons can 
have stable orbits around the nucleus. The motion of the 
electrons in the Rutherford model was unstable because, 
according to classical mechanics and electromagnetic the­
ory, any charged partiele moving on a curved path emits 
electromagnetic radiation; thus, the electrons would lose 
energy and spiral into the nucleus. To remedy the sta- 
bility problem, Bohr modified the Rutherford model by 
requiring that the electrons move in orbits of fixed size 
and energy. The energy of an electron depends on the size 
of the orbit and is lower for smaller orbits. Radiation can 
occur only when the electron jumps from one orbit to 
another. The atom will be completely stable in the state 
with the smallest orbit, since there is no orbit o f lower 
energy into which the electron can jump.

Bohr’s starting point was to realize that classical me­
chanics by itself could never explain the atom’s stability. 
A stable atom has a certain size so that any equation 
describing it must contain some fundamental constant 
or combination of constants with a dimension o f length. 
The classical fundamental constants—namely, the charges 
and the masses of the electron and the nucleus—cannot 
be combined to make a length. Bohr noticed, however, 
that the quantum constant formulated by the German 
physicist Max Planck (see below) has dimensions which, 
when combined with the mass and charge of the electron, 
produce a measure of length. Numerically, the measure 
is close to the known size of atoms. This encouraged 
Bohr to use Planck’s constant in searching for a theory 
of the atom.

Planck had introduced his constant in 1900 in a formula 
explaining the light radiation emitted from heated bod- 
ies. According to classical theory, comparable amounts of 
light energy should be produced at all frequencies. This 
is not only contrary to Observation but also implies the 
absurd result that the total energy radiated by a heated 
body should be infinite. Planck postulated that energy can 
only be emitted or absorbed in discrete amounts, which 
he called quanta (the Latin word for “how much”), The 
energy quantum is related to the frequency of the light by 
a new fundamental constant, h. When a body is heated, its 
radiant energy in a particular frequency range is, accord­
ing to classical theory, proportional to the temperature of 
the body. With Planck’s hypothesis, however, the radia­
tion can occur only in quantum amounts of energy. If 
the radiant energy is less than the quantum of energy, the 
amount of light in that frequency range will be reduced. 
Planck’s formula correctly describes radiation from heated 
bodies. Planck’s constant has the dimensions of action, 
which may be expressed as units of energy multiplied by 
time, units of momentum multiplied by length, or units of 
angular momentum. For example, Planck’s constant can 
be written as h =  6.6 X 1 0 34 joule seconds or 6.6 X 10-34 
kilogram-metre/second-metres.
Using Planck’s constant, Bohr obtained an accurate for­

mula for the energy levels of the hydrogen atom (see 
Figure 3). He postulated that the angular momentum of 
the electron is quantized— i.e., it can have only discrete 
values. He assumed that otherwise electrons obey the laws 
of classical mechanics by traveling around the nucleus in 
circular orbits. Because of the quantization, the electron 
orbits have fixed sizes and energies. The orbits are labeled 
by an integer, the quantum number n.

With his model, Bohr explained how electrons could 
jump from one orbit to another only by emitting or ab-

n = 3

Figure 3: The Bohr atom.
The  electron travels in circular orbits around the nucleus. The 
orbits have quantized s ize s and energies. Energy is emitted 
from the atom when the electron jum ps from one orbit to 
another closer to the nucleus. Show n here is the first Balmer 
transition, in which an electron jum ps from orbit n =  3 to orbit 
n =  2, producing a photon of red light with an energy of 1.89 
eV  and a wavelength of 656 X  10“® m.

sorbing energy in fixed quanta. For example, if an electron 
jumps one orbit closer to the nucleus, it must emit energy 
equal to the difference of the energies o f the two orbits. 
Conversely, when the electron jumps to a larger orbit, it 
must absorb a quantum of light equal in energy to the 
difference in orbits.

Bohr’s model accounts for the stability of atoms because 
the electron cannot lose more energy than it has in the 
smallest orbit, the one with n — 1. The model also explains 
the Balmer formula for the spectral lines of hydrogen. The 
frequency of the light is related to its energy by Einstein’s 
formula E =  hv. The light energy is calculated from the 
difference in energies between the two orbits. The Balmer 
formula can be expressed as the difference of two terms, 
each term giving the energy of an orbit. Bohr’s model 
not only explains the form of the Balmer formula but 
also accurately gives the value of the constant of pro- 
portionality R.

The usefulness of Bohr’s theory extends beyond the hy­
drogen atom. Bohr himself noted that the formula also 
applies to the singly ionized helium atom, which, like 
hydrogen, has a single electron. The nucleus of the he­
lium atom has twice the charge of the hydrogen nucleus, 
however. In Bohr’s formula the charge of the electron is 
raised to the fourth power. Two of those powers stem 
from the charge on the nucleus; the other two come 
from the charge on the electron itself. Bohr modified his 
formula for the hydrogen atom to fit the helium atom 
by doubling the charge on the nucleus. Moseley applied 
Bohr’s formula with an arbitrary atomic charge Z to ex­
plain the K- and L-series X-ray spectra of heavier atoms. 
The German physicists James Franck and Gustav Hertz 
confirmed the existence of quantum States in atoms in 
experiments reported in 1914. They made atoms absorb 
energy by bombarding them with electrons. The atoms 
would only absorb discrete amounts of energy from the 
electron beam. When the energy of an electron was below 
the threshold for producing an excited state, the atom 
would not absorb any energy.

Bohr’s theory had major drawbacks, however. Except for 
the spectra of X rays in the K and L series, it could not 
explain properties o f atoms having more than one elec­
tron, The binding energy of the helium atom, which has 
two electrons, was not understood until the development 
of quantum mechanics. Several features of the spectrum 
were inexplicable even in the hydrogen atom. High-resolu- 
tion spectroscopy shows that the individual spectral lines
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of hydrogen are divided into several closely spaeed, fine 
lines. In a magnetic field the lines split even further. The 
German physicist Arnold Sommerfeld modified Bohr’s 
theory by quantizing the shapes and Orientations of or­
bits to introducé additional energy levels corresponding to 
the fine spectral lines. The quantization of the Orienta­
tion of the angular-momentum vector was confirmed in 
an experiment in 1922 by other German physicists, Otto 
Stern and Walter Gerlach. They passed a beam of silver 
atoms through a nonhomogeneous magnetic field, one 
that is stronger on one side than on the other. The field 
deflected the atoms according to the Orientation of their 
magnetic moments. (The magnetic moment of an object 
such as an atom or a compass needle is the measure of its 
interaction with a magnetic field. The moment points in 
some direction and is associated in classical physics with 
orbital currents and the angular momentum of charges.) 
In their experiment, Stern and Gerlach found only two 
deflections, not the continuous distribution of deflections 
that would have been seen if the magnetic moment had 
been oriented in any direction. Thus, it was determined 
that the magnetic moment and the angular momentum 
of an atom can have only two Orientations. The discrete 
Orientations of the orbits explain some of the magnetic 
field effects—namely, the so-called normal Zeeman effect, 

Normal which is the Splitting o f a spectral line into three sublines.
Zeeman These sublines correspond to quantum jumps in which the
effect angular momentum along the magnetic field is increased

by one unit. decreased by one unit, or left unchanged.
An additional quantum number was needed to complete 

the description of electrons in an atom. In 1925 Samuel
A. Goudsmit and George E. Uhlenbeck, two graduate 
students in physics at the University of Leiden, in The 
Netherlands, added a quantum number to account for 
the fact that some spectral lines are divided into more 
sublines than can be explained with the original quantum 
numbers. Goudsmit and Uhlenbeck postulated that an 
electron has an internal spinning motion and that the cor­
responding angular momentum is one-half of the orbital 
angular momentum quantum. An electron has a magnetic 
moment, and its energy depends on whether the spin is 
aligned with or against the magnetic field. Independently, 
the Austrian-bom physicist Wolfgang Pauli also suggested 
adding a two-valued quantum number for electrons, but 
for different reasons. He needed this additional quantum 
number to formulate his exclusion principle, which serves 
as the atomic basis of the periodic table and the Chemical 
behaviour of the elements. According to the exclusion 
principle, one electron at most can occupy an orbital, 
taking into account all the quantum numbers. Pauli was 
led to this principle by the Observation that an alkali in a 
magnetic field has a number o f Orbitals in the shell equal 
to the number of electrons that must be added to make 
the next noble gas. These numbers are twice the number 
of orbits available if the angular momentum and its Ori­
entation are considered alone.

In spite of these modifications, Bohr’s model seemed 
to be a dead end by the early 1920s. It did not explain 
most fine spectral lines or the anomalous Zeeman effect, 
which is a complicated type of spectral line Splitting that 
sometimes involves up to 15 sublines. (Its name notwith- 
standing, the anomalous Zeeman effect is more common 
than the aforementioned normal Zeeman effect.) Efforts 
to generalize the model to multielectron atoms had proved 
futile, and physicists despaired of ever explaining ihern.

The laws of quantum mechanics. Within a few short 
years scientists developed a consistent theory of the atom 
that explained its fundamental structure and its interac- 
tions. Crucial to the development of the theory was new 
evidence indicating that light and matter have both wave 
and partiele characteristics at the atomic and subatomic 
levels. Theoreticians had objected to the fact that Bohr had 
used an ad hoc hybrid of classical Newtonian dynamics 
for the orbits and some quantum postulates for limiting 
the motion. The new theory ignored the fact that electrons 
are particles and treated them as waves. By 1926, physi­
cists had developed the laws of quantum mechanics, also 
called wave mechanics, to explain atomic and subatomic 
phenomena.

The duality between the wave and partiele nature of 
light was highlighted by the American physicist Arthur H.
Compton in an X-ray scattering experiment conducted in 
1922. Compton showed that X rays scatter from electrons 
exactly like particles. The X rays have discrete amounts 
of momentum, which is a property of particles. When X  
rays are scattered, their momentum is partially transferred 
to the electrons. The recoil electron takes some energy 
from an X ray, and as a result the X ray frequency is 
shifted. Both the discrete amount of momentum and the 
frequency shift of the light scattering are completely at 
variance with classical electromagnetic theory.

Louis-Victor de Broglie, a French physicist, had proposed 
in his 1923 doctoral thesis that all matter and radiations Broglie’s 
have both partiele- and wavelike characteristics. Until wave- 
the emergence of the quantum theory, physicists had as- partiele 
sumed that matter was distinct from energy and followed concept 
different laws: energy radiations were waves and matter 
was particulate. Planck’s theory was the first to propose 
that radiation has characteristics of both waves and parti­
cles. Believing in the symmetry of nature, Broglie ended 
the wave-particle dichotomy by applying Einstein’s mass- 
energy formula. Using the old-fashioned word corpuscles 
for particles, Broglie wrote, “For both matter and radia­
tions, light in particular, it is necessary to introducé the 
corpuscle concept and the wave concept at the same time.
In other words, the existence of corpuscles accompanied 
by waves has to be assumed in all cases.” Broglie’s con­
ception was an inspired one, but it had no experimental 
or theoretical foundation. The Austrian physicist Erwin 
Schrödinger had to supply the theory.

Schrödinger’s wave equation. In 1926 Schrödinger pro­
duced the mathematical wave equation that established 
quantum mechanics in widely applicable form. To under- 
stand how a wave equation is used, it is helpful to think 
of an analogy with the vibrations of a bell, violin string, 
or drumhead. These vibrations are govemed by a wave 
equation, since the motion can propagate as a wave from 
one side of the object to the other. Certain vibrations in 
these objects are simple modes that are easily excited and 
have definite frequencies. For example, the motion of the 
lowest vibrational mode in a drumhead is in phase all 
over the drumhead with a pattem that is uniform around 
it; the highest amplitude of the vibratory motion is in 
the middle of the dmmhead. In more complicated, higher 
frequency modes, the motion on different parts of the 
vibrating dmmhead are out of phase, with inward motion 
on one part at the same time that there is outward mo­
tion on another.

Schrödinger postulated that the electrons in an atom 
should be treated like the waves on the dmmhead. The 
different energy levels of atoms are identified with the 
simple vibrational modes of the wave equation. The equa­
tion is solved to find these modes, and then the energy of 
an electron is obtained from the frequency of the mode 
and Einstein’s formula. Schrödinger’s wave equation gives 
the same energies as Bohr’s original formula but with a 
much more precise description of an electron in an atom.
The lowest energy level of the hydrogen atom, called the 
ground state, is analogous to the motion in the lowest 
vibrational mode of the dmmhead. In the atom the elec­
tron wave is uniform in all directions from the nucleus, is 
peaked at the centre of the atom, and has the same phase 
everywhere. Higher energy levels in the atom have waves 
that are peaked at greater distances from the nucleus. Like 
the vibrations in the dmmhead, the waves have peaks 
and nodes that may form a complex shape. The different 
shapes of the wave pattem explain the quantum numbers 
of the energy levels, including the quantum numbers for 
angular momentum and its orientation.

The year before Schrödinger produced his wave theory, 
the German physicist Werner Heisenberg published a 
mathematically equivalent System using matrix algebra to 
describe energy levels and their transitions. Today, physi­
cists use Schrödinger’s System because it can be visualized 
more easily.

In 1929 the Norwegian physicist Egil Hylleraas applied 
the Schrödinger equation to the helium atom with two 
electrons. He obtained only an approximate solution, but
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his energy calculation was quite accurate. With Hylleraas’ 
explanation of the two-electron atom, physicists realized 
that the Schrödinger equation could be a powerful math­
ematical tooi for describing nature on the atomic level, 
even if exact Solutions could not be obtained.

The existence of antiparticles. The English physicist
P.A.M. Dirac introduced a new equation for the electron 
in 1928. The Schrödinger equation does not satisfy the 
principles of relativity, and so it can be used to describe 
only those phenomena in which the particles move much 
more slowly than the velocity of light. In order to satisfy 
the conditions of relativity, Dirac was forced to postulate 
not one but four distinct wave functions for the electron. 
Two of these correspond to the two spin Orientations. The 
remaining components allowed additional States of the 
electron that had not yet been observed. Dirac interpreted 
them as antiparticles with a charge opposite to that of 
electrons. The discovery of the positron in 1932 by the 
American physicist Carl David Anderson proved the exis­
tence of antiparticles and was a triumph for Dirac’s theory.

After his discovery, subatomic particles could no longer 
be considered immutable. Given enough energy, electrons 
and positrons can be created from a few particles in a 
vacuum tube. They also can annihilate each other and 
disappear into some other form of energy. The history 
of subatomic physics from this point has been much the 
story of finding new kinds of particles that can be created 
in vacuums.

ADVANCES IN NUCLEAR AND SUBATOMIC PHYSICS
The 1920s witnessed further advances in nuclear physics 
with Rutherford’s discovery of induced radioactivity. Bom- 
bardment of light nuclei by alpha particles produced new 
radioactive nuclei. In 1928 the Russian-born American 
physicist George Gamow explained the lifetimes in alpha 
radioactivity using the Schrödinger equation.

Discovery of neutrons. The Constitution of the nucleus 
was poorly understood at the time because the only known 
particles were the electron and the proton. It had been 
established that nuclei are typically about twice as heavy 
as can be accounted for by protons alone and thus have to 
contain more than just such particles. A consistent theory 
was impossible until the English physicist James Chad­
wick discovered the neutron in 1932. He found that alpha 
particles reacted with beryllium nuclei, ejecting neutral 
particles with nearly the same mass as protons. Almost 
all nuclear phenomena. can be understood in terms of a 
nucleus composed of neutrons and protons. Surprisingly, 
the neutrons and protons in the nucleus behave to a large 
extent as though they were in independent wave functions, 
just like the electrons in an atom. Each neutron or proton 
is described by a wave pattem with peaks and nodes and 
angular momentum quantum numbers. The theory of the 
nucleus based on these independent wave functions is 
called the Shell model. It was introduced in 1948 by Maria 
Goeppert Mayer of the United States and J. Hans D. 
Jensen of West Gennany, and it developed in succeeding 
decades into a comprehensive theory of the nucleus.

The interactions of neutrons with nuclei had been stud­
ied during the mid-1930s by the Italian-bom American 
physicist Enrico Fermi and others. Nuclei readily capture 
neutrons, which, unlike protons or alpha particles, are not 
repelled from the nucleus by a positive charge. When a 
neutron is captured, the new nucleus has one higher unit 
of atomic mass. If a nearby isotope of that atomic mass is 
more stable, the new nucleus will be radioactive, convert 
the neutron to a proton, and assume the more Stable form.

Nuclear fission was discovered by the German chemists 
Otto Hahn and Fritz Strassmann in 1938. In fission, a 
uranium nucleus captures a neutron and gains enough 
energy to trigger the inherent instability of the nucleus, 
which splits into two lighter nuclei of roughly equal size. 
The fission process releases more neutrons, which can be 
used to produce further fissions (see below Nuclear fission). 
The first nuclear reactor, a device designed to permit con- 
trolled fission chain reactions, was constructed at the Uni- 
versity of Chicago under Fermi’s direction, and the first 
self-sustaining chain reaction was achieved in this reactor 
in 1942. In 1945 American scientists produced the first

atomic bomb, which used uncontrolled fission reactions 
in either uranium or the artificial element plutonium.

Quantum field theory. Dirac not only proposed the 
relativistic equation for the electron but also initiated 
the relativistic treatment of interactions between particles 
known as quantum field theory. An important aspect of 
quantum field theory is that interactions can extend only 
over a given distance if there is a partiele to carry the 
force. The electromagnetic force, which operates over a 
long distance, is carried by a partiele called the photon, 
the light quantum. In 1934 the Japanese physicist Yukawa 
Hideki proposed that there should be a partiele that car­
ries the nuclear force as well. Because the force is short- 
range, the partiele should be massive. Massive particles 
were indeed found in cosmic rays, but these did not 
have the correct interaction properties. They were later 
dubbed muons. Evidence for Yukawa’s partiele, known as 
the pion, was found in cosmic-ray tracks in 1947 by the 
British physicist Cecil Frank Po well. The existence of the 
pion was confirmed when the partiele was created in a 
partiele accelerator in 1948.

Since then, the number of subatomic particles discovered 
has grown enormously. Most of them have been created 
and studied by means of accelerators that produce high- 
energy collisions between particles. The new particles, 
formed by the collision process, live only a short time 
before decaying into more stable particles. Particularly 
noteworthy among the many particles discovered since 
1960 are those responsible for the interaction in beta ra­
dioactivity. In quantum field theory, beta radioactivity is 
a manifestation of an interaction called the weak force. 
The particles that transmit this force are known as W  and 
Z particles. These messenger particles, or bosons, were 
discovered in 1983 during experiments at the European 
Organization for Nuclear Research (CERN).

Hadrons and quarks. Many of the newly discovered 
particles did not at first seem to have any specific role in 
subatomic physics. Particles o f a dass known as hadrons, 
which includes protons and neutrons, interact strongly 
with one another. They show pattems analogous to the 
patterns of energy levels in atoms. Just as the existence 
of energy levels in hydrogen is explained by the presence 
of the electron, the different hadrons are considered to be 
energy levels of a more fundamental partiele inside them. 
The specific patterns of the hadrons have been explained 
by postulating a new fundamental constituent, the quark. 
Three quarks are thought to combine to form a proton, a 
neutron, or any of the massive hadrons known as baryons. 
A quark combines with an antiquark to form mesons such 
as the pion.

Quarks have ne ver been observed, and physicists do not 
expect to find one. Presumably the forces between quarks 
are so strong that they cannot be separated from other 
quarks in a hadron. There are several indirect confirma- 
tions of the existence of quarks. In experiments conducted 
with high-energy electron accelerators in the 1960s, elec­
trons that had been deflected by large angles in scattering 
from hadrons were observed. As in Rutherford’s experi­
ment, the large-angle deflection implies that there are very 
small objects inside the hadron surrounded by large elec­
tric fields. The small objects are presumed to be quarks. 
Physicists developed a quantum field theory known as 
quantum chromodynamics (QCD) during the mid-1970s 
to accommodate quarks and their peculiar properties. This 
theory explains qualitatively the confinement of quarks to 
hadrons. Physicists believe that the theory should explain 
all aspects of hadrons, but mathematical complications 
unfortunately prevent rigorous calculations.

Atomic structure and interactions
ELECTRQNS

As noted above, the electron was the first subatomic parti­
ele discovered. Its interactions determine atomic structure, 
the Chemical behaviour of atoms in molecules, and the 
properties of larger aggregations of atoms such as bulk 
solids. There are four kinds of forces in nature, and the 
electron is subject to three of them—gravity, electromag- 
netism, and weak interaction. Only the electromagnetic
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force is significant in determining the properties of atoms 
and their chemistry. Within the framework of the equa- 
tions used to describe the motion of the electron, the only 
two numerical properties that need to be specified are the 
electron’s mass and its charge. These are given in Table I 
along with other basic atomic constants.

There are four levels o f complexity in the equations used 
to describe the properties of electrons. At the simplest 
level, classical equations such as Newton’s equation are 
applied. The motion of the electron beam in a television 
tube is adequately described by classical physics.

The equations of classical physics, however, become in­
valid when one attempts to describe the motion within 
distances smaller than the de Broglie wavelength of the 
electron (see m e c h a n ic s : Quantum mechanics). Atomic 
properties fall into this small-distance regime, and quan­
tum equations must be used. The simplest quantum equa­
tion is the above-mentioned Schrödinger equation, which 
is valid when the velocity of the electron is small com- 
pared to the speed of light. The electron is described by 
a function that obeys a wave equation. The function may 
be visualized as a cloud; where the function is large, the 
cloud is dense and the electron’s presence is strongly feit.

Atomic and Chemical structure is well described by the 
Schrödinger wave functions when two additional nonclas- 
sical properties of the electron are included. The first 
property is spin, which is like an internal rotational mo­
tion of the electron. The magnitude of an electron’s spin 
is fixed, but its Orientation in space can vary. Spin appears 
in the Schrödinger equation as an attribute of the electron. 
There are, in fact, two separate wave functions associated 
with the probability that spin will be pointed in a par­
ticular direction or in the opposite direction. Other spin 
Orientations are obtained by suitably combining the two 
functions to make intermediate directions. The other non- 
classical property involved is the Pauli exclusion principle, 
which States in its general form that the wave function of 
identical particles must reverse sign when the Coordinates 
of the particles are interchanged. As a consequence of the 
Pauli principle, two electrons cannot have the same wave 
function. This principle is extremely important in deter­
mining the structure of atoms, molecules, and bulk matter.

The third level of complexity in the description of the 
electron is Dirac’s equation (see above), which is a quan­
tum equation postulated to satisfy the requirements of 
Einstein’s relativity. Any partiele govemed by the Dirac 

The equation is called a fermion; the electron is the most
electron familiär example. The mathematics of the Dirac equation
as a require that its particles have two spin Orientations and
fermion obey the generalized Pauli principle. Thus, all the prop­

erties needed for determining atomic structure are built 
automatically into the theory. Furthermore, the Dirac 
equation predicts that for each kind of fermion there is an 
oppositely charged antiparticle with the same mass. The 
electron’s antiparticle is the positron. The electron can be 
made to disappear by combining with a positron. When 
the two particles annihilate each other, their rest energy is 
converted to gamma rays or some other form of energy. 
Electrons can also be created from other forms of energy, 
but always in association with positrons. According to 
the Dirac equation, charged fermions such as the electron 
have a magnetic moment pointing along the direction of 
spin. The magnetic moment of electrons is very close 
to the value predicted by the Dirac equation. The mag­
netism of permanent magnets arises from the combined 
effect o f individual electrons having spins aligned in the 
same direction.
The most sophisticated level of complexity in describing 

electrons is the theory of quantum electrodynamics. Using 
the Dirac and other equations, this theory builds a wave 

Quantum function not only for observable electrons but also for 
electro- particles and quanta that may be created from a vacuum. 
dynamics The predictions of quantum electrodynamics deviate only 

slightly from the Dirac equation. For example, the mag­
netic moment of electrons is predicted to deviate by 0.1 
percent from the Dirac value due to vacuum modifica- 
tions. These deviations have been measured accurately 
and agree perfectly with quantum electrodynamics as far 
as experiments can determine.

ELECTRONIC STRUCTURE OF ATOMS

Schrödinger’s theory of atoms. The theory of the elec­
tronic structure of atoms is based for the most part on the 
Schrödinger equation, which in actuality is not a single 
equation. Each different physical System is described by 
its own equation^ a partial differential equation that has as 
many variables as there are coordinates of interest in the 
application. For example, the Schrödinger equation for 
the hydrogen atom has three coordinates—the x, y, and 
z coordinates of the Separation between the electron and 
the hydrogen nucleus. Similarly, there are six variables in 
the Schrödinger equation of the helium atom, since the 
positions of two electrons are required.

The Schrödinger equation has many Solutions, each of 
which describes a possible state of the atom. Each state is 
specified by a function that depends on the coordinates of 
the particle(s) and by its associated energy. The function, 
called the wave function, is the mathematical representa- 
tion of what is descriptively called the cloud. The wave 
function describes, among other things, the probability of 
an electron being at any given coordinate position. Elec­
trons are more likely to be found in regions of the atom 
where the wave function is large. More precisely, the prob­
ability is proportional to the square of the wave function.
At positions where the wave function goes through zero, 
the probability of finding electrons vanishes.

Normally, an atom is found in its ground state, i.e., the 
state with the least energy or the most bound state. States 
with higher energy are called excited States. Atomic spec­
tra are the light quanta emitted when an atom makes a 
transition from an excited state to one of lower energy.

The Schrödinger equation can only be solved exactly in 
special circumstances. Schrödinger himself found the solu­
tion for the hydrogen atom. It is important for physicists 
and chemists to understand the properties of the hydrogen 
atom obtained from the Schrödinger equation because 
these same properties appear in the behaviour of electrons 
in more complex atoms.

For atoms with more than one electron, no exact So­
lutions of the Schrödinger equation are known. Never­
theless, it is possible to obtain very accurate numerical 
Solutions using approximation methods. An approxima- The 
tion scheine introduced by the English physicist Douglas Hartree 
R. Hartree is the basis for most calculations and for the method 
prevailing physical understanding of the wave mechanics 
of atoms. In this method it is assumed that the electrons 
move independently. The electrons are allowed to interact 
only through the average electric field made by combining 
the charge of the nucleus with the charge distribution of 
the other electrons. A Schrödinger equation for individual 
electrons moving in an average electric field must then be 
solved. Each electron has its own wave function, which is 
called an orbital.
A technical difficulty with this method is that the elec­

tric field is not known ahead of time because it depends 
on the charge distribution of the electrons. In tum, the 
charge distribution can be determined only from the wave 
functions, which require prior knowledge of the field. The 
difficulty is overcome by solving the Schrödinger equation 
in successive approximations. First, one makes a guess for 
the field, finds the wave functions, and then uses the de­
rived charge distribution to make a better approximation 
for the field. This iterative process is continued until the 
final charge and electric field distribution agree with the 
input to the Schrödinger equation. The Hartree method 
(sometimes called the Hartree-Fok method to give credit 
to V. Fok, a Soviet physicist who generalized Hartree’s 
scheine) is widely used to describe electrons in atoms, 
molecules, and solids.

The hydrogen atom. Bohr’s model of the hydrogen 
atom is rudimentary but nevertheless remarkably accurate 
in its predicted energy levels. The derivation of the en­
ergy formula is as follows. Bohr begins with the classical 
equation relating the velocity of a charged partiele in a 
circular orbit, v, to the radius of the orbit r and the electric 
force constants. The equation, obtained by balancing the 
centrifugal force and the electric force, is

mv2/r  =  e2/4n£0r2.
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Next, Bohr postulates that angular momentum is quan­
tized in integer multiples of the reduced Planck’s constant, 
TL The angular momentum is then given by the formula

mevr =  nh ,

where me is the mass of the electron, and n is an integer, 
which can have values 1, 2, 3, and so on. The two equa­
tions are combined to solve for the unknown quantities v 
and r. The resulting orbits have discrete radii, depending 
on n. The energies of the electrons in these orbits are given 
by Bohr’s formula,

=  mee4 j_
" (47T£0) 2 2 Ä2 n2.

When the Schrödinger equation is solved for the hy­
drogen atom, one finds that the possible energies of the 
electron are the same as those in Bohr’s model (see Figure 
4). The wave functions associated with these energies are, 
however, quite different from the circular orbits hypothe- 
sized by Bohr. The lowest orbital is a spherically symmet­
rie function. It falls off with distance from the nucleus r 
according to

exp (-r/flo).
Here, a0 is a length constant, which happens to coincide 
with the radius of the smallest Bohr orbit. Known as the 
Bohr radius, it is given by the formula

4 m 0'h2
a0 9mee2 .

The numerical value of a0 is 0.53 angstrom; the meaning 
and values of the other quantities in this equation are 
given in Table 1. Since the wave function depends only 
on distance and not on angle, the electron cloud sur- 
rounding the nucleus has a spherical shape. Its radius is 
roughly one angstrom. The electron probability is highest 
at the nucleus and in its immediate vicinity. The prob­
ability falls off smoothly with distance from the nucleus, 
vanishing completely only at infinite distance. The wave 
function falls to inconsequentially small values at moder­
ate distances, however. For example, the probability for 
the partiele to be farther than 10a0 from the nucleus is 
only 1 in 30,000.

y ///////////y  y ///////////y
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Figure 4: Energy levels of the hydrogen atom, according to 
B ohr’s model and quantum mechanics using the Schrödinger 
equation and the Dirac equation.

Higher States of the hydrogen atom have more complex 
patterns in the wave function. All of the bound States of 
the hydrogen atom may be described by wave functions 
having the form

(polynomial in x, y, and z) exp {—r/n a0),
where n is a positive integer called the principal quantum 
number. The energy of the state is given by Bohr’s formula 
with the same integer value of n. Several different States 
may have the same energy, in which case they are said 
to be degenerate. Shells are sets of degenerate States. The 
number of distinct Orbitals in a Shell is its degeneracy or 
its multiplicity. For example, there are four Orbitals with 
n =  2 at the energy E2 in the Bohr formula, forming a 
shell. One of the Orbitals in this shell, like the ground state, 
has a spherically symmetrie wave function. Spherically 
symmetrie Orbitals are called s States; the nomenclature 
for Orbitals of different symmetry is provided in Table 
2. The excited s state differs from the ground state in 
that it is smaller at the centre, and it goes through zero 
at some intermediate distance from the nucleus. The ex­

cited 5 state has another peak beyond this point, and the 
overall probability extends farther out than in the ground 
state. The other n =  2 Orbitals form a threefold shell that 
is designated the p  shell. The polynomials in their wave 
functions are simply the monomials x, y, or z. The orbital 
having the monomial x  has a vanishing probability on 
the plane with x  =  0, which is therefore a nodal plane. 
Similarly, the other p  States have nodal planes oriented 
in other directions but all going through the centre. The 
probability distributions of the electron for these Orbitals 
are sketched in Figure 5. One could imagine a state with a 
nodal plane in some other direction as well. Such a state, 
however, could be made by adding the wave functions of 
the three original p  Orbitals, with some constant multiply- 
ing factors. According to the rules of quantum mechanics, 
this state would not be distinct from the original ones that 
produced it. The atom would have some probability of 
being in one of the three original States, depending on the 
multiplying factors.

Table 2: Spectroscopie Designation of Orbitals

angular momentum 
quantum number /

degeneracy designation

0 1 s
1 3 P
2 5 d
3 7 f

States are distinguished from each other by numerical 
labels called quantum numbers. The principal quantum Quantum 
number n has already been mentioned. Three additional numbers 
quantum numbers are associated with the electron wave 
functions of the hydrogen atom. Two of these depend 
on the polynomial function of x, y, and z  in the wave 
function. Conventionally, these two quantum numbers 
are labeled /, representing orbital angular momentum, and 
m, representing the orientation of the angular momentum 
with respect to some axis. The States o f different / are 
often designated by letters, as given in Table 2. There 
are several general rules for determining the values of / 
and m allowed in a wave function. The orbital angular 
momentum takes on integer values starting from / =  0.
Spherically symmetrie wave functions have / =  0. Positive 
values of / apply to States whose wave function varies with 
angle. The more lobes there are in the angular pattem 
of the wave function, the higher is the value of /. The 
m quantum number, also called the magnetic quantum 
number, is restricted to a range of integers depending on 
/. The m quantum number ranges from —/ and increases 
in integer steps to 47. Distinct States exist for all values 
of m in this range. Thus, wave functions with a given 
orbital angular momentum / always have a degeneracy 
equal to 21 4- 1. The quantum number / and the associated 
degeneracy 2/ +  1 of the m  States is a general feature of

Figure 5: Electron densities in wave functions of the 
Schrödinger equation.
(A) The lowest s orbital, recognizable by its spherical 
symmetry and the absence of any nodes. (B ,C ,D ) The 
three p  Orbitals.
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wave functions obtained in physical Systems with a force 
directed toward a centre. For example, the ground state 
of the hydrogen atom is spherically symmetrie with 7 =  0 
and only one distinct orientation. The p -wave States in 
the n =  2 shell have orbital angular momentum / =  1. By 
the rules of the orientational degeneracy, there are three 
distinct p  States, labeled m =  — 1, 0, and +1. In higher 
Shells one finds 1 =  2 States, which have two angular nodal 
surfaces and a degeneracy of 5.
The relationship between the principal quantum num­

ber n and the orbital angular momentum / has not been 
discussed up to this point. For each value of n, States of 
the hydrogen atom exist with / ranging from 0  to n — 1 . 
The fact that all / States for a given n are degenerate is a 
special circumstance of the Schrödinger equation for the 
hydrogen atom. Each of the /’s has a multiplet of m States, 
described in the previous paragraph.

The Schrödinger equation and Bohr’s formula are quite 
accurate, but small deviations in energy can be observed 
in the hydrogen spectrum, and the actual multiplicity of 
States is twice that predicted by the Schrödinger equation. 
These flaws can be corrected by introducing the electron 
spin, with either the Schrödinger equation or the more 
precise Dirac equation. The electron spin behaves exactly 
like an angular momentum, but with a value V2 . There are 
two m  States, with values —V2 and +V2 , which pro vide the 
needed doubling in the multiplicity of States. The interac­
tion of the spin changes the energies of the States, so they 
are no longer independent of /. The coupling of the spin 
to the orbital angular momentum is treated by defining a 
new angular momentum quantum number j. For a given 
/, j  can have the value / +  V2 or / — V2 , depending on 
whether the Orientations o f the spin and orbital angular 
momentum are parallel or antiparallel. However, in an 
/ =  0  state such as the ground state, only j  =  V2 is allowed. 
This method of combining spin and orbital angular mo­
mentum is known as spin-orbit coupling. In the Dirac 
equation the n =  2 States are shifted in energy by the spin- 
orbit coupling, with the 7 =  V2 States slightly lower than 
the j = 3/ 2 state. The predicted Splitting agrees very well 
with the observed fine structure in the Spectrum.

Further refinements to the theory of the hydrogen atom 
have been made with quantum field theory. The theory 
predicts a very small energy difference between the two 
multiplets with j — V2 . This tiny Splitting has been ob­
served, and its magnitude agrees with theory.

One final ingrediënt completes the description of the 
hydrogen atom—the interaction of its electron with the 
magnetic moment of its nucleus. The proton nucleus of 
ordinary hydrogen has a spin of V2 and a magnetic mo­
ment. The energies of the atom depend on the relative 
Orientation of the electron and the proton’s spin. This can 
be characterized by a new quantum number, the total spin 
F. It can have a value 0 or 1, depending on whether the 
two spins are parallel or antiparallel. The energy difference 
between these two States is very small, so that transitions 
are in the microwave region of the electromagnetic Spec­
trum. The frequency of the radiation is 1.4 X 109 hertz, 
which is a well-known feature of the radiation from inter­
stellar hydrogen gas observed in radio astronomy.

Multielectron atoms. The properties of multielectron 
atoms are govemed to a large extent by simple principles 
that determine the electron wave function. Electrons are 
placed in Orbitals similar to the wave functions of hydro­
gen, starting with the lowest energy n =  1 orbital. The Pauli 
principle requires that each electron go into a different or­
bital. (It should be remembered that the two spin Orienta­
tions in a wave function count as different Orbitals.) With 
this procedure, each element acquires a unique structure 
of electron Orbitals that gives it its characteristie atomic 
and Chemical properties. A simple example is the helium 
atom. Helium has two electrons, both of which go into 
the n =  1 Orbitals according to the spin degeneracy rule. 
All n =  1 electrons are tightly bound, and so the helium 
atom is not readily ionized; neither does it form Chemical 
bonds by sharing its electrons with other atoms. The next 
element, lithium, has three electrons; only two can go in 
the n =  1 Orbitals, so the third must be placed in an n =  2 
orbital. This shell is much higher in energy; thus, the last

electron is loosely bound. The ionization energy, which is 
the energy required to remove an electron from an atom, 
shows clearly the effects of the electron Shells. Figure 6 , 
displaying the ionization energies o f the elements, shows 
that helium is the highest of any element. There is a big 
jump from helium to lithium, which needs only 5 eV of 
energy to ionize.

From K. Krane, Nuclear Physics, copyright ©  1987 by John Wiley & 
Sons, Inc.; reprinted by permission of John Wiley & Sons, Inc.

Figure 6: Io n iz a t io n  e n e r g ie s  o f  th e  e le m e n ts .
The Shell of the least bound electron is designated by the 
principal quantum number n , followed by the letter for the 
angular momentum.

The shell behaviour of complex atoms is derived from the 
approximate solution of the Schrödinger equation, since 
exact Solutions to the multielectron equation do not exist. 
The Hartree method (see above), treating each electron 
with its own wave function, gives an adequate approxima­
tion for most purposes. In Hartree’s theoretical scheme, 
the Pauli principle is imposed by requiring all wave func­
tions o f the electrons to be distinct. An important part of 
the Hartree theory is the behaviour of the self-consistent 
force field governing the electrons. At small distances from 
the nucleus, the Hartree field is virtually the same as the 
field of the nucleus. The contribution from the electrons 
is small because they are spread out in all directions. At 
large distances the nucleus appears to be surrounded by a 
cloud of electrons screening its positive charge with their 
negative charges. The last electron, if  it is far away, “sees” 
a field resembling that of a single positive charge. The 
electron wave functions in this potential are qualitatively 
very similar to the hydrogen wave functions, retaining 
strong shell effects. The range of the wave functions and 
their energies, however, depend on both the atomic num­
ber and the presence of electrons in other Shells. The n =  1 
electrons are closest to the nucleus and are exposed to 
nearly its füll electric field. The highest shell electrons are 
farthest away on average and feel a field similar to that of 
a hydrogen atom.

The size o f atoms does not vary much from element 
to element, growing only slightly from light to heavy 
elements. This is due to a compensation between two 
opposing tendenties. The outer electrons of heavy atoms 
are in higher Shells, the probability distributions of which 
are farther from the nucleus. On the other hand, the size 
of each shell is dependent on nuclear charge; the higher 
charge in heavier nuclei pulls a given shell in closer.

Atomic spectroscopy and lasers. The energy levels of 
atoms are studied by measuring the wavelengths o f light 
emitted by the atoms in excited States. Atoms become 
excited when they absorb energy. In a gas, excited atoms 
are produced with heat or electric currents. The light 
emitted is analyzed in a spectrograph, which disperses the 
light in different directions according to its wavelength or 
frequency. Transitions from higher to lower energy levels 
appear as bright lines in the spectrum (Figure 7). This 
technique is known as emission spectroscopy. If white 
light is passed through a gas of the element being studied, 
light will be absorbed for those frequencies that allow a 
transition of the atom from the ground state to an excited 
state. The absorption creates a dark line in the spectrum 
of the white light. This is called absorption spectroscopy. 
The characteristics of the lines can be measured with great 
accuracy using spectrographs together with other optical
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Figure 7: E n e r g y  le v e ls  o f  th e  n e o n  a to m .
The Orbitals occupied by the six outer electrons are indicated 
on the levels. The tränsition responsible for the red light from 
common lasers (wavelength of 6330 A) is shown by the arrow.

instruments called interferometers. Until lasers were devel­
oped, however, it was impossible to achieve the resolution 
desired because the frequency of the light emitted is af­
fected by the motion of the atoms and collisions between 
them. The frequency shift from atomic motion, known as 
the Doppler effect, limits the resolution to about 1 part in
10,000. However, with intense light at a fixed frequency 
available from lasers, one can preferentially excite atoms 
moving at some particular velocity. Modem instrumenta- 
tion makes it possible to observe structure in the lines to 
1 part in 10,000,000. This accuracy allows the effects of 
nuclear spin, size, and shape to be measured directly with 
atomic lines.

The principle of the laser is based on the transitions 
between energy levels in an atom, or molecule. Normally, 
more atoms are in lower States than in upper States. En­
ergy would be absorbed from a beam of radiation because 
most of the transitions would go from a lower level to 
an upper one. If the number of atoms in the upper and 
lower States is equal, there will be the same number of 
transitions in both directions. Therefore, the intensity of 
the atom’s light beam would not change going through 
the medium. Conditions for the laser are obtained if more 
atoms are in the upper state than in the lower state; this 
is called a population inversion. As a result, a laser has 
more transitions going downward than upward, and a 
beam going through the medium is amplified. Passing the 
amplified beam back and forth between mirrors produces 
the very high intensity laser light.

Characteristie X rays. The inner Shells of an atom are 
responsible for the characteristie X rays of an element. 
These are X rays of definite wavelengths emitted when 
atoms are bombarded with energetic electrons or other 
forms of radiation. The radiation knocks an inner electron 
out of its orbital, leaving a vacancy. An electron from a 
higher shell then jumps into the empty orbital, emitting 
a photon in the process. Because of the strong binding of 
inner Shells in heavy atoms, such photons are produced 
with energies ranging from 100 to 100,000 eV in the X-ray 
region of the electromagnetic spectrum. The approximate 
energies of these transitions are given by the Bohr formula 
with a modified value of the nuclear charge. More accu­
rate values for the energies can be calculated on the basis 
of the Hartree theory.

The ionization energy of atoms depends on the energy 
of the electron Orbitals in the highest occupied Shells. The 
Variation of these energies with atomic number displays a 
periodic behaviour, as seen in Figure 6 . Particularly no- 
ticeable is the increase in ionization energy as the p  Shells 
of the atom are filled. This is precisely what one expects 
to find: as the charge of the nucleus increases, the binding 
energy of the Orbitals in a given shell increases. When a 
shell is filled, the next electron must go into a higher, less 
bound shell, producing a break in the ionization-energy 
plot. The fact that the behaviour is periodic shows that the 
inner cores of atoms act on the outer electrons in much 
the same way for different atomic numbers. The nuclear 
charge is screened by the inner electrons so that the outer

electrons are effectively govemed by the field from a lower 
atomic number.

The electron affinity of atoms exhibits a similar period- 
icity. Electron affinity is the binding energy of the extra Electron 
electron when an atom forms a negative ion. Such atoms affinity 
as helium that have all their electrons in tightly bound 
filled Shells do not attract additional electrons strongly 
enough to bind them. On the other hand, such atoms as 
fluorine that have a single vacancy in a tightly bound shell 
readily attract and capture an extra electron into that or­
bital. The systematics of the electron affinities are shown 
in Figure 8 . Obviously, the behaviour of the loosely bound 
electrons and shell effects are crucial to an understanding 
of the Chemical properties of elements. The basic period 
of eight in the periodic table is associated with the filling 
of the s and p  Orbitals of a given n shell (see Figure 9).
For each spin orientation, there are one s orbital and 
three p  Orbitals, for a total degeneracy of eight. In the 
hydrogen atom, the s and p  Shells are degenerate, and in 
complex atoms they remain close in energy. Higher an­
gular momentum Shells, however, have considerably less 
binding than their s and p  partners in the same n shell.
As a result, they are filled out o f sequence in the periodic 
table. For example, the 3d  shell is filled after the 4s shell.

The Shell of the most bound vacancy is indicated by its 
spectroscopie designation.

The diminished binding of the higher 1 Shells can be un­
derstood simply with a classical picture of the electron’s 
motion. The higher angular momentum Shells correspond 
to orbits that are more nearly circular, whereas the 5- and 
p-wave functions correspond to elliptical orbits in which 
the electron approaches the centre of the atom more 
closely. Because the centre has the strong attraction from 
the unscreened nucleus, these low 1 Orbitals will have 
a greater binding. For a given energy, elongated orbits 
extend farther out than the circular orbits. This greater
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Figure 9: Periodic table of the elements showing the 
valence Shells.
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extension corresponds to the fact that in s and p  orbits 
the electron probability is significant to larger distances. 
Most of Chemistry has to do with these outer electrons. 
The 1 = 3  shell i f  shell) is well shielded by other electrons, 
and the elements that differ only in the number of/sh ell 
electrons have very similar Chemical properties.

Exotlc atoms. Atoms can be formed with other charged 
particles serving as the negatively charged electrons or the 
positively charged nucleus. Mu mesons, pi mesons, or an- 
tiprotons can be substituted for electrons, while a positron 
can replace the nucleus. These exotic atoms exhibit energy 
levels and transitions just like ordinary atoms. The transi­
tions between high n orbits follow the Bohr formula, with 
an appropriate change in the mass m in that formula. The 
energy levels with low n are affected by the finite size of 
the particles and by other forces that may act besides the 
electric force. Physicists use these atoms to investigate the 
forces and the sizes o f the particles involved.

Interatomic forces and Chemical bonds. The forces be­
tween atoms are complex and varied. In close proximity, 
all atoms repel each other. At intermediate distances, 
the forces of Chemical binding are prominent. Finally, at 
large distances, all atoms are attracted to each other by a 
much weaker force. These forces are all explained by the 
quantum theory of electrons in atoms. In the presence of 
other atoms, the electrons become rearranged. If the new 
arrangement has less energy, it is the preferred state of the 
atoms, and there is an attractive force to reach this state. 
Conversely, if the rearrangement increases the energy, the 
resulting force between the atoms is repulsive. The rear­
rangement of electrons may take place in different ways, 
and different names are given for the resulting Chemical 
bonds (see below).

The universal repulsion between atoms at short distances 
Repulsion is responsible for atoms taking up a definite amount of 
between space and for the incompressibility of solid materials. This
atoms repulsion has two causes. First, as the atoms are pushed

into each other, the shielding provided by the electrons 
around each nucleus is less effective and the electric force 
between the two nuclei repels them. A second repulsive 
influence arises from the Pauli principle. Not only is it for- 
bidden to have two electrons with the same wave function 
but the wave functions must be different enough to con­
struct an antisymmetric total wave function. When two 
atoms are close together, the electrons in the overlapping 
region spend part of their time in their original Orbitals 
and part of their time in Orbitals of higher energy in order 
to satisfy the Pauli principle.

In Chemical bonds the rearrangement of electrons leaves 
atoms in a state of lower energy, stabilizing them at fixed 
distances from each other in definite geometrie configu- 
rations. The amount of energy associated with Chemical 
bonds ranges from 1 to 10 eV. A number of different 
kinds of bonds are recognized in chemistry. If the rear­
rangement causes a net shift of the electron’s probability 
from one atom to the other, the bond is called heteropo­
lar. An extreme example of this would be an ionic bond, 
in which an electron has moved from an orbital in one 
atom to that in the other. This electron transfer gives one 
atom a net positive charge and the other a net negative 
charge. The two resulting ions are then held together by 
the electric force of attraction between unlike charges. An 
example of ionic bonding occurs in alkali halide crystals 
such as sodium chloride (common table salt). The alkali 
metals are easily ionized, and the halogens have a strong 
affinity for additional electrons, as seeri in Figures 6  and
8 . The original concept of Chemical binding was based on 
the attraction of opposite charges.

Strong Chemical bonding of the homopolar, or co valent, 
type also occurs. In this case there is no net transfer of 
electrons from one atom to another. The rearrangement of 
the electron distribution is more subtle. In a covalent bond 
between two atoms, the electron density shifts from the 
outer surfaces of the atoms to the region between the two 
atomic centres. In general this does not happen, because 
the Pauli principle affects the wave functions by spreading 
the electrons apart. The Pauli principle, however, may be 
satisfied for a pair of electrons by giving them opposite 
spin Orientations, in which case the spatial wave functions

are combined to bring the two electrons closer together.
A co valent bond can be formed between two atoms if 
there is an unpaired electron on each atom. In the bonded 
state the electrons will have their spins oppositely aligned.
An atom can form a number of eovalent bonds equal to 
the number of its unpaired electrons, which in tum de­
pends on the shell degeneracy. For example, the nitrogen 
atom has five electrons distributed over four Orbitals in 
the n =  2 s and p  Shells. Two electrons must occupy the 
same orbital as a pair, but the remaining three electrons 
can go qnpaired in separate Orbitals, giving nitrogen a 
valence bf 3.

The geometry o f Chemical bonding, with definite angles 
between the bonds in triatomic and more complicated 
molecules, depends on the geometry of Orbitals with lobes 
extending at various angles. If atoms bonded with pure p  
Orbitals, the bonds would extend out at 90° angles from 
each other like the wave functions depicted in Figure 5.
Actual Chemical bonds, however, are made primarily by 
combining s and p  Orbitals together in the wave functions. Hybridiza- 
This so-called hybridization produces wave functions with tion 
different geometries. In the carbon atom, for example, 
the hybridization yields four bonds directed toward the 
corners of a tetrahedron.
The ionic and co valent bonds are two extremes in a 

range o f bonding behaviour. The bonding wave functions 
do not need to be localized on two neighbouring atoms. In 
so-called delocalized bonding the electron wave functions 
extend over several atoms.

All of these properties can be predicted quite well using 
the Hartree theory. The positions of the atomic centres are 
first roughly estimated. The Schrödinger equation is then 
solved for each electron, with the requirement that the 
total forces from all the atoms be consistent with the total 
charge density from the electrons and nuclei. After the 
wave functions of all the electrons are found, the energy of 
the molecule can be calculated. This is repeated for other 
positions of the atomic centres until the minimum energy 
is found. The resulting arrangement of atomic centres 
and electron wave functions provides the configuration of 
the stable molecule. Depending on the behaviour of the 
Hartree wave functions, one can find various kinds of 
Chemical bonds. The Hartree theory is quite reliable in 
predicting the geometry of molecules and the character of 
the bonds, but it is less successful in predicting accurate 
bond energies.

Some forces between atoms at larger distances are too 
weak to form Chemical bonds. These forces have two ori- 
gins. One long-range force is associated with the electric 
fields that extend outside of any molecule with heteropolar 
electron distributions. An example is the water molecule, 
which has a net shift of electron charges from the hydro­
gen atoms to those of oxygen. The electric field attracts 
both positively and negatively charged ions, depending on 
the orientation of the water molecule. This explains why 
liquid water is such a good solvent for polar and ioniely 
bonded molecules. Another long-range force, called the 
van der Waals force, is a weak attraction between all 
atoms. It provides the cohesive force in nonpolar liquids Van der 
such as liquid air or gasoline. These liquids have a low Waals 
boiling point because the bond energies of the van der force 
Waals force are very low (only a few tenths of an electron 
volt). The force arises from a subtle effect in quantum 
mechanics—namely, the existence of fluctuating electric 
fields outside an atom even though the electron wave 
function surrounds the nucleus and neutralizes its charge.
The fluctuating fields are associated with the possible po­
sitions öf the electron if it is frozen at some particular spot 
in its orbital.

Observing atoms. Individual atoms are far too small to 
be seen in any light microscope. The inherent limitation 
on such a microscope is the wavelength of light, which 
determines the minimum size of an image. In compari- 
son, the distance between atoms in a solid is less than 
1,000th of the wavelength of light. Therefore, the mini­
mum size of any image would contain too many atoms Direct 
for the eye to differentiate. There are, however, several observa- 
direct methods for observing individual atoms and their tion 
arrangement in molecules and solids. In a transmission methods
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electron microscope, electrons are transmitted through 
the material to be studied. Images are formed because 
the electrons are absorbed differently by different atoms. 
With this technique, one can just barely see the individual 
atoms of the heaviest elements when they are separated by 
several atomic lengths (see Figure 10). Another technique

Albert V. Crewe, Enrico Fermi Institute, University of Chicago

Figure 10: Transmission electron micrograph of single 
uranium atoms and microcrystals obtained from a solution of 
uranyl acetate.

involves the use of a field-ion microscope. In this case, a 
wire with a very fine tip is placed in a near-vacuum and 
given a positive electric charge. Individual atoms on the 
surface of the tip ionize residual gas molecules. The ions 
are then accelerated by the charge in straight lines away 
from the tip. They form spots on photographic plates at 
different positions corresponding to the location of atoms 
on the tip (see Figure 11). A third imaging technique is 
called scanning tunneling electron microscopy. Here, a 
wire with an extremely fine point is positioned within 1 0 - 9  

metres of the surface to be studied. Electrons jump from 
the surface to the wire through individual atoms on the 
surface. The probe wire is moved back and forth over the 
surface in a raster pattem, and variations in the electron 
current indicate the positions of the atoms.
The positions of atoms in solids and molecules are com- 

monly determined by wave diffraction. Diffraction refers 
to the highly directional patterns formed by waves when 
they travel through regularly ordered mediums. Diffrac- 

Diffraction tion techniques use a crystal or a large number of atoms 
techniques in a regulär arrangement. The pattem of the waves re- 

flected from the crystal depends on the relative positions 
of the atoms in the crystal. The Information contained in 
the wave pattem is far from complete, however, so there 
may be ambiguities in reconstmcting the atomic arrange­
m ent The most common technique of this kind is X-ray 
diffraction. X rays are similar to visible light, but they 
have much shorter wavelengths. Radiation of this type 
that can be used for diffraction has a wavelength of 1 0 “ 10 

metre or smaller, which is even smaller than atoms. As the 
X-ray waves are most affected by the electrons in atoms, 
this technique locates atoms primarily by their electron 
cloud. Another diffraction technique uses neutrons from 
a nuclear reactor. Neutrons, like all particles, have wave 
properties and can be diffracted from a crystal. Neutrons 
of a particular wavelength äre beamed on a crystal, and 
diffraction sends them off in various directions. The geo­
metrie arrangement of the atoms being studied is inferred

from the diffraction pattem. Neutron waves interact most 
strongly with atomic nuclei, and so this technique com- 
plements X-ray diffraction by mapping the nuclear cen­
tres of atoms.

Bulk matter. The behaviour of bulk matter depends 
on the relative magnitude of the binding forces between 
atoms or molecules and the thermal energy of motion. 
The thermal energy of motion at room temperature is 
about 0.025 eV. If the binding energy is less than about 
1 0  times the thermal energy, the substance will be in a 
gaseous state under normal conditions. This typically ap- 
plies to small molecules such as air molecules that interact 
only by the weak van der Waals force. With larger ratios 
of binding energies to thermal energies, the substance con- 
denses into a liquid or a solid. Solids are classified into 
several types, depending on the kind of bonding between 
their atoms. Four main types of ordered solids are ionic 
crystals, molecular crystals, co valent crystals, and metals. 
Ionic crystals are held together entirely by the electrostatic 
forces between ions. Common table salt is an example. 
A molecular crystal is composed of distinct molecules 
held together by weaker forces such as the van der Waals 
force. In covalent crystals the Chemical bonds extend from 
atom to atom over the entire crystal. Diamond, a form 
of carbon, is an example of a covalently bonded solid; as 
in simple organic compounds, each carbon atom has four 
bonds pointed to the corners of a tetrahedron. In metals 
the concept of Chemical valence breaks down. The atoms 
are closely packed together, and the number of neighbours 
for a given atom is determined more by the geometry of 
touching spheres than by the number of valence electrons.

The Hartree theory provides a common framework for 
describing the varying properties o f these different kinds 
of solids. The electron orbitals are allowed to spread out 
over the entire solid. Effectively, one deals with an infinite 
number of electrons and orbitals, which can be handled 
with mathematical techniques developed by the Swiss- 
bom U.S. physicist Felix Bloch and others. The orbitals 
display shell-like features even in a very large System. 
There are groups of orbitals with energies close together. 
Known as bands, they are separated by gaps in energy. 
The characteristics of any such solid depend very much 
on the extent to which the orbitals are filled in the high- 
est band. This filling level is called the Fermi energy. If
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Figure 11: Field-ion micrograph of atoms on the surface of a 
platinum needle.
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the orbitals are completely filled up to the band gap, the 
States of the electrons are essentially fixed and the material 
will be an insulator. On the other hand, if the band is 
only partially filled, electrons can jump from one state to 
another with only an infinitesimal change in energy. In 
this case, the electrons can move about, and the material 
is a conductor. The sharp distinction between insulators 
and conductors becomes blurred in materials called semi- 
conductors, which have small energy gaps. In Silicon, for 
instance, the energy gap is only 1.4 eV, and it is possible 
to make Silicon conduct by exciting electrons to the higher 
band. In some materials there is no energy gap between 
the occupied and empty orbitals, but the number of or­
bitals at the Fermi energy is so small that conductivity 
is poor. Graphite, another form of carbon, has a band 
structure o f this type.

THE NUCLEUS * 10
Nucleons. The protons and neutrons that make up the 

atomic nucleus are the lightest members of the baryon 
family of subatomic particles. The proton has a mass of 
1.673 X 10 27 kilogram, which is 1,836 times larger than 
the mass o f the electron. The neutron has approximately 
the same mass as the proton— 1.675 X 10 27 kilogram. 
Subatomic masses are commonly expressed in units of 
rest energy, which is related to mass by Einstein’s formula 
E =  mc2. The proton’s rest energy is 938.3 MeV and that 
of the neutron is 939.6 MeV. All baryons except the 
proton are unstable and can decay into lighter baryons. 
The neutron, having more rest energy than the proton, 
can decay into a proton with the emission of an electron 
and an anti-neutrino. Its lifetime outside the nucleus is
10 minutes. In the nucleus the binding energy is larger 
than the difference in rest energies between the neutron 
and the proton. The binding forces stabilize the nucleus 
against the decay of its neutrons.
Other properties of nucleons are their charge, spin, and 

magnetic moment. The charge on a proton is equal and 
opposite to the electron’s charge. The neutron is un- 
charged. Like electrons and other elementary fermions, 
nucleons have a spin quantum number of V2 and are de­
scribed by a wave function that is doubled in multiplicity 
by two spin Orientations. Nucleons and electrons also have 
a magnetic moment associated with their spin. However, 
the numerical value of a nucleon’s magnetic moment, 
unlike an electron’s, is quite different from that predicted 
by the Dirac equation; in fact, the proton’s moment is 
2.8 times the value predicted. Furthermore, the neutron 
has a somewhat smaller moment opposite to that of the 
proton, though according to the Dirac equation it should 
have none at all.

While electrons are point particles, nucleons have a finite 
extension. The distribution of the positive charge in a pro­
ton can be measured in electron scattering experiments. 
The charge is distributed in a smooth cloud extending 
to a distance of about 1 X 1 0 15 metre, or 1 femtome- 
tre, from the centre. The neutron is neutral overall, but 
electron scattering measurements show that it also has an 
internal structure with a slight positive charge in the core 
surrounded by a shell of negative charge.

Internuclear forces. The most important characteristie 
that distinguishes nucleons from electrons and other lep- 
tons has to do with the forces acting on them. Nucleons 
are subject to the three forces of nature affecting leptons: 
gravitation, electromagnetism, and the weak force. How­
ever, nucleons also exert a very powerful force on each 
other—namely, the nuclear, or strong, force. This force 
has an extremely short range so that its effects are not feit 
outside an atom. Indeed, even within an atom, the strong 
force is insignificant just a few fermis (one fermi =  1 0 “ 15 

metre) from the surface of the nucleus. By contrast, the 
effects o f the electromagnetic and gravitational forces can 
be feit at all distances.
The character of the strong force is rather complicated 

and only partially understood. At very small distances 
between nucleons, less than one femtometre, the force is 
repulsive and tends to keep the nucleons apart. At inter- 
mediate distances, about one to two femtometres, the force 
is strongly attractive and can bind the nucleons by energy

Figure 12: P ro to n  fo rc e .
The interaction energy of two protons is shown as a function 
of the distance between them. At small separations, the 
energy is positive and the force is repulsive. At intermediate 
distances, the nuclear interaction is negative and the force 
is attractive. At distances larger than shown on the graph, 
the nuclear force becomes negligible and the repulsive 
electric force between the two charges is all that is left. The 
interaction depicted is for protons with antiparallel spins.

amounting to many millions of electron volts. Beyond a 
few femtometres, the strong force becomes inconsequen- 
tial in comparison to the electromagnetic force. A graph 
of the behaviour of the strong force is shown in Figure 12.

The effects of the strong force are seen in the interac­
tions of free nucleons and the binding energy of nuclei. 
Nucleon interactions can be studied by bombarding hy­
drogen with a beam of protons or neutrons. The beam 
particles passing within a certain distance of a proton from 
the hydrogen target will be deflected by the strong force. 
The strength of the interaction between beam and target 
nucleons is characterized by a quantity called the cross 
section, which has units of area. It is the apparent area 
of the target partiele that intercepts the beam partiele and 
results in an interaction or a deflection. The cross section 
of high-energy nucleons scattering or otherwise interacting 
with each other is about four square femtometres. If the 
particles are thought of as spheres that interact when they 
come into contact, the radius of the individual nucleon 
sphere would be about 0.7 femtometre. At low energies 
the cross sections become larger, partly because there is 
more time for the forces to act with slower moving parti­
cles. Quantum wave effects also become more important 
at low energy; they allow the influence of the force to be 
feit at larger distances and help increase the cross section.
Most of the existing detailed knowledge about nuclear 

forces comes from matching observed cross sections, in- 
cluding their dependence on energy and scattering angle, 
with quantum mechanical calculations based on models 
of the strong force. Yukawa’s meson exchange picture 
(see above) explains the major features of the strong force 
beyond one femtometre. In quantum field theory, two 
particles may exert a force on each other at a distance only 
by exchanging a third partiele. The particles exchanged in 
the strong force are mesons. The pion, the lightest o f the 
mesons, is responsible for the longest range portion of the 
strong force. When the pion is exchanged, it can transfer 
a charge from one nucleon to another. In this process, 
called an exchange interaction, a proton is converted to 
a neutron and a neutron becomes a proton. At shorter 
distances, heavier mesons become important, and several 
pions may be exchanged at the same time. The main

The
cross
section

Exchange 
of mesons



348 Atoms

attraction between nucleons in bound nuclei is caused by 
the exchange of multiple pions and higher mesons. The 
exchange of mesons also can change the internal structure 
of the nucleon, transforming it into some other baryon. 
Even when there is not enough energy to produce the 
excited baryon, its effects are feit in the strong force.

The strong force also depends on the spin orientation 
of the nucleons. This dependence adds to the complexity 
of the force. For example, the force between protons and 
neutrons is most attractive when the spins are pointing in 
the same direction. On the other hand, the Pauli princi­
ple does not allow two protons with parallel spins to be 
located close to each other, and the interaction with the 
opposite spin alignment is weaker. Part of the spin depen- 

Iensor and dence is known as the tensor force. This force reorients 
ïpin-orbit the spin and exerts a torque on the nucleons. The tensor 
forces force helps explain a property of the deuteron, which is a

neutron and proton bound together. Under the influence 
of ordinary forces, the wave function would be spherically 
symmetrie. Due to the tensor force, however, the deuteron 
is elongated in shape. The elongation is measured as its 
quadrupole moment. Another significant part of the spin­
dependent force is the spin-orbit force. This force acts 
when the nucleons are moving around each other and 
have orbital angular momentum. It tends to align the 
orbital angular momentum with the spin orientation.
An important consequence of the strong force is the 

binding of nuclei. The simplest example is the deuteron, 
with a binding energy of 2.2 MeV. The binding energy is 
the sum of an interaction energy and a kinetic energy of 
the particles. By itself, the interaction energy is much more 
than 2 MeV, but a large kinetic energy nearly cancels it. 
In heavier nuclei the interaction energy is higher because 
there are more neighbouring nucleons; consequently, the 
binding is greater. Protons also are attracted to each other 
by the strong force, but their interaction is not sufficiënt 
to bind them together. Thus, there is no isotope of helium 
consisting only of two protons.

Shape and size of nuclei. Most nuclei are spherical, and 
their size is determined by the number of nucleons pres­
ent. The density of nucleons is roughly constant in the 
interior of a nucleus, and so the volume of the sphere is 
proportional to the atomic mass number. In this respect, 
the nucleus resembles a liquid drop, the volume of which 
is proportional to the amount of matter it contains. The 
density of nucleons in the interior of a nucleus is about 
3 X 1017 kilograms per cubic metre; each nucleon takes up 
about six cubic femtometres of volume. The radii of nu­
clei found in nature range from two to eight femtometres.

The constant interior density of nuclei, called the Sat­
uration property, is quite different from the distribution 

Saturation of electrons in atoms. The density of electrons varies 
)roperty considerably with their distance from the centre of the

atom; electrons are highly concentrated in the inner shells 
and more dispersed in the outer ones. The Saturation of 
nuclear matter, on the other hand, arises from a delicate 
balance between the attractive and repulsive components 
of the nuclear force. Aspects of the interaction contribut- 
ing to the Saturation are: (1) the short-range repulsion that 
prevents the nucleons from occupying the same volume; 
(2 ) the charged pion exchange that is less effective at high 
density; (3) the tensor force; and (4) the interactions that 
make intemal excitations of the nucleons.
The most precise information on nuclear sizes comes 

from electron-scattering measurements. Because of their 
quantum-wave properties, electrons scattering from nuclei 
exhibit diffraction, which is preferential scattering at spe­
cific angles. Detailed pictures of the size and shape of the 
nucleus can be inferred from these diffraction patterns. 
Figure 13 shows an example of inferred charge density on 
a slice through the centre of a nucleus of lead-208. The 
charge is roughly uniform inside a sphere and has a dif­
fuse edge on the surface. The density falls from its inside 
value to zero over a distance of roughly two femtometres. 
One does not see the individual particles in the nucleus 
because their wave functions are diffuse clouds. There are, 
however, perceptible variations in density in the interior. 
These oscillations show that the wave functions of the 
nucleons inside a nucleus have a shell behaviour just like

Figure 13: Profile of the charge distribution within the nucleus 
of lead-208 inferred from electron-scattering experiments.

the electrons in atoms. The peaks occur at positions where 
the proton wave functions are maximal, and the valleys 
occur where the wave functions pass through zero.

Mass and binding energy. The mass of a nucleus is 
typically about 1 percent less than the total mass of the 
nucleons composing it. This mass deficiency is related 
to the binding energy of nuclei by Einstein’s formula 
E — mc2. The binding energy determines which nuclei are 
stable and how much energy is released in a nuclear reac- 
tion. The picture of the nucleus as a charged liquid drop 
describes the overall trends of the binding energies. Each 
partiele in the interior of a classical liquid is bound by the 
same amount. Very roughly, nuclear binding energies be- 
have accordingly, with a typical binding energy of 8  MeV 
per nucleon. In detail, the trend of nuclear binding ener­
gies may be seen in Figure 14, which graphs the binding 
energy per nucleon as a function of the atomic mass num­
ber. The graph shows the near constancy of the binding 
energy from nuclei as light as helium-4 up to very heavy 
nuclei. By contrast, the binding energy of atoms varies 
greatly with atomic number because their inner shells are 
so tightly bound.

From K. Krane, Nuclear Physics, copyright ©  1987 by John Wiley & 
Sons, Inc.; reprinted by permission of John Wiley & Sons, Inc.

mass number A
Figure 14: Nuclear binding energies, shown as a function of 
atomic mass number.

Particles at the surface of a liquid have fewer neighbours 
to interact with, so there is surface tension and a deficiency 
of energy from the surface. In the same way, lighter nuclei 
have a relatively large surface-to-volume ratio and are not 
as strongly bound. This may be seen in Figure 14 in the 
behaviour of the curve for smaller atomic mass numbers.

Repulsion between the charges of protons reduces the 
binding energy of a nucleus. The negative contribution 
from this repulsion is called the Coulomb energy. The 
effect is largest for the highest atomic numbers, which Coulomb 
are the most highly charged nuclei. The surface energy energy 
favouring large nuclei and the Coulomb energy favouring 
low atomic numbers oppose each other; consequently, the 
optimum mass number for a nucleus is in the middle
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region, around mass 60 and the iron nucleus. Nuclear 
energy can be released by any process that transforms nu­
clei to others closer to the middle masses. Thus, nuclear 
energy can be released by fusing light nuclei or by Splitting 
heavy nuclei in the fission process. Energy production 
in stars results primarily from the fusion of hydrogen to 
make helium. Hotter stars can fuse heavier elements, but 
all nuclear energy is exhausted when iron is attained as a 
fusion product. Terrestrial elements are believed to have 
been formed by this process of stellar nucleosynthesis. El­
ements heavier than iron may have been formed by very 
transient processes in supernova explosions. (For a more 
detailed discussion of stellar nucleosynthesis, see s t a r s

A N D  STAR CLU STERS.)
Nuclear binding energy also depends on the relative 

numbers of neutrons and protons in a nucleus. In light 
nuclei the most binding is obtained with an equal number 
of neutrons and protons, which optimizes the neutron- 
proton attraction. In heavier nuclei the Coulomb repul­
sion between protons gives more binding to nuclei with 
an excess of neutrons. The most stable heavy nuclei have 
50 percent more neutrons than protons.

Nuclear spin and magnetic moment. Nuclei, like atoms 
or other particles, may have an internal angular momen­
tum called spin. Because of the characteristics of the forces 
involved, the spin o f a nucleus is zero if the nucleus has 
an even number of neutröns and protons. Nuclei with 
an odd number of nucleons always have a half-integer 
spin. In many cases the magnitude of the spin can be 
determined from the nuclear shell model (see below). A 
nucleus with a spin also has a magnetic moment aligned 
along the spin axis. The magnetic moment of a nucleus is 
very weak compared to that of an electron, but it can still 
produce an observable effect in atomic properties. The 
magnetic field from a nucleus disturbs the degeneracy of 
atomic levels and causes the atomic spectral lines to split. 
This Splitting is called hyperfine structure, as distinguished 
from the fine-structure Splitting caused by the magnetic 
moment of electrons.

An important application of nuclear magnetism is a 
method of analysis called magnetic resonance. In this 
technique, a material is placed in a strong magnetic field 
that tends to align the nuclear spins. Partially aligned 
spins will precess about the magnetic field direction, the 
way a gyroscope precesses when it is subjected to an out­
side torque. With the application of an extra time-varying 
magnetic field, the nuclei can be induced to precess in 
phase with each other. The resulting precessional motion 
of the spins causes the magnetization of the material to 
vary at a definite frequency, which is detected as a radio- 
frequency signal from the material. Magnetic resonance 
has several practical applications. Based on the fact that 
the precession rate is proportional to the field, it can be 
used to measure magnetic fields precisely. Notable is its 
use in a medical diagnostic procedure known as mag­
netic resonance imaging (MRI; see r a d i a t i o n : Imaging 
techniques). The nucleus most commonly employed in 
magnetic resonance is the proton in the hydrogen atom. 
Because the hydrogen nucleus has the largest magnetic 
moment for its spin, it provides the strongest resonance 
signals. Other nuclei used include those of phosphorus 
and fluorine.

Energy levels. Nuclei have energy levels just as atoms 
do. A typical excitation energy of a nuclear level is 1 MeV, 
which is 1 ,0 0 0 , 0 0 0  times larger than atomic energy levels. 
As in atomic transitions, a quantum of light may be emit­
ted when the nucleus changes States. These quanta are the 
gamma rays that are often by-products of radioactivity.

Each energy level is characterized by its own values of 
spin, magnetic moment, and quadrupole moment. In ad- 
dition, the quantum numbers of isotopic spin and panty 
are useful for describing nuclear levels. The isotopic spin 
quantum number characterizes the symmetry of the wave 
function when neutrons are interchanged with protons. 
Levels can exist in different nuclei with wave functions 
that are identical except for the interchange of neutrons 
and protons. Except for the Coulomb energy, these sets of 
wave functions have the same energies; the sets are called 
isospin multiplets (Figure 15). The parity quantum num-
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Figure 15: The  energy levels of thrèe nuclei with A =  6, 
relative to the ground state of 6Li after subtraction of the 
calculated electrostatic energy. The  isospin 7 = 1  levels 
exist in all three nuclei.

ber can take on only two values, even or odd, depending 
on whether the wave function reverses sign when the co­
ordinates of the particles are reversed. The parity and spin 
quantum numbers are useful in understanding the rates 
of transitions between energy levels; selection rules govem 
changes in spin and parity for the favoured transitions.

To excite nuclei out of their ground States, energy must 
be provided from some extemal source. A common way to 
do this is with nuclear reactions. A nucleus is bombarded 
with energetic particles of one sort or another. The parti­
cles interact, giving up part of their energy to induce an 
excited state of the nucleus. Under special circumstances 
it is possible to excite a nucleus with the gamma ray pro­
duced by another nucleus. In a nuclear process known as 
the Mössbauer effect, the nucleus of some isotope absorbs Mössbauer 
a gamma ray that has been emitted by another nucleus effect 
of the same isotope. Because the transitions take place 
between the same two levels, the gamma ray has exactly 
the right energy to be absorbed. The effect is difficult to 
produce because part o f the transition energy normally 
goes to nuclear recoil during emission and absorption and 
is unavailable to the gamma ray.

Among the many energy levels to which a nucleus can be 
excited, a few correspond to simple modes of motion for 
the nucleons. Deformed nuclei (see below) can be given 
energy in the form of rotational motion. Nuclei also can 
vibrate, and corresponding vibrational States may be found 
among the energy levels. Giant dipole resonance is an 
example of a nuclear Vibration exhibited by all nuclei. In 
this mode of motion neutrons and protons in the nucleus 
oscillate back and forth, with the neutrons moving against 
the protons, as shown in Figure 16. Because there is a 
large oscillating electric field associated with this motion, 
gamma rays are absorbed and emitted readily. Another 
kind of Vibration is called the quadrupole Vibration. In this 
mode the nucleus oscillates in shape, changing between

Figure 16: Nuclear vibratory motion in the giant dipole 
resonance.
Protons and neutrons, indicated by circles and solid dots, 
move in opposite directions.
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prolate and oblate spheroids. This mode is easily excited 
by the inelastic scattering of particles from the nucleus. 
Its properties are deduced from the diffraction pattem 
observed in the scattering. In yet another kind of Vibra­
tion, called the breathing mode, the nucleus expands and 
conträcts. The frequency o f the breathing mode depends 
on the compressibility of the nuclear medium and is used 
to establish its value.

Nuclear shell model. A comprehensive explanation of 
many nuclear properties is provided by a theory known as 
the shell model. It is based on the Hartree approximation 
to the Schrödinger equation. As noted earlier, this approx­
imation assumes that all the particles have independent 
wave functions govemed by a common force field. Of 
course, the forces in the nucleus are different from those 
in the atom as a whole. In the nuclear Hartree theory the 
forces are too strong to include directly, varying violently 
from repulsive to attractive. Instead, tme interaction is 
replaced by smoother forces that are adjusted to reproduce 
the Saturation property of nuclei.

The resulting force field pulls the nucleons in when they 
come to the surface, but it cancels out when nucleons 
are in the interior. The nucleons behave as though they 
were in a potential well with a flat bottom. The nuclear 
shells are the sets of wave functions that go with this flat- 

Properties bottomed potential well. Some of the properties of these 
of nuclear shells are similar to those of atomic shells, but there are 
shells also important differences. Provided the well is spherically

symmetrie, the shells have an angular momentum quan­
tum number, as do the atomic shells. The lowest shell is 
the s shell, which can hold a neutron and proton of each 
spin orientation. Thus, the two protons and two neutrons 
of helium-4 fill the s shell and give this light nucleus its 
unusual stability. The energy levels of higher shells are 
shown in Figure 17. Differences from the atomic levels 
in hydrogen are readily apparent. First, there is no de­
generacy between the s and p  shells, so that the atomic 
periodicity of 8  does not occur in nuclear physics. Second, 
the spin-orbit force makes shells that have nucleon spin

From K. Krane, Nuclear Physics, copyright © 1987 by John Wiley & 
Sons, Inc.; reprinted by permission of John Wiley & Sons, Inc.

Figure 17: Nuclear Shells.
The spectroscopie designation includes the 
quantum number j, which is a half integer. The 
degeneracy of the Shells and the cumulative 
number of particles contained are listed on the 
right. Especially stable nuclei are found at the 
magie numbers, show n in circles.

parallel to orbital angular momentum lower in energy 
than the shell with antiparallel spin. For example, in the p  
shell, there are two sub-shells, the p 3/2 and the p l/2. The p 3/2, 
with orbital angular momentum 1 parallel to spin angular 
momentum V2 , is lower in energy than the 7?̂ , which has 
an antiparallel spin and orbital angular momentum. Cöm- 
bining orbital and spin angular momentum in this way 
is called j-j coupling. The number of protons or neutrons 
that can go in a j  shell is its multiplicity equal to 2] +  1 .
From this filling rule and the shell ordering in Figure 17, 
one can determine the shell structure of a nucleus for any 
given proton and neutron number.
An important consequence of the j- j coupling is the en­

ergy gap between shells that occurs at proton or neutron 
numbers 28, 50, 82, and 126. These so-called magie num­
bers are the nuclear equivalent of the atomic numbers of Magic 
the noble (or inert) gases 2, 10, 18, 36, 54, 8 6 . Nuclei with numbers 
magie numbers of protons and neutrons are unusually 
stable and have especially large gaps between their ground 
and excited States.
The ground state of nuclei with an odd number of 

neutrons or protons häs a spin that is often given by a 
simple rule—namely, that the angular momentum of all 
the nucleons except the last are aligned to cancel. The last 
nucleon has the angular momentum of its shell, which 
gives the spin of the nucleus. For example, the nucleus 
of lithium-7 consists o f three protons and four neutrons.
According to the rule, the spin of lithium-7 is determined 
by the shell of the third proton. This is the p i/2 shell, and 
indeed the spin of the nucleus is V2 . Another property 
that can be inferred from the shell model is the parity of 
the nucleus. It can be determined from the shell model 
simply by combining the parities of the individual shell 
wave functions for nucleons.

Nuclear excited States are described in the shell model 
either by changing the orbitals that nucleons occupy in a 
shell or by moving nucleons from a lower shell to a higher 
one. Wave functions constructed in this way aceurately 
describe the excited-state properties of light nuclei and nu­
clei near magie numbers. Outside of these limited regions 
of nuclei, the shell model allows an enormous number of 
States. The numerical complexity of dealing with so many 
States, however, prevents precise calculations from being 
carried out. A simplified treatment of the wave function 
explaining many properties of nuclear vibrations is based 
on a generalization of the Hartree method to allöw the 
potential field tö vary in time. The nucleons move in the 
time-varying field, and the frequency of motion can be 
calculated by requiring the field generated by the nucleons 
to be consistent with the field in which they move.

Deformed nuclei. Not all nuclei are spherical in shape.
In certain regions of the periodic table, many nuclei are 
spheroidal. Typically, these nuclei have a prolate distor- Elongation 
tion, meaning that they have an elongated shape like a of nuclei 
lemon. For example, the nuclei near mass number 160 
are prolate spheroids, with the longer axis about 30 per­
cent larger than the other two axes. The existence of these 
deformations was first detected in atomic spectra: the 
quadrupole moment distorts the electric field around the 
nucleus, producing characteristie features in the hyperfine 
structure of the atomic spectrum. The energy levels of 
these nuclei also exhibit characteristie features. A body 
capable of rotation and govemed by the laws of quantum 
mechanics has energy levels with spacings that increase 
uniformly with higher angular momentum. Deformed nu­
clei exhibit this type of Spectrum (see Figure 18).
Deformations can be explained by the Hartree theory of 

the nuclear wave function. The orbitals describing the in­
dividual nucleons are rärely spherically symmetrie; many 
are, in fact, quite elongated. When a shell is filled, the 
various asymmetries in the different orbitals balahce out 
so that the entire shell has a spherical mass distribution. If 
a shell is only partly filled, the overall shape deviates more 
or less from spherical symmetry, depending on which par­
ticular orbitals are occupied. In the case of an atom, the 
repulsion of the electrons tends to make the overall shape 
spherical: when one electron is in an orbital elongated in 
a certain direction, the energy is minimized if the other 
electrons are in orbitals elongated in other directions. The
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Figure 18: Energy-Ievel spéctrum  of the deformed 
nucleus erbium -164.
From K. Krane, Nuclear Physics, copyright ©  1987 by John Wiley &
Sons, Inc.; reprinted by permission of John Wiley & Sons, Inc.

overall density ends up being close to spherical, even when 
the individual orbitals are not. In a nucleus there is a net 
attraction between nucleons so that, if a proton’s orbital is 
elongated in some particular direction, the neutron would 
tend to be in a similarly directed orbital. Many nucleons 
can act together and deform the entire nucleus. When the 
Hartree equations are solved for nuclei with partially filled 
Shells, the resulting potential well is elongated and the 
nucleons occupy States elongated in the same direction.

Nuclear reactions. Nuclear reactions mediated by the 
strong force can pccur when a nucleus is bombarded by 
some hadronic projectile, such as a proton, a pion, or an­
other nucleus. For a reaction to occur, the projectile must 
come within a few femtometres of the nucleus, preventing 
positively charged particles from producing reactions at 
low energy. Since the nucleus is positively charged, a sim­
ilarly charged projectile will not be able to come within 
range unless it has enough energy to overcome the force 
of the electric repulsion. For example, alpha particles will 
not come close enough to interact with an iron nucleus 
unless their energy exceeds about 10 MèV. For less highly 
charged nuclei, the numbers are smaller; a proton of 1 

MeV can interact with a lithium nucleus. The first artificial 
nuclear reactions were induced by using a voltage source 
of 1 ,0 0 0 , 0 0 0  volts to accelerate protons to an energy of 1 

MeV and bombard a lithium target. At high bombarding 
energies the electrostatic force is less important, and the 
cross section for producing a reaction is approximately 
equal to the area of a circle with the radius of the nucleus.

Neutrons can induce reactions at very low energies, even 
thermal energies, because they are not repelled by the pos­
itive charge of the nucleus. The cross section for reactions 
with thermal neutrons can be extremely large because the 
wave function of the neutron is spread out at low energy. 
Radioactive nuclei are commonly produced by bombard­
ing nuclei with neutrons in nuclear reactors.

Reactions induced by hadronic projectiles may be di­
vided into two main categories: direct reactions and more 

Hadronic complex reactions. In direct reactions the projectile retains 
reactions most o f its energy and momentum. A small amount of 

energy is transferred to the target, producing transitions 
to particular excited States. These direct reactions occur 
when the projectile passes near the target nucleus without 
penetrating it. The angular distribution of scattered pro­
jectile particles shows diffraction behaviour depending on

the properties of the energy level excited. An example of 
a direct reaction is the following:

p  +  40Ca ------ d  +  39Ca.
Here, a proton, p, passes by the calcium-40 nucleus, pick- 
ing up a neutron to form a deuteron, d. The deuteron 
comes off in approximately the same direction as the mo­
tion of the incident proton but with diffractional variations 
in intensity at different angles. From the diffraction pat­
tem, the orbital angular momentum of the neutron in the 
target may be inferred. Measurements such as these were 
important in establishing the validity of the shell model.

If the projectile goes into the target nucleus, it is likely 
to be absorbed completely, sharing its energy with the 
other nucleons in the nucleus. The resulting highly excited 
nucleus, called a compound nucleus, can decay in many 
different ways. The main constraints in determining the 
possible reactions are that the total number of neutrons 
and protons, the total charge, and the total energy must 
remain the same. These are the Conservation laws for 
baryon number, charge, and energy. In principle, it is 
possible to change a neutron into a proton or vice versa 
in a hadronic reaction, but the probability is so small that 
this cannot be observed in the laboratory.

An example of a reaction following this more complex 
path is

*
a +  14N - — - * ' ,70  + p  *

*

This reaction was observed by Rutherford, who used alpha 
particles from a radioactive source. This provided enough 
energy to allow the alpha partiele, a, to touch and fuse 
with the nitrogen-14 nucleus. There is a high probability 
that the resulting compound nucleus will decay by emit- 
ting a proton, but it can decay by other modes as well.
The following example is a reaction that takes place when 
a hydrogen-containing medium is bombarded with low- 
energy neutrons, n:

*
« + 1 H ----- —* 2H +  y *

*

In this case, the energy released is equal to the binding en­
ergy of hydrogen-2 , which is given off in the gamma ray, y.

Many different kinds of reactions are possible in col- 
lisions induced by accelerated particles. Accelerators can 
give the projectiles enough energy to disrupt the nucleus 
completely and creaté new particles in the process. For 
example, a cyclotron can boost carbon nüclei to an energy 
of 500 MeV, enough to dissociate all the nucleons in a tar­
get nucleus o f  oxygen. In practice, such a reaction would 
involve many different processes, and the end result would 
be the fusion and dissociation of the nuclei into fragments 
of various sizes (see Figure 19). The annihilation of a pion 
in a nucleus is another example of a hadronic reaction. In 
this process, the rest energy of the pion would be released, 
dissociating the nucleus and giving kinetic energy to nu­
cleons or other fragments.

Nuclear reactions also can be induced by leptons such as Lepton- 
electrons and neutrinos. The probability for an electron- induced 
induced reaction is smaller than for a hadronic reaction reactions 
because of the difference in forces. The main process is 
inelastic scattering, in which the nucleus is excited to a 
higher energy level. If the inelastic scattering transfers a 
large amount of energy to the nucleus (e.g., 20 MeV or 
larger), the nucleus becomes disrupted and ejects particles.

The weak interaction also causes reactions, but these are 
very difficult to observe. One part of the weak interaction 
changes a neutron into a proton or vice versa and brings 
about a corresponding conversion between an electron and 
a neutrino. The direction of the change is such as to con- 
serve the total charge. An example of a neutrino-induced 
reaction is the reaction by which neutrinos were détected 
from a supernova in 1987. In this case, the neutrinos— 
or more precisely antineutrinos, v—from the cosmic ob­
ject interacted with protons of hydrogen atoms in a large 
tank of water. Positrons, e', were created according to 
the reaction
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v +  p  ---------> n  +  e+ *
*

The positrons were detected by the light they emitted as 
they traveled through the water. (G.F.B./S.McG.)

Isotopes

Every Chemical element has one or more isotopes. All the 
isotopes of an element exhibit nearly identical Chemical 
behaviour but have different masses. The differences in 
mass can be explained in terms of atomic structure.

As explained earlier, an atom is first identified and la- 
beled according to the number of protons in its nucleus. 
This atomic number is ordinarily given the Symbol Z. The 
great importance of the atomic number derives from the 
observation that all atoms with the same atomic number 
have nearly, if not precisely, identical Chemical properties. 
A large collection of atoms with the same atomic number 
constitutes a sample of an element. A bar of pure ura­
nium, for instance, would consist entirely of atoms with 
atomic number 92. The periodic table of the elements (see 
above) assigns one place to every atomic number, and 
each of these places is labeled with the common name of 
the element, as, for example, calcium, radon, or uranium.

Not all the atoms of an element need have the same 
number of neutrons in their nuclei. In fact, it is precisely 
the Variation in the number of neutrons in the nuclei of 
atoms that gives rise to isotopes. Hydrogen is a case in 
point. It has the atomic number 1. Three nuclei with one 
proton are known that contain 0 , 1 , and 2  neutrons, re- 
spectively. The three share the place in the periodic table 
assigned to atomic number 1 and hence are called iso­
topes (from the Greek isos, meaning “same,” and topos, 
signifying “place”) of hydrogen.

Many important properties of an isotope depend on its 
mass. The total number of neutrons and protons (symbol 
A), or mass number, of the nucleus gives approximately 
the mass measured on the so-called atomic-mass-unit 
(amu) scale. The numerical difference between the actual 
measured mass of an isotope and A is called the mass 
defect (symbol A; see Table 3).

The specification of Z, A, and the Chemical symbol (a 
one- or two-letter abbreviation of the element’s name, say 
Sy) in the form zSy identifies an isotope adequately for 
most purposes. Thus in the Standard notation, 1H refers

to the simplest isotope of hydrogen and 292U to an isotope 
of uranium widely used for nuclear power generation and 
nuclear weapons fabrication. (Authors who do not wish 
to use Symbols sometimes write out the element name 
and mass number—hydrogen- 1 and uranium-235 in the 
examples above.)

The term nuclide is used to describe particular isotopes, 
notably in cases where the nuclear rather than the Chem­
ical properties of an atom are to be emphasized. The 
lexicon of isotopes includes three other frequently used 
terms: isotones for isotopes of different elements with the 
same number of neutrons; isobars for isotopes of different 
elements with the same mass number; and isomers for 
isotopes identical in all respects except for the total energy 
content of the nuclei.

TH E DISCOVERY O F ISOTOPES

Evidence for the existence of isotopes emerged from two 
independent lines of research, the first being the study of 
radioactivity. By 1910 it had become clear that certain 
processes associated with radioactivity, discovered some 
years before by Henri Becquerel, could transform one el­
ement into another. In particular, ores of the radioactive 
elements uranium and thorium had been found to contain 
small quantities of several radioactive substances never 
before observed. These substances were thought to be el­
ements and accordingly received special names. Uranium 
ores, for example, yielded “ionium,” and thorium ores 
gave “mesothorium.” Painstaking work completed soon 
afterward revealed, however, that ionium, once mixed with 
ordinary thorium, could no longer be retrieved by Chem­
ical means alone. Similarly, mesothorium was shown to 
be chemically indistinguishable from radium. As chemists 
used the criterion of Chemical indistinguishability as part 
of the definition of an element, they were forced to 
conclude that ionium and mesothorium were not new 
elements after all, but rather new forms of old ones. Gen- 
eralizing from these and other data, Frederick Soddy in 
1910 observed that “elements of different atomic weights 
may possess identical (chemical) properties” and so belong 
in the same place in the periodic table. With considerable 
prescience, he extended the scope of his conclusion to 
include not only radioactive species but stable elements 
as well. A few years later, Soddy published a comparison 
of the atomic weights of the stable element lead as mea­
sured in ores rieh in uranium and thorium, respectively. 
He expected a difference because uranium and thorium

By courtesy of the Department of Physics and Astronomy, Michigan State University

Isotones,
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isomers

Figure 19: Partiele tracks from the collision of an accelerated nucleus of a niobium atom with 
another niobium nucleus. The  single line on the left is the track of the incoming projectile 
nucleus, and the other tracks are fragm ents from the collision.
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decay into different isotopes of lead. The lead from the 
uranium-rich ore had an average atomic weight of 206.08 
compared to 207.69 for the lead from the thorium-rich 
ore, thus verifying Soddy’s conclusion.

The unambiguous confirmation of isotopes in stable el­
ements not associated directly with either uranium or 
thorium followed a few years later with the development 
of the mass spectrograph by Francis William Aston. His 
work grew out of the study of positive rays (sometimes 
called canal rays), first discovered in 1886 by Eugen Gold­
stein and soon thereafter recognized as beams of positive 
ions. As a student in the laboratory of J.J. Thomson, As­
ton had leamed that the gaseous element neon produced 
two positive rays. The ions in the heavier ray had masses 
about two units, or 1 0  percent, greater than the ions in 
the lighter ray. To prove that the lighter neon had a mass 
very close to 2 0  and that the heavier ray was indeed 
neon and not a spurious signal of some kind, Aston had 
to construct an instrument that was considerably more 
precise than any other of the time. By 1919 he had done 
so and convincingly argued for the existence of neon- 2 0  

and neon-22. Information from his and other laboratories 
accumulated rapidly in the ensuing years, and by 1935 
the principal isotopes and their relative proportions were 
known for all but a handful of elements.

N U CLEA R STABILITY

Isotopes are said to be stable if, when left alone, they show 
no perceptible tendency to change spontaneously. linder 
the proper conditions, however, say in a nuclear reactor 
or partiele accelerator or in the interior of a star, even 
stable isotopes may be transformed, one into another. The 
ease or difficulty with which these nuclear transformations 
occur varies considerably and reflects differing degrees of 
stability in the isotopes. Accordingly, it is important and 
useful to measure stability in more quantitative terms.

A uniform scale of nuclear stability, one that applies to 
stable and unstable isotopes alike, is based on a com- 
parison of measured isotope masses with the masses of 
their constituent electrons, protons, and neutrons. For 
this purpose, electrons and protons are paired together as 
hydrogen atoms. The actual masses of all the stable iso­
topes differ appreciably from the sums of their individual 
partiele masses. For example, the isotope ’iC, which has 
a particularly stable nucleus, has an atomic mass defined 
to be exactly 12 amu. The total separate masses of 6  

electrons and 6  protons, treated as 6  hydrogen atoms and 
6  neutrons, add up to 12.09894 amu. The difference, Am, 
between the actual mass of the assembled isotope and the 
masses of the particles gives a measure of the stability of 
the isotope: the larger and more negative the value of Am, 
the greater the stability of the isotope. The difference in 
mass is often expressed as energy by using Einstein’s equa­
tion in the form E =  Amc2. Here, c is the speed of light. 
The quantity of energy calculated in this way is called the 
nuclear binding energy (EB).

A single mathematical equation accurately reproduces 
the nuclear binding energies of more than 1 , 0 0 0  nuclides, 
It can be written in the form

£*(MeV) =  ctA [l -  f c { ^ ^ ) 2] -  c2A2/3[1 -  

-  c3Z?A~w +  c4Z 2A~l +  ö.

The terms cx =  15.677, c2 =  18.56, c3 =  0.717, c4=  1.211, 
and k =  1.79, while S may take any of several values 
(see below). The numerical values of these terms do not 
come from theory but from a selection process that en- 
sures the best possible agreement with experimental data. 
On the other hand, theory helps justify, at least qualita- 
tively, the mathematical form of each term. Modeled on 
an analogy to a liquid drop (see above), the first term 
represents the favourable contribution to the binding of 
the nucleus made by short-range, attractive nuclear forces 
between neutrons and protons. The second term corrects 
the first by allowing for the expectation that nucleons at 
the surface of the nucleus, unlike those in the interior, do 
not experience forces of nuclear attraction equally from 
all sides. Both the first and second terms have a second

empirical component of the form k[(N — Z)/A]2, which is
referred to as the symmetry energy. It vanishes (neither
helps nor hinders binding) when N  is equal to Z (when the
nucleus is “symmetrie”), but then works increasingly to Symmetry
destabilize the nucleus as N  and Z grow apart. The third energy
term symbolizes the coulombic, or electrostatic, energy of
repulsion of the protons; its derivation assumes a uniform
distribution of charge within the nucleus. The fourth term
makes a small correction to the third. This correction is
n e c e s s i t a t e d  b y  t h e  O b s e r v a t io n  t h a t  t h e  n u c l e a r  c h a r g e
distribution becomes some what more spread out near the
surface of the nucleus. The last term, the so-called pairing
energy, takes on any one of three values depending on
whether N  and Z are both even (S =  11 /A x/2\  their sum is
odd (ó =  0), or both are odd (J =  — 11/A1/2). More detailed
treatments sometimes give other values for ö as well.
The largest observed deviations from the equation occur 

at certain favoured, or magie, numbers of neutrons or pro­
tons (2, 8 , 20, 28, 50, 82, and 126). Magie nuclei are more 
stable than the binding energy equation would predict.
The isotope of helium with 2 neutrons and 2 protons is 
said to be doubly magie. Various models of nuclear shell 
structure help to explain its stability.

Division of the binding energy EB by A, the mass 
number, yields the binding energy per nucleon. This im­
portant quantity reaches a maximum value for nuclei in 
the vicinity of ióFe. When two deuterium atoms fuse to 
form helium, the binding energy per nucleon increases 
and energy is released. Similarly, when the nucleus of an 
atom of 235U fissions into two smaller nuclei, the binding 
energy per nucleon again increases with a concomitant 
release of energy.

RADIO A CTIV E ISOTOPES

Only a small fraction of the isotopes are known to be sta­
ble indefinitely. All the others disintegrate spontaneously 
with the release of energy by processes broadly designated Radio- 
as radioactive decay. Each “parent” radioactive isotope active 
eventually decays into one or at most a few stable isotope decay 
“daughters” specific to that parent. The radioactive parent 
tritium (3H, or hydrogen-3), for example, always tums into 
the daughter helium-3 (3He) by emitting an electron.

Under ordinary conditions, the disintegration of each 
radioactive isotope proceeds at a well-defined and charac- 
teristic rate. Thus, without replenishment, any radioactive 
isotope will ultimately vanish. Some isotopes, however, 
decay so slowly that they persist on Earth today even after 
the passage of more than 4,500,000,000 years since the 
last significant injection of freshly synthesized atoms from 
some nearby star. Examples of such long-lived radioiso- 
topes include potassium-40, rubidium-87, neodymium- 
144, uranium-235, uranium-238, and thorium-232.
In this context, the widespread occurrence of radioiso- 

topes that decay more rapidly, such as radon- 2 2 2  and 
carbon-14, may at first seem puzzling. The explanation of 
the apparent paradox is that nuclides in this category are 
continually replenished by specialized nuclear processes: 
by the slow decay of uranium in the Earth in the case 
of radon and by the interactions of cosmic rays with the 
atmosphere in the case of carbon-14. Nuclear testing and 
the release of material from nuclear reactors also intro­
ducé radioactive isotopes into the environment.

ELEM EN TA L A N D  ISOTOPIC A BUN D AN CES

The composition of any object can be given as a set of 
elemental and isotopic abundances. One may speak, for 
example, of the composition of the ocean, the solar System, 
or indeed the Galaxy in terms of their respective elemental 
and isotopic abundances. Formally, the phrase elemental 
abundances usually connotes the amounts of the elements 
in an object expressed relative to one particular element 
(or isotope of it) selected as the Standard for comparison.
Isotopic abundances refer to the relative proportions of 
the stable isotopes of each element. They are most often 
quoted as atom percentages, as in Table 3.

Since the late 1930s, geochemists, astrophysicists, and 
nuclear physicists have joined together to try to explain the 
observed pattem of elemental and isotopic abundances. A  
more or less consistent picture has emerged. Hydrogen and
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much helium are thought to have formed at the time of 
the “big bang”—the primordial explosion from which the 
universe is believed to have originated. The rest of the ele­
ments come, directly or indirectly, from stars. Cosmic rays 
(see below) produce a sizable proportion of the elements 
with mass numbers between 5 and 10; these elements are 
relatively rare. A substantial body of evidence shows that 
stars synthesize the heavier elements by nuclear processes 
collectively termed nucleosynthesis. In the first instance, 
then, nucleosynthesis determines the pattem of elemental 
abundances everywhere. The pattem is not immutable, 
for once matter escapes from stars it may undergo various 
processes of physical and Chemical Separation. A newly 
formed small planet, for example, may not éxert enough 
gravitational attraction to capture the light gases hydrogen 
and helium. On the other hand, the processes that change 
elemental abundances normally alter isotopic abundances 
to a much lesser degree. Thus, virtually all terrestrial and 
meteoritic iron analyzed to date consists of 5.8 percent 
54Fe, 91.8 percent 56Fe, 2.15 percent 57Fe, and 0.29 percent 
58Fe. Table 3 lists the isotopic abundances of the stable 
elements and of a few radioactive elements as well. The 
relative constancy of the isotopic abundances makes it 
possible to tabulate meaningful average atomic weights for 
the elements. The availability of atomic weights is very 
important to chemists.

While there is general agreement on how the elements 
formed, the Interpretation of elemental and isotopic abun­
dances in specific bodies continues to occupy the atten­

tion of scientists. They obtain their raw data from several 
sources. Most knowledge conceming abundances comes 
from the study of the Earth, meteorites, and the Sun.

Currently accepted estimates o f solar-system (as opposed Solar 
to terrestrial) abundances are pieced together mainly from System 
two sources: (1) Chemical analyses of Type I carbonaceous abun- 
chondrites, a special kind of meteorite, provide informa- dances of 
tion about all but the most volatile elements— i.e., those isotopes 
that existed as gases that the parent body of the meteorite 
could not trap in representative amounts. (2 ) Spectroscopie 
analysis of light from the Sun fumishes information about 
the volatile elements deficiënt in meteorites.

To the extent that the Sun resembles other stars, the 
elemental and isotopic abundances of the solar System 
have universal significance. Figure 20 shows the solar- 
system pattem. It has several notable features. First, the 
lighter isotopes, those of hydrogen and helium, constitute 
more than 98 percent of the mass; heavier isotopes make 
up scarcely 2 percent. Second, apart from the exceptions 
discussed below, as A or Z increases through the peri­
odic table of the elements, abundances generally decrease.
For example, the solar System as a whole contains about
1 ,0 0 0 , 0 0 0  times more carbon, nitrogen, and oxygen than 
the much heavier elements platinum and gold, though the 
proportions of the latter may vary widely from object to 
object. The decrease in abundance with increasing mass 
reflects in part the successive nature of nucleosynthesis.
In nucleosynthesis, a nuclide o f lower mass often serves 
as the seed or target for the production of a nuclide of

Table 3: Abundances of the Isotopes

element Z symbol A

Hydrogen 1 H 1

2

Helium 2 He 3
4

Lithium 3 Li 6

7
Beryllium 4 Be 9
Boron 5 B 1 0

Carbon 6 C 1 2

13
Nitrogen 7 N 14

15
Oxygen 8 O 16

17
18

Fluorine 9 F 19
Neon 1 0 Ne 2 0

2 1

2 2

Sodium 1 1 Na 23
Magnesium 1 2 Mg 24

25
26

Aluminum 13 Al 27
Silicon 14 Si 28

29
30

Phosphorus 15 P 31
Sulfur 16 S 32

33
34 
36

Chlorine 17 CI 35
37

Argon 18 Ar 36
38
40

Potassium 19 K 39
40
41

Calcium 2 0 Ca 40
42
43
44 
46 
48

Scandium 2 1 Sc 45

abundance A (MeV)
99.985 7.289
0.0151* 13.136
1.38X10-4* 14.931

99.99986 2.425
7.5t 14.086

92.5t 14.907
1 0 0 11.348
19.9 12.051
80.1 8 . 6 6 8

98.90 0
1 . 1 0 3.125

99.634* 2.863
0.367 0 . 1 0 2

99.762 -4.737
0.038 -0.809
0 . 2 0 0 -0.782

1 0 0 -1.487
90.51 -7.046
0.27 -5.734
9.22* -8.027

Too -9.531
78.99 -13.933
1 0 . 0 0 -13.192
1 1 . 0 1 -16.214

1 0 0 -17.197
92.23 -21.492
4.67 -21.895
3.10 -24.433

1 0 0 -24.441
95.03 -26.016
0.75 -26.587
4.22 -29.932
0 . 0 2 -30.664

75.77 -29.014
24.23 -31.762
0.337 -30.231
0.063 -34.715

99.600 -35.040
93.2581 -33.807
0.0117t -33.535
6.7302 -35.560

96.941 -34.847
0.647 -38.548
0.135 -38.409
2.087 -41.470
0.0043 -43.138
0.187 -44.216

1 0 0 -41.070

element Z symbol A abundance A (MeV) element Z symbol
Titanium 2 2 Ti 46 8 . 0 -44.126 Rubidium 37 Rb

47 7.3 -44.932
48
49

73.8
5.5

-48.487
-48.558 Strontium 38 Sr

50 5.4 -51.426
Vanadium 23 V 50 0.250t -49.220

51 99.750 -52.200
Chromium 24 Cr 50 4.35 -50.258 Yttrium 39 Y

52 83.79 -55.415 Zirconium 40 Zr53 9.50 -55.283
54 2.37 -56.931

Manganese 25 Mn 55 1 0 0 -57.709
Iron 26 Fe 54 5.8 -56.251

56 91.72 -60.604
57 2 . 2 -60.179 Niobium 41 Nb
58 0.28 -62.152

Cobalt 27 Co 59 1 0 0 -62.226 Molybdenum 42 Mo
Nickel 28 Ni 58 68.27 -60.225

60 26.10 -64.471
61 1.13 -64.220
62 3.59 -66.746
64 0.91 -67.098

Copper 29 Cu 63 69.17 -65.579
65 30.83 -67.261 Ruthenium 44 Ru

Zinc 30 Zn 64 48.6 - 6 6 . 0 0 2

6 6 27.9 -68.899
67 4.1 -67.879
6 8 18.8 -70.006
70 0 . 6 -69.560

Gallium 31 Ga 69 60.1 -69.323
71 39.9 -70.141 Rhodium 45 Rh

Germanium 32 Ge 70 20.5 -70.561
72 27.4 -72.584 Palladium 46 Pd
73 7.8 -71.295
74 36.6 -73.423
76 7.8 -73.215

Arsenic 33 As 75 1 0 0 -73.035
Selenium 34 Se 74 0.9 -72.215

76 9.0 -75.254 Silver 47 Ag
77 7.6 -74.602
78 23.7 -77.028
80 49.8 -77.762 Cadmium 48 Cd
82 9.2t -77.596

Bromine 35 Br 79 50.69 -76.070
81 49.315 -77.977

Krypton 36 Kr 78 0.35 -74.152
80 2.25 -77.892
82 1 1 .6 -80.591
83 11.5 -79.983
84 57.0 -82.431 Indium 49 In
8 6 17.3 -83.263

A  abundance
85 72.17
87 27.85t
84 0.56
8 6 9.86
87 7.0§
8 8 82.58
89 1 0 0

90 51.45
91 1 1 . 2 2

92 17.15
94 17.38
96 2.80
93 1 0 0

92 14.84
94 9.25
95 15.92
96 16.68
97 9.55
98 24.13

1 0 0 9.63
96 5.52
98 1.89
99 12.7

1 0 0 1 2 . 6

1 0 1 17.0
1 0 2 31.6
104 18.7
103 1 0 0

1 0 2 1 . 0 2

104 11.14
105 22.33
106 27.33
108 26.7
1 1 0 1 1 . 8

107 51.839
109 48.17
106 1.25
108 0.89
1 1 0 12.49
1 1 1 12.81
1 1 2 24.13
113 1 2 .2 2 t
114 28.73
1 1 6 7.50
113 4.3
115 95.7t

*In atmosphere; other sources variable. fCommercial sources of Li may be depleted in 6Li and enriched in 7Li. $Long-lived radioactive nuclide. 
§Variations due to decay of long-lived, radioactive parent.
Source: E. Browne and R.B. Firestone, T able o f  R a d io a c tiv e  Iso topes (1986). John Wiley and Sons, New York.

A (MeV)
-82.164
-84.592
-80.640
-84.518
-84.875
-87.916
-87.702
-88.770
-87.893
-88.457
-87.268
-85.442
-87.210
-86.808
-88.413
-87.709
-88.792
-87.542
-88.113
-86.186
-86.072
-88.226
-87.618
-89.220
-87.951
-89.099
-88.098
-88.027
-87.902
-89.397
-88.419
-89.910
-89.523
-88.335
-88.407
-88.722
-87.133
-89.261
-90.351
-89.255
-90.582
-89.051
-90.023
-88.721
-89.367
-89.534
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Figure 20: Solar S y s te m  abundances.
From A.G .W . Cameron in C .A , Barnes, D.D. Clayton, and D.N. Schramm (eds.), Essays in  Nuclear Astrophysics (1982); Cam bridge University Press

higher mass. As the conversion of the lower mass target 
tö the higher mass product is usually far from complete, 
abundances tend to decrease as mass increases. A third 

The odd- feature of interest is that stable isotopes with even num- 
even effect bers of protons and neutrons occur more often than do 

isotopes with odd ones (the so-called odd-even effect). Out 
of the almost 300 stable nuclides known, only five have

odd numbers of both protons and neutrons; more than 
half have even values of Z and A-Z. Fourth, among the 
isotopes with even Z and A-Z  certain species stand out by 
virtue of their considerable nuclear stability and compara- 
tively high abundances. Nuclides that have equal and even 
numbers of neutrons and protons, the “alpha-particle” 
nuclides, fall into this category, which includes carbon- 
12, magnesium-24, and argon-36. Finally, peaks in the 
abundance distribution occur near the special values of Z  
and A-Z  defined above as magie numbers. The high abun­
dances manifest the extra nuclear stability that the magie 
numbers confer. Elements with enhanced abundances in- 
clude nickel (Z =  28), tin (Z =  50), and lead (Z =  82).
The study of cosmic rays and of the light emitted by stars 

yields information about elemental and isotopic abun­
dances outside the solar System. Cosmic rays are ions with 
high energy that are given off by stars, The Sun pro- 
duces cosmic rays, too, but of much lower average energy 
than those reaching the solar System from outside. The 
abundance pattem in cosmic rays resembles that of the 
solar System in many ways. This fact suggests that solar 
and overall galactic abundances may be similar. Two ex- 
planations have been advanced to account for why solar 
and cosmic-ray abundances do not agree in all respects. 
The first is that cosmic rays undergo nuclear reactions 
as they pass through interstellar matter— i.e., collisions 
that transform their nuclei. The second is that material 
from unusual stars with exotic compositions may be more 
prominent in either the solar System or in cosmic rays.

Table 3: Abundances of the Isotopes (continued)

element Z symbol A abundance A (MeV) element Z symbol abundance A (MeV) element Z symbol A abundance A (MeV)
Tin 50 Sn 1 1 2 0.97 -88.655

114 0.65 -90.557
115 0.36 -90.032
116 14.53 -91.523
117 7.69 -90.396
118 24.22 -91.652
119 8.58 -90.066
1 2 0 32.59 -91.102
1 2 2 4.63 -89.945
124 5.79 -88.237

Antimony 51 Sb 1 2 1 57.4 -89.591
123 42.8 -89.223

Tellurium 52 Te 1 2 0 0.096 -89.380
1 2 2 2.60 -90.309
123 0.908$ -89.172
124 4.817 -90.525
125 7.14 -89.025
126 18.95 -90.067
128 31.69 -88.993
130 33.80$ -87.348

lodine 53 I 127 1 0 0 -88.984
Xenon 54 Xe 124 0 . 1 0 -87.660

126 0.090 -89.163
128 1.91 -89.861
129 26.4 -88.697
130 4.1 -89.881
131 2 1 . 2 -88.426
132 26.9 -89.290
134 10.4 -88.126
136 8.9 -86.432

Cesium 55 Cs 133 1 0 0 -88.094
Barium 56 Ba 130 0.106 -87.300

132 0 . 1 0 -88.454
134 2.42 -88.973
135 6.592 -87.874
136 7.854 -88.910
137 11.23 -87.737
138 71.70 -88.277

Lanthanum 57 La 138 0.089$ -86.531
139 99.91 -87.238

Cerium 58 Ce 136 0.19 -86.500
138 0.25 -87.575
140 88.48 -88.089
142 11.08 -84.542

Praseodymium 59 Pr 141 1 0 0 -86.027
Neodymium 60 Nd 142 27.13 -85.959

143 12.19 -84.012
144 23.80$ -83.757
145 8.31 -81.441
146 17.2 -80.935
148 5.76 -77.418
150 5.64 -73.694

Samarium 62 Sm 144 3.1 -81.974
147 15.0$ -79.276
148 11.3$ -79.346
149 13.8 -77.147
150 7.4 -77.061
152 26.7 -74.773
154 22.7 -72.466

Europium 63 Eu 151 47.9 -74.663
153 52.3 -73.379

Gadolinium 64 Gd 152 0 .2 0 $ -74.719
154 2.18 -73.718
155 14.81 -72.082
156 20.47 -72.547
157 15.65 -70.835
158 24.84 -70.702
160 2 1 . 8 -67:943

Terbium 65 Tb 159 1 0 0 -69.544
Dysprosium 6 6 Dy 156 0.06 -70.537

158 0 . 1 0 -70.419
160 2.35 -69.683
161 18.9 -68.065
162 25.5 -68.190
163 24.9 -66.390
164 28.2 -65.977

Holmium 67 Ho 165 1 0 0 -64.908
Erbium 6 8 Er 162 0.14 -66.347

164 1.61 -65.952
166 33.6 -64.935
167 22.95 -63.299
168 26.8 -62.999
170 14.9 -60.118

Thulium 69 Tm 169 1 0 0 -61.282
Ytterbium 70 Yb 168 0.13 -61.578

170 3.05 -60.772
171 14.3 -59.315
172 21.9 -59.264
173 16.12 -57.560
174 31.8 -56.953
176 12.7 -53.502

Lutetium 71 Lu 175 97.41 -55.173
176 2.59$ -53.395

Hafnium 72 Hf 174 0.162$ -55.849
176 5.206 -54.581
177 18.606 -52.893
178 27.297 -52.447
179 13.629 -50.476
180 35.100 -49.793

Tantalum 73 Ta 180 0 . 0 1 2 -48.860
181 99.988 -48.445

Tungsten 74 W 180 0.13 -49.648
182 26.3 -48.250
183 14.3 -46.370
184 30.67 -45.710
186 28.6 -42.517

Rhenium 75 Re 185 37.40 -43.826
187 62.60$ -41.224

Osmium 76 Os 184 0 . 0 2 -44.257
186 1.58$ -43.007
187 1 .6 -41.227
188 13.3 -41.145
189 16.1 -38.995
190 26.4 -38.717
192 41.0 -35.893

Iridium 77 Ir 191 37.3 -36.716
193 62,7 -34.543

Platinum 78 Pt 190 <0 .0 2 $ -37.338
192 0.79 -36.311
194 32.9 -34.787
195 33.9 -32.821
196 25.3 -32.671
198 7.2 -29.930

Gold 79 Au 197 1 0 0 -31.165
Mercury 80 Hg 196 0.14 -31.851

198 1 0 . 0 2 -30.979
199 16.84 -29.571
2 0 0 23.13 -29.529
2 0 1 13.22 -27.687
2 0 2 29.80 -27.370
204 6.85 -24.716

Thallium 81 TI 203 29.524 -25.784
205 70.477 -23.846

Lead 82 Pb 204 1.4 -25.132
206 24.1 -23.809
207 2 2 . 1 -22.476
208 52.4 -21.772

Bismuth 83 Bi 209 1 0 0 -18.282
Thorium 90 Th 232 1 0 0 $ -35.447
Uranium 92 U 234 ,0.0055$ 38.142

235 0.7200$ 40.915
238 99.275$ 47.306

*In atmosphere; other sources variable. $Commercial sources of Li may be depleted in 6Li and enriched in 7Li. $Long-lived radioactive nuclide. 
§Variations due to decay of long-lived, radioactive parent.
Source: E. Browne and R.B. Firestone, T able o f  R a d io a c tiv e  Isotopes (1986). John Wiley and Sons, New York.
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The determination of elemental and isotopic abundances 
in stars of the Milky Way System and of more distant galax- 
ies poses formidable experimental difficulties. Research in 
the field is active and reveals trends in composition among 
stars that are consistent with nucleosynthetic theory. The 
“metallicity”—or proportion of heavy elements—in stars, 
for instance, seems to increase with stellar age. In addition, 
many stars with compositions far different from that of 
the solar System are known. Their existence has led some 
investigators to doubt whether the concept of cosmic, as 
opposed to solar-system, abundances is meaningful. For 
the present it is perhaps enough to quote the American 
astrophysicist James W. Truran: “The local pattem of 
abundances is generally representative. The gross abun­
dance features throughout our galaxy, in other galaxies, 
and even apparently in quasars are generally similar to 
those of solar System matter, testifying to the fact that 
the underlying stellar Systems share the same nucleosyn­
thetic processes.”

VARIATIONS IN ISOTOPIC ABUNDANCES
Although isotopic abundances are fairly constant through­
out the solar System, variations do occur. Variations in 
stable isotopic abundances are usually less than 1 percent, 
but they can be larger. Whatever their size, they provide 
geologists and astronomers with valuable clues to the histo­
ries of the objects under study. Several different processes 
can cause abundances to vary, among them radioactive 
decay and mass fractionation.

Radioactive decay. This process transmutes an isotope 
of one element into an isotope of another; e.g., potassium- 
40 (40K) to argon-40 (40Ar) or uranium-235 (235U) to lead- 
207 (207Pb). As a consequence, the isotopic composition of 
the daughter element produced by the radioactive decay— 
argon or lead in the cases cited—may vary significantly 
from sample to sample. The variations become especially 
pronounced when the material under study forms with 
only a small amount of the daughter element present 
initially. The isotopic composition of argon in the earth’s 
atmosphere is a case in point.
Compared to stellar or solar-system abundances, atmo- 

spheric argon contains a much higher proportion o f 40Ar 
and much less 36Ar and 38Ar. The excess 40Ar in the at­
mosphere evidently leaked out of crustal rocks and other 
potassium-bearing materials where it was produced by the 
decay of 40K. Because the Earth trapped a relatively small 
amount of cosmically normal argon during its accretion, 
the 40Ar generated since then by radioactive decay domi- 
nates the isotopic pattem in the atmosphere.

Mass fractionation. Physical and/or Chemical processes 
affect differently the isotopes of an element. When the 
effect is systematic, increasing or decreasing steadily as 
mass number increases, the new pattem of isotopic abun­
dances is said to be mass fractionated with respect to 
some Standard pattem. For small fractionations—a few 
percent or less—the normal isotopic ratio M lJMl changes 
by an amount proportional to Am =  M h-M h where M, is 
the mass of the lighter isotope. For oxygen subjected to 
mass fractionation the percentage change of the ratio 180 /
160  should be twice that in the ratio 170 / * 160 . Sometimes 
a set of samples will form from a single reservoir but 
with each one having experienced a different degree of 
mass fractionation. A graph of one isotopic ratio Mh/M t 
against a second, M hfM l will then yield a straight line 
of slope (Mh-MD/(Mh,-M f  Such plots find important use 
in deciding whether groups of objects originated from a 
common source and how those groups evolved. When the 
oxygen isotope abundances of samples from the Earth and 
the Moon are considered in this way, the results suggest 
that both the planet and its satellite are members of a 
family of objects distinct from the families to which most 
meteorites belong.

Other causes o f isotopic abundance variations. In addi­
tion to the known processes described, unknown causes 
also contribute to observed variations in isotopic abun­
dances. To explain the variations scientists have specu- 
lated that certain stars, novas or supemovas, may have 
injected unusual packets of mass that somehow avoided 
thorough mixing with normal matter. Another proposal is

that some samples underwent intense irradiation by high- 
energy particles.

PHYSICAL PROPERTIES ASSOCIATED WITH ISOTOPES 
Broadly speaking, differences in the properties of isotopes 
can be attributed to either o f two causes: differences in 
mass or differences in nuclear structure. Scientists usually 
refer to the former as isotope effects and to the latter 
by a variety of more specialized names. The isotopes of 
helium afford examples of both kinds. Mass effects are 
considered first.

Helium has two stable isotopes, 3He and 4He, and ex- 
ists in the gaseous state under normal conditions. At a 
given temperature and pressure, any volume of 4He will 
weigh one-third more than the same volume of 3He. More 
generally, for the same spatial distribution of atoms, the 
substance with the heavier isotope is expected to be denser. 
When deuterium, ?H, is substituted for hydrogen, }H, to 
form heavy water, ]H 20 , its density is about 1 0  percent 
greater than that o f normal H20 .
A second difference related directly to mass concerns 

atomic velocities. Lighter species travel at higher average 
speeds. Atoms of 3He, on the average, move 15 percent 
faster than those of gaseous 4He at the same temperature. 
Many other properties that depend on atomic motion such 
as the thermal conductivity and viscosity of gases manifest 
predictable isotope effects.

Contrasts in the behaviour of the helium isotopes extend 
to the liquid and solid States. The contrasts are attributable 
to the effects of both mass and nuclear structure. Figure 
21 shows which States or phases of helium are stable—

A

Figure 21: The phase diagram s of (A) helium-3 and (B) 
helium-4 show  which States of these isotopes are stable (see 
text).

Isotope
effects
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i.e., which actually occur at various temperatures and 
pressures. The lines on the diagrams delimit the ranges of 
stability of each phase. Although there are many similari- 
ties between the two diagrams, close examination reveals 
that they do not match up either quantitatively (in the 
positions of the lines) or qualitatively (in the types and 
numbers of phases at the lowest temperatures). It will be 
noted that 3He forms three distinguishable liquid phases 
of which two are superfluids, while 4He may exist only as 
two distinct liquids o f which one is a superfluid. Unlike 
all other isotopes of the elements in the periodic table, 
neither 3He nor 4He solidifies under low pressures at a 
temperature near 0 Kelvin (K) (—273° C, or —459° F).

Several other differences between isotopes depend on 
Effects of nuclear structure rather than on nuclear mass. First, ra- 
nuclear dioactivity results from the interplay, distinctive for each 
structure nucleus, o f nuclear and electrostatic forces between neu­

trons, protons, and electrons. Heliüm-6 , for example, is 
radioactive, whereas helium-4 is stable. Second, nuclei 
may have differing quantities of angular momentum and 
may (or may not) act as tiny magnets, depending on the 
number and arrangement of their neutrons and protons. 
The magnetic properties o f a nucleus play a crucial role 
in determining how the corresponding atom interacts with 
light. Finally, the spatial distribution of the protons in the 
nucleus affects in measurable ways the behaviour of the 
surrounding electrons. The addition of one neutron to an 
isotope allows the protons to spread out or to occupy a 
larger region of space. Electrons that have an appreciable 
probability of penetrating the nucleus are sensitive to this 
change. The addition of a neutron may also cause the 
nucleus to assume a nonspherical shape. A nonspherical 
distribution of charge in the nucleus affects the way in 
which the electrons behave, in particular the energies that 
they may emit or absorb in the form of light.

EFFECT OF ISOTOPES ON A TO M IC A ND  M OLECULAR SPECTRA

The study of how atoms and molecules interact with elec­
tromagnetic radiation, of which visible light is one form, 
goes by the name of spectroscopy. Spectroscopy has con- 
tributed much to the understanding of isotopes, and vice 
versa. To the extent that the characteristie spectrum of 
an atom or a molecule (i.e., the light emitted or absorbed 
by it) is regarded as a physical property, the special rela- 
tion between spectroscopy and isotopy warrants individual 
treatment here.

Atoms typically absorb or emit light exclusively at certain 
frequencies. Quantum mechanics explains this Observa­
tion in a general way by associating with each atom (or 
molecule) well-defined States of energy. The atom may 
pass from one state to another only when energy is sup- 
plied (or removed) in the amount separating one state 
from another.

Precise measurements of the light emitted by isotopes of 
an element show small but significant differences termed 
shifts by spectroscopists. On the whole, these shifts are 
quite small. They originate in both mass and nuclear 
structure effects. The effects due to mass are largest for 
light isotopes. As nuclear mass increases, they decrease 
by an amount roughly proportional to l/^42 and become 
insignificant in the heavier elements.

The effects due to nuclear structure relate primarily to 
the angular momentum, the magnetic moment, and the 
so-called electric quadrupole moment of the nucleus. The 
latter measures deviations from sphericity in the charge 
distribution. The magnetic moment and its attendant 
effects form the foundation of magnetic resonance spec­
troscopy, a field that has become very important in many 
branches of Science.

When atoms join together in molecules, they can enter 
into characteristie vibrations and rotations. Just as an 
atom has a set of energy States associated primarily with 
the possible configurations of its electrons, so molecules 
have sets of energy States associated with their vibrations 
and rotations, as well as a set of electronic States. Light 
of the correct energy will induce changes from one vibra­
tional (and/or rotational) state to another. Two ways in 
which isotopy relates to molecular vibrations, in particu­
lar, can be illustrated with the simplest of all molecules—

diatomic molecules—which consist of only two atoms. 
Vibrational spectroscopy shows that isotopically heavier Analysis 
diatomic molecules have higher bond energies. (Bond en- of vibra- 
ergy is the amount of energy needed to separate the two tional 
atoms.) Quantum mechanica! theory makes it possible to spectra 
calculate from vibrational spectra just how much stronger 
the bond to the heavier isotope is. The differences between 
the Chemical bond energies of isotopes help to explain 
why the isotopes do not behave identically in Chemical 
reactions (see below). The second relation concerns the 
spacing between vibrational energy levels: the vibrational 
energy levels of an isotopically heavier molecule lie closer 
together. Consequently, it takes less energy to excite 180 -  
180  from one vibrational level to the next than it does 160 -  
160 . Spectroscopists made good use of this fact when they 
inferred from the spectra of isotopically mixed diatoms 
the existence of previously unknown isotopes. Oxygen-18 
was discovered in this way.

This second point, the distinguishability of the vibrational 
spectra of isotopically different molecules, is of great im- 
portance in the study of polyatomic molecules (molecules 
that contain three or more atoms). One key issue for 
chemists is the nature of the vibrations in polyatomic 
molecules: How do the nuclei of the atoms oscillate in 
relation to each other? The answer to this question bears 
strongly on what transient shapes the molecule may as­
sume, how it will react with other molecules, and the rate 
at which it will do so. It is usually impossible to obtain 
this information from a study of the vibrational spectra of 
molecules made from atoms at natural abundance levels. 
Fortunately, the systematic Substitution of heavier isotopes 
at known points in polyatomic molecules gives rise to new 
sets of vibrational spectra that clarify the nature of the 
atomic motions.

There is a second, fundamental reason for investigating 
the vibrational spectra of isotopically substituted, or “la- 
beled,” molecules. In interpreting spectra, spectroscopists 
rely on the mathematical results of quantum theory.
Often, a close analysis of vibrational spectra of labeled 
molecules offers the best means for testing the soundness 
of the prevailing theoretical understanding of molecules.

CH EM ICAL EFFECTS O F ISOTOPIC SUBSTITUTION

As isotopic abundances remain almost constant during 
most Chemical processes, chemists do not normally dis- 
tinguish the behaviour of one isotope from that of an­
other. Indeed, in the limit of high temperatures, isotopes 
distribute themselves at random without preference for 
any particular Chemical form. Nonetheless, under certain 
circumstances, nonrandom isotopic effects can become 
appreciable. Specifically, the lower the temperature and 
the lighter the isotope, the more noticeable the effects are 
likely to be. The reason is that the heavier isotopes tend 
to displace the lighter ones in those molecules where both 
heavy and light isotopes form the strongest Chemical bond.

The exchange reaction H2 +  D 2 2HD provides an 
example o f random behaviour at high temperature and 
isotope-specific behaviour at lower ones. If two volumes of 
gas consisting, respectively, of H2 and D2 only, are mixed, 
the hydrogen-hydrogen and deuterium-deuterium bonds 
will gradually break and new molecules will form until the 
vessel contains an appreciable quantity of H -D  as well as 
of H2 and D2. At high temperatures the amount of HD 
observed at equilibrium approaches that predicted on the 
basis of probability (entropy) considerations alone— i.e., a 
random distribution. How much would that be? A math­
ematical analysis shows that the concentrations of H2, D2, 
and HD should be equal to /&,"/&, and respectively, 
to a very good approximation. Here ƒ  represents the frac- 
tion of each kind of atom.

Experiment shows that as temperature increases, the 
concentrations of H2, D 2 and HD approach the values 
expected. Although gratifying, the corroboration provides 
little information of Chemical interest because the same 
results apply equally to the nitrogen isotopes 14N and 15N, 
to the chlorine isotopes 35C1 and 37C1, and to many other 
pairs that differ greatly from hydrogen in their Chemi­
cal behaviour. The variations from the random Statistical 
distribution that occur at lower temperatures are more
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interesting to a chemist because of what they reveal about 
the particular element.

At low temperatures the formation of D 2 (and H2) is 
favoured at the expense of HD. A detailed theoretical 
treatment tracés the cause of this favouritism to the com- 
parative strength of the deuterium-deuterium bond. The 
result can be generalized: At equilibrium, the heavier iso­
tope tends to concentrate wherever it forms the strongest 
Chemical bond. For example, in the exchange reaction,

R — H +  R' — D —»R — D +  R' — H,

the hydrogen and deuterium switch partners. One may 
think of the hydrogen and deuterium as competing for 
the more attractive partner, supposed here to be R rather 
than R'. In accordance with the generalization above, 
the deuterium will tend to monopolize R with which, by 
hypothesis, it forms a stronger bond than it does with 
R'. Deuterium has a slight edge in the competition for R 
in spite of the fact that the hydrogen must also form a 
stronger bond with R than with R'.

Special quantities called Chemical equilibrium constants 
express in quantitative terms the extent to which a Chem­
ical reaction favours products (the substances written to 
the right of the arrow) or reactants (the substances writ­
ten to the left of the arrow). For reactions of the type 
cited, which chemists call exchange reactions, equilibrium 
constants are typically within a few percent of the values 
expected for a random distribution. The largest variations 
are observed for the low-Z elements, such as hydrogen; the 
variations are quite small for elements with higher atomic 
numbers, seldom exceeding 1 percent.
As implied above, the equilibrium constants for exchange 

reactions change slightly with temperature. This fact was 
put to use by the American chemist Harold C. Urey when 
he devised a method for inferring the temperature at which 
carbonates formed in the sea. He noted that, given a choice 
between water (H20 )  and carbonate (CO  ̂ , a principal 
constituent of seashells), the isotope lsO shows a slight 
preference for the carbonate. The preference increases as 
temperature decreases. By measuring the 180 / 160  ratio in 
a sample of carbonate and comparing it with the ratio in 
local seawater, it is possible to calculate a temperature at 
which the carbonate and the water equilibrated.

W h i le  i s o to p i c  s u b s t i t u t i o n s  u s u a l l y  c h a n g e  C h e m ic a l  
e q u i l i b r i u m  c o n s t a n t s  b y  s m a l l  a m o u n t s ,  t h e y  c a n  in c r e a s e  
t h e  r a t e s  o f  C h e m ic a l  r e a c t i o n s  b y  a  f a c t o r  o f  10 o r  m o r e  
i n  t h e  m o s t  e x t r e m e  c a s e s .

EFFECT O F ISOTOPIC SUBSTITUTION  ON REA CTIO N  RATES

Chemical reactions take place when Chemical bonds be­
tween atoms break or form. In the laboratory, Chemical 
reactions proceed at well-defined rates. By introducing a 
heavy isotope into a reacting molecule, one may change 
the rate at which the molecule reacts. Two factors deter­
mine the size of the change.

The first factor is where the isotopic Substitution is made 
in the reacting molecule. The largest effects, primary iso­
tope effects, occur when one introducés a new isotope 
in the reaction “centre”— i.e., the place in the molecule 
where Chemical bonds are broken and/or formed during 
the reaction. If, on the other hand, the isotope is placed 
some distance from the reaction centre, it produces a 
much smaller, secondary isotope effect.

The second factor determining the size of the change in 
reaction rate is the relative, or percentage, difference in the 
masses of the original and substituted isotopes. The 300 
percent difference in mass between 3H (tritium) and lH 
can lead to more than 15-fold changes in reaction rates.

Both primary and secondary isotope effects decrease 
rapidly with increasing atomic number because the per­
centage difference in mass between isotopes tends to de­
crease. The Substitution of deuterium for hydrogen, for 
example, may slow a reaction down by a factor of six. In 
contrast, the Substitution of lsO for lóO would typically 
change a reaction rate by only a few percent. There is 
a much larger relative mass difference between hydrogen 
and deuterium than there is between lsO and lóO.

Primary isotope effects are often interpreted in terms 
of what is known as transition state theory. The theory

Postulates that to react, molecules must first reorganize 
themselves into a special, energy-rich configuration called 
a transition state. Other things being equal, the more en­
ergy required to form the transition state, the slower the 
reaction will be. A reaction in which a hydrogen atom 
shifts from one large molecule, symbolized as R-H, to 
another, symbolized as R '-H , fumishes an example:

R — H +  R' R • • • H • • • R' —> R +  H — R'.

The middle structure with the dotted lines represents a 
transition state. The energy needed to form the transi­
tion state and hence the rate of reaction depends on the 
strength of the R -H  bond among other factors. As deu­
terium would form a stronger bond to R than hydrogen, 
it follows that the Substitution of deuterium for hydrogen 
would slow the reaction down. The amount by which the 
reaction slows down would depend heavily on just how 
much stronger the R -D  bond is than the R -H  bond.

ISOTOPE SEPARA TIO N  A N D  EN RICH M EN T

Most elements are found as mixtures of several isotopes. 
For certain applications in industry, medicine, and Science, 
samples enriched in one particular isotope are needed. 
Many methods have therefore been developed to sepa­
rate the isotopes of an element from one another. Each 
method is based on some difference—sometimes a very 
slight one—between the physical or Chemical properties of 
the isotopes of an element.

Mass spectrometry. Although the instrumentation nor- 
mally serves analytical purposes, when suitably modified 
a mass spectrometer can also be used on a larger scale 
to prepare a purified sample of virtually any isotope. 
Uranium-235 for the first atomic bomb was separated 
with specially built mass spectrometers. Because of its 
high operational costs, this method is ordinarily restricted 
to the production of a few milligrams to a few grams of 
various stable isotopes for scientific investigation.

Distillation. The same factors that lead to the enrich- 
ment of alcohol in the vapour above a solution of water 
and alcohol permit the enrichment of isotopes. At tem­
peratures below 220° C, for example, light water (1H20 )  
vaporizes to a slightly greater extent than heavy water 
( 2 H20 , or D 20). The distillation of normal water, which 
contains both molecules, produces a vapour slightly en­
riched in ! H20 . The residual liquid retains a correspond- 
ingly enhanced concentration of heavy water. It is usually, 
though not always, true that the molecule with the lighter 
isotope will be more volatile.

Chemical exchange reactions. Slight differences be­
tween the preferences of isotopes for one Chemical form 
over another can serve as the basis for Separation. The 
preparation of nitrogen enriched in 15N by ion-exchange 
techniques illustrates this principle. Ammonia in water 
NH3(aq) will bind to a so-called ion-exchange resin (R - 
H). When poured over a vertical column of resin, a solu­
tion of ammonia reacts to form a well-defined horizontal 
band at the top of the column. The addition of a solution 
of lye (sodium hydroxide) will force the band of ammo­
nia to move down the column. As the resin holds ,5NH 3 

slightly more tenaciously than 14NH3, the 14NH3 tends to 
concentrate at the leading, or bottom, edge of the band 
and the 15NH 3 at the trailing, or topmost, edge. Solutions 
depleted or enriched in 15N are collected as they wash off 
the column.

Gaseous diffusion. Gases can diffuse through the small 
pöres present in many materials. The diffusion proceeds in 
a random manner as gas molecules bounce unpredictably 
off the walls of the porous medium. The average time a 
molecule of gas takes to traverse such a barrier depends on 
its velocity and certain other factors. According to kinetic 
theory, at a given temperature a lighter molecule will have 
a larger average velocity than a heavier one. This result 
provides the basis for a Separation method widely used 
to produce uranium enriched in the readily fissionable 
isotope 235U, which is needed for nuclear reactors and nu­
clear weapons. (Natural uranium contains only about 0.7 
percent 235 *U, with the remainder of the isotopic mixture 
consisting almost entirely of 238U.) In the Separation pro­
cess, natural uranium in the form of uranium hexafluoride
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(UF6) gas is diffused from one compartment of a chamber 
to another through a porous barrier. Since the molecules 
of 235UF6 travel at a higher velocity than those of 238UF6, 
they pass into the second compartment more rapidly than 
the latter. Because the percentage of 235U increases only 
slightly after traversal o f the barrier, the process must be 
repeated hundreds of thousands of times to obtain the 
desired concentration of the isotope.

Gas centrifugation. When a mixture of gaseous 
molecules spins at high speed in a specially designed 
closed container, the heaviest species will concentrate near 
the outer walls and the lightest near the axis. The Amer­
ican physicist Jesse W. Beams used a gas centrifuge to 
separate isotopes, specifically the isotopes o f chlorine, for 
the first time in 1936. Much subsequent work focused on 
the Separation of 235UF6 from 238UF6 for which the gas 
centrifuge promised considerable savings in energy costs. 
Today, something less than 5 percent of the world’s en­
riched uranium is produced by this method.

Photochemical enrichment methods. As discussed 
above, the frequencies of light absorbed by isotopes dif- 
fer slightly. Once an atom has absorbed radiation and 
reached an excited state, its Chemical properties may be­
come quite different from what they were in the initial, 
or ground, state. Certain Chemical and physical processes 
may proceed from an excited state that would not occur 
at all in the ground state. This Observation is the nub of 
a method for isotope Separation conceived some time ago 
but made practical only recently by the development of 
the laser. A laser produces light with such a narrow range 
of frequencies that it can excite one isotope without excit- 
ing neighbouring isotopes. Ordinary light sources produce 
much broader ranges of frequencies and therefore cannot 
excite isotopes selectively.

Several schemes of enrichment based on the use of lasers 
have been proposed because they promise to be relatively 
inexpensive compared to gas diffusion. Government-spon- 
sored research in the United States has concentrated on a 
method that begins with metallic uranium. Upon heating 
in an oven, uranium vaporizes and escapes as a beam of 
particles through a small hole. Lasers tuned to the correct 
frequencies cause the 235U atoms (but not the 238U atoms) 
in the beam to be converted to a form (ions) in which 
they can be collected on a charged plate. (G.F.H.)

Radioactivity

As was noted above, an unstable nucleus will decompose 
spontaneously, or decay, into a more stable configuration 
but will do so only in a few specific ways by emitting cer­
tain particles or certain forms of electromagnetic energy. 
Radioactive decay is a property of several naturally occur- 
ring elements as well as of artificially produced isotopes 
of the elements. The rate at which a radioactive element 
decays is expressed in terms of its half-life; i.e., the time 
required for one-half of any given quantity of the isotope 
to decay. Half-lives range from more than 1,000,000,000 
years for some nuclei to less than 1 0 - 9  second (see below 
Rates o f radioactive transitions). The product of a ra­
dioactive decay process—called the daughter of the parent 
isotope—may itself be unstable, in which case it, too, will 
decay. The process continues until a stable nuclide has 
been formed.

TH E N A T U R E O F RA DIO A CTIV E EMISSIONS

The emissions of the most common forms of spontaneous 
radioactive decay are the alpha (a) partiele, the beta (ß) 
partiele, the gamma (y) ray, and the neutrino. The alpha 
partiele is actuälly the nucleus of a helium-4 atom, with 
two positive charges t He. Such charged atoms are called 
ions. The neutral helium atom has two electrons outside 
its nucleus balancing these two charges. Beta particles may 

Positive be negatively charged (beta minus, symbol er), also called 
and a negatron, or positively charged (beta plus, symbol e+),
negative also called a positron. (The beta minus [ß ] partiele is
beta actually an electron created in the nucleus during beta de-
particles cay without any relationship to the orbital electron cloud 

of the atom.) The positron is regarded as the antiparticle 
of the negatron because the two particles, when brought

together, will mutually annihilate each other. Gamma rays 
are electromagnetic radiations like radio waves, light, and 
X rays. Beta radioactivity also produces the neutrino and 
antineutrino, particles that have no charge and no rest 
mass, symbolized by v and v, respectively.
In the less common forms of radioactivity, fission frag­

ments, neutrons, or protons may be emitted. Fission frag­
ments are themselves complex nuclei with usually between 
one-third and two-thirds the charge Z and mass A of the 
parent nucleus. Neutrons and protons are, of course, the 
basic building blocks of complex nuclei, having approx­
imately unit mass on the atomic scale and having zero 
charge or unit positive charge, respectively. The neutron 
cannot long exist in the free state. It is rapidly captured 
by nuclei in matter; otherwise, in free space it will un- 
dergo beta-minus decay to a proton, a negatron, and an 
antineutrino with a half-life of 12.8 minutes. The proton 
is the nucleus of ordinary hydrogen and is stable.

TYPES O F RA D IO A CTIV ITY

The early work on natural radioactivity associated with 
uranium and thorium ores identified two distinct types of 
radioactivity: alpha and beta decay.
Alpha decay. In alpha decay, an energetic helium ion 

(alpha partiele) is ejected, leaving a daughter nucleus of 
atomic number two less than the parent and of atomic 
mass number four less than the parent. An example is 
the decay (symbolized by an arrow) of the abundant iso­
tope of uranium, 238U, to a thorium daughter plus an 
alpha partiele:

Q a =  4.268 MeV
2Ü U --------- T h + 2  He

*i/2 =4 .51 X 109 years

Given for this and subsequent reactions are the energy 
released (Q) in millions of electron volts (MeV) and the 
half-life (tm). It should be noted that in every reaction 
the charges, or number of protons, shown in subscript are 
in balance on both sides of the arrow, as are the atomic 
masses, shown in superscript.

Beta-minus decay. In beta-minus decay, or negatron 
emission, an energetic negative electron is emitted, pro­
ducing a daughter nucleus of one higher atomic number 
and the same mass number. An example is the de­
cay of the uranium daughter product thorium-234 into 
protactinium-234:

Qß+— 0.263 MeV
2ioTh--------► * 2i?Pa +  e~ +  v

t l/2 =  24.1 days

In the above reaction for beta decay, v represents the 
antineutrino. (In the accepted relativistic theory a partiele 
has a total mass m, given by Einstein’s equation E =  mc2, 
in which c is the speed of light, and E  is the total energy.
Most particles have a characteristie rest mass, m0, their 
mass when they are not moving. Neutrinos and antineu- 
trinos have zero rest mass; hence, they must always have 
the speed of light.)

Gamma decay. A third type of radiation, gamma radi- Gamma 
ation, usually accompanies alpha or beta decay. Gamma rays- 
rays are photons and are without rest mass or charge, photon 
Alpha or beta decay may simply proceed directly to the emission 
ground (lowest energy) state of the daughter nucleus with­
out gamma emission, but the decay may also proceed 
wholly or partly to higher energy States (excited States) 
of the daughter. In the latter case, gamma emission may 
occur as the excited States transform to lower energy States 
of the same nucleus. (Alternatively to gamma emission, 
an excited nucleus may transform to a lower energy state 
by ejecting an electron from the cloud surrounding the 
nucleus. This orbital electron ejection is known as internal 
conversion and gives rise to an energetic electron and of­
ten an X ray as the atomic cloud fills in the empty orbital 
of the ejected electron. The ratio of internal conversion 
to the alternative gamma emission is called the internal- 
conversion coëfficiënt.)

Isomeric transitions. There is a wide range of rates of 
half-lives for the gamma-emission process. Usually dipole 
transitions (see below Gamma transition), in which the
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somerism

gamma ray carries off one 'h unit of angular momentum, 
are fast, less than nanoseconds (one nanosecond equals 
10~ 9 second). The law of Conservation of angular momen­
tum requires that the sum of angular momenta of the 
radiation and daughter nucleus is equal to the angular 
momentum (spin) of the parent. If the spins of initial 
and final States differ by more than one, dipole radiation 
is forbidden, and gamma emission must proceed more 
slowly by a higher multipole (quadrupole, octupole, etc.) 
gamma transition. If the gamma-emission half-life exceeds 
about one nanosecond, the excited nucleus is said to be in 
a metastable, or isomeric, state (the names for a long-lived 
excited state), and it is customary to classify the decay as 
another type of radioactivity, an isomeric transition. An 
example of isomerism is found in the protactinium-234 
nucleus of the uranium-238 decay chain:

Qy =  0.0698 MeV
239?Pa--------------> 2!?Pa■+ y

tXj2 = 1 .17  min

The letter m following the mass number stands for meta­
stable and indicates a nuclear isomer.

Beta-plus decay. During the 1930s new types of ra­
dioactivity were found among the artificial products of 
nuclear reactions: beta-plus decay, or positron emission, 
and electron capture. In beta-plus decay an energetic posi­
tive electron is created and emitted, along with a neutrino, 
and the nucleus transforms to a daughter, lower by one 
in atomic number and the same in mass number. For 
instance, carbon-11 ( Z  =  6 ) decays to boron-11 ( Z = 5 ) ,  
plus one positron and one neutrino:

Q r+ =  0.97 MeV
liC ------- ^ B + ^ + v  ß

tXj2 =  20.4 min

Electron capture. Electron capture (EC) is a process in 
which decay foliows the capture by the nucleus of an 
orbital electron. It is similar to positron decay in that 
the nucleus transforms to a daughter of one lower atomic 
number. It differs in that an orbital electron from the 
cloud is captured and annihilated by the nucleus with 
subsequent emission of an atomic X ray as the orbital 
vacancy is filled by an electron from the cloud about the 
nucleus. An example is the nucleus of beryllium-7 captur- 
ing one of its inner electrons to give lithium-7:

Qec =  0.8616 MeV
4 ße +  e~ ----------- »JLi +  v

t l/2 =  53 days

The main features of radioactive decay of a nuclear 
species are often displayed in a decay scheme. Figure 22 
shows the decay scheme of beryllium-7. Indicated are the 
half-life of the parent and that of the excited daughter state, 
as well as its energy 0.4774 MeV. The spins and parities of 
all three States are provided on the upper left-hand side of 
the level. The multipolarity of the gamma ray (magnetic 
dipole, M l, plus 0.005 percent electric quadrupole, E2) is 
indicated above the vertical arrow symbolizing the gamma 
transition. The slanted arrows symbolize the electron- 
capture decay with labels giving the percentage of decay

From C.M. Lederer, J.M. Hollander, and I. Perlman, Ta b le  o f  Isotopes  

M1 + 0.005% E2

Qec (calculated)=0.8616
Figure 22: Radioactive decay of beryllium-7 to lithium-7 by electron 
capture (EC; see text).

directly to ground state (89.7 percent) and the percentage 
of EC decay going via the excited state (10.3 percent).
The boldface numbers following the percentages are so- 
called log f t  values, to be encountered below in connection 
with beta-decay rates. The overall energy release, ß EC, is 
indicated below. The ß EC is necessarily a calculated value 
because there is no general practical means of measuring 
the neutrino energies accompanying EC decay. With a 
few electron-capturing nuclides, it has been possible to 
measure directly the decay energy by measurement of a Inner 
rare process called inner bremsstrahlung (braking radia- brems- 
tion). In this process the energy release is shared between Strahlung 
the neutrino and a gamma ray. The measured distribu­
tion of gamma-ray energies indicates the total energy re­
lease. Usually there is so much ordinary gamma radiation 
with radioactive decay that the inner bremsstrahlung is 
unobservable.

Spontaneous fission. Yet another type of radioactivity 
is spontaneous fission. In this process the nucleus splits 
into two fragment nuclei of roughly half the mass of the 
parent. This process is only barely detectable in competi- 
tion with the more prevalent alpha decay for uranium, but 
for some of the heaviest artificial nuclei, such as fermium- 
256, spontaneous fission becomes the predominant mode 
of radioactive decay. Kinetic-energy releases from 150 to 
200 MeV may occur as the fragments are accelerated apart 
by the large electrical repulsion between their nuclear 
charges. The reaction is as follows:

?88Fm — -  ‘SXe +  ‘ÜPd +  4n Q =  150-200 MeV 
+  other fission products tx/2=  2.7 hours

Only one of several product sets is shown. A few neu­
trons are always emitted in fission of this isotope, a 
feature essential to chain reactions. Spontaneous fission 
is not to be confused with induced fission, the process 
involved in nuclear reactors. It is a property of uranium- 
235, plutonium-239, and other isotopes to undergo fission 
after absorption of a slow neutron. Other than the require- 
ment of a neutron capture to initiate it, induced fission is 
quite similar to spontaneous fission regarding total energy 
release, numbers of secondary neutrons, and so on (see 
below Nuclear fission).

Proton radioactivity. Proton radioactivity, discovered in 
1970, is exhibited by an excited isomeric state of cobalt- 
53, 53mCo, 1.5 percent of which emits protons:

26 Fe +  P 

gF e +  e* -F v

Qp =  1.57 MeV 

tl/2 =  0.243 sec

In addition to the above types of radioactivity, there is a 
special dass of rare beta-decay processes that gives rise to 
heavy-particle emission. In these processes the beta decay 
partly goes to a high excited state of the daughter nucleus, 
and this state rapidly emits a heavy partiele.

Special beta-decay processes. One such process is beta- 
delayed neutron emission, which is exemplified by the 
following reaction:

!?N-------» ‘ÏO +  ér +  v Qßj=  8 . 6 8  MeV

L , o  +  „ W - 1.81 MeV

6 /2 =  4.16 sec
(Note: the asterisk denotes the short-lived intermediate 
excited States of oxygen-17, and Emaxn denotes the max­
imum energy observed for emitted neutrons.) There is a 
small production of delayed neutron emitters following 
nuclear fission, and these radioactivities are especially im­
portant in providing a reasonable response time to allow 
control of nuclear fission reactors by mechanically moved 
control rods.

Among the positron emitters in the light-element region, Beta- 
a number beta decay partly to excited States that are un- delayed 
stable with respect to emission of an alpha partiele. Thus, alpha 
these species exhibit alpha radiation with the half-life of emission 
the beta emission. Both the positron decay from boron- 8
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and negatron decay from lithium - 8  are beta-delayed al­
pha emission, because ground as well as excited States of 
beryllium- 8  are unstable with respect to breakup into two 
alpha particles. Another example, sodium-20 (20Na) to give 
successively neon-20 (20Ne; the asterisk again indicating 
the short-lived intermediate state) and finally oxygen-16 is 
listed below:

S N a — —»?8Ne +  e + +  v

i— » ‘lO +  a

In a few cases, positron decay leads to an excited nuclear 
state not able to bind a proton. In these cases, proton 
radiation appears with the half-life of the beta transi­
tion. The combination of high positron-decay energy and 
low proton-binding energy in the daughter ground state 
is required. In the example given below, tellurium-111 
(inTe) yields antimony-111 (ulSb) and then tin-110 (110Sn) 
successively:

’MTe — —> "iSb +  e + +  v Qp uncertain

U , ss„ +P *— -■>-7M' v
T1/2— 19.5 sec

Heavy-ion radioactivity. In 1980 A. Sandulescu, D.N. 
Poenaru, and W. Greiner described calculations indicating 
the possibility of a new type of decay of heavy nuclei in­
termediate between alpha decay and spontaneous fission. 
The first Observation of heavy-ion radioactivity was that 
of a 30-MeV, carbon-14 emission from radium-223 by 
H.J. Rose and G.A. Jones in 1984. The ratio of carbon-14 
decay to alpha decay is about 5 X 1 0 10. Observations also 
have been made of carbon-14 from radium-222, radium- 
224, and radium-226, as well as neon-24 from thorium- 
230, protactinium-231, and uranium-232. Such heavy-ion 
radioactivity, like alpha decay and spontaneous fission, 
involves quantum-mechanical tunneling through the po- 
tential-energy barrier. Shell effects play a major role in 
this phenomenon, and in all cases observed to date the 
heavy partner of carbon-14 or neon-24 is close to doubly 
magie lead-208 (see below Nuclear models).

OCCURRENCE OF RADIOACTIVITY
Some species of radioactivity occur naturally on Earth. A 
few species have half-lives comparable to the age of the 
elements (about 6  X 109 years), sp that they have not de- 
cayed away after their formation in stars. Notable among 
these are uranium-238, uranium-235, and thorium-232. 
Also, there is potassium-40, the chief source of irradiation 
of the body through its presence in potassium of tissue. 
Of lesser significance are the beta emitters vanadium-50, 
rubidium-87, indium-115, tellurium-123, lanthanum-138, 
lutetium-176, and rhenium-187, and the alpha emitters 
cerium-142, neodymium-144, samarium-147, gadolinium- 
152, dysprosium-156, hafnium-174, platinum-190, and 
lead-204. Besides these approximately 109-year species, 
there are the shorter-lived daughter activities fed by one or 
another of the above species; e.g., by various nuclei of the 
elements between lead (Z =  82) and thorium (Z =  90).

Another category of natural radioactivity includes species 
produced in the upper atmosphere by cosmic ray bom- 
bardment. Notable are 5,720-year carbon-14 and 12.3- 
year tritium (hydrogen-3), 53-day beryllium-7, and 2,700,- 
000-year beryllium-10. Meteorites are found to contain 
additional small amounts of radioactivity, the result of 
cosmic ray bombardments during their history outside 
the Earth’s atmospheric shield. Activities as short-lived 
as 35-day argon-37 have been measured in fresh falls of 
meteorites. Nuclear explosions since 1945 have injected 
additional radioactivities into the environment, consisting 
of both nuclear fission products and secondary products 
formed by the action of neutrons from nuclear weapons 
on surrounding matter.

The fission products encompass most of the known beta 
emitters in the mass region 75-160. They are formed in 
varying yields, rising to maxima of about 7 percent per

Qß+ =  13.0 MeV 

iW * = 4 .4 4  MeV

tm — 0-39 sec

fission in the mass region 92-102 (light peak of the fission 
yield versus atomic mass curve) and 134-144 (heavy peak).
Two kinds of delayed hazards caused by radioactivity are 
recognized. First, the general radiation level is raised by 
fallout settling to Earth. Protection can be provided by 
concrete or earth shielding until the activity has decayed 
to a sufficiently low level. Second, ingestion or inhalation 
of even low levels of certain radioactive species can pose 
a special hazard, depending on the half-life, nature of ra­
diations, and Chemical behaviour within the body. For a 
detailed discussion on the biologie effects of radiation, see
RADIATION.

Nuclear reactors also produce fission products but un­
der conditions in which the activities may be contained.
Containment and waste-disposal practices should keep the
activities confined and eliminate the possibility of leaching
into groundwaters for times that are long compared to
the half-lives. A great advantage of thermonuclear fusion
power over fission power, if it can be practically realized,
is not only that its fuel reserves, heavy hydrogen and
lithium, are vastly greater than uranium, but also that the
generation of radioactive fission product wastes can be
largely avoided. In this connection, it may be noted that
a major source of heat in the interior of both the Earth
and the Moon is provided by radioactive decay. Theories Heat from
about the formation and evolution of the Earth, Moon, radioactive
and other planets must take into account these large heat decay
production sources.
Desired radioactivities other than natural activities and 

fission products may be produced either by irradiation 
of certain selected target materials by reactor neutrons 
or by charged partiele beams or gamma ray beams of 
accelerators.

ENERGETICS AND KINETICS OF RADIOACTIVITY
Energy release in radioactive transitions. Consideration 

of the energy release of various radioactive transitions 
leads to the fundamental question of nuclear binding en­
ergies and stabilities. A much-used method of displaying 
nuclear-stability relationships is an isotope chart, those 
positions on the same horizontal row corresponding to a 
given proton number (Z) and those on the same vertieal 
column to a given neutron number (N). Such a map is 
shown in Figure 23. The irregulär bold line surrounds the 
region of presently known nuclei. The area encompassed 
by this is often referred to as the valley of stability because 
the chart may be considered a map of a binding energy 
surface, the lowest areas of which are the most stable.

From Proceedings of the International Conference on Properties of Nuclei Far from the Region of Beta-Stability, Leysin, 1970, (CERN 70-30)

20 40 60 80 100 120 140 160 180 200

N
Figure 23: M a p  o f  th e  n u c le i .
The coordinates are number of neutrons N  and number of 
protons Z. The bold line encloses the region of known nuclei. 
The dashed lines are estimated limits for barely binding 
nucleons. The stability line gives the locus of nuclei most 
stable with respect to beta decay. Nuclei within the circular 
regions are cigar-shaped; otherwise the nuclei are spherical. 
The grid line intersections of the graph indicate the closed 
shell “magie numbers” of extra stability. A possible region of 
undiscovered longer-lived nuclei is indicated as “superheavy?”



\6 2  Atoms

The most tightly bound nuclei of all are the abundant 
iron and nickel isotopes. Near the region of the valley 
containing the heaviest nuclei (largest mass number A; 
i.e., largest number of nucleons, N  +  Z), the processes of 
alpha decay and spontaneous fission are most prevalent; 
both these processes relieve the energetically unfavourable 
concentration of positive charge in the heavy nuclei.

Along the region that borders on the valley of stabil­
ity on the upper left-hand side are the positron-emitting 
and electron-capturing radioactive nuclei, with the energy 
release and decay rates increasing the farther away the 
nucleus is from the stability line. Along the lower right- 
hand border region, beta-minus decay is the predominant 
process, with energy release and decay rates increasing the 
farther the nucleus is from the stability line.

The grid lines of the graph are at the nucleon numbers 
corresponding to extra stability, the “magie numbers” (see 
below Nuclear models). The circles labeled “deformed 
regions” enclose regions in which nuclei should exhibit 
cigar shapes; elsewhere the nuclei are spherical. Outside 
the dashed lines nuclei would be unbound with respect to 
neutron or proton loss and would be exceedingly short- 
lived (less than 1 0  19 second).

Calculation and measurement of energy. By the method 
Closed of closed energy cycles, it is possible to use measured
nergy radioactive-energy-release (Q) values for alpha and beta
yeles decay to calculate the energy release for unmeasured tran­

sitions. An illustration is provided by the cycle of four 
nuclei below:

In this cycle, energies from two of the alpha decays 
and one beta decay are measurable. The unmeasured 
beta-decay energy for bismuth-2 1 1 , QßJiBi), is readily 
calculated because conservation of energy requires the 
sum of Q values around the cycle to be zero. Thus, 
QßJ&i) +  7.59 — 1.43 — 6.75 =  0. Solving this equation 
gives Qß (Bi) =  0.59 MeV. This calculation by closed en­
ergy cycles can be extended from stable lead-207 back up 
the chain of alpha and beta decays to its natural precur­
sor uranium-235 and beyond. In this manner the nuclear 
binding energies of a series of nuclei can be linked to­
gether. Because alpha decay decreases the mass number A 
by 4, and beta decay does not change A, closed a—ß -cycle 
calculations based on lead-207 can link up only those 
nuclei with mass numbers of the general type A =  4n +  3, 
in which n is an integer. Another, the 4n series, has as its 
natural precursor thorium-232 and its stable end product 
lead-208. Another, the 4« +  2 series, has uranium-238 as 
its natural precursor and lead-206 as its end product.

In early research on natural radioactivity, the Classifica­
tion of isotopes into the series cited above was of great 
significance because they were identified and studied as 
families. Newly discovered radioactivities were given Sym­
bols relating them to the family and order of occurrence 
therein. Thus, thorium-234 was known as UX{, the iso­
mers of protactinium-234 as UX2 and UZ, uranium-234 
as U n, and so forth. These original symbols and names 
are occasionally encountered in more recent literature but 
are mainly o f historical interest. The remaining 4n +  1 
series is not naturally occurring but comprises well-known 
artificial activities decaying down to stable thallium-205.

To extend the knowledge of nuclear binding energies, it 
is clearly necessary to make measurements to supplement 
the radioactive-decay energy cycles. In part, this extension 
can be made by measurement of Q values of artificial 
nuclear reactions. For example, the neutron-binding en­
ergies of the lead isotopes needed to link the energies of 
the four radioactive families together can be measured by 
determining the threshold gamma-ray energy to remove a

neutron (photonuclear reaction); or the energies of incom- 
ing deuteron and outgoing proton in the reaction can be 
measured to provide this information.

Further extensions of nuclear-binding-energy measure­
ments rely on precision mass spectroscopy (see analysis 
AND MEASUREMENT, PHYSICAL AND CHEMICAL). By ioniz- 
ing, accelerating, and magnetically deflecting various nu­
clides, their masses can be measured with great precision. A 
precise measurement o f the masses of atoms involved in ra­
dioactive decay is equivalent to direct measurement of the 
energy release in the decay process. The atomic mass of nat­
urally occurring but radioactive potassium-40 is measured 
to be 39.964008 amu. Potassium-40 decays predominantly 
by /Demission to calcium-40, having a measured mass 
39.962589. Through Einstein’s equation, energy is equal 
to mass (m) times velocity of light (c) squared, or E  =  mc2, 
the energy release (Q) and the mass difference, Am, are 
related, the conversion factor being one amu, equal to 
931.478 MeV. Thus, the excess mass of potassium-40 over Energy- 
calcium-40 appears as the total energy release Qß in the ra- mass con- 
dioactive decay Qß- =  (39.964008 -  39.962589) X 931.478 versions 
MeV =1.31 MeV. The other neighbouring isobar (same 
mass number, different atomic number) to argon-40 is also 
of lower mass, 39.962384, than potassium-40. This mass 
difference converted to energy units gives an energy release 
of 1.5 MeV, this being the energy release for EC decay to 
argon-40. The maximum energy release for positron emis­
sion is always less than that for electron capture by twice 
the rest mass energy of an electron (2m0c2 =  1.022 MeV); 
thus, the maximum positron energy for this reaction is 
1 .5 -  1.02, or 0.48 MeV.
To connect alpha-decay energies and nuclear mass dif­

ferences requires a precise knowledge of the alpha-particle 
(helium-4) atomic mass. The mass of the parent minus 
the sum of the masses of the decay products gives the 
energy release. Thus, for alpha decay of plutonium-239 to 
uranium-235 and helium-4 the calculation goes as follows:

M  (239Pu) 239.05216
—M  (235U) -235.04393
- M ( 4 He) -  4.00260

0.00563X931.478  

Qa=  5.24 MeV

By combining radioactive-decay-energy information with 
nuclear-reaction Q values and precision mass spectroscopy, 
extensive tables of nuclear masses have been prepared.
From them the Q values of unmeasured reactions or decay 
may be calculated.

Alternative to the füll mass, the atomic masses may be 
expressed as mass defect, symbolized by the Greek letter 
delta, A (the difference between the exact mass M  and 
the integer A, the mass number), either in energy units or 
atomic mass units.

Absolute nuclear binding energy. The absolute nuclear 
binding energy is the hypothetical energy release if a given 
nuclide were synthesized from Z separate hydrogen atoms 
and N  (equal to A — Z) separate neutrons. An example is 
the calculation giving the absolute binding energy of the 
stablest of all nuclei, iron-56:

26X  M(1H) 26 X 1.007825= 26.20345

30 X M(n) 30 X 1.008665 =  30.25995

M(56Fe) -  55.93493

binding energy =  0.52847X 931.478 =

492.58 MeV

average binding energy

per nucleon of 56Fe =  492.58/56 =  8.796 MeV

A general survey of the average binding energy per nucleon 
(for nuclei of all elements grouped according to ascending 
mass) shows a maximum at iron-56 falling off gradually 
on both sides to about 7 MeV at helium-4 and to about
7.4 MeV for the most massive nuclei known. Most of
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the naturally occurring nuclei are thus not stable in an 
absolute nuclear sense. Nuclei heavier than iron would 
gain energy by degrading into nuclear products closer to 
iron, but it is only for the elements of greatest mass that 
the rates of degradation processes such as alpha decay and 
spontaneous fission attain observable rates. In a similar 
manner, nuclear energy is to be gained by fusion of most 
elements lighter than iron. The coülombic repulsion be­
tween nuclei, however, keeps the rates of fusion reactions 
unobservably low unless the nuclei are subjected to tem­
peratures of greater than 107 K. Only in the hot cores of 
the Sun and other stars or in thermonuclear bombs or 
controlled fusion plasmas are these temperatures attained 
and nuclear-fusion energy released.

NUCLEAR MODELS
The liquid-drop model. The average behaviour of the 

nuclear binding energy can be understood with the model 
of a charged liquid drop. In this model, the aggregate of 
nucleons has the same properties of a liquid drop, such 
as surface tension, cohesion, and deformation. There is a 
dominant attractive-binding-eriërgy term proportional to 
the number of nucleons A. From this must be subtracted 
a surface-energy term proportional to surface area and a 
coülombic repulsion energy proportional to the square of 
the number of protons and inversely proportional to the 
nuclear radius. Furthermore, there is a symmetry-energy 
term of quantum-mechanical origin favouring equal num­
bers of protons and neutrons. Finally, there is a pairing 
term that gives slight extra binding to nuclei with even 
numbers of neutrons or protons.
The pairing-energy term accounts for the great rarity of 

odd-odd nuclei (the terms odd-odd, even-even, even- 
odd, and odd-even refer to the evenness or oddness of 
proton number, Z, and neutron number, N, respectively) 
that are stable against beta decay. The sole examples are 
deuterium, lithium-6 , boron-10, and nitrogen-14. A few 
other odd-odd nuclei, such as potassium-40, occur in 
nature, but they are unstable with respect to beta decay. 
Furthermore, the pairing-energy term makes for the larger 
number of stable isotopes of even-Z elements, compared 
to odd-Z, and for the lack of stable isotopes altogether in 
element 43, technetium, and element 61, promethium. 

Mirror The beta-decay energies of so-called mirror nuclei afford
nuclei one means of estimating nuclear sizes. For example, the 

neon and fluorine nuclei, ioNe9 and are mirror nu­
clei because the proton and neutron numbers of one of 
them equal the respective neutron and proton numbers 
of the other. Thus, all binding-energy terms are the same 
in each except for the coülombic term, which is inversely 
proportional to the nuclear radius. Such calculations along 
with more direct determinations by high-energy electron 
scattering and energy measurements of X rays from mu- 
mesic atoms (hydrogen atoms in which the electrons are 
replaced by negative mu mesons) establish the nuclear 
charge as roughly uniformly distributed in a sphere of 
radius 1.2 A m X 10" 13 centimetre. That the radius is pro­
portional to the cube root of the mass number has the 
great significance that the average density of all nuclei is 
nearly constant.
Careful examination of nuclear-binding energies reveals 

periodic deviations from the smooth average behaviour of 
the charged-liquid-drop model. An extra binding energy 
arises in the neighbourhood of certain numbers of neu­
trons or protons, the so-called magie numbers (2 , 8 , 2 0 , 
28, 50, 82, and 126). Nuclei such as 2He2, ‘JOg, 2oCa20, 
2oCa28, and 28!Pb126 are especially stable species, doubly 
magie, in view of their having both proton and neutron 
numbers magie. These doubly magie nuclei are situated at 
the intersections of grid lines on Figure 23 above.

The shell model. In the preceding section, the overall 
trends of nuclear binding energies were described in terms 
of a charged-liquid-drop model. Yet there were noted pe­
riodic binding-energy irregularities at the magie numbers. 
The periodic occurrence of magie numbers of extra stabil­
ity is strongly analogous to the extra electronic stabilities 
occurring at the atomic numbers of the noble-gas atoms 
(see above). The explanations of these stabilities are quite 
analogous in atomic and nuclear cases as arising from

filling of particles into quantized orbitals o f motion. The 
completion of filling of a shell of orbitals is accompa- 
nied by an extra stability. The nuclear model accounting 
for the magie numbers is, as previously noted, the shell 
model. In its simplest form, this model can account for 
the occurrence of spin zero for all even-even nuclear 
ground States; the nucleons fill pairwise into orbitals with 
angular momenta canceling. The shell model also readily 
accounts for the observed nuclear spins o f the odd-mass 
nuclei adjacent to doubly magie nuclei, such as 2g!Pb. Doubly 
Here, the spins of 1/2 for neighbouring 22TT1 and ^ P b  magie 
are accounted for by having all nucleons fill pairwise into nuclei 
the lowest energy orbits and putting the odd nucleon into 
the last available orbital before reaching the doubly magie 
configuration (the Pauli exclusion principle dictates that 
no more than two nucleons may occupy a given orbital, 
and their spins must be oppositely directed); calculations 
show the last available orbitals below lead-208 to have an­
gular momentum 1/2. Likewise, the spins of 9/2 for 28lPb 
and 28§Bi are understandable because spin-9/2 orbitals are 
the next available orbitals beyond doubly magie lead-208.
Even the associated magnetization, as expressed by the 
magnetic dipole moment, is rather well explained by the 
simple spherical-shell model.
The orbitals of the spherical-shell model are labeled in a 

notation close to that for electronic orbitals in atoms. The 
orbital configuration of calcium-40 has protons and neu­
trons filling the following orbitals: ls 1/2, 1 p y2, lp1/2, l<̂ >/2, 
and 1 d3j2. The letter denotes the orbital angular momen­
tum in usual spectroscopie notation, in which the letters 
s, p, d, f  g, h, i, etc., represent integer values of / running 
from zero for s (not to be confused with spins) through 
six for i. The fractional subscript gives the total angular 
momentum j  with values of / +  1 / 2  and 1— 1/2 allowed, 
as the intrinsic spin of a nucleon is 1/2. The first integer is 
a radial quantum number taking successive values 1, 2, 3, 
etc., for successively higher energy values of an orbital of 
given / and j. Each orbital can accommodate a maximum 
of 2 /+  1 nucleons. Table 4 lists the orbitals comprising 
each shell, the exact order of various orbitals within a shell 
differing somewhat for neutrons and protons. The parity 
associated with an orbital is even (+) if / is even (s, d, g, 
i) and odd (—) if / is odd ( p , f  h).

Table 4: Spherical-Shell-Model Orbitals

shell closure 
number

2 lSl/2
8 1///2’ 1̂ 1/220 1 5̂/2> 2s1/2, \ d y 2

28 I/7/2
50 2p3/2> I/5/2’ 2/71/2, l<?9/2

1̂ 7/2’ 2</512, 1/̂ 11/2’ 2̂ 312, 351/282
126 2/7/2’ 1̂ 9/2’ 1/3/2’ 3/73/2, 2f 5/2, 3/?1/2
184 (?) 2^9/2’ I / 1/2» l/i 5/2’ 3ü//2, 2 g1/2, 4s1/2, 3d3/2

An example of a spherical-shell-model interpretation is 
provided by the beta-decay scheme of 2 .2 -minute thallium- 
209 shown below, in which spin and parity are given for 
each state. The ground and lowest excited States of lead- 
209 are to be associated with occupation by the 127th 
neutron of the lowest available orbitals above the closed 
shell of 126. From the last line of Table 4, it is to be noted
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th a t th ere  are a v a ilab le  g9/2, d5/2i a n d  s l/2 o rb ita ls  w ith  
w h ic h  to  ex p la in  th e  g ro u n d  a n d  first tw o  e x c ite d  States. 
L o w -ly in g  States a s so c ia ted  w ith  th e  iu/2 a n d  j l5/2 orbita ls  
are k n o w n  from  n u clea r -rea ctio n  s tu d ies , b u t th ey  are n o t  
p o p u la te d  in  th e  b e ta  d ecay .

The 2.13-MeV state that receives the primary beta de­
cay is not so simply interpreted as the other States. It is 
to be associated with the promotion of a neutron from 
the 3p l/2 orbital below the 126 shell closure. The density 
(number per MeV) of States increases rapidly above this 
excitation, and the interpretations become more complex 
and less certain.

By suitable refinements, the spherical-shell model can be 
extended further from the doubly magie region. Primarily, 
it is necessary to drop the approximation that nucleons 
move independently in orbitals and to invoke a residual 
force, mainly short-range and attractive, between the nu­
cleons. The spherical-shell model augmented by residual 
interactions can explain and correlate around the magie 
regions a large amount of data on binding energies, spins, 
magnetic moments, and the spectra of excited States.

The unified model. For nuclei more removed from the 
doubly magie regions, the spherical-shell model encoun- 
ters difficulty in explaining the large observed electric 
quadrupole moments indicating cigar-shaped nuclei. For 
these nuclei a hybrid of liquid-drop and shell models, the 
unified model, has been proposed. (See the circular regions 
of Figure 23 for occurrence of cigar-shaped nuclei.)

Nucleons can interact with one another in a collective 
fashion to deform the nuclear shape to a cigar shape. 
Such large spheroidal distortions are usual for nuclei far 
from magie, notably with 150^ .4ss 190, and 224 ^  A 
(the symbol <  denotes less than, and ~  means that the 
number is approximate). In these deformed regions the 
unified model prescribes that orbitals be computed in a 
cigar-shaped potential and that the relatively low-energy 
rotational excitations of the tumbling motion of the cigar 
shape be taken into account. The unified model has been 
highly successful in correlating and predicting nuclear 
properties in deformed regions. An example of a nuclear 
rotational band (a series of adjacent States) is provided 
by the decay of the isomer hafnium-180m, in Figure 24, 
through a cascade of gamma rays down the ground rota­
tional band (see below Gamma transition for explanation 
of M2, E l, E2, and E3).

atoms present. The proportionality constant, symbolized 
by the Greek letter lambda, X, is called the decay constant. Decay 
Mathematically, this statement is expressed by the first- constant 
order differential equation,

- ä N = m _
dt

This equation is readily integrated to give 
N(t) =  N0e -* ‘,

( 1)

(2)
in which N0 is the number o f atoms present when time 
equals zero. From the above two equations it may be 
seen that a disintegration rate, as well as the number of 
parent nuclei, falls exponentially with time. An equivalent 
expression in terms o f half-life tm is

N(t) =  N0( lh ) r\ r = t / t x/2.

It can readily be shown that the decay constant X and 
half-life (/1/2) are related as follows: X =  logß/t^  =  0.693/ 
tm. The reciprocal of the decay constant X is the mean life, 
symbolized by the Greek letter tau, r.

For a radioactive nucleus such as potassium-40 that de­
cays by more than one process (89 percent ß —, 1 1  percent 
electron capture), the total decay constant is the sum of 
partial decay constants for each decay mode. (The partial 
half-life for a particular mode is the reciprocal of the par­
tial decay constant times 0.693.) It is helpful to consider 
a radioactive chain in which the parent (generation 1 ) of 
decay constant Xx decays into a radioactive daughter (gen­
eration 2 ) of decay constant X2. The case in which none 
of the daughter isotope (2 ) is originally present yields an 
initial growth of daughter nuclei followed by its decay. 
The equation giving the number (N2) of daughter nuclei 
existing at time t in terms of the number A^O) of parent 
nuclei present when time equals zero is

N2(t) =  XM O) v ~  f  , (3)Â2 Aq

in which e represents the logarithmic constant 2.71828.
The general equation for a chain of n generations with Radioac- 

only the parent initially present (when time equals zero) tive decay 
is as follows: chain

Nn(t) =  N x(0)(C{e ~ V +  C2e - V  

+  . . . . C ne-^ )X ,X  (4)
From C.M. Lederer, J.M . Hollander, 

and I. Perlman, Table of Isotopes

Figure 24: The decay scheme of hafnium-180m 
(see text).

RATES OF RADIOACTIVE TRANSITIONS 
There is a vast range of the rates of radioactive decay, from 
undetectably slow to unmeasurably short. Before consid- 
ering the factors governing particular decay rates in detail, 
it seems appropriate to review the mathematical equations 
governing radioactive decay and the general methods of 
rate measurement in different ranges of half-life.

Exponential-decay law. Radioactive decay occurs as a 
Statistical exponential rate process. That is to say, the 
number of atoms likely to decay in a given infinitesimal 
time interval (dN/dt) is proportional to the number (N) of

in which e represents the logarithmic constant 2.71828.
Ci = 1/(A,2 Äq) (A.3 “Aj) . . . (A,„ Â ),.

C2 = 1/(V- x 2) (X3-X 2) . . .  (Xn-X i),

c„ =  i / ( v -X n) (X2-X n) . . . (A,„_ !■-X n).

These equations can readily be modified to the case of 
production of isotopes in the steady neutron flux of a 
reactor or in a star. In such cases, the chain of trans- 
formations might be mixed with some steps occurring 
by neutron capture and some by radioactive decay. The 
neutron-capture probability for a nucleus is expressed in 
terms of an effective cross-sectional area. If one imagines 
the nuclei replaced by spheres of the same cross-sectional 
area, the rate of reaction in a neutron flux would be given 
by the rate at which neutrons strike the spheres. The cross 
section is usually symbolized by the Greek letter sigma, o, 
with the units of bams ( 1 0 ~ 24 cm2) or millibams ( 1 0 ~ 3 b) 
or microbams (10- 6  b). Neutron flux is often symbolized 
by the letters nv (neutron density, n, or number per cubic 
centimetre, times average speed, v) and given in neutrons 
per square centimetre per second.

The modification of the transformation equations merely 
involves substituting the product nvâ  in place of Xt for 
any step in volving neutron capture rather than radioactive 
decay. Reactor fluxes nv even higher than 1015 neutrons 
per square centimetre per second are available in sevéral 
research reactors, but usual fluxes are somewhat lower 
by a factor of 1,000 or so. Tables of neutron-capture 
cross sections of the naturally occurring nuclei and some 
radioactive nuclei can be used for calculation of isotope 
production rates in reactors.
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Measurement of half-life. The measurement of half- 
lives of radioactivity in the range of seconds to a few 
years commonly involves measuring the intensity of ra­
diation at successive times over a time range comparable 
to the half-life. The logarithm of the decay rate is plotted 
against time, and a straight line is fitted to the points. The 
time interval for this straight-line decay curve to fall by 
a factor of 2 is read from the graph as the half-life, by 
virtue o f equations (1) and (2). If there is more than one 
activity present in the sample, the decay curve will not 
be a straight line over its entire length, but it should be 
resolvable graphically (or by more sophisticated Statistical 
analysis) into sums and differences of straight-line expo­
nential terms. The general equations (4) for chain decays 
show a time dependence given by sums and differences 
of exponential terms, though special modified equations 
are required in the unlikely case that two or more decay 
constants are identically equal.
For half-lives longer than several years it is often not 

feasible to measure accurately the decrease in counting 
rate over a reasonable length of time. In such cases, a 
measurement of specific activity may be resorted to; i.e., 
a carefully weighed amount of the radioactive isotope is 
taken for counting measurements to determine the disin- 
tegration rate, D. Then by equation (1) the decay constant 
X( may be calculated. Altemately, it may be possible to 
produce the activity of interest in such a way that the 
number of nuclei, N, is known, and again with a mea­
surement o f  D  equation (1) may be used. The number of 
nuclei, N, might be known from counting the decay of a 
parent activity or from knowledge of the production rate 
by a nuclear reaction in a reactor or accelerator beam.

Half-lives from 100 microseconds to one nanosecond are 
measured electronically in coincidence experiments. The 
radiation yielding the species of interest is detected to pro- 
vide a start pulse for an electronic clock, and the radiation 
by which the species decays is detected in another device 
to provide a stop pulse. The distribution of these time 
intervals is plotted semi-logarithmically, as discussed for 
the decay-rate treatment, and the half-life is determined 
from the slope of the straight line.

Half-lives in the range of 100 microseconds to one second 
must often be determined by special techniques. For ex­
ample, the activities produced may be deposited on rapidly 
rotating drums or moving tapes, with detectors positioneel 
along the travel path. The activity may be produced so 
as to travel through a vacuum at a known velocity and 
the disintegration rate measured as a function of distance; 
however, this method usually applies to shorter half-lives 
in or beyond the range of the electronic circuit.

Species with half-lives shorter than the electronic mea­
surement limit are not considered as separate radioactivi­
ties, and the various techniques of determining their half- 
lives will hence not be cited here.

Decay-rate considerations for various types of radioac­
tivity are given here in the same order as listed above in 
Types o f  radioactivity.
Alpha decay. Alpha decay, the emission of helium ions, 

exhibits sharp line spectra when spectroscopie measure­
ments of the alpha-particle energies are made. For even- 
even alpha emitters the most intense alpha group or line 
is always that leading to the ground state of the daughter. 
Weaker lines o f lower energy go to excited States, and 
there are frequently numerous lines observable.

The main decay group o f even-even alpha emitters ex­
hibits a highly regulär dependence on the atomic number, 
Z, and the energy release, Qa. (Total alpha energy release, 
Qw is equal to alpha-particle energy, Ew plus daugh­
ter recoil energy needed for Conservation of momentum; 
r̂ecoii ”  (mJ \ma +  T/J)/^, with ma equal to the mass of the 

alpha partiele and Md the mass of the daughter product.) 
As early as 1911 the German physicist Johannes Wilhelm 
Geiger, together with the British physicist John Mitchell 
Nuttall, noted the regularities of rates for even-even nu­
clei and proposed a remarkably successful equation for 
the decay constant, log X =  a +  b log r, in which r is the 
range in air, b is a constant, and a is given different values 
for the different radioactive series. The decay constants 
of odd alpha emitters (odd A or odd Z or both) are not

quite so regulär and may be much smaller. The values 
of the constant b that were used by Geiger and Nuttall 
implied a roughly 90th-power dependence of X on Qa. 
There is a tremendous range of known half-lives from the 
2 X 1015 years of ‘«INd (neodymium) with its 1.83-MeV 
alpha-particle energy (EJ to the 0.3 microsecond of 284Po 
(polonium) with Ea =  8.78 MeV.

The theoretical basis for the Geiger-Nuttall empirical 
rate law remained unknown until the formulation of wave 
mechanics. A dramatic early success of wave mechanics 
was the quantitative theory of alpha-decay rates. One cu- 
rious feature of wave mechanics is that particles may have 
a nonvanishing probability of being in regions of negative 
kinetic energy. In classical mechanics a ball that is tossed 
to roll up a hill will slow down until its gravitational poten­
tial energy equals its total energy, and then it will roll back 
toward its starting point. In quantum mechanics the ball 
has a certain probability of tunneling through the hill and 
popping out on the other side. For objects large enough to 
be visible to the eye, the probability of tunneling through 
energetically forbidden regions is unobservably small. For 
submicroscopic objects such as alpha particles, nucleons, 
or electrons, however, quantum mechanical tunneling can 
be an important process—as in alpha decay.

The logarithm of tunneling probability on a single col­
lision with an energy barrier öf height B  and thickness 
D  is a negative number proportional to thickness D, to 
the square root o f the product of B and partiele mass
m. The size of the proportionality constant will depend 
on the shape of the barrier and will depend inversely on 
Planck’s constant/z.

In the case of alpha decay, the electrostatic repulsive 
potential between alpha partiele and nucleus generates an 
energetically forbidden region, or potential barrier, from 
the nuclear radius out to several times this distance. The 
maximum height (B) of this alpha barrier is given approx­
imately by the expression B =  2Zé1/R, in which Z is the 
charge of the daughter nucleus, e is the elementary charge 
in electrostatic units, and R  is the nuclear radius. Nu- 
merically, B is roughly equal to 2Z /A m, with A the mass 
number and B  in energy units of MeV. Thus, although 
the height of the potential barrier for ^ P o  decay is nearly 
28 MeV, the total energy released is Qa =  8.95 MeV. The 
thickness of the barrier (i.e., distance of the alpha partiele 
from the centre of the nucleus at the moment of recoil) is 
about twice the nuclear radius of 8.8 X 10"13 centimetre. 
The tunneling calculation for the transition probability (P) 
through the barrier gives approximately

P =  exp f2 M B R \(n B 172 Ä
* A q i/2 V. (5)

in which M  is the mass of the alpha partiele and is 
Planck’s constant h divided by 2n. By making simple as- 
sumptions about the frequency of the alpha partiele strik- 
ing the barrier, the penetration formula (5) can be used 
to calculate an effective nuclear radius for alpha decay. 
This method was one of the early ways of estimating nu­
clear sizes. In more sophisticated modem techniques the 
radius value is taken from other experiments, and alpha- 
decay data and penetrabilities are used to calculate the 
frequency factor.

The form of equation (5) suggests the correlation of decay 
rates by an empirical expression relating the half-life (tx/1) 
of decay in seconds to the release energy (Qa) in MeV:

î / 2 =  ̂ ^
Values of the constants a and b that give best fits to exper­
imental rates of even-even nuclei with neutron number 
greater than 126 are given in Table 5. The nuclei with 
126 or fewer neutrons decay more slowly than the heavier 
nuclei, and constants a and b must be readjusted to fit 
their decay rates.

The alpha-decay rates to excited States of even-even 
nuclei and to ground and excited States of nuclei with 
odd numbers o f neutrons, protons, or both may exhibit 
retardations from equation (6) rates ranging to factors of 
thousands or more. The factor by which the rate is slower

Tunneling 
of alpha 
particles



66 Atoms

Ipha
indrance
tctors

^ermi
heory

than the rate formula (6) is the hindrance factor. The 
existence of uranium-235 in nature rests on the fact that 
alpha decay to the ground and low excited States exhibits 
hindrance factors of over 1,000. Thus the uranium-235 
half-life is lengthened to 7 X 108 years, a time barely long 
enough compared to the age of the elements in the solar 
System for uranium-235 to exist in nature today.
The alpha hindrance factors are fairly well understood in 

terms of the orbital motion of the individual protons and 
neutrons that make up the emitted alpha partiele. The 
alpha-emitting nuclei heavier than radium are considered 
to be cigar-shaped, and alpha hindrance factor data have 
been used to infer the most probable zones of emission 
on the nuclear surface—whether polar, equatorial, or in- 
termediate latitudes.

Table 5: Semi-empirical Constants*

a b

98 californium (Cf) 152.86 -52.9506
96 curium (Cm) 152.44 -53.6825
94 plutonium (Pu) 146.23 -52.0899
92 uranium (U) 147.49 -53.6565
90 thorium (Th) 144.19 -53.2644
8 8  radium (Ra) 139.17 -52.1476
8 6  radon (Rn) 137.46 -52.4597
84 polonium (Po) 129.35 -49.9229
*From correlation of ground-state decay 
rates of even-even nuclei with N  > 126.
See equation (6 ) in text.

Beta decay. The processes separately introduced at the 
beginning of this section as beta-minus decay, beta-plus 
decay, and orbital electron capture can be appropriately 
treated together. They all are processes whereby neutrons 
and protons may transform to one another by weak inter­
action. In striking contrast to alpha decay, the electrons 
(minus or plus charged) emitted in beta-minus and beta- 
plus decay do not exhibit sharp, discrete energy spectra 
but have distributions of electron energies ranging from 
zero up to the maximum energy release, Qß. Furthermore, 
measurements of heat released by beta emitters (most ra­
diation stopped in surrounding material is converted into 
heat energy) show a substantial fraction of the energy, Qß, 
is missing. These observations, along with other consider- 
ations involving the spins or angular momenta of nuclei 
and electrons, led Wolfgang Pauli to postulate the simul- 
taneous emission of the neutrino (1931). The neutrino, 
as a light and uncharged partiele with nearly no interac­
tion with matter, was supposed to carry off the missing 
heat energy. Today, neutrino theory is well accepted with 
the elaboration that there are six kinds of neutrinos, the 
electron neutrino, mu neutrino, and tau neutrino and cor- 
responding antineutrinos of each. The electron neutrinos 
are involved in nuclear beta-decay transformations, the 
mu neutrinos are encountered in decay of muons (mu 
mesons) to electrons, and the tau neutrinos are produced 
when a massive lepton called a tau breaks down.

Although in general the more energetic the beta decay 
the shorter is its half-life, the rate relationships do not 
show the clear regularities o f the alpha-decay dependence 
on energy and atomic number.

The first quantitative rate theory of beta decay was given 
by Enrico Fermi in 1934, and the essentials of this the­
ory form the basis of modern theory. As an example, 
in the simplest beta-decay process, a free neutron decays 
into a proton, a negative electron, and an antineutrino: 
n —»p  +  e~ +  v. The weak interaction responsible for this 
process, in which there is a change of species (n to p) by 
a nucleon with creation of electron and antineutrino, is 
characterized in Fermi theory by a universal constant, g. 
The sharing of energy between electron and antineutrino 
is govemed by Statistical probability laws giving a proba­
bility factor for each partiele proportional to the square 
of its linear momentum (defined by mass times velocity 
for speeds mach less than the speed of light and by a 
more complicated, relativistic relation for faster speeds). 
The overall probability law from Fermi theory gives the 
probability per unit time per unit electron energy interval, 
P(W), as follows:

P(W) =  6^ É p t c4S2 W {W2 -  1 )»/3 (W0-  W f  , (7)

in which W  is the electron energy in relativistic units 
(W  — 1 -f E/m0c2) and W0 is the maximum ( W0 =  1 +  Qßf 
m0c2)r m0 the rest mass of the electron, c the speed of 
light, and h Planck’s constant. This rate law expresses 
the neutron beta-decay spectrum in good agreement with 
experiment, the Spectrum falling to zero at lowest energies 
by the factor W  and falling to zero at the maximum 
energy by virtue of the factor (W0 — W)2.

In Fermi’s original formulation, the spins of an emitted 
beta and neutrino are opposing and so cancel to zero.
Later work showed that neutron beta decay partly pro- 
ceeds with the V2 Tz spins of beta and neutrino adding 
to one unit of f t . The former process is known as Fermi 
decay (F) and the latter Gamow-Teller (GT) decay, after 
George Gamow and Edward Teller, the physicists who 
first proposed it. The interaction constants are determined 
to be in the ratio gGT2/ g 2 =  1.4. Thus, g2 in equation (7) 
should be replaced by ( g 2 +  gGT2).

The scientific world was shaken in 1957 by the measure­
ment in beta decay of maximum violation of the law of Parity 
Conservation of parity. The meaning of this nonconserva- violation in 
tion in the case of neutron beta decay considered above is beta decay 
that the preferred direction of electron emission is oppo­
site to the direction of the neutron spin of V2 f t . By means 
of a magnetic field and low temperature it is possible 
to cause neutrons in cobalt-60 and other nuclei, or free 
neutrons, to have their spins set preferentially in the up 
direction perpendicular to the plane of the coil generating 
the magnetic field. The fact that beta decay prefers the 
down direction for spin means that the reflection of the ex­
periment as seen in a mirror parallel to the coil represents 
an unphysical Situation: Conservation of parity, obeyed by 
most physical processes, demands that experiments with 
positions reversed by mirror reflection should also occur.
Further consequences of parity violation in beta decay are 
that spins of emitted neutrinos and electrons are directed 
along the direction of flight, totally so for neutrinos and 
partially so by the ratio of electron speed to the speed of 
light for electrons.

The overall half-life for beta decay of the free neutron, 
measured as 1 2  minutes, may be related to the interaction 
constants g2 (equal to g 2 +  gG2) by integrating (summing) 
probability expression (7) over all possible electron en­
ergies from zero to the maximum. The result for the 
decay constant is

_  6 4 7 iAm 05c * g 2

------------W

+  1 n[ W0 +  ( W02 — 1 )l/2] (8)

in which W0 is the maximum beta-particle energy in rela­
tivistic units (WQ =  \ +  Qß/m 0c2), with m0 the rest mass of 
the electron, c the speed of light, and h Planck’s constant. 
The best g  value from decay rates is approximately 10-4 9  

erg per cubic centimetre. As may be noted from equation 
(8 ), there is a limiting fifth-power energy dependence for 
highest decay energies.

In the case of a decaying neutron not free but bound 
within a nucleus, the above formulas must be modified. 
First, as the nuclear charge Z  increases, the relative proba­
bility of low-energy electron emission increases by virtue of 
the coülombic attraction. For positron emission, which is 
energetically impossible for free protons but can occur for 
bound protons in proton-rich nuclei, the nuclear coulomb 
charge suppresses lower energy positrons from the shape 
given by equation (7). This equation can be corrected by a 
factor F(Z, W) depending on the daughter atomic number 
Z and electron energy W. The factor can be calculated 
quantum mechanically. The coulomb charge also affects 
the overall rate expression (8 ) such that it can no longer be 
expressed as an algebraic function, but tables are available 
for analysis of beta decay rates. The rates are analyzed in 
terms of a function f(Z ,Q ß) calculated by Integration of 
equation (7) with correction factor F(Z, W).
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Approximate expressions for the ƒ  functions usable for 
decay energies Q  between 0.1 MeV and 10 MeV, in which 
Q is measured in MeV, and Z is the atomic number of 
the daughter nucleus, are as follows (the symbol ~  means 
approximately equal to):

^  ~  6.0ß4_0005(Z_1) * 10z/5°,

f ß+ «  6 . 2 Q  V 1 0 0007Z  • 1 0 00092aog i/3 Q f m

For electron capture, a much weaker dependence on en­
ergy is found:

/ ec ~  (Z +  l ) 3 5 ß /4  X 105.
The basic beta decay rate expression obeyed by the dass 

of so-called superallowed transitions, including decay of 
the neutron and several light nuclei is

 ̂ _  647r4m 05c 4̂ 2 f  
Kß ~  }f h ' (9)

Like the ground-to-ground alpha transitions of even-even 
nuclei, the superallowed beta transitions obey the ba­
sic rate law, but most beta transitions go much more 
slowly. The extra retardation is explained in terms of mis- 
matched orbitals o f neutrons and protons involved in the 
transition. For the superallowed transitions the orbitals in 
initial and final States are almost the same. Most of them 
occur between mirror nuclei, with one more or less neu­
tron than protons; i.e., beta-minus decay of hydrogen-3, 
electron capture of beryllium-7 and positron emission of 
carbon-11, oxygen-15, neon-1 9 , . . .  titanium-43.

The nuclear retardation of beta decay rates below those 
of the superallowed dass may be expressed in a funda­
mental way by multiplying the right side of equation (9) 
by the square of a nuclear matrix element (a quantity of 
quantum mechanics), which may range from unity down 
to zero depending on the degree of mismatch of initial 
and final nuclear States of internal motion. A more usual 
way of expressing the nuclear factor of the beta rate is 
the log f t  value, in which ƒ  refers to the function f(Z,Qß). 
Because the half-life is inversely proportional to the decay 
constant X, the product fßtm will be a measure of (inversely 
proportional to) the square o f the nuclear matrix element. 
For the log f t  value, the beta half-life is taken in seconds, 
and the ordinary logarithm to the base 10 is used. The 
superallowed transitions have log f t  values in the range of 
3 to 3.5. Beta log f t  values are known up to as large as —23 
in the case of indium-115. There is some correlation of log 
f t  values with spin changes between parent and daughter 
nucleons, the indium-115 decay involving a spin change 
of four, whereas the superallowed transitions all have spin 
changes of zero or one.

Gamma transition. The nuclear gamma transitions be- 
long to the large dass of electromagnetic transitions en- 
compassing radio-frequency emission by antennas or ro- 
tating molecules, infrared emission by vibrating molecules 
or hot filaments, visible light, ultraviolet light, and X-ray 
emission by electronic jumps in atoms or molecules. The 
usual relations apply for connecting frequency v, wave­
length X, and photon quantum energy E  with speed of light 
c and Planck’s constant h; namely, X =  c/v and E  =  hv. It 
is sometimes necessary to consider the momentum {p) of 
the photon given by p  =  E/c.

Classically, radiation accompanies any acceleration of 
electric charge. Quantum mechanically there is a prob­
ability of photon emission from higher to lower energy 
nuclear States, in which the internal state of motion in- 
volves acceleration o f charge in the transition. Therefore, 
purely neutron orbital acceleration would carry no radia- 
tive contribution.

A great simplification in nuclear gamma transition rate 
theory is brought about by the circumstance that the nu­
clear diameters are always much smaller than the shortest 
wavelengths of gamma radiation in radioactivity— i.e., the 
nucleus is too small to be a good antenna for the radiation. 
The simplification is that nuclear gamma transitions can 
be classified according to multipolarity, or amount of spin 
angular momentum carried off by the radiation. One unit 
of angular momentum in the radiation is associated with 
dipole transitions (a dipole consists of two separated equal

charges, plus and minus). If there is a change of nuclear 
parity, the transition is designated electric dipole (El) and 
is analogous to the radiation of a linear half-wave dipole 
radio antenna. If there is no parity change, the transition 
is magnetic dipole (M l) and is analogous to the radiation 
of a full-wave loop antenna. With two units of angular 
momentum change, the transition is electric quadrupole 
(E2), analogous to a full-wave linear antenna of two dipoles 
out-of-phase, and magnetic quadrupole (M2), analogous to 
coaxial loop antennas driven out-of-phase. Higher multi­
polarity radiation also frequently occurs with radioactivity.

Transition rates are usually compared to the single- 
proton theoretical rate, or Weisskopf formula, named after 
the American physicist Victor Frederick Weisskopf, who 
developed it. Table 6  gives the theoretical reference rate 
formulas in their dependence on nuclear mass number A 
and gamma-ray energy Ey (in MeV).

Table 6 : Gamma Transition Rates*

transition
type

partial half-life ty 
(seconds)

illustrative ty values for 
A =  125, £ = 0.1 MeV 
(seconds)

El 5.7 X 10-'5£-3̂ 1-2/3 2 X 10-*3
E2 6.7 X IO“9 £-5 1 X IO“6
E3 1.2 XI O“2 E - 1 A - 1 8
E4 3.4 X ICH £-9,4-8/3 9 X 107
E5 1.3 X lOüEr-i 1 4 - 10/3 1 X 10'5
Ml 2.2 X 10-14 ]7 - 3 2X10-1'
M2 2.6 X IO-8 E * .4 -2/3 1 X 10-4
M3 4.9 X IO-2 £-? ,4-4/3 8X102
M4 1.3 x io5e:-9̂ -2 8X109
M5 5.0 X 10" £-11,4-8/3 1 X IO'7
*The energies E  are expressed in MeV. The nuclear radius 
has been taken as 1.3 fermis. It is to be noted that ty is the 
partial half-life for y  emission only; the occurrence of internal 
conversion will always shorten the measured half-life.

It is seen for the illustrative case of gamma energy 0.1 
MeV and mass number 125 that there occurs an addi­
tional factor of 1 0 7 retardation with each higher multipole 
order. For a given multipole, magnetic radiation should 
be a factor of 100 or so slower than electric. These rate 
factors ensure that nuclear gamma transitions are nearly 
purely one multipole, the lowest permitted by the nuclear 
spin change. There are many exceptions, however; mixed 
M1-E2 transitions are common, because E2 transitions 
are often much faster than the Weisskopf formula gives 
and M l transitions are generally slower. All El transitions 
encountered in radioactivity are much slower than the 
Weisskopf formula. The other higher multipolarities show 
some scatter in rates, ranging from agreement to consid- 
erable retardation. In most cases the retardations are well 
understood in terms of nuclear model calculations.

Though not literally a gamma transition, electric 
monopole (E0) transitions may appropriately be men- 
tioned here. These may occur when there is no angular 
momentum change between initial and final nuclear States 
and no parity change. For spin-zero to spin-zero transi­
tions, single gamma emission is strictly forbidden. The 
electric monopole transition occurs largely by the ejection 
of electrons from the orbital cloud in heavier elements and 
by positron-electron pair creation in the lighter elements.

APPLICATIONS OF RADIOACTIVITY
In medicine. Radioisotopes have found extensive use in 

diagnosis and therapy, and this has given rise to a rapidly 
growing field called nuclear medicine. These radioactive 
isotopes have proven particularly effective as tracers in 
certain diagnostic procedures. As radioisotopes are identi­
cal chemically with stable isotopes of the same element, 
they can take the place of the latter in physiological 
processes. Moreover, because of their radioactivity, they 
can be readily traced even in minute quantities with such 
detection devices as gamma-ray spectrometers and propor­
tional counters. Though many radioisotopes are used as 
tracers, iodine-131, phosphorus-32, and technetium-99m 
are among the most important. Physicians employ iodine- 
131 to determine cardiac output, plasma volume, and fat 
metabolism and particularly to measure the activity of the 
thyroid gland where this isotope accumulates. Phosphorus-
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32 is useful in the identification of malignant tumours 
because cancerous cells tend to accumulate phosphates 
more than normal cells do. Technetium-99ra, used with 
radiographic scanning devices, is valuable for studying the 
anatomie structure of organs.
Such radioisotopes as cobalt-60 and cesium-137 are 

widely used to treat cancer. They can be administered 
selectively to malignant tumours and so minimize damage 
to adjacent healthy tissue.

In industry. Foremost among industrial applications is 
power generation based on the release o f the fission 
energy of uranium (see below Nuclear fission and also 
the article e n e r g y  c o n v e r s i o n : Nuclear reactors). Other 
applications include the use of radioisotopes to measure 
(and control) the thickness or density of metal and plas­
tic sheets, to stimulate the cross-linking of polymers, to 
induce mutations in plants in order to develop hardier 
species, and to preserve certain kinds of foods by killing 
microorganisms that cause spoilage. In tracer applications 
radioactive isotopes are employed, for example, to mea­
sure the effectiveness of motor oils on the wearability of 
alloys for piston rings and cylinder walls in automobile 
engines. For additional information about industrial uses, 
see r a d i a t i o n : Applications in Science and industry.

In S c ie n c e . Research in the Earth Sciences has benefited 
greatly from the use of radiometric-dating techniques, 
which are based on the principle that a particular ra- 
dioisotope (radioactive parent) in geologie material decays 
at a constant known rate to daughter isotopes. Using such 
techniques, investigators have been able to determine the 
ages of various rocks and rock formations and thereby 
quantify the geologie time scale (see g e o c h r o n o l o g y : 
Radiometrie dating). A special application of this type of 
radioactivity age method, carbon-14 dating, has proved 
especially useful to physical anthropologists and archae- 
ologists. It has helped them to better determine the 
chronological sequence of past events by enabling them 
to date more accurately fossils and artifacts from 500 to
50,000 years old.
Radioisotopic tracers are employed in environmental 

studies, as, for instance, those of water pollution in rivers 
and lakes and of air pollution by smokestack effluents. 
They also have been used to measure deep-water cur- 
rents in oceans and snow-water content in watersheds. 
Researchers in the biologie Sciences, too, have made use 
of radioactive tracers to study complex processes. For 
example, thousands of plant metabolic studies have been 
conducted on amino acids and compounds of sulfur, 
phosphorus, and nitrogen. (J.O R./E.P.S.)

Energy from atoms
NUCLEA R FISSION

Nuclear fission is the breakup of the nucleus of an atom 
into two lighter nuclei. Occurring primarily in heavy nu­
clei, this process may take place spontaneously in some 
cases or may be induced by the excitation of the nu­
cleus with a variety of particles (e.g., neutrons, protons, 
deuterons, or alpha particles) or with electromagnetic ra­
diation in the form of gamma rays. In the fission process, 
a large quantity of energy is released, radioactive products 
are formed, and several neutrons are emitted. These neu­
trons can induce fission in a nearby nucleus of fissionable 
material and release more neutrons that can repeat the 
sequence, causing a chain reaction in which a large num­
ber of nuclei undergo fission and an enormous amount of 
energy is released. If controlled in a nuclear reactor, such 
a chain reaction can provide power for society’s benefit. If 
uncontrolled, as in the case of the so-called atomic bomb, 
it can lead to an explosion of awesome destructive force.
The discovery of nuclear fission has opened a new era— 

the “Atomic Age.” The potential of nuclear fission for 
good or evil and the risk/benefit ratio of its applications 
have not only provided the basis of many sociological, 
politica!, economic, and scientific advances but grave con­
cerns as well. Even from a purely scientific perspective, the 
process o f nuclear fission has given rise to many puzzles 
and complexities, and a complete theoretical explanation 
is still not at hand.

History of fission research and technology. The term 
fission was first used by the German physicists Lise Meit­
ner and Otto Frisch in 1939 to describe the disintegration 
of a heavy nucleus into two lighter nuclei of approxi­
mately equal size. The conclusion that such an unusual 
nuclear reaction can in fact occur was the culmination of 
a truly dramatic episode in the history of Science, and it 
set in motion an extremely intense and productive period 
of investigation.

The story of the discovery of nuclear fission actually 
began with the discovery of the neutron in 1932 by James 
Chadwick in England (see above). Shortly thereafter, En­
rico Fermi and his associates in Italy undertook an ex­
tensive investigation of the nuclear reactions produced by 
the bombardment of various elements with this uncharged 
partiele. In particular, these workers observed (1934) that 
at least four different radioactive species resulted from 
the bombardment of uranium with slow neutrons. These 
newly discovered species emitted beta particles and were 
thought to be isotopes of unstable “transuranium ele­
ments” of atomic numbers 93, 94, and perhaps higher. 
There was, of course, intense interest in examining the 
properties of these elements, and many radiochemists par- 
ticipated in the studies. The results of these investigations, 
however, were extremely perplexing, and confusion per- 
sisted until 1939 when Otto Hahn and Fritz Strassmann 
in Germany, following a clue provided by Irene Joliot- 
Curie and Pavle Savic in France (1938), proved definitely 
that the so-called transuranic elements were in fact ra­
dioisotopes of barium, lanthanum, and other elements in 
the middle of the periodic table.

That lighter elements could be formed by bombarding 
heavy nuclei with neutrons had been suggested earlier (no- 
tably by the German chemist Walter Noddack in 1934), 
but the idea was not given serious consideration because it 
entailed such a broad departure from the äccepted views 
of nuclear physics and was unsupported by clear Chemical 
evidence. Armed with the unequivocal results of Hahn 
and Strassmann, however, Meitner and Frisch invoked the 
recently formulated liquid-drop model of the nucleus (see 
above) to give a qualitative theoretical Interpretation of 
the fission process and called attention to the large energy 
release that should accompany it. There was almost im- 
mediate confirmation of this reaction in dozens o f labora- 
tories throughout the world, and within a year more than 
1 0 0  papers describing most o f the important features of 
the process were published. These experiments confirmed 
the formation of extremely energetic heavy particles and 
extended the Chemical identification of the products.

The Chemical evidence that was so vital in leading Hahn 
and Strassmann to the discovery of nuclear fission was 
obtained by the application of carrier and tracer tech­
niques. Since invisible amounts of the radioactive species 
were formed, their Chemical identity had to be deduced 
from the manner in which they followed known carrier el­
ements, present in macroscopic quantity, through various 
Chemical operations. Known radioactive species were also 
added as tracers and their behaviour was compared with 
that of the unknown species to aid in the identification of 
the latter. Over the years, these radiochemical techniques 
have been used to isolate and identify some 34 elements 
from zinc (atomic number 30) to gadolinium (atomic 
number 64) that are formed as fission products. The wide 
range of radioactivities produced in fission makes this re­
action a rieh source of tracers for Chemical, biologie, and 
industrial use (see above).

Although the early experiments involved the fission of 
ordinary uranium with slow neutrons, it was rapidly es- 
tablished that the rare isotope uranium-235 was respon­
sible for this phenomenon. The more abundant isotope 
uranium-238 could be made to undergo fission only by 
fast neutrons with energy exceeding 1 MeV. The nuclei of 
other heavy elements, such as thorium and protactinium, 
also were shown to be fissionable with fast neutrons; and 
other particles, such as fast protons, deuterons, and alphas, 
along with gamma rays, proved to be effective in inducing 
the reaction.

In 1939, Frédéric Joliot-Curie, Hans von Halban, and 
Lew Kowarski found that several neutrons were emitted
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in the fission o f uranium-235, and this discovery led to the 
possibility of a self-sustaining chain reaction. Fermi and 
his coworkers recognized the enormous potential of such 
a reaction if it could be controlled. On Dec. 2, 1942, they 
succeeded in doing so, operating the world’s first nuclear 
reactor. Known as a “pile,” this device consisted of an 
array o f uranium and graphite blocks and was built on 
the campus of the University of Chicago.

The secret Manhattan Project, established not long after 
the United States entered World War II, developed the 
atomic bomb. Once the war had ended, efforts were made 
to develop new reactor types for large-scale power genera- 
tion, giving birth to the nuclear power industry.

Fundamentals of the fission process. Structure and sta­
bility o f nuclear matter. The fission process may be best 
understood through a consideration of the structure and 
stability of nuclear matter. Nuclei cohsist of nucleons 
(neutrons and protons), the total number of which is equal 
to the mass number o f the nucleus. The actual mass of a 
nucleus is always less than the sum of the masses of the 
free neutrons and protons that constitute it, the difference 
being the mass equivalent of the energy of formation o f  
the nucleus from its constituents. The conversion of mass 
to energy follows Einstein’s equation, E — mc2, where is is 
the energy equivalent o f a mass, m, and c is the velocity 
of light. This difference is known as the mass defect and 
is a measure of the total binding energy (and, hence, the 
stability) of the nucleus. This binding energy is released 
during the formation o f a nucleus from its constituent 
nucleons and would have to be supplied to the nucleus to 
decompose it into its individual nucleon components.

A curve illustrating the average binding energy per nu­
cleon as a function of the nuclear mass number is shown 
in Figure 25. The largest binding energy (highest stability) 
occurs near mass number 56—the mass region of the 
element iron. Figure 25 indicates that any nucleus heavier 
than mass number 56 would become a more stable system 
by breaking into lighter nuclei of higher binding energy 
with the difference in binding energy being released in the 
process. (It should be noted that nuclei lighter than mass 
number 56 can gain in stability by fusing to produce a 
heavier nucleus of greater mass defect—again, with the 
release of the energy equivalent of the mass difference. 
It is the fusion of the lightest nuclei that provides the 
energy released by the Sun and constitutes the basis of 
the hydrogen, or fusion, bomb. Efforts to hamess fusion 
reaction for power production are being actively pursued. 
[See below Nuclear fusion.])
On the basis of energy considerations alone, Figure 25 

would indicate that all matter should seek its most stable 
configuration, becoming nuclei of mass number near 56. 
However, this does not happen, because barriers to such a 
spontaneous conversion are provided by other factors. A 
good qualitative understanding of the nucleus is achieved 
by treating it as analogous to a uniformly charged liquid 
drop. The strong attractive nuclear force between pairs of 
nucleons is of short range and acts only between the dos­
est neighbours. Since nucleons near the surface of the drop 
have fewer close neighbours than those in the interior, a 
surface tension is developed, and the nuclear drop assumes 
a spherical shape in order to minimize this surface energy. 
(The smallest surface area enclosing a given volume is 
provided by a sphere.) The protons in the nucleus exert a 
long-range, repulsive (Coulomb) force on each other due 
to their positive charge. As the number of nucleons in a 
nucleus increases beyond about 40, the number of protons 
must be diluted with an excess of neutrons to maintain 
relative stability.

If the nucleus is excited by some stimulus and begins to 
oscillate (i.e., deform from its spherical shape), the surface 
forces will increase and tend to restore it to a sphere, where 
the surface tension is at a minimum. On the other hand, 
the Coulomb repulsion decreases as the drop deforms and 
the protons are positioned farther apart. These opposing 
tendencies set up a barrier in the potential energy of the 
system, as indicated in Figure 26.
The curve in Figure 26 rises initially with elongation, 

since the strong, short-range nuclear force that gives rise 
to the surface tension increases. The Coulomb repulsion

between protons decreases faster with elongation than the 
surface tension increases, and the two are in balance at 
point B, which represents the height of the barrier to fis­
sion. (This point is called the “saddle point” because, in 
a three-dimensional view o f the potential energy surface, 
the shape of the pass over the barrier resembles a sad­
dle.) Beyond point B, the Coulomb repulsion between the 
protons drives the nucleus into further elongation until at 
some point, S  (the scission point), the nucleus breaks in 
two. Qualitatively, at least, the fission process is thus seen 
to be a consequence of the Coulomb repulsion between 
protons. Further discussion of the potential energy in fis­
sion is provided below.

From G. Friedlander, J.W  Kennedy, and J.M . Miller, Nuclear and Radiochemistry, copyright 
©  1964 by John Wiley & Sons, Inc.; reprinted by permission of John Wiley & Sons, Inc.

Figure 25: The average binding energy per nucleon as a 
function of the mass number, A (see text). The line connects 
the odd-/4 points.

Induced fission. The height and shape o f the fission 
barrier are dependent on the particular nucleus being con­
sidered. Fission can be induced by exciting the nucleus to 
an energy equal to or greater than that o f the barrier. This Photo- 
can be done by gamma-ray excitation (photofission) or fission and 
through excitation of the nucleus by the capture of a neu- particle- 
tron, proton, or other partiele (partiele-indueed fission). induced 
The binding energy of a particular nucleon to a nucleus fission 
will depend on—in addition to the factors considered 
above—the odd-even character of the nucleus. Thus, if 
a neutron is added to a nucleus having an odd number 
of neutrons, an even number of neutrons will result, and 
the binding energy will be greater than for the addition of 
a neutron that makes the total number of neutrons odd.
This “pairing energy” accounts in part for the difference 
in behaviour of nuclides in which fission can be induced 
with slow (low-energy) neutrons and those that require fast 
(higher-energy) neutrons. Although the heavy elements are 
unstable with respect to fission, the reaction takes place 
to an appreciable extent only if sufficiënt energy of acti-

Figure 26: T h e  p o te n t ia l e n e r g y  a s  a  fu n c t io n  o f  e lo n g a t io n  o f  a  
f is s io n in g  n u c le u s .
G  is the ground state of the nucleus; B  is the top of the barrier 
to fission (called the saddle point); and S is the scission point. 
The nuclear shape at these points is shown at the top.
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vation is available to surmount the fission barrier. Most 
nuclei that are fissionable with slow neutrons contain an 
odd number of neutrons (e.g., uranium-233, uranium- 
235, or plutonium-239), whereas most of those requiring 
fast neutrons (e.g., thorium-232 or uranium-238) have an 
even number. The addition of a neutron in the former 
case liberates sufficiënt binding energy to induce fission. 
In the latter case, the binding energy is less and may be 
insufficiënt to surmount the barrier and induce fission. 
Additional energy must then be supplied in the form of 
the kinetic energy of the incident neutron. (In the case of 
thorium-232 or uranium-238, a neutron having about 1 
MeV of kinetic energy is réquired.)

Spontaneous fission. The laws of quantum mechanics 
deal with the probability of a system such as a nucleus 
or atom being in any of its possible States or configura- 
tions at any given time. A fissionable system (uranium- 
238, for example) in its ground state (i.e., at its lowest 
excitation energy and with an elongation small enough 
that it is confined inside the fission barrier) has a small 
but finite probability of being in the energetically favoured 
configuration of two fission fragments. In effect, when 
this occurs, the system has penetrated the barrier by the 
process of quantum mechanical tunneling. This process is 
called spontaneous fission because it does not involve any 
outside influences. In the case of uranium-238, the process 
has a very low probability, requiring more than 1 0 15 years 
for half of the material to be transformed (its so-called 
half-life) by this reaction. On the other hand, the prob­
ability for spontaneous fission increases dramatically for 
the heaviest nuclides known and becomes the dominant 
mode of decay for some—those having half-lives of only 
fractions of a second. In fact, spontaneous fission becomes 
the limiting factor that may prevent the formation of still 
heavier (super-heavy) nuclei.

The stages of fission. A pictorial representation of the 
sequence of events in the fission of a heavy nucleus is 
given in Figure 27. In this figure, neutrons are shown in 
black and protons in white. The approximate time elapse 
between stages of the process is indicated at the bottom 
of the Figure.

The phenomenology of fission. When a heavy nucleus 
ission undergoes fission, a variety of fragment pairs may be 
ragments formed, depending on the distribution of neutrons and 

protons between the fragments. This leads to probabil­
ity distribution of both mass and nuclear charge for the

From R.B. Leachman, “ Nuclear Fission,” copyright © 1965 
Scientific American, Inc.; all rights reserved

Figure 27: S e q u e n c e  o f  e v e n ts  in  th e  f is s io n  o f  a u ra n iu m  
n u c le u s  b y  a  n e u tro n .
In a, the neutron strikes the nucleus and is absorbed, 
causing the nucleus to undergo deformation, b . In about 
10~14 second, one of the deformations, c , is so drastic 
that the nucleus cannot recover and fissions, d , releasing 
two or three neutrons. In about 1(F12 second, the fission 
fragments lose their kinetic energy and come to rest, emitting 
a number of gamma rays. At this stage, e, they are called 
fission products. In the final stage, f, the fission products 
lose their excess energy by radioactive decay, emitting beta 
particles and gamma rays over a time period ranging from 
seconds to years.

fragments. The probability of formation of a particular 
fragment is called its fission yield and is expressed as the 
percentage of fissions leading to it.
The separated fragments experience a large Coulomb re­

pulsion due to their nuclear charges, and they recoil from 
each other with kinetic energies determined by the frag­
ment charges and the distance between the charge centres 
at the time of scission. Variations in these parameters 
lead to a distribution of kinetic energies, even for the 
same mass split.

The initial velocities of the recoiling fragments are too 
fast for the outer (atomic) electrons of the fissioning atom 
to keep pace, and many of them are stripped away. Thus, 
the nuclear charge of the fragment is not fully neutralized 
by the atomic electrons, and the fission fragments fly apart 
as highly charged atoms. As the nucleus of the fragment 
adjusts from its deformed shape to a more stable config­
uration, the deformation energy (i.e., the energy required 
to deform it) is recovered and converted into intemal 
excitation energy, and neutrons and prompt gamma rays 
(an energetic form of electromagnetic radiation given off 
nearly coincident with the fission event) may be evapo- 
rated from the moving fragment. The fast-moving, highly 
charged atom collides with the atoms of the medium 
through which it is moving, and its kinetic energy is trans­
ferred to ionization and hearing of the medium as it slows 
down and comes to rest. The range of fission fragments 
in air is only a few centimetres.

During the slowing-down process, the charged atom picks 
up electrons from the medium and becomes neutral by the Fission 
time it stops. At this stage in the sequence of events, the products 
atom produced is called a fission product to distinguish it 
from the initial fission fragment formed at scission. Since 
a few neutrons may have been lost in the transition from 
fission fragment to fission product, the two may not have 
the same mass number. The fission product is still not 
a stable species but is radioactive, and it finally reaches 
stability by undergoing a series of beta decays, which may 
vary over a time scale of fractions of a second to many 
years. The beta emission consists of electrons and antineu- 
trinos, often accompanied by gamma rays and X rays.

The distributions in mass, charge, and kinetic energy of 
the fragments have been found to be dependent on the 
fissioning species as well as on the excitation energy at 
which the fission act occurs. Many other aspects of fission 
have been observed, adding to the extensive phenomenol­
ogy of the process and providing an intriguing set of 
Problems for interpretation. These include the systematics 
of fission cross sections (a measure of the probability for 
fission to occur); the Variation of the number of prompt 
neutrons (see below) emitted as a function of the fis­
sioning species and the particular fragment mass split; 
the angular distribution o f the fragments with respect to 
the direction of the beam of particles inducing fission; 
the systematics o f spontaneous fission half-lives; the oc­
currence of spontaneous fission isomers (excited States of 
the nucleus); the emission of light particles (hydrogen-3, 
helium-3, helium-4, etc.) in small but significant numbers 
in some fission events; the presence o f delayed neutron 
emitters among the fission products; the time scale on 
which the various stages of the process take place; and 
the distribution of the energy release in fission among the 
particles and radiations produced.

A detailed discussion of all of these facets of fission and 
how the data were obtained is not possible here, but a few 
of them are treated to pro vide some insight into this field 
of study and a taste of its fascination.
Fission fragment mass distributions. The distribution Distribu- 

of the fragment masses formed in fission is one of the tion of 
most striking features of the process. It is dependent on fragment 
the mass of the fissioning nucleus and the excitation en- masses 
ergy at which the fission oCcurs. At low excitation energy, 
the fission of such nuclides as uranium-235 or plutonium- 
239 is asymmetrie— i.e., the fragments are formed in a 
two-humped probability (or yield) distribution favouring 
an unequal division in mass. This is illustrated in Figure 
28. As will be noted, the light group of fragment masses 
shifts to higher mass numbers as the mass öf the fission­
ing nucleus increases, whereas the position of the heavy
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group remains nearly stationary. As the excitation energy 
of the fission increases, the probability for a symmetrie 
mass split increases, while that for asymmetrie division de­
creases. Thus, the valley between the two peaks increases 
in probability (yield of formation), and at high excitations 
the mass distribution becomes single-humped, with the 
maximum yield at symmetry (see Figure 29). Radium iso­
topes show interesting triple-humped mass distributions, 
and nuclides lighter than radium show a single-humped, 
symmetrie mass distribution. (These nuclides, however, 
require a relatively high activation energy to undergo fis­
sion.) For very heavy nuclei in the region of fermium-260, 
the mass-yield curve becomes symmetrie (single-humped) 2  

even for spontaneous fission, and the kinetic energies of |  
the fragments are unusually high. An understanding o f |  
these mass distributions has been one of the major puzzles |
of fission, and a complete, theoretical Interpretation is still J 
lacking, albeit much progress has been made (see below).

Fission decay chains and charge distribution. In order 
to maintain stability, the neutron-to-proton (n/p) ratio in 
nuclei must increase with increasing proton number. The 
ratio remains at unity up to the element calcium, with 2 0  

protons. It then gradually increases until it reaches a value 
of about 1.5 for the heaviest elements. When a heavy 
nucleus fissions, a few neutrons are emitted; however, this 
still leaves too high an n/p ratio in the fission fragments 
to be consistent with stability for them. They undergo 
radioactive decay and reach stability by successive con- 
versions of neutrons to protons with the emission of a 
negative electron (called a beta partiele, ß ~ )  and an anti­
neutrino. The mass number of the nucleus remains the 
same, but the nuclear charge (atomic number) increases 
by one, and a new element is formed for each such con- 
version. The successive beta decays constitute an isobaric, 
fission-product decay chain for each mass number. The 
half-lives for the decay of the radioactive species generally 
increase as they approach the stable isobar of the chain. 
(Species of the same element characterized by the same 
nuclear charge, Z [number of protons], but differing in 
their number of neutrons [and therefore in mass number 
A] are called isotopes. Species that have the same mass 
number, A, but differ in Z are known as isobars.)

For a typical mass split in the neutron-induced fission of 
Charge uranium-235, the complementary fission-product masses 
distri- of 93 and 141 may be formed following the emission of
bution in two neutrons from the initial fragments. The division of
fission charge (i.e., protons) between the fragments represents an

From A .C . Wahl, Symposium on Physics and Chemistry of Fission (1965); International Atomic Energy Agency, Vienna

Figure 28: M a s s  d is t r ib u t io n s  ( o r  f is s io n -y ie ld  c u rv e s )  fo r  th e  
th e rm a l-n e u tro n  f is s io n  o f  u ra n iu m -2 3 3 , u ra n iu m -2 3 5 , a n d  
p lu to n iu rn -2 3 9  a n d  th e  s p o n t a n e o u s  f is s io n  o f  c a lifo rn iu m -2 5 2 . 
The light mass group shifts to higher masses as the mass 
of the fissioning nucleus increases, while the heavy group 
remains nearly stationary. The shaded areas show the 
location of the closed Shells of 50 protons, 50 neutrons, and 
82 neutrons (see text).

Figure 29: M a s s  d is t r ib u t io n  d e p e n d e n c e  o n  th e  e n e r g y  
e x c ita t io n  in  th e  f is s io n  o f  u ra n iu m -2 3 5 .
At still higher energies, the curve becomes single-humped, 
with a maximum yield for symmetrie mass splits (see text).

important parameter in the fission process. Thus, for the 
mass numbers 93 and 141, the following isobaric fission- 
product decay chains would be formed (the half-lives for 
the beta-decay processes are indicated above the arrows):

93Kr !-3 sec >  93Rb 6 jgc > 9|Sr Li mm > 93 Y lOJr > 93Zr L 5 X  106 yr > 93« ^
P  P  ß  ß  1T 13 yr

ß ~  4? Nb (stable)

■4.X e i ^ c >  'fèBa -1-8 ™in >  ‘sILa '^Pr (stable)
ß  ß  ß  ß  ß

(The left subscript on the element symbol denotes Z, 
while the superscript denotes A.) The 92 protons of the 
uranium nucleus must be conserved, and complementary 
fission-product pairs, such as krypton-36 with beryllium- 
56, rubidium-37 with cesium-55, or strontium-38 with 
xenon-54, would be possible.
The percentage of fissions in which a particular nuclide 

is formed as a primary fission product (i.e., as the direct 
descendant of an initial fragment following its de-excita- 
tion) is called the independent yield of that product. The 
total yield for any nuclide in the isobaric decay chain 
is the sum of its independent yield and the independent 
yields of all of its precursors in the chain. The total yield 
for the entire chain is called the cumulative yield for that 
mass number.

Extensive radiochemical investigations have suggested 
that the most probable charge division is one that is 
displaced from stability about the same distance in both 
chains. This empirical Observation is called the equal 
charge displacement (ECD) hypothesis, and it has been 
confirmed by several physical measurements. In the above 
example the ECD would predict the most probable charges 
at about rubidium-37 and cesium-55. A strong shell effect 
modifies the ECD expectations for fragments having 50 
protons. The dispersion of the charge formation probabil­
ity about the most probable charge (Zp) is rather narrow 
and approximately Gaussian in shape and is nearly in­
dependent of the mass split as well as of the fissioning 
species. The most probable charge for an isobaric chain 
is a useful concept in the description of the charge dis- 
persion, and it need not have an integral value. As the
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energy of fission increases, the charge division tends to- 
ward maintaining the n/p ratio in the fragments the same 
as that in the fissioning nucleus. This is referred to as an 
unchanged charge distribution.

Prompt neutrons in fission. The average number of 
neutrons emitted per fission (represented by the symbol 
v) varies with the fissioning nucleus. It is about 2.0 for 
the spontaneous fission of uranium-238 and 4.0 for that 
of fermium-257. In the thermal-neutron induced fission 
of uranium-235, v = 2 .4 . The actual number of neutrons 
emitted, however, varies with each fission event, depend­
ing on the mass split. Although there is still controversy 
regarding the number of neutrons emitted at the instant 
of scission, it is generally agreed that most of the neutrons 
are given off by the recoiling fission fragments soon after 
scission occurs. The number of neutrons emitted from 
each fragment depends on the amount of energy the frag­
ment possesses. The energy can be in the form of intemal 
excitation (heat) energy or stored as energy of deformation 
of the fragment to be released when the fragment returns 
to its stable equilibrium shape.

Figure 30 shows the number of neutrons emitted per 
fragment as a function of the fragment mass number in 
the thermal neutron fission of uranium-235. The mass- 
yield distribution for the same isotope also is shown. This 
“sawtooth” neutron emission curve is typical of many 
fissioning Systems at low excitation energy and provides 
another interesting phenomenon of fission. It is directly 
correlated with the fragment deformations at scission.

Delayed neutrons in fission. A few of the fission prod­
ucts have beta-decay energies that exceed the binding 
energy of a neutron in the daughter nucleus. This is likely 
to happen when the daughter nucleus contains one or two 
neutrons more than a closed shell of 50 or 82 neutrons, 
since these “extra” neutrons are more loosely bound. The 
beta decay of the precursor may take place to an excited 
state of the daughter from which a neutron is emitted. The 
neutron emission is “delayed” by the beta-decay half-life 
of the precursor. Six such delayed neutron emitters have 
been identified, with half-lives varying from about 0.5 to 
56 seconds. The yield of the delayed neutrons is only 
about 1 percent of that of the prompt neutrons, but they 
are very important for the control of the chain reaction in 
a nuclear reactor.

Energy release in fission. The total energy release in 
a fission event may be calculated from the difference in 
the rest masses of the reactants (e.g., 235U +  n) and the 
final stable products (e.g., 93Nb +  141Pr +  2ri). The energy 
equivalent of this mass difference is given by the Einstein 
relation, E — mc2. The total energy release depends on the 
mass split, but a typical fission event would have the total 
energy release distributed approximately as follows for the

From J. Terrell, Physical Review 127, p. 892 (August 1962)

m a s s  fo r  th e rm a l-n e u tro n  f is s io n  o f  u ra n iu m -2 3 5 .
Average number of neutrons emitted by light and heavy 
fragments are given the Symbols vL and vH; the total from both 
fragments is v. Also shown are thé initial (fission fragment) 
and final (fission product) mass yields.

major components in the thermal neutron-induced fission 
of uranium-235:

number per total
rgy component fission energy
Kinetic energy o f  fission fragments 2 170 MeV
Kinetic energy o f  prompt neutrons 
Binding energy from capture o f

2.5 5

prompt neutrons 2.5 —12
Prompt gamma rays 8

Total =
8

■ 195 MeV

(The energy release from the capture of the prompt neu­
trons depends on how they are finally stopped, and some 
will escape the core of a nuclear reactor.)

This energy is released on a time scale of about 10" 12 

second and is called the prompt energy release. It is largely The 
converted to heat within an opqrating reactor and is used prompt 
for power generation. Also, there is a delayed release of energy 
energy from the radioactive decay of the fission products release 
varying in half-life from fractions of a second to many 
years. The shorter-lived species decay in the reactor, and 
their energy adds to the heat generated; however, the 
longer-lived species remain radioactive and pose a Prob­
lem in the handling and disposition of the reactor fuel el­
ements when they need to be replaced. The antineutrinos 
that accompany the beta decay of the fission products are 
unreactive, and their kinetic energy (about 10 MeV per 
fission) is not recovered. Overall, about 200 MeV of en­
ergy per fission may be recovered for power applications.

Fission theory. Nuclear fission is a complex process 
that involves the rearrangement of hundreds of nucleons 
in a single nucleus to produce two separate nuclei. A 
complete theoretical understanding of this reaction would 
require a detailed knowledge of the forces involved in the 
motion of each of the nucleons through the process. Since 
such knowledge is still not available, it is necessary to con­
struct simplified models of the actual system to simulate 
its behaviour and gain as accurate a description as possible 
of the steps in the process. The successes and failures of 
the models in accounting for the various observations of 
the fission process can provide new insights into the fun­
damental physics governing the behaviour of real nuclei, 
particularly at the large nuclear deformations encountered 
in a nucleus undergoing fission.

The framework for understanding nuclear reactions is 
analogous to that for Chemical reactions and involves the 
concept of a potential-energy surface on which the reac­
tion occurs. The driving force for physical or Chemical 
reactions is the tendency to lower the potential energy and 
increase the stability of the system. Thus, for example, a 
stone at the top of a hill will roll down the hill, converting 
its potential energy at the top to kinetic energy of motion, 
and will come to rest at the bottom in a more stable state 
of lower potential energy. The potential energy is calcu­
lated as a function of various parameters of the system 
being studied. In the case of fission, the potential energy 
may be calculated as a function of the shape of the system 
as it proceeds over the barrier to the scission point, and 
the path of lowest potential energy may be determined.

As has been pointed out, an exact calculation of the 
nuclear potential energy is not yet possible, and it is to 
approximate this calculation that various models have 
been constructed to simulate the real system. Some of 
the models were developed to address aspects of nuclear 
structure and spectroscopy as well as features of nuclear 
reactions, and they also have been employed in attempts to 
understand the complexity of nuclear fission. The models 
are based on different assumptions and approximations of 
the nature of the nuclear forces and the dynamics of the 
path to scission. No one model can account for all of the 
extensive phenomenology of fission, but each addresses 
different aspects of the process and provides a foundation 
for further development toward a complete theory.

Nuclear models and nuclear fission. The nucleus ex- 
hibits some properties that reflect the collective motion 
of all its constituent nucleons as a unit, as well as other 
properties that are dependent on the motion and state of 
the individual nucleons.

The analogy o f the nucleus to a drop of an incompress- 
ible liquid was first suggested by George Gamow in 1935
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Limitations 
of the 
liquid-drop 
model in 
describing 
certain 
fission 
features

Inadequacy 
of the shell 
model

and later adapted to a description of nuclear reactions (by 
Niels Bohr [1936]; and Bohr and Fritz Kalckar [1937]) and 
to fission (Bohr and John A. Wheeler [1939]; and Yakov 
Frenkel [1939]). Bohr proposed the so-called compound 
nucleus description of nuclear reactions, in which the ex­
citation energy o f the System formed by the absorption of 
a neutron or photon, for example, is distributed among a 
large number of degrees of freedom of the system. This 
excited state persists for a long time relative to the periods 
of motion o f nucleons across the nucleus and then decays 
by emission of radiation, the evaporation of neutrons or 
other particles, or by fission. The liquid-drop model of 
the nucleus accounts quite well for the general collective 
behaviour of nuclei and provides an understanding of the 
fission process on the basis of the competition between 
the cohesive nuclear force and the disruptive Coulomb re­
pulsion between protons (as described above). It predicts, 
however, a symmetrie division of mass in fission, whereas 
an asymmetrie mass division is observed. Moreover, it 
does not pro vide an accurate description of fission barrier 
systematics or of the ground-state masses of nuclei. The 
liquid-drop model is particularly useful in describing the 
behaviour of highly excited nuclei, but it does not pro- 
vide an accurate description for nuclei in their ground or 
low-lying excited States. Many versions of the liquid-drop 
model employing improved sets of parameters have been 
developed. However, investigators have found that mass 
asymmetry and certain other features in fission cannot 
be adequately described on the basis of the collective be­
haviour posited by such models alone.
A preference for the formation of unequal masses (i.e., 

an asymmetrie division) was observed early in fission re­
search, and it has remained the most puzzling feature of the 
process to account for. Investigators have invoked various 
models other than that of the liquid drop in an attempt to 
address this question. Dealing with the mutual interaction 
of all the nucleons in a nucleus has been simplified by 
treating it as if it were equivalent to the interaction of one 
partiele with an average, spherical static potential field that 
is generated by all the other nucleons. The methods of 
quantum mechanics provide the solution for the motion 
of a nucleon in such a potential. A characteristie set of 
energy levels for neutrons and protons is obtained, and, 
analogous to the set of levels of the electrons in an atom, 
the levels group themselves into shells at certain so-called 
magie numbers of nucleons. (For both neutrons and pro­
tons, these numbers are 2, 8 , 20, 28, 50, 82, and 126.) 
Shell closures at these nuclear numbers are marked by es­
pecially strong binding, or extra stability. This constitutes 
the essence of the spherical-shell model (sometimes called 
the independent-particle, or single-particle, model), as de­
veloped by Maria Goeppert Mayer and J. Hans D. Jensen 
and their colleagues (1949). It accounts well for ground- 
state masses and spins, and for the existence of isomeric 
nuclear States (excited States having measurable half-lives) 
that occur when nuclear levels of widely differing spins 
lie relatively close to each other. The agreement with ob- 
servations is excellent for spherical nuclei with nucleon 
numbers near the magie shell numbers. The spherical-shell 
model, however, does not agree well with the properties 
of nuclei that have other nucleon numbers—e.g., the nu­
clei of the lanthanide and actinide elements, with nucleon 
numbers between the magie numbers.
In the lanthanide and actinide nuclei, the ground state is 

not spherical but rather deformed into a prolate spheroidal 
shape—that of a football or watermelon. For such nuclei, 
the allowed States of motion of a nucleon must be calcu­
lated in a potential having a symmetry corresponding to a 
spheroid rather than a sphere. This was first done by Aage 
Bohr, Ben R. Mottelson, and Sven G. Nilsson in 1955, 
and the level structure was calculated as a function of 
the deformation of the nucleus. A spheroid has three axes 
of symmetry, and it can rotate in space as a unit about 
any one of them. The rotation can occur independent of 
the internal state of excitation of the individual nucleons. 
Various modes of Vibration of the spheroid also may take 
place. Since this deformed shell model has components of 
both the independent-particle motion and the collective 
motion of the nucleus as a whole (i.e., rotations and vi­

brations), it is sometimes referred to as the unified model.
In Aage Bohr’s application of the unified model to the 

fission process, the sequence of potential-energy surfaces 
for the excited States of the system are considered to be 
functions of a deformation parameter (i.e., elongation) 
characterizing the motion toward fission and evaluated at 
the saddle point. As the System passes over the saddle 
point, most of its excitation energy is used up in deforming 
the nucleus, and the system remains “cold”— i.e., it man­
ifests little excitation, or heat, energy. Thus, only the low- 
lying excited States are available to the system. The spin 
and parity of the particular state (or channel) in which the 
system exists as it passes over the saddle point are then ex- 
pected to determine the fission properties. In this channel 
(or transition-state) analysis o f fission, a number of char­
acteristics of the process are qualitatively accounted for. 
Hence, fission thresholds would depend on the spin and 
parity of the compound nuclear state, the fission fragment 
angular distribution would be govemed by the collective 
rotational angular momentum of the state, and asymme­
try in the mass distribution would result from passage 
over the barrier in a state of negative parity (which does 
not possess reflection symmetry). This model gives a good 
qualitative interpretation of many fission phenomena, but 
it must assume that at least some o f the properties of 
the transition state at the saddle point are not altered by 
dynamical considerations in the descent of the system to 
the scission point. It is the only model that provides a 
satisfactory interpretation of the angular distributions of 
fission fragments, and it has attractive features that must 
be included in any complete theory of fission.

The first application of the spherical-shell model to fis­
sion was the recognition that the positions of the peaks in 
the fission mass distribution correlated fairly well with the 
magie numbers and suggested a qualitative interpretation 
of the asymmetrie mass division. Thus, a preference for 
the formation of nuclei with neutron numbers close to 
82 would favour the formation of nuclides near the peak 
in the heavy group and would thus determine the mass 
split for the fissioning system (see Figure 28). Some extra 
stability for nuclear configurations of 50 protons would 
also be expected, but this is not particularly evident. In 
fact, the so-called doubly magie nucleus tin-132, with 50 
protons and 82 neutrons, has a rather low yield in low- 
energy fission.

A more quantitative application of the spherical-shell 
model to fission was undertaken by Peter Fong in the 
United States in 1956. He related the probability of forma­
tion of a given pair of fragments to the available density 
of States for that pair of fragments at the scission point in 
a statistical-model approach. A model of this sort predicts 
that the system, in its random motions, will experience all 
possible configurations and so will have a greater proba­
bility of being in the region where the greatest number of 
such configurations (or States) is concentrated. The model 
assumes that the potential energy at the saddle point is 
essentially all converted to excitation energy and that a 
Statistical equilibrium among all possible States is estab- 
lished at the scission point. The extra binding energy for 
closed-shell nuclei leads to a higher density of States at 
a given excitation energy than is present for other nuclei 
and, hence, leads to a higher probability of formation. An 
asymmetrie mass distribution in good agreement with that 
observed for the neutron-induced fission of uranium-235 
is obtained. Moreover, the changes in the mass distribu­
tion with an increased excitation energy of fission (e.g., 
an increase in the probability o f symmetrie fission relative 
to asymmetrie fission) are accounted for by the decrease 
in importance of the shell effects as the excitation energy 
increases. Other features of the fission process also are 
qualitatively explained; however, extensive changes in the 
parameters of the model are required to obtain agreement 
with experiments for other fissionable nuclides. Then, too, 
there are fundamental Problems conceming the validity of 
some of the basic assumptions of the model.
The fundamental question as to the validity of models 

that evaluate the properties of the system at the scission 
point (the so-called scission-point models of fission) is 
whether the system remains long enough at this point
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on the steep decline of the potential-energy surface for 
a quasi-equilibrium condition to be established. There is 
some evidence that such a condition may indeed prevail, 
but it is not clearly established. Nonetheless, such models 
have proved quite useful in interpreting observations of 
mass, charge, and kinetic energy distributions, as well as of 
neutron emission dependence on fragment mass. It seems 
very likely that the fragment shell structure plays a signif­
icant role in determining the course of the fission process.
Although the single-particle models provide a good de­

scription of various aspects of nuclear structure, they are 
not successful in accounting for the energy of deformation 
of nuclei {i.e., surface energy), particularly at the large 
deformations encountered in the fission process. A major 
breakthrough occurred when a hybrid model incorporat- 
ing shell effects as a correction to the potential energy of 
the liquid-drop model was proposed by the Soviet physi­
cist V.M. Strutinskii in 1967. This approach retains the 
dominant collective surface and Coulomb effects while 
adding shell and pairing corrections that depend on defor­
mation. Shell corrections of several million electron volts 
are calculated, and these can have a significant effect on a 
liquid-drop barrier of about 5 MeV. The nucleon numbers 
at which the shells appear depend on the deformation 
and may differ from the spherical model magie numbers. 
In the vicinity of the fission barrier, the shells introducé 
structure in the liquid-drop potential-energy curve, as il- 
lustrated in Figure 31. The relative heights and widths 
of the two peaks vary with the mass and charge of the 
fissioning system.

The double-humped barrier (Figure 31) provides a satis- 
factory explanation for a number of puzzling observations 
in fission. The existence of short-lived, spontaneous fission 
isomers, for example, is understood as the consequence of 
the population of States in the second well (dass II). These 
isomers have a much smaller barrier to penetrate and so 
exhibit a much shorter spontaneous fission half-life. The 
change in shape associated with these States, as compared 
to dass I States, also hinders a rapid retum to the ground 
state by gamma emission. (dass II States are also called 
shape isomers.) The systematics of neutron-induced fis­
sion cross sections and structure in some fission-fragment

From R. Vandenbosch and J.F . Huizenga, Nuclear Fission (1973); Academie Press

ß (deformation)

Figure 31: S c h e m a t ic  i l lu s t ra t io n s  o f  s in g le -h u m p e d  a n d  
d o u b le -h u m p e d  f is s io n  b a r r ie rs .
The  form er are represented by the dashed line and the latter 
by the continuous line. Intrinsic excitations in the first and 
second wells at deform ations and ß2 are designated d a s s  
I and d a s s  II States, respectively. Intrinsic Channels at the 
two barriers also are iliustrated. The  transition in the shape 
of the nucleus as a function of deformation is schematically 
represented in the upper part of the figure. Spontaneous 
fission of the ground state and isomeric state occurs from the 
lowest energy d a s s  I and d a s s  II States, respectively.

angular distributions also find an interpretation in the 
implications of the double-humped barrier.

The Strutinskii procedure provided a strong stimulus for 
calculations of the potential-energy surfaces appropriate to 
fissioning Systems, since it provided a consistent and use­
ful prescription for treating both the macroscopic (liquid- 
drop) and microscopie (single-particle) effects in deformed 
nuclei. Many calculations of the potential-energy surface 
employing different model Potentials and parameters have 
been carried out as functions of the shapes of the sys­
tem. The work of the American nuclear physicists W.J. 
Swiatecki, James R. Nix, and their collaborators has been 
particularly noteworthy in such studies, which also include 
some attempts to treat the dynamical evolution of the 
fission process.

Calculations for the actinide elements indicate that, at 
deformations corresponding to the second barrier (Figure 
31), the potential energy for asymmetrie mass splits is 
lower than that for symmetrie ones; hence, the former are 
favoured at that stage of the process. For larger deforma­
tions, however, a single potential does not represent the 
incipient formation of two fragments very well. In fact, a 
discontinuity occurs at the scission point, and the results 
of the calculation depend on whether the scission configu­
ration is treated as one nucleus or as two separate nuclei.

A two-centre potential may also be used to represent the 
nature of the forces at work in a fissioning nucleus. In such 
a model, the potential energy surfaces are represented by 
two overlapping spheres or spheroids. It is equivalent to a 
one-centre potential when there is a complete overlap at 
small deformations, and it has the correct asymptotic be­
haviour as the nascent fragments separate. This approach 
indicates a preformation of the final shell structure of the 
fragments early in the process.
Although the validity o f the assumptions inherent in scis- 

sion-point models may be in question, the results obtained 
with them are in excellent agreement with observation. 
Representative of such a model is the Argonne Scission- 
Point model, which uses a macroscopic-microscopic cal­
culation with deformed fragment shell and pairing correc­
tions to determine the potential energy of a system of two 
nearly touching spheroids and which includes their inter­
action in terms o f a neck connecting them. Models of this 
kind provide a simple approach to a highly quantitative 
and detailed study of the dependence of the probability 
of formation of a given fragment pair on the neutron and 
proton number and on the deformation in each fragment. 
They account very well for the mass, charge, and kinetic- 
energy distributions and the neutron-emission dependence 
on mass number for a broad range of fissioning nuclei. The 
scission-point models, however, do not address questions 
of fission probability or the angular distributions of the 
fragments. As the fission-excitation energy increases, the 
shell correction diminishes and the macroscopic (liquid- 
drop) behaviour dominates.

Nuclides in the region of fermium-264 have been ob­
served to undergo symmetrie fission with unusually high 
fragment kinetic energies. This appears to be the conse­
quence of the stability for the magie number configura­
tions of 50 protons and 82 neutrons. The formation of two 
doubly magie fragments of tin-132 is strongly favoured 
energetically, whereas the formation of only one such frag­
ment in the low-energy fission of uranium or plutonium 
isotopes is not. The fragments of tin-132 are spherical 
rather than deformed, and a more compact configuration 
at the scission point (with the charge centres closer to­
gether) leads to higher fragment kinetic energies.

It is evident that shell effects, both in the fissioning sys­
tem at the saddle point and in the deformed fragments 
near the scission point, are important in interpreting many 
of the features of the fission process. The stage of the 
process at which the various fragment distributions are 
determined is, however, not clearly established* All the 
components of a reasonable understanding of fission seem 
to be at hand, but they have yet to be synthesized into a 
complete, dynamic theory.

Considerations o f the dynamics of the descent of the 
system on the potential-energy surface from the saddle 
point to the scission point involve two extreme points of
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view. An “adiabatic” approximation may be valid if the 
collective motion of the system is considered to be so slow 
or the coupling between the collective and internal single- 
particle degrees o f freedom (i.e., between macroscopic and 
microscopie behaviour) so weak that the fast single-parti­
cle motions can readily adjust to the changes in shape of 
the fissioning nucleus as it progresses toward scission. In 
this case, the changes in the system take place without 
the gain or loss of heat energy. The decrease in potential 
energy between the saddle and scission points will then 
appear primarily in the collective degrees of freedom at 
scission and be associated with the kinetic energy of the 
relative motion o f the nascent fragments (referred to as 
pre-scission kinetic energy). On the other hand, if the 
collective motion toward scission is relatively fast or the 
coupling-to-particle motion stronger, collective energy can 
be transformed into internal excitation (heat) energy of 
the nucleons. (This is analogous to heating in the motion 
of a viscous fluid.) In such a “non-adiabatic” process the 
mixing among the single-particle degrees of freedom may 
be sufficiently complete that a Statistical model may be 
applicable at the scission point. Either extreme represents 
an approximation of complex behaviour, and some exper­
imental evidence in support of either interpretation may 
be advanced. As in most such instances in nature, the 
truth probably lies somewhere between the extremes, with 
both playing some role in the fission process.

Fission chain reactions and their control. The emission 
of several neutrons in the fission process leads to the 
possibility of a chain reaction if at least one of the fis­
sion neutrons induces fission in another fissile nucleus, 
which in tum fissions and emits neutrons to continue the 
chain. If more than one neutron is effective in inducing 
fission in other nuclei, the chain multiplies more rapidly. 
The condition for a chain reaction is usually expressed in 
terms of a multiplication factor, k, which is defined as the 
ratio of the number of fissions produced in one step (or 
neutron generation) in the chain to the number of fissions 
in the preceding generation. If k  is less than unity, a chain 
reaction cannot be sustained. If k =  1, a steady-state chain 
reaction can be maintained; and if k is greater than 1 , 
the number o f fissions increases at each step, resulting in 
a divergent chain reaction. The term critical assembly is 
applied to a configuration of fissionable material for which 
k =  1; if k >  1, the assembly is said to be supercritical. A 
critical assembly might consist of the fissile material in the 
form of a metal or oxide, a moderator to slow the fission 
neutrons, and a reflector to scatter neutrons that would 
otherwise be lost back into the assembly core.
In a fission bomb it is desirable to have k as large as 

possible and the time between steps in the chain as short 
as possible so that many fissions occur and a large amount 
of energy is generated within a brief period ( ~ 1 0 - 7  second) 
to produce a devastating explosion. If one kilogram of 
uranium-235 were to fission, the energy released would be 
equivalent to the explosion of 20,000 tons of the Chemical 
explosive trinitrotoluene (TNT). In a controlled nuclear 
reactor, k  is kept equal to unity for steady-state Operation. 
A practical reactor, however, must be designed with k 
somewhat greater than unity. This permits power levels to 
be increased if desired, as well as allowing for the following: 
the gradual loss of fuel by the fission process; the buildup 
of ‘‘poisons” among the fission products being formed 
that absorb neutrons and lower the k  value; and the use 
of some of the neutrons produced for research studies or 
the preparation of radioactive species for various applica­
tions (see below). The value of k  is controlled during the 
Operation of a reactor by the positioning of movable rods 
made of a material that readily absorbs neutrons (i.e., 
one with a high neutron-capture cross section), such as 
boron, cadmium, or hafnium. The delayed-neutron emit­
ters among the fission products increase the time between 
successive neutron generations in the chain reaction and 
make the control of the reaction easier to accomplish by 
the mechanical movement of the control rods.

Fission reactors can be classified by the energy of the 
neutrons that propagate the chain reaction. The most 
common type, called a thermal reactor, operates with ther­
mal neutrons (those having the same energy distribution

as gas molecules at ordinary room temperatures). In such 
a reactor the fission neutrons produced (with an average 
kinetic energy of more than 1 MeV) must beslowed down 
to thermal energy by scattering from a moderator, usu­
ally consisting o f ordinary water, heavy water (D20 ), or 
graphite. In another type termed an intermediate reactor 
the chain reaction is maintained by neutrons o f interme­
diate energy, and a beryllium moderator may be used. 
In a fast reactor fast fission neutrons maintain the chain 
reaction* and no moderator is needed. All o f the reactor 
types require a coolant to remove the heat generated; wa­
ter, a gas, or a liquid metal may be used for this purpose, 
depending on the design needs. For details about reactor 
types, see e n e r g y  c o n v e r sio n : Nuclear reactors.

Uses of fission reactors and fission products. A nuclear 
reactor is essentially a fumaee used to produce steam or 
hot gases that can provide heat directly or drive turbines 
to generate electricity. Nuclear reactors are employed for 
commercial electric-power generation throughout much of 
the world and as a power source for propelling submarines 
and certain kinds of surface vessels. Another important 
use for reactors is the utilization of their high neutron 
fluxes for studying the structure and properties of materials 
and for producing a broad range of radionuelides, which, 
along with a number/ of fission products, have found 
many different applications. Heat generated by radioactive 
decay can be converted into electricity through the ther- 
moelectric effect in semiconductor materials and thereby 
produce what is termed an atomic battery. When pöwered 
by either a long-lived, beta-emitting fission product (e.g., 
strontium-90, calcium-144, or promethium-147) or one 
that emits alpha particles (plutonium-238 or curium-244), 
these batteries are a particularly useful source of energy 
for cardiac pacemakers and for instruments employed in 
remote, unmanned facilities, such as those in outer space, 
the polar regions of the Earth, or the open seas. There are 
many practical uses for other radionuelides, as discussed 
above in Applications o f radioactivity. (E.P.S.)

NUCLEAR FUSION
Nuclear fusion is the process by which nuclear reactions 
between light elements form heavier elements (up to iron) 
and, in most cases, result in the release of energy. Such re­
actions constitute the fundamental energy source of stars, 
including the Sun. Stellar evolution can be viewed as the 
passing of a star through various stages as thermonuclear 
reactions and nucleosynthesis cause compositional changes 
over long time periods. Hydrogen “burning” initiates the 
fusion energy source of stars and leads to the formation of 
helium. Generation of fusion energy for practical use also 
relies on fusion reactions between the lightest elements 
that bum to form helium. In fact, the heavy isotopes of 
hydrogen, deuterium ( i H, or D) and tritium (, H, or T), 
react more efficiently with each other and yield more en­
ergy per reaction than do twö hydrogen nuclei (protons) 
when they undergo fusion. The deuterium nucleus has one 
proton and one neutron, while that of tritium consists of 
a proton bound together with two neutrons.

Fusion reactions between light elements, like fission reac­
tions that split heavy elements, release energy due to a key 
feature of nuclear matter. A parameter called the binding 
energy of the nucleus is a measure of the efficiency with 
which its constituent nucleons are bound together. Take, 
for example, an element with Z protons and N  neutrons 
in its nucleus. The element’s atomic mass number or 
atomic weight, A, is Z  4- N  and its atomic number is Z. 
The binding energy is the energy associated with the mass 
difference between the Z protons and TV neutrons consid­
ered separately and the nucleons bound together (Z +  TV) 
in a nucleus of mass, M. The formula is

B == [Zmp +  TVra„ — M(Z,N)]c2, (10)

where mp and mn are the proton and neutron masses, and 
c is the speed of light. It has been determined experimen- 
tally that the binding energy per nucleon is a maximum 
of about 8 . 8  MeV at an atomic mass number of approx­
imately 60. Accordingly, the fusion of lighter elements 
or the Splitting of heavier ones generally leads to a net 
release of energy.
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History of fusion research and technology. The fusion 
process has been studied as part of nuclear physics for 
much of the 20th Century. In the late 1930s the German- 
bom physicist Hans A. Bethe first recognized that the 
fusion of hydrogen nuclei to form deuterium is exoergic 
(i.e., there is a net release of energy) and, together with 
subsequent reactions, accounts for the energy source in 
stars. Work proceeded over the next two decades, mo- 
tivated by the need to understand nuclear matter and 
forces, to leam more about the nuclear physics of stellar | 
objects, and to develop thermonuclear weapons (the so- 
called hydrogen bomb) and predict their performance. 
During the late 1940s and early 1950s, research programs 
in the United States, United Kingdom, and Soviet Union 
began to yield a better understanding of nuclear fusion, 
and investigators embarked on ways of exploiting the pro­
cess for practical energy production. This work focused 
on the use of magnetic fields and electromagnetic forces 
to contain extremely hot gases called plasmas. A plasma 
consists of unbound electrons and positive ions whose 
motion is dominated by electromagnetic interactions. It is 
the only state of matter in which thermonuclear reactions 
can occur in a self-sustaining manner. Astrophysics and 
magnetic fusion research, among other fields, require ex­
tensive knowledge of how gases behave in the plasma state. 

The inadequacy of the then-existent knowledge became 
clearly apparent in the 1950s as the behaviour of plasma in 
many of the early magnetic confinement Systems proved 
too complex to understand. Moreover, researchers found 
that confining fusion plasma in a “magnetic trap” was far 
more challenging than they had anticipated. Plasma must 
be heated to tens of millions of degrees kelvin or higher to 
induce and sustain the thermonuclear reaction required to 
produce usable amounts of energy. At temperatures this 
high, the nuclei in the plasma move rapidly enough to 
overcome their mutual repulsion and fuse. It is exceed- 
ingly difficult to contain plasmas at such a temperature 
level because the hot gases tend to expand and escape 
from the enclosing structure (see below).

The work of the major American, British, and Soviet fu­
sion programs was strictly classified until 1958. That year, 
research objectives were made public, and many of the 
topics being studied were found to be similar, as were the 
Problems encountered. Since that time, investigators have 
continued to study and measure fusion reactions between 
the lighter elements and have arrived at more accurate 
determinations of reaction rates. Also, the formulas devel­
oped by nuclear physicists for predicting the rate o f fusion- 
energy generation have been adopted by astrophysicists to 
derive new information about the structure of the stellar 
interior and about the evolution o f stars.

The late 1960s witnessed a major advance in efforts to 
hamess fusion reactions for practical energy production: 
the Soviets announced the achievement o f high plasma 
temperature (about 3,000,000 K), along with other phys­
ical parameters, in a tokamak, a toroidal magnetic con­
finement system in which the plasma is kept generally 
stable both by an extemally generated, doughnut-shaped 
magnetic field and by electric currents flowing within the 
plasma itself. (The basic concept o f the tokamak had been 
first proposed by Andrey D. Sakharov and Igor Y. Tamm 
about 1950.) Since its development, the tokamak has 
been the focus of most research, though other approaches 
have been pursued as well. Employing the tokamak con­
cept, physicists have attained conditions in plasmas that 
approach those required for practical fusion-power gener­
ation (see below).
Work on another major approach to fusion energy, called 

inertial confinement fusion (IGF), has been carried on 
since the early 1960s. Initial efforts were undertaken in 
1961 with a then-classified proposal that large pulses of 
laser energy could be used to implode and shock-heat 
matter to temperatures at which nuclear fusion would be 
vigorous. Aspects of inertial confinement fusion were de- 
classified in the 1970s, but a key element of the work— 
specifically the design of targets containing pellets of fu­
sion fuels—still is largely secret. Very painstaking work to 
design and develop suitable targets continues today. At the 
same time, significant progress has been made in develop-

ing high-energy, short-pulse drivers with which to implode 
millimetre-radius targets. The drivers include both high­
power lasers and partiele accelerators capable of produc­
ing beams of high-energy electrons or ions. Lasers that 
produce more than 1 0 0 , 0 0 0  joules in pulses on the order 
of one nanosecond ( 1 0 - 9  second) have been developed, 
and the power available in short bursts exceeds 1 0 14 watts. 
Best estimates are that practical inertial confinement for 
fusion energy will require either laser or particle-beam 
drivers v̂ fth an energy of 5,000,000 to 10,000,000 joules 
capable of delivering more than 1 0 14 watts of power to a 
small tarnet of deuterium and tritium (see below).

Types of fusion reactions. Fusion reactions are of two 
basic types: ( 1 ) those that preserve the number of protons 
and neutrons, and (2 ) those that involve a conversion 
between protons and neutrons. Reactions of the first type 
are most important for practical fusion-energy production, 
whereas those of the second type are crucial to the ini- 
tiation of star buming. An arbitrary element is indicated 
by the notation £X, where Z is the charge of the nucleus 
and A is the atomic weight. An important fusion reaction 
for practical energy generation is that between deuterium 
and tritium. It produces helium (4 He) and a neutron (bri); 
and is written

D +  T —* He +  n. (11)

To the left of the arrow (before the reaction), there are 
two protons and three neutrons. The same is true on the 
right. Another reaction, that which initiates star buming, 
is the fusion of two hydrogen nuclei to form deuterium:

H +  H —»D  +  /?+ +  v, (12)

where ß + represents a positron and v stands for a neu­
trino. Before the reaction, there are two hydrogen nuclei. 
Afterward, there is one proton and one neutron, bound 
together as the nucleus of deuterium, plus a positron and 
a neutrino produced as a consequence of the conversion 
of one proton to a neutron. Both fusion reactions (11) 
and (12) are exoergic and so yield energy. Bethe proposed 
that fusion reaction ( 1 2 ) could occur with a net release 
of energy and provide, along with subsequent reactions, 
the fundamental energy source sustaining the stars. Prac­
tical energy generation requires reaction ( 1 1 ) rather than 
( 1 2 ) for two reasons: first, the rate of reactions between 
deuterium and tritium is much faster than that between 
protons; and, second, the net energy release from reaction 
(11) is 40 times greater than that from reaction (12).

Energy released in fusion reactions. Energy is released 
in a nuclear reaction if the total mass of the resultant 
particles is less than the mass of the initial reactants. To 
illustrate, suppose two nuclei, labeled X and a, react to 
form two other nuclei, Y and b, denoted

X +  a —► b +  Y, (13)

or X(a,b)Y. The particles a and b are often nucleons, ei­
ther protons or neutrons, but in general can be any nuclei. 
Assuming that none o f the particles are intemally excited 
(i.e., are in their ground state), the energy quantity called 
the Qr value for this reaction is defined as

Q =  (mx +  ma -  mh — my)c\ (14)

where the m-letters refer to the mass of each partiele and 
c is the speed of light. If the energy value Q is positive, the 
reaction is exoergic. If Q is negative, the reaction is endo- 
ergic (i.e., absorbs energy). When the total proton number 
and total neutron number are each preserved before and 
after the reaction (such as in reaction 11), then the Q- value 
can be expressed in terms of the binding energy, B, of 
each partiele as

Q =  By +  Bh- B x- B !l. (15)

Fusion reaction (11) between deuterium and tritium has 
a positive Q-value of 17.58 MeV, which is equivalent 
to 2.8 X IO-1 2  joule. Fusion reaction (12) also is exoer­
gic, with a ß-value of 0.420 MeV, or 6.7 X 10-1 4  joule. 
To develop a sense for these figures, one might consider 
that one metric ton (2,205 pounds) of deuterium atoms 
is equal to 3 X 1032 atoms. If one ton of deuterium is 
consumed through buming via fusion reaction ( 1 1 ) with
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tritium, the energy released would be 8.4 X 1020 joules. 
This can be compared to the energy content of one ton of 
coal—namely, 2.9 X IO10 joules. In other words, one ton 
of deuterium has the energy equivalent of approximately
29,000,000,000 tons of coal.

Rate and yield of fusion reactions. The energy yield of 
a reaction between nuclei and the rate of such reactions 
are equally important. These quantities have a profound 
influence in both nuclear astrophysics and practical fu- 
sion-energy considerations. When a partiele of one type 
passes through a collection of particles of the same or dif­
ferent type, there is a measurable chance that the particles 
will interact. The particles may interact in many ways, 
such as simply scattering, which means that they change 
direction and exchange energy. Or they may undergo a 
nuclear fusion reaction such as ( 1 1 ) or (12). The measure 
of the likelihood that particles will interact is called the 
cross section, er. The cross section depends on the type 
of interaction and the state and energy of the particles. 
When a  is multiplied by the atomic density of target 
particles, N, the resultant product, Na, is denoted X, the 
macroscopic cross section; The inverse of X is the mean 
distance an incident partiele will travel before interacting 
with a target partiele and is called the mean free path. 
The rate of interactions of a given type is (vNa), where 
v is the speed of the incident partiele. Cross sections are 
measured by producing a beam of one partiele at a given 
energy, allowing the beam to interact with a (usually thin) 
target made of either the same or a different material, and 
measuring deflections or reaction products. In this way it 
is possible to determine the relative likelihood of one type 
of fusion reaction versus another, as well as the optimal 
conditions for a particular reaction.

The cross sections of fusion reactions can be measured 
experimentally or calculated theoretically and have been 
determined for many reactions over a wide range of partiele 
energies. They are well known for practical fusion-energy 
applications and are reasonably well known, though with 
significant gaps, for stellar evolution. Fusion reactions be­
tween nuclei, each with a positive charge of one or more, 
are the most important for both practical applications and 
the nucleosynthesis of the light elements in the buming 
stages of stars. Yet, it is well known that two positively 
charged nuclei electrostatically repel each other— i.e., they 
experience a repulsive force inversely proportional to the 
square of the distance separating them. This repulsion is 
called the Coulomb barrier. It is highly unlikely that two 
positive nuclei will approach each other closely enough 
to undergo a fusion reaction unless they have sufficiënt 
energy to overcome the Coulomb barrier. As a result, the 
cross section for fusion reactions between charged particles 
is very small unless the energy o f the particles is high, at 
least 104 eV and often more than 105 or 106 eV. This ex­
plains why the centre of a star is hot and why fuel material 
for practical fusion energy must be heated to 50,000,000 
K or more. Only then will a reasonable fusion reaction 
rate and power output be achieved.

The phenomenon of the Coulomb barrier also explains 
a fundamental difference between energy generation by 
nuclear fusion and nuclear fission. While fission of heavy 
elements can be induced by either protons or neutrons, 
generation of fission energy for practical applications is 
dependent on neutrons to induce fission reactions in 
uranium or plutonium. Having no electric charge, the 
neutron is free to enter the nucleus even if its energy 
corresponds to room temperature. Fusion energy, relying 
as it does on the fusion reaction between light nuclei, 
occurs only when the particles are sufficiently energetic to 
overcome the Coulomb repulsive force. This requires the 
production and heating of the gaseous reactants to the 
high temperature state known as the plasma state.

Plasma state. Gas containing unbound electrons and 
an equal amount of positive charge constitutes plasma, 
which is commonly considered the fourth state of matter. 
Very high temperature plasmas are fully ionized gases, 
which means that the ratio of neutral gas atoms to charged 
particles is extremely small. For example, the ionization 
energy of hydrogen is 13.6 eV, while the average energy 
of a hydrogen ion in a plasma at 50,000,000 K is 6,462

eV. One can reasonably expect that essentially all of the 
hydrogen in this plasma is ionized.
A reaction-rate parameter more appropriate to the plasma 

state is obtained by accounting for the fact that the par­
ticles in a plasma, as in any gas, have a distribution 
of energies. That is to say, not all particles have the 
same energy. In simple plasmas, this energy distribution 
is called the Maxwell-Boltzmann distribution, and the 
temperature of the gas or plasma is defined to be two- 
thirds of the average partiele energy— ij>., the relationship 
between the average energy, denoted E, and temperature 
is E  =  (3A)kT. The quantity k  is the Boltzmann constant, 
8.62 X 10~ 5 eV per kelvin. The intensity of nuclear fusion 
reactions in a plasma is derived by averaging the quan­
tity, va, over a distribution of speeds corresponding to 
a Maxwell-Boltzmann distribution. The cross section for 
the reaction depends on the energy or speed of the parti­
cles. The averaging process yields a function for a given 
reaction that depends only on the temperature and can be 
denoted f (T ) .  The rate of energy released (i.e., the power 
released) in a reaction between two species, a and b, is

=  (16)

where «a and nh are the density of species a and b in the 
plasma, respectively, and Uah is the energy released each 
time a and b undergo a fusion reaction. The parameter 
âb properly takes into account both the rate of a given 

reaction and the energy yield per reaction (see Figure 32).

Figure 32: T h e  re a c t io n  ra te  a s  a  fu n c t io n  o f  p la s m a  te m p e ra tu re , 
e x p r e s s e d  in  k ilo e le c tro n  v o lts  (k e V ) .
One keV is equivalent to a temperature of 11,000,000 K. The rate 
of reaction between deuterium and tritium is seen to be higher 
than all others and is very substantial, even at temperatures in 
the 5- to 10-keV range (see text).

Fusion reactions in stars. Fusion reactions are the pri­
mary energy source of stars and the mechanism for the 
nucleosynthesis of the light elements. The synthesis of he­
lium from hydrogen is the main source of energy emitted 
by normal stars, such as the Sun, where the buming-core 
plasma has a temperature of less than 15,000,000 K. How­
ever, because the gas from which the star is formed often 
contains some heavier elements, notably carbon and nitro­
gen, it is important to include nuclear reactions between 
protons and these nuclei. The reaction chain between pro­
tons that ultimately leads to helium is the proton-proton 
(pp) chain. When protons also induce the buming of car­
bon and nitrogen, the CN cycle must be considered; and

Mechanism 
for nucleo­
synthesis
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when oxygen is included, still another alternative scheme, 
the CNO bi-cycle must be accounted for.

The proton-proton nuclear fusion cycle in a star contain- 
ing only hydrogen begins with the reaction

H +  H —* D +  ß ++  v; Q =  1.44 MeV, (17)

where the Q-value assumes annihilation of the positron 
by an electron. The deuterium could react with other deu­
terium nuclei, but because there is so much hydrogen, the 
D /H  ratio is held to very low values, typically 10-18. Thus 
the next step is

H +  D —»3He +  y; Q =  5.49 MeV, (18)
where y indicates that gamma rays carry off some of the 
energy yield. The buming of the helium-3 isotope then 
gives rise to ordinary helium and hydrogen via the last 
step in the chain:

3He +  3He -> 4He +  2(H); Q =  12.86 MeV. (19)
At equilibrium, helium-3 bums predominantly by reac­
tions with itself because its reaction rate with hydrogen 
is small, while burning with deuterium is negligible due 
to the very low deuterium concentration. Once helium-4 
builds up, reactions with helium-3 can lead to the pro­
duction of still heavier elements, including beryllium-7, 
beryllium-8 , lithium-7, and boron-8 , if the temperature is 
greater than about 10,000,000 K.

The stages of stellar evolution are the result of composi- 
tional changes over very long periods. The size of a star, 
on the other hand, is determined by a balance between the 
pressure exerted by the hot plasma and the gravity force 
of the star’s mass. The energy of the buming core is trans- 
ported toward the surface of the star, where it is radiated at 
an effective temperature. The effective temperature of the 
Sun’s surface is about 6,000 K, and significant amounts 
of radiation in the visible and infrared wavelength range 
are emitted.

Fusion reactions for controlled power generation. Re­
action ( 1 1 ) between deuterium and tritium is one of the 
most important fusion reactions for controlled power gen­
eration, because the cross section for its occurrence is 
high, the practical plasma temperature required for the 
net energy release is moderate, and the energy yield of the 
reaction is high— 17.58 MeV. Important reactions of this 
type involving deuterium include

D +  T-* 4He +  n; 2  =  17.58 MeV, (2 0 )
-------- > 3He +  n;50% 2 = 3 .3 2  MeV (2 1 a)

D +  D —
-------- > H +  T;50% 2  =  4.04 MeV, (2 1 b)

D +  3He —> H +  4He; 2 =  18.34 MeV. (2 2 )

It should be noted that any plasma containing deuterium 
automatically produces some tritium and helium-3 from 
reactions of deuterium with other deuterium reactions. 
Significant too is the fact that reactions ( 1 1 ) and (21a) 
both produce a neutron, whereas reactions (2 1 b) and (2 2 ) 
yield only charged nuclei as reactant products. The prac­
tical application of reactions (2 1 a and 2 1 b) or (2 2 ) would 
require plasmas that are three to 1 0  times hotter than 
a plasma buming deuterium and tritium, and the D-T 
plasma would bum 10 to 100 times as fast. Other fusion 
reactions involving elements with an atomic number (nu­
clear charge) above 2  can be used but with much greater 
difficulty. This is because the Coulomb barrier increases 
with increasing charge of the nuclei, leading to the require- 
ment that the plasma temperature exceed 1 ,0 0 0 ,0 0 0 , 0 0 0

K. Some of the more interesting reactions are

H +  llB 3 (4He); 2 = 8 -6 8  MeV, (23)
H +  6Li —»3He +  4He; 2  =  4.023 MeV, (24)

3He +  6Li —
---- >H +  2(4He); 2 =  16.88 MeV (25a)

---- » D +  7Be; 2  =  0.113 MeV. (25b)

Reaction (24) converts lithium - 6  to helium-3 and ordinary

helium. Interestingly, if reaction (24) is folio wed by reac­
tion (25a), then a proton would again be produced and be 
available to induce reaction (24), thereby propagating the 
process. Unfortunately, it appears that reaction (25b) is 10 
times more likely to occur than reaction (25a).

Methods of achieving fusion energy. Practical efforts 
to achieve fusion energy involve either of two basic ap- 
proaches to contain and sometimes sustain a hot plasma 
of elements that undergo nuclear fusion reactions: mag­
netic confinement and inertial confinement.
Magnetic confinement. In this approach, the particles 

and energy o f a hot plasma are confined using magnetic 
fields. A charged partiele in a magnetic field experiences 
a Lorentz force that is proportional to the product of the 
particle’s velocity and the magnetic field. This force causes 
electrons and ions to spiral about the direction of the mag­
netic line of force, thereby confining the particles. When 
the topology of the magnetic field yields an effective mag­
netic well and the pressure balance between the plasma 
and the field is stable, plasma can be confined away from 
material boundaries. Heat and particles are transported 
both along and across the field, but losses can be pre- 
vented in two ways. The first is to increase the strength 
of the magnetic field at two locations along the field line. 
Charged particles contained between these points can be 
made to reflect back and forth, an effect called magnetic 
mirroring. In a basically straight system with a region of 
intensified magnetic field at each end, particles can still 
escape through the ends due to scattering between particles 
as they approach the mirroring points. Such end losses 
can be avoided altogether by creating a magnetic field in 
the topology of a torus (i.e., configuration of a doughnut 
or inner tube).

Extemal magnets can be arranged to create a magnetic 
field topology for stable plasma confinement, or they can 
be used in conjunction with magnetic fields generated 
by currents induced to flow in the plasma itself. Many 
schemes have been devised over the years, but the most 
successful approaches have proved to be toroidal magnetic 
confinement designs. Examples include the tokamak, pi- 
oneered in the Soviet Union and characterized by both 
a strong extemally produced magnetic field and a plasma 
current in the toroidal direction; the stellarator, pioneered 
in the United States and in volving the use of extemal 
magnets only; and the reversed-field pinch (RFP), pur- 
sued mainly in the United States, the United Kingdom, 
and Italy and employing a weak toroidal magnetic field 
and a strong toroidally flowing plasma current. All three 
approaches yield magnetic field lines that follow a helical 
or screwlike path as the lines proceed around the torus. In 
the tokamak and stellarator, the pitch o f the helix is weak, 
passing several times around the torus before the starting 
point returns past the initial Position. By contrast, the 
RFP field lines tracé out a path much more like a screw, 
wrapping many times around the cross section before cov­
ering one füll length of the torus along the toroidal axis. 
Magnetically confined plasma must be heated to tempera­
tures at which nuclear fusion is vigorous, typically greater 
than 4,400 eV, or equivalently about 75,000,000 K. This 
can be achieved by coupling radio-frequency waves to the 
plasma particles, by injecting energetic beams of neutral 
atoms that become ionized and heat the plasma, by mag­
netically compressing the plasma, or by the Joule-heating 
that occurs when plasma resistance dissipates the energy 
of electric currents induced to flow in the plasma.
Inertial confinement fusion (ICF). In this approach, a 

fuel mass is compressed rapidly to densities 1 , 0 0 0  to 1 0 ,- 
0 0 0  times greater than normal by generating a pressure 
as high as 1 0 17 pascals ( 1 0 12 atmospheres) for periods as 
short as nanoseconds. Near the end of this time period 
the implosion speed exceeds about 3 X 105 metres per 
second. At maximum compression o f the fuel, which is 
now in a cool plasma state, the energy in converging 
shock waves is sufficiënt to heat the very centre of the 
fuel to temperatures high enough to induce fusion re­
actions. If the product of mass and size of this highly 
compressed fuel material is large enough, energy will be 
generated through fusion reactions before the plasma dis- 
assembles. Under proper conditions, much more energy
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can be released than is required to compress and shock- 
heat the fuel to thermonuclear buming conditions. The 
physical processes in ICF bear a relationship to those in 
thermonuclear weapons and in star formation—namely, 
gravitational collapse, compression heating, and the onset 
of nuclear fusion. The Situation in star formation differs 
in one respect: after gravitational collapse ceases and a star 
begins to expand again due to heat from exoergic nuclear 
fusion reactions, the expansion is arrested by the gravity 
force associated with the enormous mass of the star. In a 
star a state of equilibrium in both size and temperature 
is achieved. In ICF, by contrast, complete disassembly 
of fuel occurs.

Conditions for practical fusion yield. Two conditions 
must be met to achieve a practical yield of fusion energy. 
First, the plasma temperature must be high enough so 
that fusion reactions occur at a sufficiënt rate. Second, the 
energy content of the plasma at the required temperature 
must be confined long enough so that the energy released 
by fusion reactions, when deposited in the plasma, is suf­
ficiënt to maintain the temperature against heat lost by 
such phenomena as conduction, convection, or radiation. 
When this condition is first achieved, the plasma is said 
to be ignited. At such a temperature or higher, the energy 
redeposited in the plasma from fusion reactions is capable 
of balancing or exceeding the rate of plasma heat loss. In 
the case of stars or some approaches to fusion by magnetic 
confinement, a steady state can be achieved and no energy 
beyond that from fusion reactions is needed to sustain 
the system, In other cases, such as the ICF approach, 
there is a large temperature excursion once fuel ignition 
is achieved. The energy yield can far exceed the energy 
required to attain plasma ignition conditions. The energy 
yielded, however, is released in a burst, and the process 
would have to be repeated roughly once every second.

The conditions for plasma ignition are readily derived. 
When fusion reactions are occurring in a plasma, the 
power released is given by expression (16), which is pro­
portional to the square of plasma ion density, n2. The 
plasma loses energy when electrons scatter from positively 
charged ions, accelerating and radiating in the process. 
Such radiation is called bremsstrahlung and is propor­
tional to (n2T l/2), where T  is the plasma temperature. 
Assume that all other mechanisms by which heat can 
escape the plasma lead to a characteristie energy-loss time 
denoted t. The energy content of the plasma at temper­
ature T  is 3nkT, where k  is the Boltzmann constant (see 
above). The rate of energy loss by mechanisms other than 
bremsstrahlung is simply (3nkT)/(x). The energy balance 
of the plasma is the balance between the fusion energy 
heating the plasma and the energy loss rate, which is the 
sum of 3nkT/(r) and the bremsstrahlung. The condition 
satisfying this balance is called the ignition condition. An 
equation relates the product of density and energy confine­
ment time, denoted m, tö a function that depends only on 
the plasma temperature and the type of fusion reaction. 
For example, when the plasma is composed of deuterium 
and tritium, the smallest value of m  required to achieve 
ignition is about 2 X 1020 (particles per cubic metre times 
second, or m 3—s) and the required temperature is equal 
to about 25,000 eV. If the only energy losses are due to 
bremsstrahlung escaping from the plasma (meaning t is 
infinite), the ignition temperature decreases to 4,400 eV. 
Hence, the keys to generating usable amounts of fusion 
energy are to attain a sufficiënt plasma temperature and a 
sufficiënt confinement quality, as measured by the prod­
uct, nt. At a temperature equivalent to 10,000 eV, the m  
product must be about 3 X 1020 (m- 3—s).

Magnetic fusion energy generally creates plasmas with a 
density of about 3 X 1020 particles per cubic metre, which 
is about 10~ 8 of normal density. Hence, the characteris- 
tic time for heat to escape must be greater than about 
one second. This is a measure of the required degree of 
“magnetic” insulation for the heat content. Under these 
conditions the plasma remains in energy balance and can 
operate continuously if the ash of the nuclear fusion, 
namely helium, is removed (otherwise it will quench the 
plasma) and if fuel is replenished.

ICF creates plasmas of much higher density, generally

about 1 0 31 to 1 0 32 particles per cubic metre, or 1 , 0 0 0  to
10,000 times normal density. As such, the confinement 
time need be only about 20 X 10-1 2  second, or 20 picosec- 
onds. The objective in ICF is to achieve a temperature of 
4,400 eV at the centre of the highly compressed fuel mass 
while still having sufficiënt mass left around the centre so 
that the disassembly time will exceed the minimum bum 
time o f 20 or more picoseconds. The requirement is usu­
ally expressed in terms of the product of the mass density, 
p , given in grams per cubic centimetre, and the radius, 
r, of the compressed fuel mass. An m  value of 3 X 1020 

(m- 3—s) is roughly equal to a value of pr of 0.3 gram per 
square centimetre.

Fusion energy and electric-power production. Practical 
fusion reactors are not yet available because the physics 
of containing and heating plasmas to thermonuclear con­
ditions in a controlled manner has proved extraordinarily 
difficult. Large-scale fusion experiments, however, have 
been conducted in various countries, and the necessary 
conditions of plasma temperature and heat insulation 
have been largely achieved, suggesting that fusion energy 
for electric-power production is now a serious possibility.

Commercial fusion-power stations would provide an in- 
exhaustible source of electricity. A facility of this type 
would of course derive its primary energy from nuclear 
fusion in a hot plasma. The reaction easiest to initiate 
is that between deuterium and tritium, though ultimately 
commercial fusion-power stations may employ other re­
actions, such as between deuterium nuclei or between 
deuterium and helium-3. Perhaps Söme of the other reac­
tions discussed earlier will prove feasible as well. The use 
of deuterium as the primary fuel seems to be the most 
promising Option, however, since it can be extracted at 
relatively low cost from ordinary water.

From a practical viewpoint, the initiation of nuclear fu­
sion in a hot plasma is but the first step in a whole sequence 
of steps required to convert fusion energy to electricity. 
The intervening steps in this process would transform 
the fusion energy into heat at conditions appropriate, for 
example, to generate steam that can be employed in a 
Camot cycle to drive a turbine and produce electricity. An 
alternative but more difficult approach may be possible in 
some fusion Systems. The products of fusion reactions are 
often energetic charged nuclei, as, for example, the doubly 
charged helium-4 produced in reaction (11) or the proton 
and helium-4 released in reaction (22). The energy of these 
charged particles can be converted directly to electricity. 
The particles must be guided magnetically to a system 
that decelerates their initially high energy, extracting the 
energy as a voltage. By decelerating the particles to a lower 
voltage and collecting them as a current, electric power 
equal to the voltage difference times the collected currént 
can be generated. The efficiency of such direct conversion 
can be considerably higher than the roughly 40-percent 
efficiency obtained in converting steam heat to electricity. 
This approach o f direct conversion, however, is likely to 
be feasible only in a few specialized approaches to fusion 
energy. In the end, successful fusion reactors must be 
capable of safely producing electricity in a cost-effective 
manner while yielding a minimum of radioactive material 
and environmental impact. (Ro.W.C.)
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Attention

Attention, in psychology, is awareness of the here 
and now in a focal and perceptive way. For early 
psychologists, such as Edward Bradford Titchener, 

attention determined the content of consciousness and 
influenced the quality of conscious experience. In sub­
sequent years less emphasis was to be placed on the 
subjective element of consciousness and more on the be­
haviour patterns by which attention could be recognized 
in others. Although human experience is determined by 
the way people deploy attention, it is evident that they do 
not have complete control over such deployment. There 
are, for example, times when an individual has difficulty 
in maintaining as much attention on a task, a conversa- 
tion, or other set of events as he would desire. There are 
other times when an individuaTs attention is “captured” 
by an unexpected event rather than voluntarily directed 
toward it.

Attention has to do with the immediate experience of 
the individual; it is a state of current awareness. There 
are, o f course, myriad events taking place in the world 
all of the time, impinging upon people’s senses in great 
profusion. There are events taking place within the body 
affecting attention, and there are representations o f past 
events stored away in memory but accessible to awareness 
under appropriate circumstances.

At first sight it might be expected that current awareness 
is the totality of all those events at any given moment, but 
clearly this is not the case. Within this vast field of potential 
experiences an individual focuses upon—or attends to— 
some limited subset, which constitutes the subjective field 
of awareness. It is possible to determine the reason for this 
limitation. Control and coordination of the many inputs 
and stored experiences and the Organization of appropri­
ate patterns of response are the province of the brain. 
The brain has impressive processing capabilities, but it has 
a limited capacity. A person simply cannot consciously 
experience all of the events and information available to 
him at any one time; nor is it possible to initiate at the 
same time an unlimited number of different actions. The 
question becomes one of how an appropriate subset of 
inputs, intermediate processes, and Outputs are selected to 
command attention and engage available resources.

Attention, then, may be conceived as a condition of 
selective awareness, governing the extent and quality of 
man’s transactions with his environment, although it is 
not necessarily held under voluntary control. Some of the 
history of attention and the methods by which psycholo­
gists and others have come to characterize and understand 
it are presented in the discussion that follows.

This article is divided into the following sections:
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EARLY VIEWS ON ATTENTION

Following the break between psychology and the intro- 
spective traditions of philosophy, psychologists began in 
the latter part of the 19th Century and early years of the 
20th Century to emphasize attention. Those philosophers 
who had previously considered attention at all had usually 
done so within the context of apperception. Thus Gottfried 
Wilhelm Leibniz suggested that one’s lo sso f awareness of 
the constant sound of a waterfall illustrates how events 
cease to be apperceived (represented in consciousness) 
without specific attention. He suggested that attention de- 
termines what will and will not be apperceived. The term 
apperception was still employed in the 19th Century by 
Wilhelm Wundt, one of the founders of modern psychol­
ogy. Wundt, however, was among the first to point out the 
distinction between the focal and more general features of 
human awareness of the world. He wrote of the wide field 
of awareness (which he called the Blickfeld) within which 
lay the more limited focus of attention (the Blickpunkt). 
He suggested that the range of the Blickpunkt was about 
six items or groups and speculated that attention is a 
function of the frontal lobes of the brain.
One of the most influential psychologists at the tum of 

the Century was William James. In his major work, The 
Principles o f Psychology, published in 1890, he says:

Every one knows what attention is. It is the taking posses- 
sion by the mind, in clear and vivid form, o f One out o f  
what seem several simultaneously possible objects or trains o f  
thought. Focalization, concentration, o f consciousness are o f  
its essence. It implies withdrawal from some things in order 
to deal effectively with others,. . .

James held that attention made humans perceive, con- 
ceive, distinguish, and remember more effectively and 
sped their reactions.

In 1906, another prominent psychologist, W.B. Pillsbury, 
suggested methods for measuring attention. He distin- 
guished three separate approaches: the first relied upon 
tests that measured attention through performance of a 
task judged to require a high degree of attention; the sec­
ond measured diminished attention through performance 
decrements; and the third gauged the strength of attention 
by the stimulus level required to distract the individual.

As the 20th Century progressed, psychology and the study 
of behaviour were subject to new influences that had far- 
reaching consequences for notions of attention. One such 
area o f influence originated in the work of Ivan Petrovich 
Pavlov who reported what is now usually referred to as 
the orienting response. In dogs and other animals this in- 
cludes such signs of attention as pricked-up ears, tuming 
the head toward the stimulus, increased muscular tension, 
and physiological changes detectable with instruments. A 
further influence on psychology was the work of Pavlov 
and that of his fellow Russian Vladimir M. Bekhterev on 
reflexology. Many psychologists came to regard the con- 
ditioned reflex (an involuntary response conditioned by 
reward), first demonstrated by these physiologists, as the 
basic building block of all human leaming.

THE INFLUENCE OF BEHAVIOURISM

During this period the psychological school of be­
haviourism was born. Its principal advocate, John B. 
Watson, in 1913 defined psychology uncompromisingly 
as the Science of human behaviour. His concern was pri­
marily with stimulus-response relations. Attention seemed 
an unnecessary concept in a system of this kind, which

rejected mentalistic notions, such as volition, free will, 
introspection, and consciousness. If used at all, the term 
attention was operationally defined in terms of discrimi- 
native responses to extemal stimuli. Ultimately it became 
apparent that the scientific explanations offered did not 
deal adequately with situations in which multiple Stim­
uli compete with one another for attention. This led to 
emphasis’ being placed on notions of set, attitude, and 
expectancy, and to a renewed interest in attention.

RELATION TO INFORMATION THEORY
Interest in attention had been subdued between World 
Wars I and II, and it was not until the 1940s that a 
tme resurgence occurred. It was during this time that 
engineers and psychologists became involved in Problems 
of man-machine interaction in various military contexts 
and found a need to formulate a new Communications 
theory. Faced with this new range of Problems, such as 
maintaining vigilance in soldiers watehing radar Systems, 
applied psychologists found no help in existing academie 
theories. As the occupational psychologist D E . Broadbent 
expressed it, “attention had to be brought back into re- 
spectability.” Gradually the individual came to be viewed 
as a processor of information, and much of the research 
during the 1940s and 1950s was carried out in pursuit of 
information theory.

Dependence of attention both on the unexpectedness of 
events and on their familiär association may seem para- 
doxical. This may be resolved, or at least redefined, by 
considering events in relation to the information they 
convey. Information theory suggests that the significance 
of any event can only be estimated in terms of what eise 
might have happened; hence, its tendency to attract atten­
tion is considered a function of its Statistical improbability. 
The degree of novelty, which is estimated according to 
the number of times an event has been experienced pre­
viously, provides a measure of its surprise value. Thus an 
event that has never been experienced before has a high 
surprise value and should attract attention, even without 
specific associations or consequences.

The attempts to apply information theory to a diversity 
of psychological Problems met in the end with limited 
success. Nevertheless, the view of the human brain as an 
information processor, a type of computer, was becoming 
more prevalent, and the notion that one might be able to 
quantify the gain or flow of information proved attrac­
tive. Information itself was defined as that which reduces 
or removes uncertainty. The process of removing uncer- 
tainty was seen as a series of binary (yes or no) choices, 
rather like the game of Twenty Questions. The unit of 
information that expressed this primitive choice between 
two alternatives, or halving the residual uncertainty, was 
called the bit (short for binary digit). In the terms o f this 
theory, humans are seen as a communication channel, 
through which information is transmitted at the rate of so 
many bits per second. Attempts were made to measure 
the capacity of this channel in many areas of human 
activity, but ultimately these attempts became fewer as 
the results were found to be too inconsistent to be useful. 
Finally, cognitive psychologists largely abandoned infor­
mation theory, recognizing the incalculable effect of past 
experience on the information carried by any bit.

THE FILTER THEORY OF SELECTIVE ATTENTION 

Following the decline of behaviourism in psychology, the 
main function of the term attention has been to provide a 
label for some of the internal mechanisms that determine 
the significance o f stimuli. There is little dispute that hu­
man beings and other animals selectively attend to some 
of the information available to them through their senses 
at the expense of the remainder. One reason advanced 
for this is the limited capacity of the brain, which cannot 
process all available information simultaneously.

The perennial question arises as to whether an individual 
can attend to more than one thing at a time. Everyday 
experience leads to the conclusion that people are able 
to do several things at the same time. When driving an 
automobile they can apparently watch the road, tum the 
steering wheel, change gears, and apply the brakes simul-
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taneously if necessary. This is not to say, however, that 
people attend to all of these activities simultaneously. It 
may be that only one of them, such as the road or its 
traffic, is at the forefront of awareness, while the others 
are dealt with relatively automatically. Another kind of 
evidence indicates that, when two stimuli are presented 
at the same time, quite frequently only one is perceived, 
while the other is completely ignored. In those instances 
when both are perceived, the responses made to them 
tend to be in succession, not together.

The conclusion reached and embodied in theories of the 
1950s was that somewhere in the system was a bottleneck. 
Views differed as to where the bottleneck occurred. One 
of the most influential of the psychological models of 
selective attention was that put forward by Broadbent in 
1958. He postulated that the many Signals entering the 
central nervous system in parallel with one another are 
held for a very short time in a temporary “buffer.” At 
this point the signals are analyzed for features such as 
their location in space, their tonal quality, their size, their 
colour, or other basic physical properties. They then pass 
through a selective “filter” that allows only those signals 
with the appropriate, selected properties, to proceed along 
a single channel for further analysis. Part of the lower 
priority information held in the buffer will fail to pass this 
stage before the time limit on the buffer expires. Items 
lost in this way have no further effect on behaviour. The 
original theory held that signals from only one source at 
a time could proceed. This view was modified, however, 
to suggest that the filter does not completely block, but 
simply attenuates, the nonattended signals.
With the notion of attenuation, rather than exclusion, 

of nonattended signals came the idea of the establish­
ment of thresholds. Thus threshold sensitivity might be 
set quite low for certain priority classes of stimuli, which, 
even when basically unattended and hence attenuated, 
may nevertheless be capable of activating the perceptual 
Systems. Examples would be the sensitivity displayed to 
hearing one’s own name spoken or the mother’s sensitivity 
to the cry of her child in the night. This latter example 
demonstrates how processing at some level occurs even 
in sleep. Before attention can be said to be deployed on 
the activating event, however, the brain must retum to a 
state of wakefulness. Some theorists have considered that 
there is no real need to postulate an early filter at all. 
They suggest that all signals reach central brain structures, 
which are, according to current circumstances, weighted 
to take account of particular properties. Some have a high 
weighting, for example, in response to one’s own name; 
others are weighted according to the immediate task or 
interest. Among the concurrently active structures, that 
with the highest weighting gains awareness and is most 
directly responded to.

Some critics of the above theories consider that they 
overemphasize the serial elements in attention. Apart from 
the everyday instances of tasks performed in parallel, as 
in the example of driving, they point to experimental ev­
idence for highly demanding combinations o f concurrent 
activities. As early as 1887 the French philosopher Frédé- 
ric Paulhan reported the ability to write one poem while 
reciting another. More recently it has been shown that 
some music students can sight read and play piano music 
while at the same time repeating aloud a prose passage. 
Of course it can still be held that when two such tasks 
are being performed together one of them is being done 
automatically and essentially without direct attention. An 
alternative explanation might be that attention altemates 
between them in a rapid, and frequently imperceptible, 
way. An analogy would be “time-sharing” on a large mod­
ern computer, where many users may be in simultaneous 
contact with the machine, although it is in practice ser- 
vicing their demands in very rapid altemation. Each user 
remains relatively unaware that the interactive process is 
not absolutely continuous.

Another criticism of the theories already considered is 
that they deal only with the passive aspects o f attention 
and that there is more to attention than mere selection. 
Such critics point out that there is also the question of 
the degree or intensity with which attention is applied to

a particular task or Situation. T hese “in tensive” aspects 
o f  attention m ay be regarded as a subset o f  the broader 
dim ension  o f  arousal; that is to  say, they relate to  the  
continuüm  o f  awareness that extends from  sleep, or even  
com a, at one end  to  alert w akefulness at the other. T he  
top ic o f  arousal is d iscussed later; for the present it is 
sufficiënt to  note that the level o f  arousal can be deter­
m ined  by the dem ands o f  the task or activity in  w hich  
the individual is engaged or by internal States; these are 
som etim es m anifested as in stinctive drives and frequently  
accom panied by high em otion s, ranging from  keen excite­
m ent to  unpleasant stress. In the case o f  som e drive States 
the high arousal m ay be directed to  the satisfaction o f  a 
particular need. T he consequences for attention can be the  
allocation o f  a high priority, or w eighting, to  all stim uli 
that relate to  satisfaction o f  the need.

By contrast, the level o f arousal associated with a partic­
ular task varies from moment to moment as the task de­
mands change; in other words, it is very much dependent 
upon overall stimulus load. One of the consequences of 
high-demand tasks is that spare capacity decreases. At full 
load, virtually all attention must be concentrated on the 
main task, leaving little attention available for perceptual 
monitoring of the surrounding.

In recent years the direction o f attention in response to 
task demands has often been spoken of in terms of the 
deployment of mental effort. The implication is that the 
intensive aspects o f attention correspond to effort rather 
than just wakefulness. Effort, like arousal, is subject to task 
demands and available capacity. It is regarded as being 
mobilized in response to such demands, although the de­
gree of voluntary control of effort is limited. Effort is not 
simply to be equated with the amount of work required 
by a task. Much mental activity takes place without the 
investment of a large amount of conscious effort.

Attempts to accommodate the selective and intensive 
aspects of attention and its links with both awareness and 
more automatic processes have led to the formulation of 
a number of “two-process” theories of attention. One of 
the most influential was that advanced by the American 
psychologists Richard M. Shiffrin and Walter Schneider in 
1977 on the basis of experiments involving visual search. 
In their theory of detection, search, and attention, they 
distinguish between two modes of processing information: 
controlled search and automatic detection. Controlled 
search is highly demanding of attentional capacity and is 
usually serial in nature. It is easily established and is largely 
under the individual’s control in that it can be readily 
altered or even reversed. It is strongly dependent on load. 
It has been suggested that it uses short-term brain storage. 
By contrast, automatic detection, or automatic processing, 
operates in long-term memory and is dependent upon 
extensive leaming. It comes into Operation without active 
control or attention by the individual, it is difficult to 
alter or suppress, and it is virtually unaffected by load. An 
example of controlled search would be having to identify, 
say, the letters k, t, and v in an array of many different 
letters. Automatic detection, by contrast, is exemplified by 
having to identify instances of, say, the number 4 in an 
array of letters, all of which are c.

Broadly speaking the two types of attention can be char- 
acterized as focal and automatic. Someone who is focally 
attentive is highly aware, consciously in control, and se­
lective in handling sensory phenomena. A person in such 
a state is also employing his brain for short-term storage. 
(Indeed, some focal attention is almost certainly neces­
sary for storing information in the memory at all.) Focal 
attention is flexible but makes great demands on brain 
capacity. Automatic attention makes fewer demands but 
is relatively inflexible. Although it deploys well-leamed 
skills swiftly and smoothly—even when they are quite 
complex—it cannot cope with the unexpected. Automatic 
attention is largely uncontrolled, although its workings 
may possibly be modified by changes in the threshold at 
which it is triggered. The focal and automatic modes may 
be illustrated by a driving example: a new driver has tö 
attend to gear-shifting in a focal way—actively thinking 
about it; an experienced driver, on the other hand, changes 
gears automatically—not having to think about it.
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An important aspect of the control process in many 
circumstances is rehearsal, meaning here the mental rep- 
etition of incoming information. One consequence of re­
hearsal is that input items spend an extended period of 
time in the short-term memory store. It is also generally 
the case that what is attended to and rehearsed is what is 
eventually stored in long-term memory, suggesting a close 
relationship between the conditions for awareness and 
those for storage in memory. Evidence for leaming during 
sleep has sometimes been cited as contradicting this asser- 
tion that people remember only those things of which they 
were consciously aware at the time they occurred. It is now 
generally accepted, however, that the original evidence for 
sleep leaming was suspect. In subsequent studies, when 
more stringent electrophysiological measures were made 
to ensure that individuals were in fact asleep, no clear evi­
dence for leaming during sleep could be found. There has 
been an indication that some type of conditioning may be 
possible during sleep, but, generally, awareness appears to 
be necessary for leaming to take place.

As already noted, one of the conditions for becoming 
aware, or selectively engaged, is when current expectations 
are violated. Just as people leam skills to the point where 
they become subject to automatic programs of input and 
ouput processing, they also encode current experience into 
patterns of expectation that, as long as they continue to 
be fulfilled, need not engage focal processing resources. 
On entering a room a person may be aware of the regulär 
one-second tick of a grandfather clock, but soon it fades 
from awareness as other things command attention. One 
is likely to remain unaware of it unless it stops and estab­
lished expectations are violated, or unless other demands 
upon attention drop to the point where the person has 
sufficiënt spare focal capacity to monitor the environment 
more directly and again becomes at least partially aware 
of the sound.

The basic mechanism whereby response to novelty wanes 
with repeated and regulär presentation of the same signal 
is usually referred to as habituation. Thus habituation may 
be described as a progressive loss of behavioral respon- 
sivity to a stimulus as its lack of adaptive significance is 
discovered. Repetition of the signal merely serves to facil- 
itate this discovery and confirm the inappropriateness of 
deploying further attention upon it. In practice, the shorter 
the interval of time between signals the more rapidly re- 
sponsiveness drops. Naturally, if the signals have special 
significance for the individual, they will continue to be 
attended to and responded to even though they may be 
repetitive. For example, if, to check its accuracy, a person 
counts the ticks of the clock, habituation to the tick will 
not take place. In other circumstances where stimuli have 
special signal properties, habituation may take place, but 
only very slowly. Among the factors that can affect the 
magnitude of response to a signal and the rate at which 
habituation takes place is the intensity of the signal; for ex­
ample, its loudness or brightness. Although such response 
enhancement and resistance to habituation are primarily 
linked with increased stimulus intensity, they can also 
occur in reaction to quite faint signals, close to the thresh- 
old at which they are experienced. These observations of 
changes in attention with time and signal properties raise 
the wider question of how attention behaves over long 
periods of time.

VIGILANCE

Sustained attention, or vigilance, as it is more often called, 
refers to the state in which attention must be maintained 
over time. Often this is to be found in some form of 
“watchkeeping” activity when an observer, or listener, has 
continuously to monitor a Situation in which significant, 
but usually infrequent and unpredictable, events may oc­
cur. An example would be watching a radar screen in 
order to make the earliest possible detection of a blip that 
might signify the approach of an aircraft or ship.

Vigilance is difficult to sustain, however. Over any given 
time individuals become increasingly poor at detecting in­
frequent signals, and measurement of this forms the basis 
for studying vigilance. No single theory explains vigilance 
satisfactorily, probably because of its complexity. In the

first place, there is a clear distinction between sustain- 
ing attention in a detection task, where the overall work 
load is high, and sustaining it when little is happening 
except for the occasional looked-for events. Under both 
conditions performance can show a decline over time. An 
important factor is the allocation of neural resources to 
deal with the task. These resources are to some extent 
fixed by virtue of the limits on processing capacity already 
mentioned. When the task is complex, detection difficult, 
time limited, and a series of decisions in using variable 
data is required, the brain may not succeed in coping. 
Long, boring, and for the most part uneventful tasks result 
in lowered performance with regard to both speed and 
accuracy in detecting looked-for events. If the task is in- 
teresting or is taking place in a stimulating environment, 
it is easier to sustain attention and maintain performance.
Among the factors that influence vigilance performance, 

the frequency with which task-relevant events occur is 
among the most important. Generally speaking, the more 
frequent the events are the better is the performance; long 
periods of inactivity constitute the worst case for perfor­
mance. Surprisingly, the ratio of signals to nonsignal stim­
uli makes little difference to performance. The magnitude 
of the signal, however, is significant. During the course of 
a watch, expectancies develop about the frequency with 
which signals appear. If a signal occurs after an atypical 
interval it is less likely to be detected. Up to a point, in­
creasing task complexity serves to improve performance, 
and in some vigilance situations the introduction of a sec­
ondary task can aetually improve performance on the pri­
mary task. Performance is also enhanced when feedback is 
provided to give the individual knowledge of the results. A 
noisy environment can be detrimental to a vigilance task, 
particularly if the noise is high-pitched and loud and the 
task is difficult. If the task is simple and the noise is low 
in pitch the effect is likely to be small. Less surprisingly, 
lack of sleep impairs performance. Conversely, vigilance 
can be improved—or at least lapses prevented—by short 
periods of rest or by conversation or other mild forms 
of diversion. Monetary or other rewards tend to improve 
performance, as do some stimulant drugs.

THE NEUROPHYSIOLOGY OF ATTENTION

Accompanying the extemal manifestations of attention 
are physiological changes taking place within the body, 
particularly within the brain and nervous system. A useful 
starting point for examining such changes is through those 
circumstances where they are elicited by novel stimuli. 
Following the pioneering research of Pavlov, the orienting 
response to novel stimuli has been strongly represented in 
the work of Soviet neuroscientists, who have accorded it a 
central Position in the study of mental processes. Both in 
the Soviet Union and in the West, the orienting response 
has come to be characterized less by its behavioral signs 
than by a broad complex of physiological changes. These 
embrace changes in heart rate, in the electrical conductiv­
ity of the skin, in the size of the pupils of the eyes, in the 
pattem of respiration, and in the level of tension in the 
muscles. If the novel signal is an interesting one, the heart 
transiently slows down; if, on the other hand, it is startling 
the heart transiently speeds up. Most of the other types of 
change reflect similar reactions. Thus, the startling signal 
increases the level of skin conductance and the size of the 
pupils of the eyes, causes respiration to pause or briefly 
become irregulär, and increases tension in certain mus­
cles. Closer inspection reveals many more such changes: 
for example, in the size of blood vessels and consequently 
in blood circulation, in digestive processes, and in other 
bodily functions. The majority of these changes are regu- 
lated by the autonomie nervous system. They prepare the 
individual to respond to new and potentially threatening 
situations. Senses become temporarily more responsive to 
signals from the outside world. Overall the pattern is one 
of preparing the individual to take in information rapidly 
and efficiently and of giving priority to those Systems 
that might have to respond promptly to that information. 
The glands of the endocrine system come into Operation, 
releasing hormonal agents that circulate around the body 
and further facilitate the preparatory process. Once the
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novel signal has been fully assessed and classed as non- 
threatening or of no continuing importance, the defenses 
are “stood down.” As might be predicted from the behav­
ioral evidence, repetitive signals lead to habituation of the 
physiological responses as novelty dissipates.

One of the crucial factors in this process is the evalua- 
tion of the signal and the assessment of its significance. 
Physiologically this entails shifting the level of arousal and 
focusing available resources (attention) on the demands 
the signal makes.

Sensory inputs travel to the brain via primary sensory 
pathways that converge on a central relay structure, the 
thalamus, from which they are sent to relatively specific 
and localized receiving areas in the higher (cortical) levels 
of the brain. On their way from the sensory receptors to 
the thalamus the signals pass an area of the brain stem 
and midbrain to which the sensory pathways have lateral 
connections. This area, called the reticular formation, is 
important in changing the overall level of arousal. When 
it is damaged the individual may be unarousable. It has 
interconnections with the higher brain centres, and it pro- 
jects pathways to the cerebral cortex. Unlike the primary 
sensory projections, which are limited to specific sensory 
modalities, many of the reticular formation cells respond 
to signals from any of the sensory modalities.

When this ascending reticular activating system is operat- 
ing the individual is alert, aroused, and attentive. Reduc- 
tion of its activity results in somnolence or inattentiveness; 
extreme reduction (for example, by anesthesia or con- 
cussion) may lead to confusion or unconsciousness, even 
though the senses still pass messages to the brain over the 
direct pathways. The reticular system seems to account 
physiologically for the sustained, tonic shifts in an individ- 
ual’s level of involvement with the environment, including 
the control of sleep-wakefulness. One nonspecific route to 
the cerebral cortex via the thalamus, the diffuse thalamic 
projection system, appears concemed with moment-to- 
moment fluctuations in the focus of attention. Collectively 
the primary sensory pathways, associated areas of the 
cerebral cortex, and these more diffuse projection Systems 
cooperate in the process of registering the incoming sen­
sory signal, evaluating its contents, and mobilizing brain 
resources in response to the demands made.

Inevitably this account is an oversimplification. In human 
beings, other brain structures, particularly the hypothala- 
mus, are involved in regulating States of sleep and wake­
fulness, and limbic structures, such as the hippocampus, 
take part in arousal when rewards, punishments, or other 
emotional factors are involved. Much of our understand­
ing of these Systems and their interactions comes from 
the study of animal brains and from observing what hap­
pens in the human brain when things go wrong. There is, 
however, another important source of information about 
what is taking place in the healthy human brain when it 
processes incoming information. This is through the asso­
ciated electrical changes that take place within the brain; 
these changes can be recorded from electrodes attached to 
the scalp. Such recording, known as electroencephalogra- 
phy, involves amplification of the very weak neuroelectric 
signals, often followed by computer analysis and display. 
Electroencephalography enables Observation of the minute 
patterns of voltage fluctuation that take place as the brain 
cells process information and relay messages.

Offen the patterns of these intrinsic brain rhythms are 
modified by attention to extemal events and by thinking 
and other internal activity. The clearest effect o f this kind 
is the inhibition (blocking) of so-called alpha rhythms, 
usually when the eyes are opened or when the person 
is thinking about a task, especially one in vol ving visual 
imagery. Alpha rhythms are more or less regulär electric 
oscillations at a frequency o f about 1 0  cycles per second 
(hertz, or Hz), seen principally in the hindmost (visual) 
part of the brain. In the majority of people they tend to 
be most prominent when the mind is relatively blank and 
the eyes are closed. Absence of rhythmic features in the 
electroencephalogram (EEG) is generally regarded as evi­
dence of arousal as long as there are signs of less rhythmic 
(asynchronous) activity; total lack of electric discharge is 
a serious sign of brain morbidity.

Buried within the fluctuating pattern of voltage changes 
are more consistent patterns that accompany the regis- 
tration and evaluation of each discrete piece of sensory 
information. These changes are referred to as evoked 
Potentials or, more precisely, as event-related Potentials 
(ERP). They extend over the period of half a second or so 
immediately following the onset of the signal concerned. 
ERPs are composed of a relatively consistent pattern of 
positive and negative electrical peaks that vary systemat- 
ically when the properties of the signal that elicits them 
change. The whole waveform is divided into components, 
which are roughly approximate to its peaks and troughs, 
though not exactly because there is overlap between ad- 
jacent components. Each component has its own pattern 
of distribution over the brain and varies according to the 
properties of the eliciting signal.

This succession of ERP components constitutes a con- 
venient and meaningful indicator of the various aspects 
of information processing being carried out on the signal. 
Moreover, because recording o f such electrical Potentials 
offers no insult to the brain or serious interference with 
the performance of a wide range of tasks, many aspects of 
processing can be studied in healthy as well as disordered 
brains. Among the components o f the ERP are several re­
lated to attention in its various forms. For example, about 
1 0 0  milliseconds after a novel sound is heard, a promi­
nent negative component is produced, which, if the sound 
becomes repetitive, diminishes (habituates). The closer 
together in time the sounds occur, the smaller the com­
ponent becomes. Components with similar characteristics, 
but varying slightly in time, are found following novel vi­
sual and tactile stimuli. In situations where the individual 
must pay particular attention to a signal, these electrically 
negative components become larger. Conversely, if the in­
dividual is not paying attention—but is, perhaps, reading 
a book when the sound occurs—the component is smaller. 
This physiological sign of selective attention can be shown 
to be larger to all stimuli in an attended channel than in a 
nonattended channel. For example, if an individual who 
is hearing different voices speaking simultaneously in each 
ear is told to listen for a particular word spoken by one 
voice only, all words spoken by the “attended” voice elicit 
a larger 1 0 0 -millisecond component than those spoken 
by the other voice. Only the designated word, however, 
elicits a later prominent, electrically positive component, 
occurring about 300 milliseconds after it is spoken. These 
responses appear to offer physiological support for the 
behavioral view that there is an early filtering for broad 
characteristics, followed by a later one of the more com­
plex task-relevant properties.

Although such an explanation is plausible, the indications 
are that selection is not a simple serial process taking place 
at two discrete stages. When the task is relatively simple, 
looked-for properties can be distinguished substantially 
earlier than 100 milliseconds. There is also evidence of a 
more sustained, electrically negative change that can begin 
before 1 0 0  milliseconds and continue for perhaps several 
hundred milliseconds. This overlaps several components, 
supporting the idea that much processing must take place 
in parallel. Another component with attentional proper­
ties occurs just after 2 0 0  milliseconds when the incoming 
signal and current expectations are mismatched.

Apart from these transient electrical links with selective 
attention, there are rather longer electrical changes in 
preparatory States when attention is directed toward mak- 
ing a rapid response to an expected signal. When the signal 
that requires the rapid response (the imperative stimulus) 
is preceded at a short but fixed interval by a waming or 
“get-ready” signal, the waming signal triggers in the cere­
bral cortex a slowly rising negative voltage, which reaches 
its maximum by the time the imperative signal arrivés. 
(A race starter saying “on your marks, get set,” may be 
a waming signal; the following pistol shot, an imperative 
Stimulus.) When the response has been made the voltage 
returns to its normal level, This slow potential change, 
contingent on the association of the two stimuli and the 
individual’s intended response to the imperative second 
stimulus, has been termed the contingent negative Varia­
tion (CNV). It appears as a correlate of focal attention,
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and it has been suggested that one of its functions may be 
to prime the appropriate areas of the cerebral cortex to ex- 
pected stimuli. The expectation must be focal; i.e., in the 
forefront of conscious awareness. If the preparation and 
response are well learned or the individual is distracted, 
the CNV is reduced Conversely, if the individual concen- 
trates on the task or is highly motivated to perform it well, 
the CNV increases in size. The CNV offers links with two- 
process theories of attention in that it seems to pro vide 
a physiological distinction between the more demanding 
focal, flexible mode (large CNV) and the less demanding 
automatic mode (small CNV). If the priming view of the 
CNV is correct, it may well indicate recruitment of the 
necessary resources to deal with the (imperative) task.
Although these are small beginnings in the quest to find 

a physiological basis for attention, they constitute an im­
portant first step toward the integration of behavioral and 
neurophysiological evidence and theory. Evidence from 
both humans and other animals already links the cortical 
CNV with similar processes taking place in the brain stem 
reticular formation. Several theoretical models of selective 
attention based on ERP evidence have been advanced. 
They have in common an attempt to use systematic pat- 
tems o f ERP change as an index of the cerebral mecha­
nisms underlying cognitive processes.

All of the electrical changes considered are in practice 
electrochemical. That is, complex Chemical changes un- 
derlie the electrical correlates of attention. To take just one 
instance, the passage of electrical signals from nerve cell to 
nerve cell is dependent upon a range of neurotransmitter 
substances. Each of the neural Systems already discussed 
is dependent upon the action of one—or sometimes 
combinations—of these neurochemicals. One transmit- 
ter substance, noradrenaline, is particularly prominent in 
alerting processes, along with its close relative dopamine. 
The total amount of another transmitter substance, acetyl­
choline, in the brain is found to be inversely related to 
the level of central nervous system activity at any given 
time. For example, if an individual is anesthetized, the 
electrical activity of the brain is reduced, and the content 
o f acetylcholine is found to be increased. Direct electrical 
Stimulation of the brain, or the convulsant action of cer­
tain drugs, tends to decrease brain levels of acetylcholine. 
This transmitter seems to be involved in a wide range of 
behaviour and functions. Among those related to atten- 
tional and arousal States are stress, awakening from sleep, 
and exploring behaviour. Certain amino acids, such as 
gamma-aminobutyric acid (GABA) and glycine, appear to 
play an inhibitory role in the brain and nervous system. 
Hence they too may be involved in reciprocal inhibitory 
processes accompanying some attentional States.

PERCEPTION AND RECALL

The vast subject of memory is beyond the scope of this 
survey o f attention, but a few pointers to the interactions 
that take place between what is attended to, how it is 
perceived and recognized, and factors that govem its sub­
sequent recall are relevant. Memorizing is not simply a 
matter of repetition; attention plays a role in organizing 
material in ways that can influence its later recall. One 
example, known as the Von Restorff effect, is that, in 
any given number o f items to be learned, an item that 
is notably different from the rest in size, colour, or other 
basic characteristics will be more readily recalled than the 
others. Unfortunately there is a price to be paid for this 
improvement; other “Standard” items will be less well re­
called than they otherwise would have been.

It is also important to realize that what is actually per­
ceived is not a neutral, objective representation of what 
exists in the extemal world. It is coloured by past expe­
riences stored in memory and by current expectations, to 
the extent that substantial distortions can occur to make 
a perceived item fit those experiences and expectations. 
Perceptions are frequently formed on the basis of quite 
limited cues; the art of camouflage utilizes this character- 
istic to the benefit of both humans and other animals in 
certain situations. It seems that even the culture within 
which a person lives determines the way he perceives the 
world. Following a study of the Hopi and Shawnee lan-

guages, the linguist Benjamin Whorf concluded that what 
these American Indian peoples perceived was itself differ­
ent from the perceptions of English-speaking Americans, 
by virtue of the way their languages were structufed.

INATTENTION AND DISTRACTIBILITY

Limited processing capacity entails that there is invariably 
competition for attention. While awake humans are essen- 
tially always attending to something. The term inattention 
usually implies that, at a given moment, the thing being 
attended to is either not what it was intended to be or not 
what adaptively it ought to be. People will offen report, 
“I was attending, but found that I was not taking in what 
was happening.” On many such occasions, internal pre- 
occupations (thoughts) have become the object of current 
attention at the expense of sensory information from the 
extemal world. Altematively, an internal stimulus, such 
as a pain or hunger, may have captured attention. On 
other occasions, irrelevant sensory information from the 
extemal world may distract individuals from their current 
focus of attention. When this happens it is either because 
the intrusive stimulus has high priority, for example, the 
ringing of a telephone, or perhaps because the task en- 
gaged in is simply uninteresting.

Some individuals are more easily distracted than others, 
but in everyone distractibility varies with circumstances. 
When motivation and the level of involvement are high, 
an individual may totally disregard intense and persistent 
“outside” signals. Such inputs are either heavily filternd 
or dealt with only at an automatic level. Even when the 
competing stimulus is pain from an injury sustained, say, 
by a player in the early stages of a team sport, it is 
often scarcely noticed until the game ends and attention 
is no longer absorbed by the game. Nevertheless, because 
people’s ability to focus attention varies, some report “dif- 
ficulties o f concentration” and may find themselves so 
easily distracted that they can scarcely read a book. There 
are indications that persons who are chronically anxious 
may be among those whose attention can readily be dis­
tracted by quite modest and irrelevant levels of stimuli. 
This feature has been noted in a number of psychiatrie 
disorders, and it has been suggested that one cause of these 
disorders may be a fault in the mechanisms of attention.

LAPSES OF ATTENTION

It has been established that, to conserve limited resources, 
whole sequences and hierarchies o f actions can apparently 
be elicited without focal attention when they have been 
well learned or executed many times. There is reason, 
however, to suppose that at least a minimum level of focal 
attention may be necessary, if only to ensure that the 
correct sequence or hierarchy is initiated. Failure of this 
minimal monitoring can result in the phenomena usually 
classed as lapses of attention. For example, most people 
have experienced trivial behavioral slips such as finding 
themselves taking a regularly used route when they had 
meant to go in a different direction; attempting to switch 
off a light when leaving a room in daylight; or, perhaps, 
pouring tea into the sugar bowl instead of a cup. In each 
case a well-established action has been inappropriately 
triggered by partial cues and has slipped past the atten­
tional monitor when it was otherwise engaged. A person 
realizes in retrospect that the error has occurred because 
he was “thinking about something eise”; he was not paying 
attention to what he was doing. In many circumstances 
it is advantageous that automatic sequences of behaviour 
should be executed with only very limited reference to 
conscious attention. Musicians, typists, and other skilled 
persons are well aware that too much attention devoted 
to the execution of a well-leamed skill can disrupt per­
formance. Nevertheless, people cannot dispense entirely 
with some degree of attentional monitoring if they are to 
avoid errors. Another kind of lapse entails being unable to 
remember whether one has performed a particular action 
as part of a highly automated sequence: “did I or did I 
not put the sugar in my tea?” Yet another kind results 
in one automatic action’s triggering another unwanted or 
inappropriate action: “I meant to take off only my shoes 
but took off my soeks as well.” Most lapses have in com-
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mon that they occur when attention has been claimed by 
an internal preoccupation or external distraction.

CONCLUSION
Attention has sometimes been described not as a single 
concept but as the name of a complex field of study. This 
is true only to the extent that around it have grown up a 
multitude of ancillary and often poorly defined constructs, 
many of them overlapping. Some, like consciousness and 
awareness, are related to subjective mental States. Others, 
like arousal, activation, and orientation, are thought of 
more in physiological terms. Still others, like alertness and 
expectancy, have been characterized principally in terms 
of behaviour and performance. Another dimension con- 
siders the process in terms of effort, intention, drive, or 
motivation, and, yet another, the notion of automaticity. 
Doubtless each of these facets contributes to the overall 
picture, but there would seem to be a case for treating the 
term as referring primarily to that state of the individual 
which represents the shifting, selective focus of conscious­
ness. This is the state through which learning takes place 
and one that makes heavy demands upon the brain’s pro­
cessing capacity. Individuals recognize it subjectively in 
themselves, but it is becoming increasingly recognizable

in others through neurophysiological activity as well as by 
individual behaviour. It is a state of awareness that sub- 
serves the more flexible and directable aspects of human 
transactions with the environment.
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Augustine

Saint Augustine (in Latin, Augustinus), bishop of 
Hippo in Roman Africa from 396 to 430, and the 
dominant personality of the Western Church of his 

time, is generally recognized as having been the greatest 
thinker of Christian antiquity. His mind was the crucible 
in which the religion of the New Testament was most 
completely fused with the Platonic tradition of Greek phi- 
losophy; and it was also the means by which the product 
of this fusion was transmitted to the Christendoms of me- 
dieval Roman Catholicism and Renaissance Protestantism.

This unique significance would have belonged to Au­
gustine had he never written the famous Confessions, in 
which at the age of about 45 he told the story of his own 
restless youth and of the stormy voyage that had ended, 
as he believed, 1 2  years before he put it in writing, in the 
haven of the Catholic Church. It is easy to forget that the 
real work of Augustine’s life did not begin until the last 
scene of the Confessions was already receding for him into- 
a remembered past. Moreover, the Confessions themselves 
are not so much autobiography as they are devotional 
outpourings of penitence and thanksgiving. Augustine’s 
conscientious memory generally can be trusted for the 
facts: his reflections upon them are those of the bishop 
on his knees. This is not to say that, in any attempt to 
understand or appreciate the mind of the bishop, the Con­
fessions can be neglected. The picture must, however, be 
drawn in proper proportion; it is essential to avoid giving 
undue prominence to what should be no more than its 
background.

Youth and conversion. Hippo Regius is the modern 
Annaba on the Algerian coast, in what was then the 
Roman province of Numidia. Augustine, named Aurelius 
Augustinus, was born on November 13, 354, of middle- 
class parents at Tagaste (modern Souk-Ahras), a small 
town about 45 miles (72 kilometres) to the south. His 
father, Patricias, was and remained until late in life a 
pagan; his mother, Monica, was a Christian of intense 
but simple piety, from whose early teaching Augustine 
retained a reverence for the “name of Christ” that never 
left him. But he was not baptized in infancy. He went 
through primary and secondary schooling and soon dis- 
played such intellectual promise that the modest family 
funds were banked upon securing him an academie career 

Enthusi- that would qualify him for government service. As a 19- 
asm for year-old student at Carthage he was stirred by the read- 
philosophy ing of a treatise of Cicero—the now lost Hortensius—and

was filled with an enthusiasm for “philosophy,” which 
meant not only a devotion to the pursuit of truth but 
a conviction of the superiority o f a life devoted to that 
pursuit (the vita contemplative) over any aims of secular 
ambition. The faith of the Catholic Church seemed to him 
too hopelessly unphilosophical for any man of culture to 
entertain; and he was easily carried away by the discovery 
in Manichaeism of a religion that professed to appeal to 
reason rather than authority.

Alinari— Art Resource/EB Inc.

St. Augustine, fresco by Sandro Botticelli, 1480. In the 
Church of Ognissanti, Florence.

Influence of Manichaeism. The Manichaean system as 
propagated in the Western Roman Empire was a mate- 
rialistic dualism that accounted for the creation of the 
world as the product of a conflict between light and dark 
substances and for the soul of man as an element of the 
light entangled in the dark. Manichaeism claimed to be
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the true Christianity, preaching Christ as the Redeemer 
who enables the imprisoned particles of light to escape and 
retum to their own region. In the Manichaean Church the 
higher order of “elect” were strictly ascetic and celibate, 
all physical generation being held to serve the realm of 
darkness. After an adolescence that probably was no more 
licentious than was common in his time and country, Au­
gustine had formed a liaison with a woman of low birth 
by whom he had a son and to whom he remained loyally 
attached throughout the nine years of his association with 
the Manichaeans, and he was therefore allowed to join that 
sect’s lower order as one of the “hearers,” to whom mar- 
riage was permitted as a concession to human weakness.

His first zeal for this “religion of enlightenment” did 
not last long, however, for the Manichaean experts were 
intellectually second rate and proved incapable of dealing 
with the questions he put to them. He became increasingly 
disillusioned and was already falling into a general agnosti- 
cism when, at the age of about 28, he left Carthage, where 
he had worked as a free-lance teacher of rhetoric, and 
went to Rome in search of more satisfactory pupils. There 
he made connections that led to an official professorship 
at Milan, where the Western emperor then resided.The 
bishop of Milan was Ambrose, the most eminent Chris- 

Contact tian churchman of the day. Augustine was introduced to 
with St. Ambrose but never came to know him well. He went to 
Ambrose hear him preach, however, and this, his first contact with 

the mind of a Christian intellectual, was enough to shake 
Augustine’s prejudice against Catholic teaching. Although 
he had abandoned the doctrines of Manichaeism, he re- 
tained its materialistic presuppositions, which left him still 
a skeptic with no satisfying alternative to Manichaean no­
tions of ultimate reality. The being of God and the nature 
and origin of evil remained for him Problems as insoluble 
as they had ever been.

Influence o f Neoplatonism. The solution of both Prob­
lems was given to him by a chance introduction to 
Neoplatonic writings, for which he may well have been 
prepared by Ambrose’s use of them in some of his ser- 
mons. Neoplatonism, in the work of the 3rd-century phi- 
losopher and mystic Plotinus, its greatest exponent, is a 
spiritual monism—a philosophical doctrine holding that 
there is only one reality—according to which the universe 
exists as a series of emanations or degenerations from 
absolute unity. From the transcendent One arises self- 
conscious mind or spirit; from mind comes soul or life; 
and soul is the intermediary between the spheres of spirit 
and of sense. Matter is the lowest and last product of the 
supreme unity; and since the One is also the real and the 
good, the potentiality of evil is identified with unformed 
matter as the point of maximum departure from the One. 
Evil itself is thus the least real of all things, being simply 
the privation or absence of good. Neoplatonic mysticism 
relies on the principle that the inward is superior to the 
outward: to reach the good, which is the real, one must 
“retum into” oneself; for it is the spirit at the heart of 
man’s inmost seif that links him to the ultimate unity.

In the seventh book of the Confessions, Augustine teils 
how in such an act o f introspection he found God—the 
“changeless light,” at once immanent and transcendent, 
which is the source of every intuitive recognition of truth 
and goodness. This discovery of God was more than the 
conclusion of a process of reasoning: it was a mystical 
experience, a vision or touch that came and went. But 
it left behind it the answer to Augustine’s unsatisfied 
questionings. God is light, and evil is darkness, as the 
Manichaeans said. But neither is a material substance: the 
changeless light of God is pure spiritual being, and the evil 
is nonentity, as darkness is but the absence of light.

Conversion to Christianity. Augustine’s mystical expe­
rience, his awareness of God, had been momentary and 
fleeting. He believed that this could be only because he 
had not made for himself the necessary total identification 

Moral of supreme value with spirit; he was still himself entangled 
struggle with the flesh. In fact, Neoplatonism had reinforced the 

Manichaean principle that the way of return to God must 
be through escape from the body; and for Augustine this 
meant primarily and immediately escape from the ties of 
sexuality. The immortal story of his conversion in the

eighth book of the Confessions teils of his coming to learn 
of the heroic achievements of Christian asceticism in East 
and West, of the self-contempt induced in him by the 
contrast of his own weakness, and of the final breakdown 
of resistance in a Milan garden, when, at the sound of a 
child’s voice calling “tolle, lege: tolle, lege” (“take up and 
read”), he opened the New Testament Letters and read in 
Letter of Paul to the Romans the words, “. . .  put on the 
Lord Jesus Christ, and make no Provision for the flesh, to 
gratify its desires” (Rom. 13:14).

This was in the late summer of the year 386. Vacation 
was near, and Augustine resigned his teaching chair and 
went with some young pupils, his son Adeodatus, and his 
mother Monica to a reading party at a country house lent 
by a friend. Out of their literary study and philosophical 
discussions there came the earliest of Augustine’s surviving 
works—the dialogues, which display so little of the storm 
and stress of a religious conversion and so little concem  
with specifically Christian themes that critics have been 
led to question the accuracy of the Confessions story writ- 
ten many years later. It is true that Augustine’s struggle 
against the domination of his sexual nature can be re- 
garded as the final phase in that fluctuating pursuit of the 
“Philosophie life” first presented to him by Cicero’s Hor- 
tensius. But there is no sufficiënt reason for doubting that 
he was a Catholic Christian in intention when he received 
Baptism at the hands of Ambrose in the spring of 387.
It is certain that three or four years later, when he wrote 
his treatise De vera religione (O f True Religion), he was 
still thinking of Christianity in Neoplatonic terms. In this 
treatise, the divine Word (Logos) in Christ is the mind or 
spirit o f Plotinus, illuminating the reason, through whom 
the human soul has access to the transcendent Godhead.
Christ’s human life is man’s example of the ascetic victory 
over the pains and pleasures of the flesh; Christian morals 
serve only to purify the soul for the life of contemplation; 
and Christian faith is the necessary acceptance of the 
church’s authority in this preliminary stage of training.

Bishop and Christian philosopher. Shortly after his Bap­
tism, Augustine left Milan, with his mother and a small 
party of friends, to return to Africa. At Rome’s port city 
of Ostia, his mother died; and Augustine recorded his last 
talk with her, in which son led mother, through a discourse 
formed on the pattem of the Neoplatonic “ascent” from 
this world to the other, to share with him a momentary Pastor, 
experience of the life eternal. Home again at Tagaste, the teacher, 
friends formed a little community devoted to the religious and judge 
life of contemplation and study. But its peace was soon in Hippo 
broken when, on a visit to Hippo in 391, Augustine was 
forced to accept ordination as assistant priest to its old 
bishop, Valerius. Five years later Valerius died, and Au­
gustine entered the episcopate in which he was to labour 
until his death. The bishop in Roman Africa was not only 
the pastor of a parish, the busy teacher and preacher, but 
the presiding judge in a much-frequented court of sum- 
mary jurisdiction in civil cases. Augustine never enjoyed 
robust health, and the vast extent of his literary output was 
made possible only by the constant services of stenogra- 
phers and by an extraordinary capacity for the extempore 
formulation of ordered thought, of which at least 400 ser- 
mons remain as proof. He was not a systematic theologian.
Much of his writing was in response to the appeals that his 
growing reputation in the Christian world brought to him 
for the solution of the most diverse problems. Over 200 of 
his letters have been preserved, many of them having the 
scale of minor treatises. He was tireless in controversy with 
heretics—Manichaeans, Donatists, and Pelagians. But his 
deepest thought, the real Augustinianism, is to be found 
in his scripture commentaries and homilies, especially his 
expositions of the Psalms and his writings on the Gospel 
and First Letter of John. The characteristie pattem he 
imposed upon Christian theology was not the outcome of 
controversy.

The decisive turn was given to his thinking by his ordi­
nation to the priesthood, which dragged him against his 
will from the vita contemplative into the world and at the 
same time diverted his studies from philosophy to Scrip­
ture. The realities of pastoral experience among the very 
imperfectly Christianized people of an African seaport,
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together with the rapid impregnation of his mind with the 
categories of biblical religion, made it impossible for him 
to overlook the differences between Neoplatonism and 
Pauline Christianity. The knowledge of God and of the 
soul always remained from the time of his Baptism the 
one and only knowledge that he desired; and Plotinus had 
not been mistaken in bidding him look within himself if 
he would find God, for the Bible also teils of a likeness to 
God imprinted on the soul. But although for the Neopla­
tonist the soul’s likeness to God is that o f a, so to speak, 
reduced divinity, for the Christian it is that o f a tem­
poral and mutable image o f the “eternal and changeless.” 

Biblical Augustine was assured that it is the task of a Christian
and philo- philosophy, guided by the scriptural revelation, to seek to
sophical know God through his image in the soul; and this was the
theologian path he followed in his great treatise De Trinitate (On the

Trinity). He insisted that a true knowledge of the soul’s 
nature can be based only on the immediate awareness of 
self-consciousness; and the soul’s awareness of itself is of 
a trinity in unity that reflects “as in a glass darkly” the 
being of its Maker. He claimed that knowledge of one’s 
own being, of one’s own thinking, of one’s own willing is 
not open to doubt; there is an ego that exists, knows, and 
wills. But in none of these aspects is the ego self-sufficient 
or independent: it cannot maintain its own being, produce 
its own knowledge, or satisfy its own desires. Augustine 
believed that he had learned from the Platonists to find 
in God “the author of all existences, the illuminator of all 
truth, the bestower of all beatitude” (De civitate Dei viii, 
4). But his theories of the universe, of knowledge, and 
of ethics were his own. The following three paragraphs 
summarize these theories.

Theory of the universe. Creation in Plotinus is mo- 
tiveless and purposeless, the automatic by-product of the 
divine self-contemplation; in Augustine its source is “the 
will of a good God that good things should be” (De civitate 
Dei xi, 21). The outgoing energy of Creative love forms 
the basic principle of his entire theology. Since nothing 
can come into being or continue in it but by this divine 
will to create, all that exists is good “in so far as it has 
being”; and because there are evidently degrees of good- 
ness, there must also be degrees of being. But even the 
formless matter that is nearest to “not being” is essential- 
ly good because God made it; the origin of evil is not 
to be sought in material existence. Augustine persistently 
refused to unload upon the material conditions of human 
life the responsibility for human wickedness.

Theory o f knowledge. Following Plato, Augustine argued 
that the ability to make true judgments never can be 
inserted into the mind from outside. The human teacher 
never can do more than help his pupil to see for himself 
what he already knew without being aware of it. Augus­
tine’s favourite examples of these intuitive judgments are 
the propositions of mathematics and the appreciation of 
moral values; they are not the construction of the indi­
vidual mind, because when properly formulated they are 
accepted by all minds alike. The individual thinker does 
not make the truth, he finds it; and he is able to do so 
because Christ, the revealing Word of God, is the magister 
interior, the “inward teacher,” who enables him to see the 
truth for himself when he listens to him.

Ethics. Augustine accepts the basic assumption of an- 
cient ethical theory that conduct is properly directed to the 
achievement of eudaimonia—the happiness or well-being 
that is taken to be the one universal desire of humanity. 
Augustine’s cosmos is an ordered structure in which the 
degrees of being are at the same time degrees of value. 
This universal order requires the Subordination of what is 
lower in the scale of being to what is higher: body is to be 
subject to spirit, and spirit to God. Man must know his 
place in the order of the universe and, knowing it, must 
voluntarily accept it; that is, he must set upon himself 
and upon everything eise the relative value that is prop­
erly due. Augustine’s word for the ethical valuation that 
influences conduct is amor (“love”). Amor is the moral 
dynamic that impels man to action. If it is rightly directed 
man will never set a higher value on what is lower in the 
scale. All lesser goods are to be “used” as means or aids 
toward the higher; only the highest is to be “enjoyed” as

the ultimate end on which the heart is set. The supreme 
good in whose fruition alone man reaches his perfection is 
for Augustine the God whose nature is agapë, love in the 
New Testament sense of the word. If, then, man’s love, his 
amor, can rise to the enjoyment o f God, it will become a 
participation in the divine agapë, love itself. God will have 
given himself to men, and by sharing in his love men will 
love one another as he loves them, drawing from him the 
power to give themselves to others.

Struggle with the Donatist schism. The energies of Au­
gustine, both pastoral and literary, were for the first 15 
years of his episcopate distracted by the wearisome strug­
gle to end the schism in the African Church that had 
persisted for nearly a Century. The Donatists, a Christian 
sect (named after Donatus, one of its leaders) the mem- 
bers of which outnumbered the Catholics in the country 
districts and in many towns, claimed to be the only true 
church on the ground that their ministry was the only one 
the succession of which had not been stained by apostasy 
in the great persecution of the years 303-313, which had 
begun under the emperor Diocletian. Imperial attempts 
to suppress the schism had stimulated the martyr spirit 
that had always marked African Christianity and gained 
Donatism the support of strong elements in the native 
Population whose grievances were social and economic 
rather than ecclesiastical. The schism maintained itself by 
fanatical violence, and Augustine’s persevering attempts 
to settle the questions at issue by peaceful discussion were 
fruitless. In the end, the imperial government became 
convinced that the Donatists were a danger to the security 
of Africa. The Donatist bishops were compelled to meet 
their Catholic rivals at a formal conference held under an 
official arbitrator at Carthage in 411, the foregone conclu­
sion of which was a Catholic victory.

Donatists and Catholics agreed that the power of the Holy Answer 
Spirit is conveyed to the believer through the sacraments, to the 
which are administered by the church through the clergy. Donatists 
The Donatists alleged, however, that the sacraments re­
quire for their validity a ministry undefiled by serious sin; 
for the Spirit départs from the sinner, who cannot there- 
fore “confer what he does not possess.” Augustine replied 
that the sacraments convey the Spirit in virtue of Christ’s 
ordinance alone and that this validity is unaffected by the 
worthiness or unworthiness of the human minister. The 
church’s unity depends on the Spirit’s supreme gift of 
charity, of which schism is the denial. Unfortunately, Au­
gustine, who had for long opposed the use of any means 
but persuasion to end the schism, eventually was induced 
to approve the enforcement of legal penalties upon the 
schismatics, in the interest, as he believed, of the many 
whose fear of Donatist violence had kept them from re­
turn ing to the church. His famous saying, “Love, and do 
what thou wilt,” was in fact a defense of compulsion in 
the service of charity.

Struggle with the Pelagian heresy. As the Donatist con­
troversy was ending, the Pelagians were already beginning 
to threaten the traditional doctrines o f sin and redemption 
in the Western Church. Pelagius had set himself to resist 
the slackening of Christian moral Standards. Against those 
who pleaded human frailty in excuse for their failings, he 
insisted that God has made every man alike free to choose 
and to perform the good; that it is the essence of sin to be 
a voluntary act that God’s law forbids and that the sinner 
was free to avoid; and that, were not this freedom real, 
there could be no justice in God’s punishments and re- 
wards. This reduction of Christianity to a bleak moralism 
could not avoid conflict with the plain implications of the 
church’s sacramental and liturgical practice. Baptism had 
always been “for the remission of sins,” and infants were 
held to need it because they inherit the guilt o f Adam’s 
transgression, which, as St. Paul taught, brought death 
upon the whole race of men. The doctrine of original 
sin was firmly established in the Western Church before 
Augustine’s time; and when it was openly rejected by Pe­
lagius’ disciple Ceiestius, there was no escape for Pelagian 
ism from being branded as a heresy. The prevarications of 
Pelagius were able to persuade Pope Zosimus (417-418) to 
reverse the condemnation pronounced by his predecessor,
Innocent I. But in the spring of 418 the African bishops
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obtained from the emperor Honorius an edict banishing 
the heretics; and Zosimus was obliged to come into line.

Augustine was the soul of the Church’s resistance. He 
had seen Pelagianism at once as not merely a denial of 
the virtue of Christian Baptism but also as a fatal mis- 
conception of the relationship between God and man. For 
to assert that man can achieve righteousness by his own 
effort is to contradict the fundamental truth that God is 
the giver of all good.

Original Before the controversy began, Augustine had worked out 
sin and its his own rationalizations of the doctrines of original sin 
propaga- and divine grace— rationalizations that the church was to
tion prove unwilling to accept fully. He accepted the tradi­

tional belief in the fact and in the penal consequences of 
Adam’s transgression, defining the fact as man’s refusal to 
accept his place in the created order, and the consequences 
as a dislocation of the order of man’s own nature—the 
revolt of flesh against spirit. He argued that not only are 
all men involved in Adam’s guilt and punishment but 
also that this involvement takes effect through the depen­
dence of human procreation on the sexual passion, in 
which the spirit’s inability to control flesh is evident. It 
was this linking of original sin with human sexuality that 
exposed Augustine in his old age to the most damaging 
criticisms of the Pelagian bishop Julian of Eclanum, who 
boldly asserted the moral neutrality of the instincts that 
belong to man’s created nature and charged Augustine 
with relapsing into Manichaeism in his argument that an 
impulse that a man is bound to fight and conquer must 
therefore be evil.

For Augustine the fall of man means that in all men 
the true order of love has been violated. Departing from 
the love of God above him, man has followed the love of 
seif and become subject to what is below him. Man has 
fallen by the act of his own will. He cannot by a similar 
exercise o f will reverse the consequences of that fall. The 
subjection of spirit to flesh is a slavery from which the 
perverted will has no power to deliver itself, just because 
it cannot will the deliverance. What is needed is a kind 
of reversal of gravity—the Substitution of an uplifting for 
a down-dragging love. And Augustine believed that this 
could happen only by that gracious descent of the divine 
love to dweil within the sinner: the gospel of the incama- 
tion and of Pentecost.

Pelagius, on the other hand, argued that all men have 
been created free to do what is right when they see it, 
and that Christians have received the needed moral en- 
lightenment in Christ’s teaching and example. Augustine 
knew the unreality of the Pelagian conception of freedom 
as an innate and absolute power of choice, unaffected by 
circumstances. He pointed to the inescapable conditioning 
of all moral activity by the Situation of the agent—outside 
whose control are in general not only the presentation of 
an object but also the kind of feeling that the presentation 
excites. Moreover, the act of will is dependent on feeling 
as well as on cognition. In Augustine’s words:

Men will not do what is right, either because the right is 
hidden from them or because they find no delight in it. But 
that what was hidden may become clear, what delighted not 
may become sweet— this belongs to the grace o f God” (D e  
p e c c a to r u m  m e r i t is  e t r em iss io n e ).

Augustine insisted that without this delight in righteous­
ness there can be no true freedom in well-doing, but only 
a servile obedience to law. The love of God, which is the 
motive of the Christian life, must be free. Yet love of 
God, as St. Paul said, enters man’s heart by the gift of the 
Holy Spirit; and Augustine found it increasingly difficult 
to leave room in his doctrine of grace for a genuinely free 
response on man’s part to the Spirit’s gift. The unexam- 
ined assumption that everything in human life must be 
ascribed either to God’s or to man’s working compelled 
him to hold that God alone is the cause of every human 
movement toward good. In the first year of his episco­
pale, the study of St. Paul’s argument in Rom. 9-11 had 
convinced him that no event in time can alter the eternal 
setting of God’s will toward any human soul: his elect are 
chosen before the foundations of the world. God knows— 
not before, but apart from, the time process—how each 
individual in the course of time will respond to the partic­

ular form in which grace is offered to him; and the elect 
alone receive the grace that will win their acceptance.

The rigour of this doctrine did not soften in face of 
the Pelagian challenge. In De civitate Dei (The City o f The City 
God), the masterpiece on which Augustine was working of God 
throughout the Pelagian controversy, he drew a picture, as 
majestic as it is appalling, o f the “beginnings, course and 
destined ends” of the two invisible societies of the elect 
and the damned. The work seems to have been in his 
mind before the capture of Rome by the Visigoths in 410 
had shaken the empire; but it took the form of a Christian 
apologetic against the pagan claim that the disaster was 
consequence and punishment of Rome’s apostasy from 
its ancestral religion. Augustine’s two cities are not to 
be identified with the Christian Church and the pagan 
or secular state. They are symbolic embodiments of the 
two spiritual powers that have contended for allegiance 
in God’s creation ever since the fall o f the angels—faith 
and unbelief, “the love of seif extending to contempt for 
God, and the love of God extending to contempt of seif.”
Neither power is embodied in its purity in any earthly 
institution; in this world the heavenly and earthly cities 
are inextricably intermingled. If there is a philosophy of 
history in the De civitate Dei, it is the religious philosophy 
of predestination.
Augustine found it difficult in his old age to reassure 

some of his own disciples, to whom his doctrine seemed 
to make moral effort futile and praise and blame alike 
groundless. But he would retract nothing. His last complet- 
ed treatises drew out the logic of predestination to its most 
ruthless conclusions. Though his doctrine in its final form 
was never accepted by the church, it reappeared virtually 
unmodified in the writings of both St. Thomas Aquinas 
and John Calvin, the most acute thinkers, respectively, of 
Scholasticism and Reform. It may indeed be regarded as 
product of the too audacious attempt of the time-bound 
human mind to contemplate existence with the eye of the 
eternal God.

The influence of Augustine. The end of Roman civi- 
lization in Africa was near and the Vandal armies were 
besieging Hippo when Augustine died there on August 28,
430. Not many years later, Vincent of Lérins defined Cath­
olic orthodoxy in the famous phrase, Quod ubique quod 
semper quod ab omnibus creditum est (“What is every- 
where, what is always, what is by all people believed”). He 
dared not call Augustine a heretic in so many words, but 
it was against the extravagances that he rightly detected in 
Augustinian doctrine that his definition was aimed. That 
these extravagances have been a noxious legacy to theol- 
ogy because of their author’s authority cannot be denied.
But that should not prevent the grateful acknowledgment 
of the debt that Christian thinking has owed through the 
centuries to Augustine’s influence, which has spanned and 
may one day reconcile the divisions of Western Christen­
dom. The secret of that influence is to be found not so 
much in the brilliance and profundity of his intellect, the 
magie of his style, or the validity of his constructions as 
in the unique power of his religious genius. St. Anselm 
of Canterbury, St. Bernard of Clairvaux, the makers of 
The Book o f Common Prayer, St. Francis de Sales, Blaise 
Pascal, Jacques-Bénigne Bossuet, Joseph Butler, Jacques 
Maritain, Reinhold Niebuhr, and Paul Tillich—all these 
have in their different ways drawn inspiration from one in 
whom they have been compelled to recognize “the heart of 
the matter.” Verus philosophus est amator Dei (“The true 
philosopher is the lover of God”). In those words from the 
De civitate Dei, Augustine has left at once the best portrait 
of himself and the füllest justification of his life’s work.

St. Augustine has been revered as a doctor of the church 
since the early Middle Ages. His feast is celebrated on 
August 28.

(Jo.Bu.)
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Augustus

Gaius Octavius, subsequently known as Gaius Julius 
Caesar Octavianus and still later as Augustus or 
Caesar Augustus, was the first Roman emperor, 

following the republic, which had been finally destroyed 
by the dictatorship of Julius Caesar, his great-uncle and 
adoptive father. His autocratie regime is known as the 
principate because he was the princeps, the first Citizen, 
at the head of that array of outwardly revived republican 
institutions that alone made his autocracy palatable. With 
unlimited patience, skill, and efficiency, he overhauled ev­
ery aspect of Roman life and brought durable peace and 
prosperity to the Greco-Roman world.

Gaius Octavius was bom on September 23, 63 b c , of a 
prosperous family that had long been settled at Velitrae 
(Velletri), southeast of Rome. His father, who died in 59 
BC, had been the first of the family to become a Roman 
senator and was elected to the high annual office of the 
praetorship, which ranked second in the political hierar- 
chy to the consulship. Gaius Octavius’ mother, Atia, was 
the daughter of Julia, the sister of Julius Caesar; and it 
was Caesar who launched the young Octavius in Roman 
public life. At the age of 12 he made his debut by deliv- 
ering the funeral speech for his grandmother Julia. Three 
or four years later he received the coveted membership

of the board of priests (pontifices). In 46 he accompanied 
Caesar, now dictator, in his triumphal procession after his 
victory in Africa over his opponents in the Civil War; and 
in the following year, in spite of ill health, he joined the 
dictator in Spain. He was at Apollonia (now in Albania), 
completing his academie and military studies when, in 44 
b c , he learned that Julius Caesar had been murdered.

Rise to power. Returning to Italy, he was told that in 
his will Caesar had adopted him as his son and had made 
him his chief personal heir. He was only 18 when, against 
the advice of his stepfather and others, he decided to 
take up this perilous inheritance and proceeded to Rome. 
Mark Antony (Marcus Antonius), Caesar’s chief lieuten- 
ant, who had taken possession of his papers and assets 
and had expected that he himself would be the principal 
heir, refused to hand over any of Caesar’s funds, forcing 
Octavius to pay the late dictator’s bequests to the Roman 
populace from such resources as he could raise. Caesar’s 
assassins, Brutus and Cassius, ignored him and withdrew 
to the east. Cicero, the famous orator who was one of 
Rome’s principal elder statesmen, hoped to make use of 
him but underestimated his abilities.

Celebrating public games, instituted by Caesar, to ingra- 
tiate himself with the city populace, Octavius succeeded
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in winning considerable numbers of the dictator’s troops 
to his own allegiance. The Senate, encouraged by Cicero, 
broke with Antony, called upon Octavius for aid (grant- 
ing him the rank of senator in spite of his youth), and 
joined the campaign of Mutina (Modena) against Antony, 
who was compelled to withdraw to Gaul. When the con­
suls who commanded the Senate’s forces lost their lives, 
Octavius’ soldiers compelled the Senate to confer a va­
cant consulship on him. Under the name of Gaius Julius 
Caesar he next secured official recognition as Caesar’s 
adoptive son. Although it would have been normal to add 
“Octavianus” (with reference to his original family name), 
he preferred not to do so. Today, however, he is habitually 
described as Octavian (until the date when he assumed 
the designation Augustus).
Octavian soon reached an agreement with Antony, as well 

as with another of Caesar’s principal supporters, Lepidus, 
who had succeeded him as chief priest. On November 
27, 43 b c , the three men were formally given a five-year 
dictatorial appointment as triumvirs for the reconstitution 
of the state (the Second Triumvirate—the first having 
been the informal compact between Pompey, Crassus, and 
Julius Caesar). The east was occupied by Brutus and Cas- 
sius, but the triumvirs divided the west among themselves. 
They also drew up a list of “proscribed” political enemies, 
and the consequent executions included 300 senators (one 
of whom was Antony’s enemy Cicero) and 2,000 members 
of the dass immediately below the senators, the equites or 
knights. Julius Caesar’s recognition as a god of the Roman 
state in January 42 b c  enhanced Octavian’s prestige as 
son of a god.
He and Antony crossed the Adriatic and under Anto­

ny’s leadership (Octavian being ill) won the two battles 
of Philippi against Brutus and Cassius, both of whom 
committed suicide. Antony, the senior partner, was allot- 
ted the east (and Gaul); and Octavian returned to Italy, 
where difficulties caused by the settlement of his veterans 
involved him in the Perusine War (decided in his favour 
at Perusia, the modern Perugia) against Antony’s brother 
and wife. In order to appease another potential enemy, 
Sextus Pompeius (Pompey the Great’s son), who had 
seized Sicily and the sea routes, Octavian married Sextus’ 
relative Scribonia (though before long he divorced her for 
personal incompatibility). These ties of kinship did not de- 
ter Sextus, after the Perusine War, from making overtures 
to Antony; but Antony rejected them and reached a fresh 
understanding with Octavian at the treaty of Brundisium, 
under the terms of which Octavian was to have the whole 
west (except for Africa, which Lepidus was allowed to

keep) and Italy, which, though supposedly neutral ground, 
was in fact controlled by Octavian. The east was again to 
go to Antony, and it was arranged that Antony, who had 
spent the previous winter with Queen Cleopatra in Egypt, 
should marry Octavian’s sister Octavia. The peoples of 
the empire were overjoyed by the treaty, which seemed to 
promise an end to so many years of civil war. In 38 b c  
Octavian formed a significant new link with the aristoc- 
racy by his marriage to Livia Drusilla.

But a reconciliation with Sextus Pompeius proved 
abortive, and Octavian was soon plunged into serious war- 
ïare against him. When his first operations against Sextus’ 
Sicilian bases proved disastrous, he feit obliged to make a 
new compact with Antony at Tarentum (Taranto) in 37 
b c . Antony was to provide Octavian with ships, in retum 
for troops Antony needed for his forthcoming war against 
the empire’s eastem neighbour Parthia and its Median 
allies. Antony handed over the ships, but Octavian never 
sent the troops. The treaty also provided for renewal of the 
Second Triumvirate for five years, until the end of 33 b c .

Military successes. In the following year the balance of 
power began to change: whereas Antony’s eastem expe- 
dition failed, Octavian’s fleet, commanded by his former 
schoolmate, Marcus Agrippa, who, although unpopulär 
with the influential nobles, was an admiral of genius, 
totally defeated Sextus Pompeius off Cape Naulochus 
(Venetico) in Sicily. At this point the third triumvir, 
Lepidus, seeking to contest Octavian’s supremacy in the 
west by force, was disarmed by Octavian, deprived of his 
triumviral office, and forced into retirement. Ignoring An­
tony’s right to settle his own veterans in Italy and recmit 
fresh troops, Octavian discharged many legionaries and 
founded settlements for them. His deliberate rivalry with 
Antony for the eventual mastership of the Roman world 
became increasingly apparent. Octavian’s marriage two 
years earlier had begun to win over some of the nobles 
who had previously been Antony’s supporters. Octavian 
also launched elaborate religious and patriotic Publicity, 
centring on the classical god of order, Apollo, in contrast 
to Antony’s more un-Roman patron, Dionysus (Bacchus). 
In addition, Octavian had started to prefix his name with 
the designation “Imperator,” to suggest that he was the 
commander par excellence; and now, although he contin- 
ued to use his triumviral powers, he omitted all reference 
to them from his coins, gradually concentrating on the 
plain, emotive name “Caesar Son of a God.”

But if Octavian was to compete with Antony’s military 
seniority, successes in a foreign war were necessary; and 
so Octavian between 35 and 33 b c  fought three successive 
campaigns in Illyricum and Dalmatia (parts of the modem  
Yugoslavia) in order to protect the northeastem approach­
es of Italy. With the help of Agrippa, he also lavished 
large sums on the adornment of Rome. When Octavian 
fomented public clamour against Antony’s territorial gifts 
to Cleopatra, it was clear that a clash between the two 
men was imminent.

In 32 b c  the triumvirate had officially ended, and Octa­
vian, unlike Antony, professed no longer to be employing 
its powers. Amid a virulent exchange of propaganda, An­
tony divorced Octavia, whereupon her brother Octavian 
seized Antony’s will and claimed to find in it damaging 
proofs of Cleopatra’s power over him. Each leader induced 
the populations under his control to swear formal oaths 
of allegiance to his own cause. Then, in spite of grave 
discontent aroused by his exactions in Italy, Octavian de- 
clared war—not against Antony but gainst Cleopatra.
Accompanied by her, Antony had brought up his fleet 

and army to guard strongpoints along the coast of western 
Greece; but in 31 b c  Octavian dispatched Agrippa very 
early in the year to capture Methone, at the country’s 
southwestern tip. His enemies were taken by surprise; 
and after Octavian himself arrived—leaving his Etruscan 
friend and adviser Maecenas in charge of Italy—he and 
Agrippa soon shut Antony’s fleet inside the Gulf of Am- 
bracia (Arta). At the Battle of Actium Antony tried to 
extricate his ships in the hope of continuing the fight else- 
where. Though Cleopatra and then Antony succeeded in 
getting away, only a quarter of their fleet was able to fol- 
low them. She and Antony fled to Egypt and committed
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suicide when Octavian captured the country in the follow­
ing year. Executing Cleopatra’s son Ptolemy XV Caesar 
(Caesarion)—whose father she had claimed was Caesar— 
he annexed Egypt and retained it under his direct control.
The seizure of Cleopatra’s treasure enabled him to pay 

off his veterans and made him finally master of the en­
tire Greco-Roman world. From this point on, by a long 
and gradual series of tentative, patiënt measures, he es­
tablished the Roman principate, a system of government 
that enabled him to maintain, in all essentials, absolute 
control. Gradually reducing his 60 legions to 28, he re­
tained approximately 150,000 legionaries, mostly Italian, 
and supplemented them by about the same number of 
auxiliaries drawn from the provinces. A permanent body­
guard (the Praetorians), based on the bodyguards main­
tained by earlier generals, was stationed partly in Rome 
and partly in other Italian towns. A superb network of 
roads was created to maintain internal order and facilitate 
trade; and an efficiënt fleet was organized to police the 
Mediterranean. In 28 bc  Octavian and Agrippa held a 
census of the civil population, the first o f three during 
the reign. They also reduced the Senate from about 1,000 
to 800 (later 600) compliant members; and Octavian was 
appointed its president.

Government and administration. Remembering, howev­
er, that Caesar had been assassinated because of his resort 
to naked power, Octavian realized that the governing dass 
would welcome him as the terminator of civil war only if 
he concealed his autocracy beneath provisions avowedly 
harking back to republican traditions. From 31 until 23 
bc  the constitutional basis of his power remained a con- 
tinuous succession of consulships, but in January 27 bc  
he ostensibly “transferred the State to the free disposal of 
the Senate and people,” eaming the misleading, though 
outwardly plausible, tribute that he had restored the re- 
public. At the same time he was granted a ten-year tenure 
of an area of government {provincia) cömprising Spain, 
Gaul, and Syria, the three regions containing the bulk of 
the army. The remaining provinces were to be governed 
by proconsuls appointed by the Senate in the old republi­
can fashion. Octavian, however, believed that his supreme 
prestige—crystallized in the meaningful term auctoritas— 
safeguarded him against any defiance by these personages; 
and he was indeed able, more or less indirectly, to influ­
ence their appointments, just as he was able (on the rare 
occasions when he regarded it as desirable) to influence 
the appointments to the consulships and other metropoli- 
tan offices that continued to exist in “republican” fashion.

Four days after these measures, his name Caesar, ac­
quired through adoption in Julius’ will, was supplemented 
by “Augustus,” an appellation with an antique religious 
ring, believed to be linked etymologically with auctoritas 
and with the ancient practice of augury. The word augus­
tus was often contrasted with humanus; its adoption as 
the title representing the new order cleverly indicated, in 
an extraconstitutional fashion, his superiority over the rest 
of mankind. With the aid of writers such as Virgil, Livy, 
and Horace, all of whom in their different ways shared 
the same ideas, he showed his patriotic veneration of the 
old Italian faith by reviving many of its ceremonials and 
repairing numerous temples.

Military operations continued in many frontier areas. In 
25, recalcitrant Alpine tribes were reduced, and Galatia 
(central Asia Minor) was annexed. Mauretania, on the 
other hand, was transferred from Roman provincial status 
to that of a client-kingdom, for such dependent monar- 
chies, as in the later republic, bore a considerable part of 
the bürden of imperial defence. Augustus himself visited 
Gaul and directed part of a campaign in Spain until his 
health gave out; in 23 he feil ill again and seemed on 
the point of death. Feeling, amid reports o f conspiracies, 
that new constitutional steps were necessary, he proceed- 
ed to terminate his series of consulships in favour of a 
power (imperium majus) which was separated altogether 
from office and its practical inconveniences. This power 
raised him above the proconsuls; it was never referred to 
on the official coinage or in Augustus’ political testament 
but was intended to be exercised mainly in emergencies 
and on personal visits. He was also awarded the power

of a tribune (tribunicia potestas) for life. Earlier, he had 
accepted certain privileges of a tribune. The füll power he 
now assumed carried with it practical advantages, notably 
the right to convene the Senate. But, more particularly, 
the office of a tribune, because of the ancient character of 
the annually elected tribunes of the people as defenders of 
the plebs, surrounded him with a “democratie” aura, one 
which, perhaps, was needed all the more because Augus­
tus himself—while admittedly supporting the interests of 
poorer people by a great extension o f the right of judicial 
appeal—tended to back the established classes as the key- 
stone of his system.

Agrippa, too, was granted superiority over proconsuls, 
presumably in order to ensure that the armies would be 
in safe hands in case one of Augustus’ recurrent illnesses 
proved fatal. The next to die, however, was the emperor’s 
young nephew Marcellus, who had been married to his 
daughter Julia and might eventually have been envisaged 
as his successor. In the same year, 23 b c , Agrippa was sent 
out to the east as deputy princeps; two years later he be­
came Julia’s second husband. Meanwhile Augustus himself 
travelled in Sicily, Greece, and Asia (22-19). Important 
reorganizations were put into effect wherever he went; 
and immense satisfaction was caused by an agreement in 
20 bc  with Parthia, under which the Parthians recognized 
Rome’s protectorate over Armenia and retumed the le- 
gionary Standards captured from Crassus 33 years earlier. 
In 19 Agrippa completed the subjugation of Spain. In this 
year there was some adjustment of Octavian’s powers to 
allow him to exercise them more freely in Italy, and the 
two following years witnessed social legislation attempting 
to encourage marriage, regulate penalties for adultery, and 
reduce extravagance. In 17 there were resplendent cele- 
brations of ancient ritual, known as the Secular Games, 
to purify the Roman people of their past sins and provide 
füll religious inauguration of the new age.

Although the principate was not an office which could 
be automatically handed on, Augustus seemed to be indi­
cating his views regarding his ultimate successor when he 
adopted the two sons of his daughter Julia, boys aged three 
and one who were henceforward known as Gaius Caesar 
and Lucius Caesar. Their father Agrippa, whose powers 
had been renewed along with his master’s, retumed to the 
east. But now Augustus also gave important employment 
to his stepsons— his wife Livia’s sons by her former mar­
riage—Tiberius and Drusus the elder. Proceeding across 
the Alps, they annexed Noricum and Raetia, cömprising 
large parts of what are now Switzerland, Austria, and Ba­
varia, and extended the imperial frontier from Italy to the 
upper Danube (16-15).

It was probably during these years that an executive, 
or drafting, committee (consilium) o f the Senate was es­
tablished in order to help Augustus to prepare senatorial 
business. His administrative bürden was also lightened by 
the expansion of his own staff (knights, who could also 
now rise to a number o f key posts, and freedmen) to form 
the beginnings of a civil service, which had never existed 
before but was destined to become an essential feature 
of the imperial system. Gradually, too, a completely re- 
formed administrative structure of Rome, Italy, and the 
whole empire was evolved. The financial system that made 
this possible was evidently far more effective than any- 
thing the empire had ever seen until then. The system was 
based on the central treasury (<aerarium), but the details 
of its relationship with the treasuries of the provinces, and 
particularly the provincia of Augustus, are still imperfectly 
understood, partly because, although the emperor proudly 
recorded his gifts to the central treasury, he did not report 
what funds passed in the opposite direction.
The taxation providing these resources apparently in- 

cluded two main direct taxes: a poll tax (tributum capitis), 
paid in some provinces by all adults and in others by adult 
males only, and a land tax (tributum soli). There were 
also indirect taxes, which (as in the past) were farmed 
out to contractors because their yield was unpredictable 
and the embryonic civil service lacked the resources to 
handle them. The republican customs dues continued; but 
its rates were low enough not to hamper trade, which, in 
the peaceful conditions created by Augustus, flourished in
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wholly unprecedented fashion. Industries did not exist on 
a very large scale, but commerce was greatly stimulated by 
a sweeping reform and expansion of the Roman coinage. 
Gold and silver pieces, their designs reflecting many facets 
of imperial Publicity, were issued in great quantities at a 
number of widely distributed mints; and from about 19 
(or perhaps 23) b c  onward the absence of bronze token 
coinage, which had been sparse for many decades, was 
remedied by the creation of abundant mintages in two 
bright new metals, yellow brass and red copper. In the 
West, the principal mint for these pieces, besides Rome, 
was Lugdunum (Lyon), whose coins displayed a view of 
the Altar of Rome and Augustus that formed a model for 
other provincial capitals. The Roman Citizen colonies of 
the West, many of them established by Augustus to settle 
his veterans, supplemented this output by their own local 
coinages, and in the East, particularly Asia Minor and 
Syria, numerous Greek cities were also allowed to issue 
small change.

Expansion of the empire. The death in 12 bc  of Lepi­
dus, who had lived on in retirement for 24 years, enabled 
Augustus finally to succeed him as the official head of the 
Roman religion, the chief priest (pontifex m axim us). In 
the same year, however, another death came as a severe 
blow to him, for Agrippa, too, died. Augustus compelled 
his widow Julia to marry Tiberius against the wishes of 
both of them. During the next three years, however, Tibe­
rius was away in the field, reducing Pannonia (Yugoslavia 
and Hungary) up to the middle Danube, while his brother 
Drusus crossed the Rhine frontier and invaded Germany 
as far as the Elbe, where he died in 9 b c . In the following 
year Augustus lost another of his intimates, Maecenas, 
who had been the adviser of his early days and was an 
outstanding patron of letters.

Tiberius, who replaced Drusus in Germany, was elevated 
in 6 b c  to a share in his stepfather’s tribunician power. But 
shortly afterward he went into retirement on the island of 
Rhodes. This was attributed to jealousy of his stepnephew 
Gaius Caesar, who was introduced to public life with a 
great fanfare in the following year; and the same compli- 
ments were paid to his brother Lucius in 2 b c , the year in 
which Augustus received his climactic title “father of the 
country” (pa ter pa triae). Gaius was sent to the East and 
Lucius to the West. Both, however, soon died, Lucius in 
a d  2 and Gaius in 4. Tiberius returned home in 2, and 
in 4 Augustus realized that he had to make him his heir. 

Tiberius He adopted Tiberius as his son, who in turn was required 
named heir to adopt Germanicus, the son of his brother Drusus. The 

powers conferred upon Tiberius made him almost Augus­
tus’ own equal in everything except prestige.

Tiberius’ next task was to consolidate the invasion and 
provincial organization of Germany (4-5); and now that 
the Elbe was the frontier instead of the Danube, Augustus 
instructed him to establish a shorter frontier line incor- 
porating Bohemia, which had become the nucleus of a 
German (Marcomannic) empire mied by King Marobod- 
uus. An invasion of Bohemia, therefore, was planned, and 
had already been launched, from two directions, when 
news came in 6  that Pannonia and Illyricum had revolt- 
ed. It took three years for the rebellion to be put down; 
and this had only just been completed when Arminius 
raised the Germans against their Roman governor Varus 
and destroyed him and his three legions. As Augustus 
could not readily replace the troops, the annexation of 
western Germany and Bohemia was postponed indefinite- 
ly; Tiberius and Germanicus were sent to consolidate the 
Rhine frontier.

Although Augustus was now feeling his age, these years in 
association with Tiberius were marked by administrative 
innovations: the annexation of Judaea in a d  6  (its cliënt 
king Herod the Great had died 10 years previously); the 
establishment at Rome (in the same year) of a fire brigade 
with police duties— supplemented seven years later by a 
regulär police force (cohortes urbanae); the creation of a 
military treasury (aerarium  m ilitare)  to defray soldiers’ 
retirement bounties from taxes; and the conversion of 
the hitherto occasional appointment of prefect of the city 
(praefectus urbi) into a permanent office (a d  13). When, 
in the same year, the powers of Augustus were renewed

for 1 0  years—such renewals had been granted at intervals 
throughout the reign—Tiberius was made his equal in 
every constitutional respect. In April, Augustus deposited 
his will at the House of the Vestals in Rome. It included 
a summary of the military and financial resources of the 
empire (breviarium  to tiu s im periï)  and his ingenious po- 
litical testament known as the “Res Gestae Divi Augusti” 
(“Achievements of the Divine Augustus”). The best pre- 
served copy of the latter document is still to be seen on 
the walls of the Temple of Rome and Augustus at Ankara,
Turkey (the Monumentum Ancyranum). In 14 Tiberius 
was due to leave for Illyricum but was recalled by the news 
that Augustus was gravely ill. He died on August 19, and 
on September 17 the Senate enrolled him among the gods 
of the Roman state. By that time Tiberius had succeeded 
him as the second Roman emperor, though the formalities 
involved in the succession proved embarrassing both to 
himself and to the Senate because the “principate” of Au­
gustus had not, constitutionally speaking, been heritable 
or continuous. Like other emperors, Tiberius assumed the 
designation “Augustus” as an additional title of his own.
Agrippa Postumus, who had been named his co-heir but 
was later banished, was put to death. The order to kill 
him may already have been given by Augustus, but this 
is not certain.

Personality and achievement. Augustus was one of the 
great administrative geniuses of history. The gigantic work 
of reorganization that he carried out in every field of 
Roman life and throughout the entire empire not only 
transformed the decaying republic into a new, monarchie 
regime with many centuries of life ahead of it but created 
a durable Roman peace, based on easy Communications Pax 
and flourishing trade. It was this Pax Romana that ensured Romana 
the survival and eventual transmission of the classical her- 
itage, Greek and Roman alike, and provided the means 
for the diffusion of Judaism and Christianity (Jesus Christ 
was born during Augustus’ reign). Although his regime 
was an autocracy, Augustus, being a tactful and imagi­
native master of propaganda of many kinds, knew how 
to cloak that autocracy in traditionalist forms that would 
satisfy a warworn generation—perhaps, most of all, the 
upper bourgeoisie immediately below the leading nobility, 
since it was they who benefitted from the new order more 
than anyone. He was also able to win the approbation, 
through the patronage o f Maecenas, of some of the great- 
est writers the world has ever known, including Virgil,
Horace, and Livy.
Their enthusiasm was partly due to Augustus’ conviction 

that the Roman peace must be under Occidental, Italian 
control. This was in contrast to the views of Antony and 
Cleopatra, who had envisaged some sort of Greco-Roman 
partnership such as only began to prevail three or four 
centuries later. Augustus’ narrower view, although modi­
fied by an informed admiration of Greek civilization, was 
based on his small-town Italian origins. These were also 
partly responsible for his patriotic, antiquarian attachment 
to the ancient religion and for his puritanical social policy.

Augustus was a cultured man, the author of a number of 
works (all lost): a pamphlet against Brutus, an exhortation 
to philosophy, an account of his own early life, a biog­
raphy of Drusus, poems, and epigrams. The conventional 
view of his character distinguishes between his cruelty in 
early years and his mildness in later life. But there was not 
so much need for cruelty later on, and when it was needed 
(notably in the suppression of alleged plots), he was still 
ready to apply it. It is probable that nothing short of this 
degree of political ruthlessness could have achieved such 
enormous results. His domestic life, however, was simple 
and homespun. Within his family, the successive deaths 
of those he had earmarked as his successors or helpers 
caused him much sadness and disappointment. His devo- 
tion to his wife Livia Drusilla remained constant, though, 
like other Romans, he was unfaithful. His surviving letters 
show kindliness to his relations. Yet he exiled his daughter 
Julia for offending against his public moral attitudes, and 
he exiled her daughter by Agrippa for the same reason; he 
also exiled the son of Agrippa and Julia, Agrippa Postu­
mus, though the suspicion that he later had him killed is 
unproved. As for Augustus’ male relatives who were his
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helpers, he was loyal to them but drove them as hard as 
he drove himself. He needed them because the burden was 
so heavy, and he especially needed them in the military 
sphere because he was not a great commander. In Agrippa 
and Tiberius and a number of others he had men who 
supplied this deficiency, and although, on his deathbed, he 
is said to have advised against the further expansion of the 
empire, he himself, with their assistance, had expanded its 
frontiers in many directions.

His physical condition was subject to a host of ills and 
weaknesses, many of them recurrent. Indeed, in his early 
life, particularly, it was only his indomitable will that 
enabled him to survive—a stränge preliminary to an un- 
precedented and unequalled life’s work. His appearance is 
described by the biographer Suetonius.

He was unusually handsome and exceedingly graceful at all 
periods o f  his life, though he cared nothing for personal 
adornment. His expression, whether in conversation or when 
he was silent, was calm and mild . .  . He had clear, bright eyes, 
in which he liked to have it thought that there was a kind o f  
divine power, and it greatly pleased him, whenever he looked 
keenly at anyone, if  he let his face fall as if  before the radiance 
o f the sun. His teeth were wide apart, small and ill-kept; his 
hair was slightly curly and inclining to golden; his eyebrows 
met . . . His complexion was between dark and fair. He was 
short o f  stature, but this was concealed by the fine proportion 
and symmetry o f his figure, and was noticeable only by com- 
parison with some taller person standing beside him.

Augustus’ countenance proved a godsend to the Greeks 
and Hellenized eastemers who were the best sculptors of 
the time, for they elevated his features into a moving, 
never to be forgotten imperial type, which Napoleon’s 
artists, among others, keenly emulated. The Contemporary 
portrait busts of Augustus, echoed on his coins, formed 
part of a significant renaissance of the arts in which Italic 
and Hellenic styles were discreetly and brilliantly blended. 
Still extant at Rome are the severe yet delicate reliefs of 
the Ara Pacis (“Altar of Peace”), depicting a religious pro- 
cession in which the national leaders are taking part; there 
are also scenes from the Roman mythology. The altar was 
dedicated by the Senate and people of Rome in 13 bc to 
commemorate the pacification of Gaul and Spain.

The architectural masterpieces of the time were also 
numerous; and something of their monumental grandeur 
and classical purity can be seen today in the remains of the 
Theatre of Marcellus at Rome and of the massive Forum 
of Augustus, flanked by colonnades and culminating in 
the Temple of Mars the Avenger—the Avenger of Julius 
Caesar. Outside Rome, too, there are abundant memorials 
of the Augustan age; on either side of the Alps, for exam­
ple, there are monuments to celebrate the Submission and 
loyalty of the local tribes, an elegant arch at Segusio (Susa)

and a square stone trophy, topped by a cylindrical drum, 
at La Turbie. From Livia’s mansion on the outskirts of 
Rome, at Prima Porta, comes a reminder that not all the 
art of the day was formal and grand. For one of the rooms 
is adorned with wall paintings representing an enchanted 
garden; beyond a trellis are orchards and flower beds, in 
which birds and insects perch among the foliage. Augustus 
himself had no interest in personal luxury. Yet if ever he 
or his associates had any spare time, such were the rooms 
in which they spent it.

(M.Gr.)
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Australia

Australia is loeated in the Southern Hemisphere be­
tween the Indian Ocean and the South Pacific, on 
an island continent that has been called both the 

Oldest Continent and the Last of Lands. Although possibly 
poetic, neither description is accurate. It is the oldest con­
tinent only in the senses that much of Australia is formed 
of rocks laid down during the Precambrian (4,600,000,000 
to 570,000,000 years ago), and that it has altered rela­
tively little since life first appeared on Earth. It is the last 
of lands only in the sense that it was the last continent 
(excluding Antarctica) to be discovered and explored by 
Europeans. Thousands of years before the explorers Abel 
Tasman and James Cook sailed into the South Pacific, the 
Aborigines had crossed the land bridge from Asia formed 
by the Malay Archipelago and had spread throughout 
the mainland and Tasmania. They remained, however, a 
sparse, primitive, and nomadic people. When Capt. Arthur 
Phillip o f the British Royal Navy landed with the First 
Fleet at Botany Bay in 1788, the event that marks the 
true beginning of modem Australia, there were probably 
not more than 300,000 Aborigines altogether, and there 
was no man-made structure on the continent more solid 
than a bark hut.

The most striking characteristics of the vast, 3,000,000- 
square-mile (8 ,0 0 0 ,0 0 0 -square-kilometre) landmass are its 
isolation, its low relief, and the aridity of much of its sur­
face. lts isolation from other continents explains much of 
the strangeness of Australian plant and animal life; its low 
relief results from the long and extensive erosive action of 
the forces of wind, rain, and the heat of the Sun during 
the great periods of geological time when the Continental 
mass was elevated well above sea level.

A member of the Commonwealth of Nations, the Com­
monwealth of Australia is a prosperous, independent na-

tion united under one government. Australians are in 
many respects fortunate in that they do not share their 
continent—which is only a little smaller than the United 
States—with any other nation. Their nearest neighbours 
are Papua New Guinea and Indonesia to the north, the 
Polynesians and Melanesians of the Pacific Islands to the 
east, and New Zealand, which, like Australia, is a member 
of the Commonwealth of Nations, to the southeast. On 
the other hand, Australia is extremely remote from its 
two principal allies: it is 12,000 miles (19,000 kilometres) 
from Australia to Great Britain via the Indian Ocean and 
the Suez Canal; it is 7,000 miles across the Pacific to the 
West Coast o f the United States.

Like Canada and the United States, contemporary Aus­
tralia is a political federation with a central government 
(the Commonwealth) and six constituent States (New 
South Wales, Victoria, Queensland, South Australia, West­
ern Australia, and Tasmania), each of which has its own 
government enjoying a limited sovereignty. There are also 
two intemal territories: the Northern Territory was es­
tablished as a self-goveming territory in 1978, and the 
Australian Capital Territory, seat o f the federal Capital city 
Canberra, is administered directly by the Commonwealth, 
which also govems the extemal territories of Norfolk Is­
land, Cocos (Keeling) Islands, Christmas Island, Ashmore 
and Cartier Islands, Coral Sea Islands, and Heard and 
McDonald Islands and claims the Australian Antarctic 
Territory. The Cocos Islands was a non-self-governing ter­
ritory until 1984, when it was integrated with Australia 
following an act of self-determination approved by the 
Cocos Malay people. Papua New Guinea, which formerly 
was an Australian extemal territory, became an indepen­
dent nation in 1975.
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PHYSICAL AND HUMAN GEOGRAPHY

Geological history

A populär misconception about the observed peculiarities 
of Australia is that it is the oldest of continents. The 
statement is, in fact, unjustified: the cores of all of the 
continents are of approximately the same age, and rocks 
of all geological ages, of sedimentary as well as volcanic 
origin, are found in Australia. The misconception about 
its age sterns partly from its relative paucity of surface 
relief, the result of relative stability and the absence of 
recent strong movements of the Earth’s ernst, rather than 
the old age of its rocks. The geologically young mountain- 
building forces, such as those that formed the Himalayas 
in Asia, the Alps in Europe, the Rocky Mountains in 
North America, and the Andes in South America, have 
bypassed Australia.

Australia resembles the continents of Eurasia and Africa 
in being strikingly different from the landmass of North 
America, which consists basically of an old core, the 
Canadian Shield, surrounded by mountain zones formed 
from beits of folded rocks of varying ages, all younger 
than the central core. Australia is strikingly asymmetrie, 
with a folded beit of rocks bordering its east coast only 
and extending westward to no more than one-fourth of 
the continent’s width.

Like the other Continental masses, Australia is built of 
three types of structural units. In the west is the Western 
Australian Shield (Western Craton), a comparatively sta­
ble and resistant block consisting mainly of ancient rocks 
that have not been folded during at least the last 1 ,0 0 0 ,- 
000,000 years. In the east is an ancient fold mountain 
beit, greatly eroded but relatively uplifted again. Between 
these two lies the platform-like area occupied by the cen­
tral plains, a region where crystalline or folded rocks are 
overlain by relatively thin sequences of flat-lying or gently 
deformed Sediments. Each of these major units is complex. 
The Western Australian Shield, for example, includes, in 
addition to extensive outcrops of crystalline rocks in the 
core area itself, blocks of sedimentary strata deposited in 
troughs and basins within this structural unit. The central 
platform consists of several basin structures. The Eastem 
Uplands include both upfaulted and depressed stmctural 
blocks, along with large, exposed, formerly molten intru- 
sions (batholiths) of granite formed within the past 50,- 
0 0 0 , 0 0 0  years, and extensive lava flows formed during the 
Cenozoic Era.

The outline of the Australian continent, unlike those of 
South America and Africa, and the Indian subcontinent, 
is not roughly triangulär with an apex pointing southward, 
though some resemblance to this distinctive configuration 
of the other continents and subcontinents can be seen in 
the shape and position of Tasmania. This island is part 
of the continent if the base of the shallow peripheral sub­
marine area known as the Continental shelf is taken as 
its outer boundary. The Continental shelf and the slope 
separating it from the ocean depths are moderately wide 
in the south and Southwest and spectacularly wide in the 
north west from Exmouth Gulf to the Timor Sea, where 
the distance of the slope base from the shore exceeds 300 
miles (470 kilometres), and the line marking depths that 
exceed 650 feet (200 metres) is more than 250 miles from 
the shore. To the north of Australia, the Continental shelf 
extends to the island of New Guinea. The shelf is narrow 
along the east coast, where the Great Barrier Reef marks 
its edge. A trough, with depths of about 3,000 feet (900

metres), separates the Great Barrier Reef from the largely 
submerged Queensland Plateau, where only a few small 
islands and reef tops reach sea level. Off Brisbane and 
Sydney, the Continental shelf is only some 30 miles (48 
kilometres) wide, and the slope plunges steeply to the floor 
of the Tasman Sea.

The discovery of vast and varied mineral deposits in 
Australia stimulated intensive studies of its geological his­
tory and stmeture. At the same time, new developments 
in general geological theory, including the concepts of 
Continental drift and ocean-floor spreading, have led to re- 
newed speculation regarding possible former land Connec­
tions between Australia and other continents, particularly 
Antarctica. As a result, the answer to the problem of how 
the history of the Australian continent fits into the picture 
of the development of the Earth’s cmst as a whole will 
have to come from a deeper understanding not only of 
the geology of the continent but also of that of the ocean 
surrounding it.

THE OLDEST ROCKS: THE PRECAMBRIAN

The oldest rocks of the continent occur in the Southwest, 
where they form part of the Western Australian Shield, an 
area underlain by rocks that have not been folded since 
early Precambrian (Archaean) time. These oldest rocks 
are now thought to be about 3,000,000,000 years old. The 
Yilgarn nucleus of the Western Australian Shield extends 
over 230,000 square miles (600,000 square kilometres) 
and consists mostly of granite, with beits of altered sedi­
mentary rocks (metasediments) and greenstones, the latter 
including ancient rocks rieh in economically important 
mineral deposits, as well as basic intrusions of formerly 
molten rocks. Similar to metal-bearing greenstone rock 
beits occurring in the nuclei of the ancient shield areas 
of other continents, these Australian formations are being 
studied in the hope that the origin of these rock beits and 
their ore bodies will be explained in terms of the state 
of the Earth’s ernst and mantle at the beginning of geo­
logical time. The conditions under which the Continental 
crust was formed and then reworked are not yet known, 
but geologists believe that some of the peculiarities of 
ancient rocks, their structure, and their composition can 
be explained only by assuming that the Earth’s crust was 
originally much thinner than it is today.
The Yilgarn nucleus does not extend as far as the west 

and south coasts of Western Australia, where younger 
Precambrian rocks occur. Those on the west coast are 
separated by the Darling Fault, which forms the western 
margin of the shield near Perth, and by the Perth Basin. 
The Frazer Fault apparently marks the boundary between 
rocks of the main shield area that were metamorphosed 
by heat and pressure more than 2,500,000,000 years ago 
and others to the southeast that were similarly affected less 
than 2,000,000,000 years ago. Each of these major fault 
lines is about 600 miles (960 kilometres) long and is con­
sidered as a major lineament in the Continental structure. 
The older rocks appear again in the Pilbara nucleus in the 
northwest, where some granites are more than 3,000,000,- 
0 0 0  years old and where altered volcanic, greenstone, and 
sedimentary rocks also occur.

Large platforms and basins separate the Yilgarn and Pil­
bara nuclei of the Western Australian Shield from other 
occurrences of ancient rocks in the northwest and north 
of the continent and in central Australia. It is not yet 
known whether a major part of these other instances of
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Geological structure of Australia and (inset) New Zealand.
By courtesy of the Department of National Development, Canberra

ancient rocks are as old as those that have been dated as 
Archaean in the west. Therefore, the earliest geographic 
configuration o f  the Australian continent cannot be reli- 
ably reconstructed; it could  have extended northward and 
eastward far beyond  the lim its o f  the present W estern 
Australian Shield.

Old (A rchaean) rocks on  the margins o f  the Kimberley 
Block form  its basem ent; they occur also in the Kather- 
in e-D arw in  area o f  the N orthern Territory, in the Rum  
Jungle C om plex. N o  definite datings o f  rocks in the east

indicate ages as great as those o f  the oldest shield rocks, 
although part o f  the Arunta C om plex, north o f  A lice  
Springs in the centre o f  Australia, m ay be approxim ately
2 ,2 5 0 ,0 0 0 ,0 0 0  years old.

T he post-Archaean geological history o f  Australia can  
be seen in a clearer framework; the general term s Early, 
M iddle, and Late Proterozoic, or the regional term s N ul-  
laginian, Carpentarian, and A delaidean, are used to iden­
tify intervals in the tim e scale o f  this period and are 
docum ented  by sedim entary rock sequences.
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The Nullaginian System comprises platform cover south 
of the Pilbara nucleus, including the vast banded iron 
ore formations o f the Hamersley Ranges (notably the 
Mt. Bruce supergroup, which also contains volcanic rocks 
dated at 2,200,000,000 to 1,950,000,000 years ago) and the 
rocks in the east Kimberley area. The Carpentarian Sys­
tem comprises a beit of sedimentary rocks—the McArthur 
Basin, Southwest of the Gulf of Carpentaria—that may be
1,500,000,000 to 1,800,000,000 years old; younger gran- 
ites in the Katherine-Darwin region; and the Sediments 
and intrusive granites o f the Mt. Isa-Cloncurry region. 
The rocks of these regions are rieh in mineral deposits. 
In South Australia, the basement rocks (gneisses) of Eyre 
Peninsula in the west and the Mt. Painter Complex in the 
northeast, and extending to Broken Hill in New South 
Wales (Willyama Block), may be of the same age as those 
of the Carpentarian System, although the iron formations 
of the Middleback ranges have been considered to be as 
old as the early Proterozoic iron formations found in the 
Pilbara region.
The Adelaidean System is made up of rocks of Late 

Precambrian age. Consolidation of the Musgrave Block 
in central Australia and intrusion of various molten 
rocks took place during the time interval 1,400,000,000 
to 1 ,0 0 0 ,0 0 0 , 0 0 0  years ago, forming an extension of the 
Western Australian Shield. At the same time, sedimentary 
rocks were laid down in the Adelaide Geosyncline, a vast 
downwarping of the Earth’s surface lying to the southeast. 
Sedimentation continued into mid-Cambrian time in a 
shallow marine trough extending from the coast south of 
Adelaide at least 400 miles (640 kilometres) northward, 
through the Mt. Lofty and Flinders ranges, and measur­
ing 640 miles (1,025 kilometres) from west to east, from 
Lake Torrens to beyond Broken Hill. These rocks, with 
a total maximum thickness of more than 1 0  miles (16

kilometres), formed in an intermittently sinking trough in 
which the accumulating Sediments were subjected to mod- 
erately strong folding and faulting in Late Precambrian 
and Early Paleozoic time. This Adelaidean sedimentary 
sequence has characteristie features of outstanding impor- 
tance for Earth history: most of the Sediments, which have 
remained unaltered, contain definite evidence of a major 
glacial period; they also contain the oldest known rieh 
and varied assemblage of fossil animals, all of which were 
essentially soft-bodied. Rocks of similar age also occur in 
the Peake and Denison ranges west of Lake Eyre, in the 
Amadeus Basin, and on the margins of the Kimberley 
Block. In the area there is also clear evidence of a Pre­
cambrian glaciation. Its earlier phase has been dated at 
about 740,000,000 years, while the later phase was little 
older than 660,000,000 years. This is the likely time range 
of glaciation in the Adelaide Geosyncline and probably 
also of related glaciations in other continents: it was prob­
ably one of the most extensive periods of cold in the 
Earth’s history. No definite Precambrian animal remains 
are known from rocks that have been identified as older 
than the onset of this glaciation; on the other hand, prim­
itive aquatic plant fossils have been found abundantly in 
earlier Precambrian strata.

PALEOZOIC HISTORY OF EASTERN AUSTRALIA
The Adelaide Geosyncline is often considered as a precur­
sor of the more extensive fold beits of eastern Australia. 
These form another great downwarp known as the Tasman 
Geosyncline. While the rocks of the Adelaide Geosyncline 
were folded in Late Cambrian time, about 500,000,000 
years ago, and elevated so that Sedimentation ceased, the 
Tasman Geosyncline began to form in Cambrian time, 
the first period of the Paleozoic Era, which was to last for 
the next 300,000,000 years.

(Top left, top right) Photographie Librarv of Australia. (bottom left. bottom right) Shosta

A u s tra l ia n  la n d s c a p e s .
(Top left) St. Mary Peak, Flinders Range, South Australia. Mineral tracés are evident in 
upper crests. (Top right) Macdonnell Ranges, west of Alice Springs, Northern Territory.
The low parallel ridges, cut in folded strata, run practically unbroken for 150 miles. (Bottom 
left) Simpson Desert, central Australia, one of the most desolate areas of the continent, 
contains neither water nor habitation. In the foreground are sand humps covered with 
spinifex, the scattered Vegetation characteristie of the desert. (Bottom right) Mt. Olga, a 
huge red sandstone monolith, rises 1,500 feet above the plain, south of Lake Amadeus in 
the Northern Territory.

The
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Cambrian strata. Cambrian strata, containing marine 
fossils indicating their age, are known only from a few 
areas in eastern Australia: Tasmania, central Victoria, and 
northeast of Broken Hill in western New South Wales. It 
is possible that Cambrian rocks outcrop also on the coast 
of southem New South Wales. These few occurrences are 
insufficiënt to support any well-founded reconstruction of 
the geography of the Australian continent in Cambrian 
time, but they do indicate a fundamental difference in 
conditions of Sedimentation in the east, where the rocks 
are similar to those deposited in deep geosynclinal troughs 
generally, and the large areas in southem, central, and 
northem Australia, including the Amadeus and Georgina 
basins, where the Cambrian rocks were mostly formed in 
shallow water. These differences are the expression of the 
relative stability of the western areas as compared with 
the greater geological mobility of eastem Australia during 
Paleozoic time, although any boundary between these two 
areas is likely to be gradational rather than a definite line.

An attempt at a generalized western margin of the Tas­
man Geosyncline might be drawn from the north Queens­
land coast, at about longitude 144° E and latitude 14° 
S, around the Precambrian Georgetown area to Charters 
Towers, south-southwestward to near Wilcannia on the 
Darling River, and thence either due south or southwest- 
ward to Kangaroo Island. The discontinuous folded and 
granite-intruded Paleozoic rocks east of this somewhat 
hypothetical boundary are now separated by generally 
flat-lying younger rocks deposited in separate sedimentary 
basins. Because there is no obvious continuity of folded 
zones and of beits of contemporaneous folding from the 
south coast to the north of eastem Australia, it has 
been suggested by some that a Lachlan Geosyncline in 
the southeast (mainly in Victoria and south central New 
South Wales) should be distinguished from the New Eng­
land Geosyncline, the western boundary of which extends 
from Newcastle to south of Townsville. They are two 
component parts of the Tasman geosynclinal belt and are 
similar in rock types, but they are different in age and 
geographic position.

Ordovician rocks. In contrast with the paucity of infor­
mation on Cambrian Australia, the geography of eastern 
Australia in Ordovician time, from .500,000,000 to 430,- 
0 0 0 , 0 0 0  years ago, is sufficiently well known to permit 
some general statements. The Lachlan Geosyncline was 
the site of Sedimentation that took place in a series of 
troughs separated by rising upwarped ridges. No western 
shoreline can be defined, but the characteristics of Ordovi­
cian rocks in the Broken Hill region, and the evidence of 
bores in northeastem South Australia, indicate that these 
localities lay outside the geosynclinal belt in platform ar­
eas where subsidence was less intense. The geosynclinal 
nature of most of the rocks of Victoria, and Southern 
and central New South Wales, is indicated by the great 
thicknesses of marine rocks deposited partly in deep quiet 
water (as in the case of black shales) and partly by mud- 
laden currents flowing from higher areas of the sea floor, 
producing the muddy sandstones known as graywackes. 
The rocks in the central part of the geosyncline were al- 
tered by heat and pressure, and volcanic rocks are widely 
distributed. In many parts of the Lachlan Geosyncline, 
folding movements (known as the Benambran orogeny, 
or mountain-building movement) occurred at the end of 
Ordovician and in early to mid-Silurian time. Accompa- 
nied by granite intmsions, these movements are thought 
to have caused the changes in composition and texture of 
the Ordovician rocks in the Snowy Mountains.

Silurian rocks. The Benambran mountain-building 
movements changed the geographic framework of the 
Sedimentation that occurred during Silurian times (from
430,000,000 to 395,000,000 years ago). The eastern mar­
gin of the Lachlan Geosyncline now extended from the 
Melbourne area northward through Cobar to the Adavale 
Trough. In the Melbourne Trough there are thick Silurian 
graywackes and mudstones with graptoiites and other fos­
sils, and the area of Sedimentation extended southward 
into Tasmania, where shallow-water rocks were laid down. 
Farther east, in Southern New South Wales, the Yass Shelf 
was an area of volcanic rocks and sedimentary rocks,

including limestones and shales that are now famous for 
their fossils. Silurian rocks are not well known in the 
New England Geosyncline and in southem Queensland, 
but farther north there is another peripheral shelf de­
velopment, with Silurian limestones occurring along the 
western margin of the Tasman geosynclinal belt and the 
Chillagoe Shelf and its southward extension.

Devonian rocks. Deposition in the Lachlan Geosyncline 
generally continued from Silurian into Lower and Mid­
dle Devonian Periods, from 400,000,000 to 350,000,000 
years ago, although the earth-movements of the Bowning 
orogeny occurred at the end of the Silurian and through 
early Devonian. Evidence of this can be seen as an un- 
conformity, or break, in the rock layers of the sedimen­
tary series of the Canberra-Yass area: molten rocks were 
intruded into the sedimentary rocks during this period. 
This activity again changed the geography of sedimentary 
areas in the Lachlan Geosyncline. In particular, a shallow- 
water platform with limestone deposition extended from 
eastern Victoria (Buchan Caves) to the Yass-Taemas area. 
Geosynclinal deposition during early and mid-Devonian 
time was widespread in the New England Geosyncline and 
its extension in southeastem Queensland, but only corals 
preserved in isolated limestones permit precise dating of 
the rock layers.

The Tabberabberan period of earth movements, which 
occurred at the end o f mid-Devonian time, had a pro- 
found effect on the geographic development of eastem 
Australia. Marine Sedimentation in the Lachlan Geosyn­
cline ended, and nonmarine rocks, in part red sandstone 
beds resembling similar sandstones found in northem 
Europe, were deposited. Discoveries of abundant fos­
sil remains of armoured fishes— notably the widely dis­
tributed Bothriolepis, which is also found in central 
Australia, North America, Eurasia, and Antarctica—have 
been made in western New South Wales. Remains of 
the scale-tree Leptophloeum are also common. Erosion 
of the rocks of uplifted areas in central Australia, Vic­
toria, and most of New South Wales must have pro­
duced the material for extensive Late Devonian and 
Early Carboniferous lake and river deposits. These in­
clude sandstones of the Grampian Mountains in western 
Victoria.

Carboniferous and Permian rocks. In the eastem 
troughs, from New England to eastern Queensland, geosyn­
clinal deposition continued under the influence of volcanic 
activity. In the Carboniferous Period, about 300,000,000 
years ago, nonmarine rock deposition occurred in the 
south and west, while marine sediments accumulated in 
the east. The central part of New England was uplifted. 
The earliest Flleozoic glaciations in eastern Australia are 
of Late Carboniferous age and have been considered as 
the result of mountain glaciation.

The youngest rocks in the New England Geosyncline that 
were deposited before final deformation are of Permian 
age (about 280,000,000 to 225,000,000 years ago) and of 
marine origin. In Middle and Late Permian time the great 
New England batholith was emplaced in the older rocks, 
which were heavily folded toward the west. A line extend­
ing from the mouth of the Hunter River near Newcastle in 
the south to the eastern margin of the Bowen Basin in the 
Rockhampton-Bowen area marks the western limit of the 
Hunter-Bowen orogeny, which was the last of the major 
mountain-building phases in the Tasman geosynclinal belt 
and which terminated its existence as a belt of troughs of 
Sedimentation.

SEDIMENTARY BASINS 
AND MESOZOIC HISTORY
Quite distinct from the history of the successive, more or 
less elongated, highly mobile (in geological terms) troughs 
discussed above is the development of sedimentary basins 
over the Australian continent. Some of these developed at 
various times on the Precambrian basement of the western 
and central parts of the continent, while in other areas 
this type of Sedimentation followed the consolidation of 
folded beits of Paleozoic rocks and interrupted their conti­
nuity. Others are superimposed on differently shaped pre- 
existing basins.

The
Tabberab­
beran earth 
movements
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earth
movements
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Like the Perth Basin, which adjoins it to the south, the 
Camarvon Basin o f Western Australia began to form in 
Silurian time and contains Late Paleozoic deposits, includ­
ing Early Permian glacial Sediments, followed by Lower 
Triassic and, in places, nearly 13,000 feet (4,000 metres) 
of Jurassic Sediments, dating from about 180,000,000 to
140,000,000 years ago. During the Upper Cretaceous Pe­
riod, about 100,000,000 years ago, Sedimentation in the 
Camarvon Basin changed from sands and shales to lime­
stones and chalks, and this may be related to a change to 
warmer water conditions, which continued in the north 
until Miocene time, less than 25,000,000 years ago. The 
west coast o f the continent was, to varying extents over 
the course of the last 400,000,000 years, a geologically 
mobile shelf area; it exhibits an altemation of marine and 
nonmarine deposits representing successive transgressions 
and regressions of the sea.

In northwestem Australia the shallower Canning Basin 
with the adjoining deeper Fitzroy Trough formed a large 
subsidence area between the Western Australian Shield 
and the Kimberley Block. The Joseph Bonaparte Gulf and 
Ord basins extend along its northem and eastem margins 
on the West Australian-Northem Territory border. These 
basins date back to Ordovician time. The Canning Basin 
may have been linked eastward, through the Officer and 
Amadeus basins o f central Australia, with the Tasman 
geosynclinal beit in the east, and, again in Permian time 
it may have extended southeastward in a similar manner. 
Such temporary configurations are exceptional in ancient 
Australian geography. As a mle, the structural indepen- 
dence of the basins is supported by differences in their 
fossil remains. An outstanding development of Devonian 
reef complexes is known from the northem edge of the 
Canning-Fitzroy basins, while Permian glacial deposits 
occur on its southem margin and continue into South 
Australia, Victoria, and New South Wales.

The Amadeus Basin. The Amadeus Basin in central 
Australia is a large depression extending east-west for 450 
miles (720 kilometres) and north-south for no more than 
160 miles (260 kilometres) and filled with many varieties 
of ancient sedimentary rocks. It is situated between the 
so-called Musgrave stmctural block in the south and the 
Arunta stmctural complex in the north, and both have 
moved toward, and folded Sediments of, the basin at dif­
ferent times. Some Sediments were deposited during the 
folding of the Macdonnell Ranges near Alice Springs, 
which later erosion shaped into spectacular scenery. The 
isolated sandstone masses of Ayers Rock and Mt. Olga are 
now considered to be of Cambrian age.

The Canning Basin continued to exist as a depositional 
trough during Jurassic time, when only its northwestem 
margin received marine Sediments, and also through the 
early Cretaceous Period. During the early Cretaceous a 
great marine transgression joined it again southeastward 
with the Eucla and Officer basins and eastward with the 
Great Artesian Basin.

The Eucla and Officer basins. The Eucla Basin is a 
large but shallow depression lying between the Western 
Australian Shield and the basement rocks of Eyre Penin­
sula. Permian and Cretaceous rocks are known to exist 
from the evidence of bores. Above them lie Tertiary 
limestones, which are no more than a few hundred feet 
thick, perfectly flat-lying, with their surface forming the 
arid Nullarbor Plain. They are riddled with caves, many 
of which remain unexplored. The Officer Basin, south of 
the Musgrave Block, is filled with late Precambrian and 
Cambro-Ordovician rocks.

The Great Artesian Basin. The Great Artesian Basin 
is a large (670,000 square miles [1,735,000 square kil­
ometres]) and complex, generally slowly subsiding area, 
in which, by Jurassic time, several previously separate 
basins (such as the Cooper Basin, with its rieh gas-bearing 
Permian sands) had been incorporated. The Jurassic non­
marine sands of the Great Artesian Basin, which spread 
from the eastem highlands to the western margins of the 
basin, provide its most important sources of water. By 
mid-Cretaceous time the sea invaded the basin from the 
northeast and Southwest, but the early Upper Cretaceous 
is represented by marine fossil-bearing deposits only near

the northern coasts. The northernmost part of the Great 
Artesian Basin is separated from its main body by a base­
ment ridge that hardly reaches the surface; north of it only 
Cretaceous and younger rocks are found. The Southern 
boundary is formed by extensive basement outcrops in the 
Broken Hill-Wilcannia-Cobar areas, and the lowlands to 
the south are considered a separate unit, the Murray Basin. 
Permian and Mesozoic rocks play only a minor part in 
its filling. Its rocks are mostly of Tertiary age, marine in 
the west and mainly nonmarine in the east. A range of 
granitic hills in the south, the Padthaway Ridge, extend­
ing southeastward from Murray Bridge, forms a persistent 
boundary between the Murray and Otway basins. The 
Otway Basin, which extends into western Victoria and the 
Continental shelf offshore, contains much greater thick- 
nesses than the Murray Basin, of Cretaceous and Tertiary 
rocks in altemating marine and nonmarine development. 
Oil exploration in the Murray and Otway basins had not 
been commercially successful by the late 20th Century, but 
the adjoining submarine Bass Basin between Victoria and 
Tasmania had become a major petroleum-producing re­
gion along with the early Tertiary age rocks of the offshore 
Gippsiand Basin, which was Austraiia’s largest petroleum- 
producing region.

The Sydney Basin. The Sydney Basin was superimposed 
on a part of the folded rocks of the Tasman geosynclinal 
beit in Permian time and was filled with a considerable 
thickness of Permian and Triassic marine and nonmarine 
rocks. Overlapped by the Great Artesian Basin in the 
northwest, it continues southeastward under the Continen­
tal shelf. The Permian begins with shallow-water marine 
Sediments with erratic blocks indicating continued glacia­
tion of the adjoining land, and volcanic material. The 
plant fossils are typical of the Permian of the southem 
continents. Coal deposition followed, and after another 
marine interlude, the Permian Period ended with the for­
mation of further coal-bearing Sediments, while volcanic 
activity and some earth movements continued. The Trias­
sic sequence of the Sydney Basin consists of the Narrabeen 
Group of sandstones and shales, the Wianamatta Group, 
and the Hawkesbury Sandstone, which forms conspicuous 
cliffs around Sydney Harbour and is much used as a 
building stone.

The Clarence-Moreton and Maryhorough basins. On
the border between New South Wales and Queensland, 
from south of Grafton to north of Brisbane, the Clarence- 
Moreton Basin developed in Triassic time as an offshoot 
of the Great Artesian Basin. It contains basic volcanic 
rocks and coal measures that were laid down in several 
ages. The Maryborough Basin is the eastemmost of the 
Australian sedimentary basins. It is filled with nonmarine 
Triassic and coal-bearing Jurassic strata, followed in order 
by volcanic rocks, Lower Cretaceous marine Sediments, 
and coal measures. These beds are the most strongly folded 
post-Paleozoic rocks in eastem Australia. It is now known 
that in other basins the Mesozoic and Tertiary rocks are 
slightly folded, but it is believed that the observed folds, 
such as those in the central part of the Great Artesian 
Basin, are due to movements of the underlying older 
rocks. The more intense folding on the eastern seaboard 
has been thought to be related to intrusions of Jurassic 
granites and to a late stmctural phase in the development 
of eastern Australia.

Tasmania. The most important Mesozoic event in Tas­
mania was the large-scale (2 , 0 0 0  cubic miles) intmsion of 
dark, layered volcanic rocks in Early to mid-Jurassic time. 
This process produced rocks similar to those in the Karroo 
region of South Africa, in Brazil, in Antarctica, and also 
in the Palisades of the New York area, in the Northem 
Hemisphere.

CENOZOIC HISTORY OF THE AUSTRALIAN CONTINENT
During the Cenozoic Era, occupying the last 60,000,- 
0 0 0  years of geological time down to the present, true 
mountain-building movements were confined to the island 
arcs in the north and east. Nonetheless, the Australian 
continent was not altogether stable. On the mainland, 
movements of the basic stmctural blocks produced some 
folding in the sedimentary cover of the basins, and uplifts

The 
Murray 
and Otway 
basins
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and downwarps restricted or extended their boundaries. 
Faulting in the southeast and east led to outpouring of 
large heids of basalts in Victoria in mid-Cenozoic and 
Late Cenozoic time, and also to scattered but impor­
tant volcanicity along the east coast. The mid-Miocene 
(20,000,000 years old) volcanoes of the Warrumbungle 
Mountains and the Tweed River areas in northem New 
South Wales and the spectacular Glass House Mountains 
in southeastern Queensland are the most important exam- 
ples of this activity. In Victoria and parts o f New South 
Wales, basaltic lava flows followed ancient valleys and 
buried their stream-deposited gravels. Known as “deep 
leads,” they are locally gold bearing.
The relative ages of the geological events that took 

place during Cenozoic time are still under study. There 
is no doubt about the Late Cenozoic age of the uplift 
of the eastem highlands and also of the Flinders Ranges 
in South Australia, and the corresponding retreat of the 
sea from the Murray Basin. This process seems to have 
occurred intermittently throughout Tertiary time, perhaps 
culminating in a Pliocene-Pleistocene phase that has been 
named the Kosciusko Epoch, after the highest mountain 
on the continent. During the Pleistocene ice age, an area 
of some 400 square miles around this mountain and 
some surrounding valleys were glaciated, as were large 
areas of the Tasmanian highlands. This weak but obvious 
expression of a worldwide climatic change is only one 
phase in a sequence of changes that affected Australia 
during Cenozoic time. Like the sequence of structural 
movements with which it is likely to be connected, the 
history of climatic changes is still disputed. The evidence 
of plant and animal fossils, together with determinations 
of the temperatures of the period, indicate that the cli- 
mate in Early Tertiary (Eocene) time, some 50,000,000 
years ago, was temperate in the south to tropical in the 
north. It was also humid, with rivers flowing to the south 
coast and coal-forming swamps existing in the areas of 
Eyre Peninsula and south Gippsland. Currents warmer 
than at present reached the south coast in early Miocene 
time (some 25,000,000 years ago), while during the late

Miocene and Pliocene epochs there was a fall in temper- 
ature and a change in the plant life. This came to be 
dominated by eucalypts and acacias, replacing the South­
ern beech (Nothofagus) that had been dominant in Early 
and mid-Tertiary time. Climatic change is also reflected 
by other evidence, for example by the large extent of 
lateritic weathering, causing the formation of red, iron- 
rich residual deposits as the result of altemating wet and 
dry seasons. Whether the change to the present arid con- 
ditions of the inland regions was gradual and progressive 
is uncertain. Some soil scientists and biologists have pos- 
tulated a period of greater aridity than the present, dated 
a few thousand years ago, but this is disputed by others. 
There is no doubt about changes o f sea level as well as 
earth movements during the Pleistocene ice age: the east­
em highlands were uplifted by some 2,600 feet, as was the 
western plateau, and there were corresponding changes 
of wind and ocean water-current pattems. These factors 
combined in an intricate manner with worldwide climatic 
changes to alter the climate during the last few million 
years. The last of the great hippopotamus-like marsupial 
herbivores (Diprotodon, Nothotherium) and giant flightless 
birds (Genyornis) died out when the great lakes in the 
centre of the continent (Lake Eyre, Lake Callabonna, etc.) 
tumed into salt pans only a few thousand years ago.

(M.F.G.)

Physical geography
T H E  L A N D

Australia is both the hattest continent and the driest. Seen 
from the air it is hard to believe that its vast plains, some- 
times the colour of dried blood, more often tawny like a 
lion’s skin, are not one huge desert. One can fly the 1,900 
miles to Sydney from Darwin in the north, or the 2,000 
miles from Perth in the west, without seeing a single town 
or anything but the most scattered and minute signs of 
human habitation. A good deal of the central depression 
and western plateau is indeed desert. Yet appearances can 
be deceptive. The red and blacksoil plains of Queensland
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and New South Wales have long supported the world’s 
greatest wool industry, while recent discoveries have re- 
vealed that some of the most arid and forbidding areas of 
Australia conceal great mineral wealth.

Moreover, the Coastal rim is, almost everywhere, an ex- 
ception to these rules. In particular the east coast, where 
European Settlement began and where the majority of 
Australians now live, is hilly, well watered, and fertile.

Inland from the coast runs a chain of highlands known 
as the Great Dividing Range, from Cape York in northern 
Queensland to the southem seaboard of Tasmania. From 
the coast itself this range, which may be anything from 2 0  

miles (32 kilometres) to 200 miles (320 kilometres) dis- 
tant, often appears as a bold range of mountains, though 
few of its peaks exceed 5,000 feet (1,500 metres). In fact, 
it is more like the escarpment of a giant plateau, formed 
of gently rolling hills, which then slopes imperceptibly 
down to the westem plains. There are similar, though 
smaller, Stretches of hilly, well-watered land all around 
the rim of the continent except on the south coast where 
the Nullarbor Plain Stretches to the sea; but everywhere 
the rainfall diminishes rapidly as one penetrates further 
from the coast.

The To Australians the land beyond the Great Dividing Range
“Outback” and the Coastal rim is the Inland, or the “Outback.” For 

them it still retains some of the mythical quality it had 
for the first explorers searching for inland seas and great 
rivers. It is their Frontier: the land of hope and adventure. 
Yet in fact it is still very sparsely populated and perhaps 
always will be. The real heart of Australia lies in the in­
dustrial cities of the east and west coasts.

In this huge continent there are wide variations in scenery 
and climate. The thickly wooded ranges of the Great 
Divide have little in common with the treeless, sun-dried 
plains of the Inland. There is a vast difference between 
the red rocks and monumental hills of central Australia 
and the tropical rain forests and sugar plantations of north 
Queensland. Yet visitors to Australia usually detect a cer- 
tain uniformity created, perhaps, more by the red earth, 
the brilliant light, and the drab, olive-coloured leaves of 
the ubiquitous eucalyptus than by any real resemblance. 
And if visitors from the Northern Hemisphere are at 
first repelled, as the English novelist D.H. Lawrence was, 
by “the vast, uninhabited land and by the grey charred 
bush . . .  so phantom-like, so ghostly, with its tall, pale 
trees and many dead trees, like corpses,” they should re- 
member that to Australians born in the country the bush 
is friendly and familiär. Australia is not a pretty country, 
but it has a unique and haunting beauty that exerts a 
powerful fascinätion on those who get to know it.

If there is no real uniformity in the Australian landscape, 
there is certainly uniformity among the Australian people. 
No marked regional differences have emerged in the 200 
years of European development, and steadily improving 
means of transport and communication have constantly 
worked to erase such differences as did exist. Today there 
is a strong similarity in the speech, manners, and customs 
of all Australian States, and everywhere the culture of 
white Australia is immediately recognizable as characteris- 
tic of Anglo-Saxon culture in Britain and North America.

Relief. Overall characteristics. Australia is a land of 
great plains. The island continent is almost 3,000,000 
square miles in area, but of this, only 6  percent is above
2,000 feet elevation. Its highest peak, Mt. Kosciusko, rises 
to only 7,310 feet (2,228 metres). This Situation sterns in 
part from Australia’s Position at the edge of a zone of 
significant and recent earth movement and in part from 
the long periods of geological time during which Australia 
has been subject to weathering and erosion.

Patterns of faulting and folding in large measure control 
the distribution and attitude of rocks and thus play a sig­
nificant part in determining the shape of the land surface. 
But the nature and intensity of the processes at work at 
and near the land surface also give rise to characteristic 
assemblages of forms. Australia is an arid continent; fully 
one-third of its area is occupied by desert, another third 
is steppe or semidesert, and only in the north, east, and 
southeast is rainfall adequate to support a Vegetation that 
significantly protects the land surface.

The Western Australian Shield. The ancient west Aus­
tralian core area, known geologically as a shield, or cra- 
ton, is subdivided, most obviously in the north and west, 
by long, straight (or only gently arcuate) fractures called 
lineaments. These fractures delineate prominent rectangu- The role of 
lar or rhomboidal blocks, some of which have been raised lineaments 
to form uplands, others of which have been depressed to 
form lowlands or topographic basins. The lineaments dis­
play strong northwest-southeast and northeast-southwest 
trends in the northern, northwestern, and southeastem 
parts of the shield, but east-west alignments are promi­
nent in the centre, and major structural lines are more 
nearly meridional in the west and Southwest. In all areas, 
however, trends other than those locally dominant can 
be discerned.

Within such structurally defined areas as the Kimberleys, 
the Isa highlands, and the Pilbara, the nature of the land 
surface varies according to the type and disposition of the 
rock outcrops. In the Kimberleys and the Mueller Plateau 
there are extensive outcrops o f flat-lying massive sand­
stone that have been dissected to give rise to the striking 
isolated rock features known variously as plateau, mesa, 
and butte. Under these circumstances, local joints and 
bedding planes in the rocks, combined with the perme­
able nature of the bedrock, control the local landforms.
Similar plateau forms dominate the Pilbara and Arnhem 
Land, though in the former region horizontally bedded 
or only gently warped massive ironstone formations, to- 
gether with massive sandstones, give rise to prominent 
bluffs bordering the plateau assemblages; and in the latter 
karst landforms (greatly eroded by solution) are developed 
where limestone occurs at the surface. At the margins of 
the Kimberleys (in the Fitzroy region and in the Durack 
Range) and in the Southern part of the Pilbara, in the 
Ophthalmia Range, dipping rock strata have been differ- 
entially eroded to form ridges and valleys. Such features 
are also extensively and well developed in the uplands of 
central Australia (the Macdonnell, James, and KirchaufF 
ranges), in the Isa highlands, and in the Stirling Range 
of the Southwest. In all of these areas it is the sandstones 
and quartzites that underlie the upstanding ridges, the in- 
tervening valleys being eroded in siltstones or shales; and 
in all these areas the pattern in plan o f ridge and valley 
reflects the pattern of folding in the underlying rocks.

In the far Southwest, the Darling Range forms an up- 
faulted block underlain mainly by granite but capped by 
latente, a reddish, iron-rich product of weathering rock.
The Gawler Block, in the southeast, is complex. There are 
crystalline and sandstone uplands in the east, sandstone 
plateaus in the northeast, and, in the centre and north, 
the rounded Gawler Ranges built of Precambrian lava 
flows. Much of Eyre Peninsula is occupied by a rolling Isolated 
plain traversed by fixed sand dunes, but in the northwest inselbergs 
numerous low isolated granite rocks of spectacular ap- 
pearance, called inselbergs, stand above the plain. These 
epitomize the isolated ranges and hills widely developed 
in the northwest of South Australia, in the Musgrave,
Everard, Birksgate, Mann, and Tompkinson ranges.
The lowlands between these raised blocks also display 

varied topography. The so-called Barkly Tableland is in 
reality a high plain of remarkable flatness, partly eroded 
in Cambrian sedimentary rocks and partly underlain by 
Tertiary swamp deposits. The Nullarbor Plain is approxi- 
mately coincident with the Eucla Basin. A vast area of the 
Southwest of Western Australia is occupied by Salinaland, 
an extensive high plain traversed by elongate ribbons en- 
crusted with salt, the desiccated and disrupted remnants 
of former river courses. The Gibson Desert consists in 
large part of a laterite-capped plain, but huge areas of 
the plains of central and northern Australia are occupied 
by active sand dunes, and large areas ö f southem South 
Australia and Western Australia are covered by fields of 
fixed dunes.

Actively developing and moving sand ridges occupy the 
Canning Basin (the Desert Basin), the Great Victoria Des­
ert, the Amadeus depression and large areas o f the Arunta- 
Sturt Complex. The dune fields extend to the east into the 
Great Artesian Basin, where the dunes constitute the well- 
known Simpson Desert. These dune deserts reflect the



COMMONWEALTH OF AUSTRALIA
40" 110°

S/'ze of Symbol indicates relative 
Elevations in metres

115°

SlZeoftown c





40 6  Australia

MAP INDEX

Political subdivisions
Australian
Capital
Territory............35-30s 149-00e

New South
Wales................ 33-OOs 146-00e

Northern
Territory........... 20-00s 134-00e

Queensland... .20-00s 145-00e
South
Australia........30*00s 135‘00e

Tasman ia.........42-00s 147-00e
Victoria.............38-00s 145-00e
Western

Australia .. . .  .25-00s 122-00e

Cities and towns
Adelaide.............34*55s 138-35e
Ajana...................27-57s 114-38e
Albany................ 35-02s 117-53e
Albury.................36*05s 146-55e
Alexandria.........19-05s 136-40e
Alice Springs. .23-42s 133-53e
Ararat..................37*17s 142-56e
Arltunga.............23-26s 134-41 e
Armidale..........30*31 s 151-39e
Bairnsdale.........37*50s 147-38e
Ballarat...............37-34s 143-52e
Barcaldine.........23-33s 145-17e
BarrowCreek. .21-33s 133-53e
Bathurst............. 33-25s 149-35e
Bega....................36-40s 149-50e
Benalla................36-33s 145-59e
Bendigo..............36-46s 144-17e
Birdsville............ 25-54s 139-22e
Birdum................15-39s 133-13e
Blackall...............24-25s 145-28e
Bombala............. 36-54s 149-14e
Borroloola.......... 16-04s 136-17e
Boulder...............30-47s 121-29e
Bourke.................30-05s 145-56e
Bowen.................20-01 s 148-15e
Brewarrina.........29-57s 146-52e
Brisbane.............27-28s 153-02e
Broken Hill..........31 -57s 141-27e
Broome............... 17-58s 122-14e
Bunbury..............33-19s 115-38e
Bundaberg. . .  .24-52s 152-21 e
Burketown..........17-44s 139-22e
Burnie................. 4T-04s 145-54e
Busselton....... .33-39s 115-20e
Cairns..................16-55s 145-46e
Camooweal... .19-55s 138-07e
Canberra........ .35-17s 149-08e
Capoompeta.. .29’23s 152-01e
Carnarvon.......... 24-53s 113-40e
Ceduna............... 32-07s 133-40e
Cessnock............32-50s 151 *21 e
Charleville..........26-24s 146-15e
Charlotte
Waters...............25-55s 134-55e

Charters
Towers..............20-05s 146-16e

Clermont............ 22-49s 147-39e
Cloncurry........... 20-42s 140-30e
Cobar.................. 31-30s 145-49e
Collie................... 33*21 s 116-09e
Cooktown........... 15-28S 145-15e
Coolgardie......... 30-57s 121-10e
Cooma.................36-14s 149-08e
Coonamble____30-57s 148*23e
Croydon.............. 18-12s 142-14e
Cue.......................27*25s 117-54e
Cunnam ulla.. .28-04s 145-41 e
Dajarra................21-42s 139-31 e
Dalby................... 27-11s 151-16e
Daly W aters.... 16-15s 133-22e
Darwin.................12-28s 130-50e
Deniliquin.......... 35*32s 144-58e
Derby...................17-18s 123-38e
Devonport........41 -11s 146-21e
Dingo................ 23-39s 149-20e
Dirranbandi__ 28-35s 148-14e
Dobbyn.............19-48s 140-00e
Dongara........... 29-15s 114-56e
Dubbo...............32-15s 148-36e
Duchess........... 21-22s 139-52e
Echuca..............36-08s 144-46e
Emerald............ 23-32s 148-10e
Esperance........33-51 s 121-53e
Eucla....................31-43s 128-52e
Eyre......................32-15s 126-18e
Fitzroy
Crossing.........18*11s 125-35e

Forbes...............33-23s 148-01 e
Forsayth............18-35s 143-36e
Fremantle.........32-03s 115-45e
Gawler...............34-37s 138-44e
Geelong............ 38-08s 144-21 e
Geraldton.........28-46s 114-36e
Giadstone........ 23-51 s Ib l-Iöe
Glenlnnes..........29-44s 151-44e
Goulburn............ 34-45s 149-43e
Gove-

Nhulunbuy. .  .12-10s 136-45e
Grafton............. 29-41 s 152-56e
Gympie................26-11s 152-40e

Halls Creek___18-13s 127-40e
Hamilton.......... 37-45s 142-02e
Hay.....................34-30S 144-51 e
Hobart................42-53s 147-19e
Hopetoun........ 33-57s 120-07e
Horsham.......... 36-43s 142-13e
Hughenden__ 20-51s 144-12e
Hughes............. 30-42s 129-31 e
Hungerford___29-00s 144-25e
Ingham..............18-39s 146-10e
Inverell..............29-47s 151-07e
Ipswich............. 27-36s 152-46e
Jericho...............23-36s 146-08e
Jiggalong......... 23-25s 120-47e
Kalgoorlie........ 30-45s 121-28e
Katanning........33*42s 117-33e
Katherine......... 14-28s 132-16e
Kempsey.......... 31-05s 152-50e
Kerang...........35-44s 143-55e
Kingston...........36-50s 139-51 e
Kynuna.............21 -35s 141-55e
LaGrange..........18-41 s 12T45e
Lake Brown___30-57s 118-20e
Launceston___4T26s 147-08e
Laura.................. 15-34s 144-28e
Laverton............28-38s 122-25e
Leonora.............28-53s 121 *19e
Lismore.............28-48s 153-17e
Lithgow.............33-29s 150-09e
Longreach........23-26s 144-15e
Mackay....... ...2 1 -09s 149-11 e
Maitland........... 32-44s 151-33e
Malbon..............21-04s 140*18e
Marble Bar. ...21 *11 s 119-44e
Marree...............29-39s 138-04e
Maryborough. .37-03s 143-45e 
Maryborough. .25-32s 152-42e 
Meekatharra.. .26-36s 118-29e
Melbourne....... 37-49s 144-58e
Menzies............ 29-41 s 121-02e
Mildura............. 34-12s 142-09e
Miling.............30-30s 116-21 e
Millstream........21-35s 117-04e
Mingenew........ 29-11s 115-26e
Moonta..............34-04s 137*35e
Moora.................30-39s 116-00e
Moree.................29-28s 149-51 e
Mount
Gambier..........37-50s 140-46e

Mount Isa..........20-44s 139-30e
Mount Magnet.28-04s 117-49e 
Mount Morgan.23-39s 150-23e
Mungana..........17-07s 144-24e
Mungindi..........28-58s 148-59e
Murray Bridge.35-07s 139-17e
Nannine............26-53s 118-20e
Naracoorte. . .  .36-58s 140-44e
Narrabri............30-19s 149-47e
Narrandera___34-45s 146-33e
Narrogin...........32-56s 117-10e
Newcastle........32-56s 151-46e
Newcastle
Waters.............17-24s 133-24e

Newman........... 23-28s 119-40e
New Norfolk.. .42-47s 147-03e 
Normanton. . .  .17-40s 14T05e
Nornalup.......... 35-00s 116-49e
Norseman........ 32-12s 121-46e
Northam........... 31-39s 116-40e
Northampton. 28-21 s 114-37e
Nullagine..........2T53s 120-06e
Nymagee..........32-04s 146-20e
Nyngan............. 31 -34s 147*11 e
Onslow..............21-39 s 115-06e
Oodnadatta__ 27-33s 135*28e
Ooldea Station.30-27s 131-50e
Orange..............33-17s 149-06e
Palmerville.. .  .15-59s 144-05e
Peak H ill...........25-38s 118-43e
Peebinga..........34-56s 140-55e
Penong............. 3T55s 133-01 e
Perth..................31'56s 115-50e
Peterborough. .32-58s 138-50e
Pimba................31 -15s 136-47e
Pine C reek.. . ,13-49s 131-49e
Pithara............... 30-24s 116-40e
Port Augusta...32-30s 137-46e 
Port Hedland. .20-19s 118-34e 
Port Kembla.. .34-28s 150-54e
Portland............38-21 s 141-36e
Port Lincoln__ 34-44s 135-52e
Port
Macquarie__ 31-26s 152-55e

Port Pirie..........33-11s 138-01 e
Port Wakefield. 34-11s 138-09e
Qulpie................ 26-37s 144-15e
Ravensthorpe. .33-35s 120-02e
Rawlinna.......... 31-01s 125-20e
Renmark...........34*11 s 140-45e
Richmond........ 20-44s 143-08e
Risdon............... 42-48s 147-20e
Rockhampton. .23-23s 150-31 e
Koebourne....... 20-47s 117-09e
Roma..................26-35s 148-47e
Saint George. ..28-02s 148-35e 
Salmon Gums..32-59s 121 -38e
Sandstone........27-59s 119*17e
Southern
Cross...............31-13s 119-19e

Southport.........27-58s 153-25e
Strahan.............42-09s 145-19e
Swan Hill......... 35-21s 143-34e
Sydney..............33-52s 15T13e
Tambo...............24-53s 146-15e
Tarn worth........ 31-05s 150-55e
Tanami............. 19-59s 129-43e
Tennant
Creek...............19-40s 134-10e

Tenterfield.......29-03s 152-01 e
Thargomindah.28-00s 143-49e 
Toowoomba.. .27-33s 151-57e
Townsville........19-16s 146’48e
Ulverstone........4T09s 146-10e
Victoria River

Downs....... ...16-24s 131-00e
Wagga Wagga.35-07s 147-22e
Walgett............. 30-01 s 148-07e
Wallaroo........... 33-56s 137-38e
Warrnambool. .38-23s 142-29e
Warwick............28-13s 152-02e
Weipa.................12-41s 14T52e
Wentworth....... 34-07s 14T55e
WestWyalong..33-55s 147-13e
Whyalla.............33-02s 137-35e
Wilcannia......... 31-34s 143-23e
William Creek..28-55S 136-21 e
Wiluna............... 26-36s 120-13e
Windorah......... 25-26s 142-39e
Winton...............22-23s 143-02e
Wollongong__ 34-25s 150-54e
Wonthaggi.......38-36s 145-35e
Woomera..........31 -31s 137-10e
Wyndham.........15-28s 128-06e
Yanac.................36-08s 141-26e
Yaraka................24-53s 144-04e
York................... 31-53s 116-46e

Physical features 
and points of interest
Amadeus, dry
lake.................. 24-50s 130-45e

Anson Bay....... 13-20s 130*06e
Arafura S e a .. .10-00s 134-00e 
Arnhem, Cape.12-21s 136*21e 
Arnhem Land, 
aboriginal
reserve............ 13-10s 134-30e

Ashburton,
river................. 21-40s 114-56e

Atherton
Plateau............17-00s 145-00e

Austin, dry
lake................... 27-40s 118-00e

Bajimba,
Mount,
mountain........ 29-18s 152-07e

Backstairs
Passage..........35-42s 138-05e

Ballard, dry
lake................... 29-27s 120-55e

Balonne, river. .27-47s 147-56e 
Banks, is/and. .10-12s 142-16e 
Barkly 
Tableland,
upland............. 19-OOs 138-00e

Barlee,
dry lake............29- 10s 119-30e

Barrow, istand. 20-48s 115-23e 
Bartle Frere,
Mount,
mountain........17-23s 145-49e

Barwon, river. .30-00s 148-05e 
Bass Strait.. .  .39-20s 145-30e 
Bathurst,
island...............11-37s 130-23e

Belyando, r/Ver. 21-38s 146*50e 
Bernier, island.24-52s 113-08e 
Billabong,
river................34-55s 143-05e

Blue
Mountains__ 33-33s 150-17e

Blue Mud Bay. .13-26s 135-56e
Botany Bay___33-59s 151 -12e
Browse, islandJA-Ols 123-33e 
Bruce, Mount,
mountain........ 22-36s 118-08e

Buccaneer
Archipelago,
is/ands............16-17s 123-20e

Buchanan,
lake.................. 21-28s 145-52e

Buckland
Tableland,
upland.............24-35s 147-55e

Bulloo, river__ 28-43s 142-30e
Burdekin, r/Ver.19-39s 147-30e 
Cape Barren,
island............... 40-25s 148-12e

Cape York
Peninsula.......14-00s 142-30e

Capricorn
Channel..........23-28s 152-OOe

Carey, sa/t /a/ce.29-05s 122-15e 
Carnegie, dry
lake.................. 26-10s 122-30e

Carpentaria,
G ulfof.............14-OOs 139-00e

Clarence Strait. 12-OOs 131-00e

Clarke Range, 
mountain
range.................20-50s 148-33e

Cloates, Point. .22-43s 113-40e 
Coburg

Peninsula.......11-20s 132-15e
Collier Bay........16-10s 124-15e
Connors

Range,
mountain
range................21-40s 149-10e

Coopers Creek.28-29s 137-46e
Coral Sea......... 15-00s 155-OOe
Cowan,
sa/t lake...........31-50s 121-50e

Croker, island. .11-12s 132-32e 
Culgoa, r ive r...29-56s 146-20e 
Cumberland

Islands............ 20*40s 149-09e
Curtis, is/and.. ,23-38s 15T09e 
Dalrymple,
Mount,
mountain........ 21 -02s 148-38e

Daly, river........ 13-20s 130-19e
Dampier
Archipelago,
islands.............20*35s 116*35e

Dampier Land,
peninsula........17-30s 122-55e

Darling, river. ..34-07s 141*55e 
Darling Downs, 
physical
region...............27-30s 150-30e

Darling Range, 
mountain
range.................32-00s 116-30e

Dawson, river. .23-38s 149-46e 
DeGrey, river...20-12s 119*11 e 
D’Entrecasteaux,
Point................34-50s 116-00e

Diamantina,
river.................. 26-45s 139-10e

Dirk Hartog,
is/and................25-48s 113-00e

Disappoint- 
ment, salt
lake................... 23-30s 122-50e

Dorre, island.. .25-09s 113-07e 
Dundas, dry
lake................... 32-35s 121-50e

Dundas Strait,. 11-20s 131-35e 
Eighty Mile
Beach...............19-45s 121-00e

Encounter Bay.35-35s 138*44e 
Everard, dry
lake...................31-25s 135-05e

Everard
Ranges,
mountain
range.................27-05s 132-28e

Exmouth Gulf. .22-OOs 114-20e
Eyre, lake.......... 26*40s 139-00e
Eyre Peninsula.34-00s 135-45e 
Farquhar,
Cape.................23-37s 113-37e

Finke river........26-20s 136-00e
Fitzroy, rive r. . .17-31s 123-35e 
Flinders, 
physical
region...............32-30s 140-00e

Flinders, river. .17-36s 140-36e 
Flinders, is/and. 40-00s 148-00e 
Flinders 
Ranges, 
mountain
range................31-25s 138-45e

Fortescue,
river.................. 2T00s 116-06e

Fowler, Point. ..32-02s 132-29e 
Fraser, island. .25-15s 153-10e 
Frome, dry /a/ce.30-48s 139-48e 
Furneaux 
Group,
is/ands.............40-10s 148-05e

Gairdner, lake. .3T35s 136-00e 
Galilee, lake... .22-21 s 145-48e 
Gascoyne,
river.................. 24-52s 113-37e

Geikie Range, 
mountain
Tange.................18-07s 125-46e

Geographe
Bay...................33-35s 115-15e

Geographe
Channel..........24-40s 113-20e

Georgina, river.23-30s 139-47e 
Gibson Desert..24-30s 126-00e 
Gilbert, rive r. . .16-35s 141 -15e 
Gillen, dry /a/ce.26-11s 124-38e 
Goddards Soak,
swamp.............31-20s 123-30e

Great, lake........ 41-52s 146-45e
Great Artesian 

Basin, 
physical
region...............25-00s 143-00e

Great
Australian
Bight................ 35-OOs 135-00e
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Effects of 
rapid water 
runoff

map Index (continued)

Great Barrier
Reef....................18-OOs 146-50e

Great Dividing 
Range, 
mountain
range.................. 25-00s 147-00e

Great Sandy
Desert................21-30s 125-00e

Great Victoria
D esert.............28-30s 127-45e

Gregory, dry
lake.............. ..28-55s 139-00e

Gregory Range, 
mountain
range................. 19-00s 143-05e

Grey Range, 
mountain
range.................27-OOs 143-35e

Groote Eylandt,
island............. .14-00s 136-40e

Halifax B a y ... ,18-50s 146-30e 
Hamersley 

Range, 
mountain
rä n ge ........... .21-53s 116-46e

Hay, river..........25-14s 138-OOe
Hervey Bay___25-00s 153-00e
Hinchinbrook,
island................18-23s 146-17e

Horn, island. . . 10-37s 142-17e 
Houtman
Rocks............... 28-35s 113*45e

Howe, Cape. . .37-31 s 149-59e 
Hunter Islands.4032s 144-45e 
Indian Ocean. .38-OOs 122-30e 
Jaffa, C a p e ... .36-58s 139-40e 
James Range, 
mountain
range.................24-06s 132-30e

Jervis Bay........35-05s 150-45e
Joseph

Bonaparte
Gulf. .................14-15s 128-30e

Kangaroo,
island................35-50s 137-06e

King, island__ 39-50s 144-00e
King George
Sound...............35-03s 117-57e

King Leopold 
Ranges, 
mountain
range.................17-30s 125-45e

King Sound. . . 17-00s 123-30e 
Kosciusko,
Mount,
mountain........36-27s 148?16e

Lachlan, river. .34-21 s 143-57e 
Larrey Point. . .19-58s 119-07e

Leeuwin, Cape.34-22s 115-08e 
Lefroy, dry lake. 31 -15s 121-40e 
Leichhardt,
river...................17-35s 139-48e

Leveque, Cape.16-24s 122-56e 
Limmen Bight..14-45s 135-40e 
Liverpool
Range.
mountain
range..............

Londonderry,
.31-40s 150-30e

Cape..............
Lord Howe,

.13-45S 126-55e

island............. .31-33s 159-05e
Macdonald, dry
lake................

Macdonnell
.23-30S 129-00e

Ranges, 
mountain 
range.............. .23-45s 133-20e

Mackay, salt
lake................

Macquarie,
,22-30s 129-00e

river............... 30-07S 147-24e
Main Barrier
Range,
mountain
range.......... .31 -25s 141-25e

Maranoa, river.27-50s 148-37e 
Melville, Cape. .14-11 s 144-30e 
Melville, island. 11 -40s 131 -00e 
Mitchell, river.. 15-12s 141-35e 
Monte Bello
Islands___,..20-25s 115-32e

Moore, salt
lake..................29-50s 117-35e

Mulgrave,
island.............. 10-07s 142-08e

Murchison,
river................. 26-01 s 117-06e

Murray, river.. ,35-22s 139-22e 
Murray Region.34-00s 143-00e 
Murrumbidgee,
river.................. 34-43s 143-12e

Musgrave
Ranges,
mountain
range................26-10s 131-50e

Nabberu, dry
lake................... 25-36s 120-30e

Namoi, r i v e r . . . .30-00s 148-07e 
Naturaliste,
Cape.................33-32s 115-01 e

New England 
Range, 
mountain
range.................30-00s 151-50e

Ninety Mile
Beach..............38*13s 147-23e

Norman, river. .17-28s 140-49e

North
Stradbroke
Islands............ 27-35s 153-28e

Northumber-
land Islands. .21-40s 150-00e 

North West
Cape........... ..21 -45s 114-10e

Nullarbor
Plain................31-00s 129-00e

Ord, river..........15-30s 128-21 e
Otway, Cape.. .38-52s 143-31 e 
Ossa, Mount,
mountain........ 41-54s 146-01 e

Pacific Ocean..20-OOs 156-00e 
Paroo Channel.31-28s 143-32e 
Port Phillip
Bay......... ..........38-07s 144-48e

Prince of
Wales, island. J 0-40s 142-10e 

Pri ncess
Charlotte Bay. 14-25s 144-00e 

Queens
Channel..........14-46s 129-24e

Raeside, dry
la k e ................. 29-30s 122-00e

Recherche,
Archipelago
of the, is/ands.34-0bs 122-45e 

Repulse B ay.. .20-36s 148-43e 
Ripon, is/and.. .20-07s 119-12e 
Riverina, 
physical
region............... 35-30s 145-30e

Roebuck Bay. 19-04s 122-17e
Roper, river__ 14-43s 135-27e
Round
Mountain........36-15s 148*34e

Rowley Shoals. 17-30s 119-00e 
Saint Vincent,
Gulf................... 35-OOs 138'05e

Sandy Islet,
island................. 14-03s 121-49e

Sandy Cape. . .41-25s 144-45e
Shark Bay.......... 25-30s 113-30e
Simpson

Desert................25-00s 137-00e
Sir Edward 
Pellew Group,
is/ands................15-40s 136-48e

Snowy
Mountains... .36-30s 148-20e 

South Bruny,
is/and................. 43-23s 147-17e

South East
Cape...................43-39s 146-50e

Spencer Gulf. 34-00s 137-OOe
Steep Point____26 08s 113-08e
Stuart Range, 
mountain
range.......... .29-10s 134-56e

Sturt Creek___20*08s 127-24e
Sunday Strait. .16-25s 123-18e 
Swain Reefs.. .21-40s 152-15e 
Swan, river. .. .32-03s 115-45e 
Swanland, 
physical
region. . . . . . . .  32-00s 120-00e

Tasmania,
island................42-OOs 147-00e

Tasman S ea .. .37-30s 156-OOe 
The Alberga,
river.................. 27-06s 135-33e

The Warburton,
river.................. 27-55s 137-28e

Thomson, river.25-11s 142-53e 
Thursday,
is/and................10-35s 142-13e

Timor Sea........ 13-00s 125-00e
Torrens, salt
la k e .. . . ..........31-00s 137-50e

Torres Strait.. .10-25s 142-10e 
Van Diemen,
C a pe .............. 11-10s 130-23e

Van Diemen
Gulf..................11-50s 132-00e

Victoria, river. .15*12s 129-43e 
Warrego, river. ,30-24s 145-21e 
Warrumbungle 

Range, 
mountain
range.................3T27s 149-10e

\A/p||pq|pw

lslandsV.......... 16-42s 139-30e
Wells, dry /a/ce.26-43s 123-10e 
Wessel Islands. 1T30s 136-25e 
West Cape

Howe................35-08s 117-36e
Whitsunday,
island...............20-17s 148-59e

Wüson’s
Promontory.. ,38-55s 146-20e 

Woodroffe,
Mount,
mountain........ 26-20s 131 -45e

Woods, lake... .17-50s 133-30e 
Yamma
Yamma, lake. ,26-20s 141-25e 

Yeo, dry lake.. .28-04s 124-23e
York, Cape___ 10-42s 142-31 e
Zeil, Mount,
mountain........ 23-24s 132-23e

prevailing aridity of most of Australia, and the dune trend 
displays a huge swirl around the centre of the continent.

But even in these most arid areas—the area around 
Lake Eyre averages less than five inches of precipitation 
per year— rain falls from time to time, and the rivers 
run occasionally. Because of the scarcity of vegetational 
protection, and because of the common development of 
impermeable rock layers of various types, runoff in the 
arid lands tends to be rapid and to achieve dramatic and 
significant results. Hillslopes are scoured and washed bare 
of weathered debris; streams erode gullies and transport 
large volumes of sediment from the uplands to the plains; 
broad braided river channels are developed; and extensive 
alluvial plains are formed. It is the alluvium, carried to 
the lowlands by rivers and deposited on the plains, that is, 
in large measure, the source of the sand out of which the 
desert dunes are molded by the wind.

In the far Southwest of the shield, and especially in the 
northem areas, rainfall is sufficiënt to support a consider- 
able Vegetation and is regulär enough for streams to flow 
seasonally. Here the work of rivers in shaping the land 
surface is more obvious and widespread; the landscape 
consists essentially of valleys and intervening divides, the 
precise form of each depending on local structure. But in 
such areas the rate of landscape change is more rapid than 
in the arid zones.

Many of the landforms of the shield are inherited from 
the past, when different climatic conditions obtained. 
Remnants of latente are widespread in many parts of 
Australia: the Darling Range, Salinaland, the Isa high- 
lands and Mueller Plateau, the Darwin area, Southern 
Eyre Peninsula. Clearly, at some time or times in the Ter- 
tiary Period, these areas had been reduced to low relief, 
and humid tropical climates prevailed, for latente is at

present forming only under such conditions in such areas 
as Southeast Asia and the Congo Basin. The disrupted 
former drainage System of Salinaland has already been 
referred to, and remnants of similar old stream networks 
occur in the Amadeus depression, on the Nullarbor Plain, 
and in the Great Victoria Desert. A large swamp formerly 
occupied the south of the Barkly Tableland; and Lake 
Woods, near Newcastle Waters, is now dry, with a bed 
of some 70 square miles in extent, but shorelines indicate 
that the lake formerly occupied some 1 , 1 0 0  square miles. 
Fossil remains also suggest wetter climates in the past 
in many parts of Australia, and subsequent deterioration 
toward aridity. But in the south the occurrence of dunes 
now fixed by Vegetation shows that the climate there has 
recently become moister.

Finally, in several parts of the shield remnants of eroded 
surfaces, planed off and covered with hard, silicified crusts 
of weathered rock, cut across local bedrock and are ei- 
ther preserved high in the relief or buried beneath later 
sedimentary deposits. They attest to changes in the dis- 
position of the land surface (either base-level changes or 
regional warping or faulting) and also indicate that, in the 
past, surfaces of low relief similar to present ones were 
widely developed. Reference has already been made to the 
distribution of the latente surface. At the eastem margin 
of the shield there are remnants of a still older surface, of 
late or middle Mesozoic age, which has been warped by 
subsequent earth movements and now disappears beneath 
the Sediments of the Great Artesian and similar basins. 
Evidence of the existence of this surface has been forth- 
coming from northwestern Queensland, central Australia, 
and South Australia.

The Flinders-Mt. Lofty ranges. Adjacent to the south- 
eastern extremity of the shield, these uplands occupy the
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Eastern Highlands (Great Dividing Range).
(Left) South of Sydney, where they shape the coastline near the towns of Bulli and 
Wollongong in left background; and (right) at Mt. Feathertop, inland Victoria.
(Left) G  R. Roberts, (right) John R. Brownlie— Photo Researchers

site of the Adelaide Geosyncline, or downwarp in the 
Earth’s surface. These sediments were folded and fault- 
ed, principally in the early Paleozoic, though recurrently 
since. The Flinders Ranges are a much-eroded fold moun­
tain belt characterized by ridge and valley forms in which 

he sandstone ridges and bluffs are dominant. The Willochra
Villochra Plain occupies an elongate intermontane basin excavated 
'lain from a major upwarped structure and achieved through

the erosion of some 20,000 feet of sediments. There 
are remnants of old land surfaces of low relief, and, in 
the north, extremely rugged relief developed on a much- 
shattered granite outcrop.
To the south, the Mt. Lofty Ranges are a much dissected 

and complex horst, or ancient uplifted structural block. 
Bounded on both east and west by meridional or gently 
arcuate fault scarps, which developed initially in the Early 
Paleozoic but which have suffered recurrent movements 
since (and which indeed are still active), the ranges are 
surmounted in many areas by the remnants of a latentie 
plain. In many other areas, such a hard capping of rock, 
if ever present, has been eliminated by stream erosion. 
Sandstones again form prominent ridges and residuals 
(isolated relief features), like Mt. Lofty itself; small granite 
outcrops give rise to boulder-strewn surfaces; and expo- 
sures of gneiss form slablike blocks known as tombstones, 
monk stones, or penitent rocks.

Between the Mt. Lofty and the Flinders ranges is the 
midnorth, a region of broad simple folds in which the 
sandstone ridges run for the most part north-south and 
in which the broad open valleys were in some instances 
occupied by lakes during the Tertiary Period, some 50,- 
000,000 years ago. Similar upland areas of low relief, but 
with domes of crystalline rock standing above the general 
level, dominate the Olary Are, which swings northeast- 
ward from the midnorth region.

The Great Artesian Basin. This platform area consists 
of three major basins, the Carpentaria Basin, the Eyre 
Basin, and the Murray Basin. Between the Carpentaria 
and Eyre basins the Euroka-Kynuna Plateau barely rises 
to reach the surface in such minute residual relief de­
ments as Mt. Brown and Mt. Fort Bowen, in northwest 
Queensland. The Wilcannia threshold separates the Eyre 
and Murray basins, and the latter is separated from the 
Otway Basin and the Southern Ocean by the Padthaway 
Ridge. The two Southern basins are entirely terrestrial, but 
the Carpentaria is partly inundated by the sea.

The Carpentaria plains, occupying the basin of the same 
name, form a narrow lowland corridor between the Isa 
highlands and the Einasleigh uplands (part of the Eastern 
Uplands). They are drained by the Leichhardt, Flinders, 
and Gilbert rivers, and in the south take the form of broad- 
ly rolling plains underlain by heavy gray lime-enriched 
(pedocalcic) soils and known as the Rolling Downs. In 
the north, however, there are extensive flat depositional

plains, some of them related to Pleistocene swamps, some 
associated with the present floodplains of the braided river 
Systems. Standing above the plains, for example around 
Normanton, are considerable plateau and mesa remnants 
of the Tertiary latente surface.

Similar rolling plains with latente residuals standing 
above them occur in the Eyre Basin, particularly around 
the headwaters of the Diamantina, near Kynuna. But to 
the south, toward the more arid interior, the plains be- 
come flatter and are protected by a veneer of stones—  
the well-known stony desert with its mantle of gibber 
(hammada, serir, desert armour). In many parts of south- 
western Queensland, northeastern South Australia, and 
northwestern New South Wales there are plateau and re­
lated relief remnants similar to those found in other parts 
of the lowlands, although these are capped and protected 
not by laterite but silcrete, another hard rock residue. This 
region is folded in places, and the subsequent dissection 
by erosive forces has brought about disintegration of the 
silcrete, which is of Middle Tertiary age and which for­
merly extended over vast areas of central Australia. This 
process provided much stony debris for the gibber plains 
so characteristic of much of central Australia and particu­
larly of the Lake Eyre depression.

The catchment of Lake Eyre extends over some half Lake Eyre 
million square miles of central and northem Australia. It 
occupies the lowest point of the Australian continent (46 
feet [14 metres] below sea level) and many large river 
Systems drain into it. These rivers drain the driest part of 
the continent. But no desert is rainless, and floodwaters 
cover the bed of Lake Eyre about twice each Century, the 
waters deriving not only from central Australia but also 
from the higher rainfall areas drained by the headwaters 
of the Georgina, Diamantina, Thomson, Barcoo, and sim­
ilar rivers. It is now clear that during the late Pleistocene 
period, more than 1 0 , 0 0 0  years ago, the rainfall of central 
Australia was heavier than it is now; as a consequence, 
these rivers, past and present, have brought vast quantities 
of sediment and salt to the interior drainage basin. As a re- 
sult, there is ample source material for the Simpson Desert 
dunes, and many of the normally dry lake beds, including 
all the large ones, are encrusted with salt. Most of the very 
large salinas, or salt pans (Eyre, Frome, Torrens, Gregory,
Blanche), are, at least in part, of structural origin, having 
been formed by downfaulted blocks. Torrens and Gregory 
are surfaced mainly by gypsum, but the remainder carry a 
crust of sodium chloride, common salt. Around the major 
salinas there are extensive alluvial plains.
Under the prevailing arid conditions, fine dust is win- 

nowed from the surface sediments and can be carried high 
into the air in dust storms. Some is carried long distances, 
even reaching New Zealand from time to time. The sand 
of the alluvium is molded into dune ridges.

Sand dunes also occupy large areas of the Murray Basin.
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They are, by contrast, fixed (or “fossil”) dunes, which 
developed at some time in the recent past and have since 
been stabilized by higher rainfall conditions. In the east of 
the basin, near the foothills o f the Eastem Uplands, there 
is evidence of former higher rainfalls in the numerous 
abandoned river channels of the Riverina. But the western 
Murray plains are a stony as well as a climatic desert. The 
plains are underlain by Miocene limestones and, in many 
areas, by calcrete, a calcareous soil accumulation. There 
are instances of water-dissolved sinkholes and enclosed 
depressions, and lack of surface drainage characteristic of 
this type of topography. Only the Murray, which origi- 
nates outside the area in a different environment, crosses 
the basin, flowing in a narrow trench in its lower reaches.

In the east of this region there are extensive alluvial 
plains associated with major tributaries of the Murray. 
One feature of interest is the diversion of the Murray, 
near Echuca, by a rising structural block bounded by fault 
zones and known as the Cadell Fault Block.

The Eastern Uplands. This complex series of high 
ridges, high plains, plateau, and basins extends from Cape 
York Peninsula in the north to Bass Strait in the south, 
with a southerly extension into Tasmania and one ex- 
tending westward into western Victoria. The uplands are 
the eroded remnants of an ancient mountain range re- 
cently rejuvenated by block faulting. They occupy the site 
of the Tasman geosynclinal belt, the sediments of which 
were folded and faulted in late Paleozoic times. Granite 
batholiths were intruded into this region, and during the 
Cenozoic Era lavas appeared extensively in areas as far 
apart as north Queensland and Tasmania. Characteristic 

Volcanic features associated with this process were lava heids, with 
landforms stony rises, soil-hlled depressions, and lava caves. Extinct 

cones and craters survive in southeastem Queensland, in 
the Monaro district of New South Wales, and in west­
ern Victoria.

The landforms, in considerable measure, reflect these 
various geological events. Uplifted structural blocks, many 
of them trending north to south, are common in some 
areas, while straight river courses reflect the control exer- 
cised by fault zones. Ridge and valley forms, as found in 
the Grampians of Victoria, reflect the differential erosion 
of broken and folded rock strata. On the exposed granit- 
ic batholiths, massive domes or clusters of boulders are 
common. The lava plains and plateaus display stony rises, 
shallow alluvial depressions, and volcanic vents and plugs 
of various types and ages.

Other features reflect the erosional history of the region. 
Wide areas o f the upland had been reduced to a uniform 
low relief by the time of the later Mesozoic Era, about
100,000,000 years ago, and many remnants of this ancient 
surface, exhumed by erosive action from beneath a Later 
Cretaceous cover, survive in the landscape, notably in 
north Queensland. The Middle Tertiary leaching of rocks 
by weathering in humid climates with the formation of 
iron-rich residuals (laterization) also affected the uplands, 
from northem Queensland to Tasmania.

Lastly, during the Pleistocene Epoch, some 2,000,000 
years ago, small glaciers developed in the Kosciusko area 
of New South Wales and the central plateau of Tasmania. 
Small, ice-scoured hollows and small moraines (ridges of 
glacial debris) attest to these events, while over rather 
wider areas frost shattering of rocks and resulting down- 
slope flowage of soil (solifluction) have helped shape the 
surface. No snow normally survives through summer in 
either o f these areas now, but in winter the snowfields of 
the Kosciusko area alone are more extensive than those 
of all o f Switzerland.

The Great The Great Barrier Reef is related in important respects 
Barrier to the Eastern Uplands. Lying off the Queensland coast,
Reef this great System of coral reefs and atolls owes its origin in
influence part to Pleistocene changes in sea level but in most part 

to long-continued subsidence, related to faulting, of the 
offshore region. This slow subsidence has enabled a great 
thickness of coral to develop, and it is on this basement 
that the present reefs and coral atolls have grown in the 
clear warm waters of the Coral Sea.

The coming o f man. Though neither aboriginal man 
nor the later European settlers have been long in Austra-

A  portion of the Great Barrier Reef, lying off the coast of 
northeastern Australia and forming the largest coral structure in the 
w orld.
Douglass Baglin

lia, they have already achieved widespread, and in most 
ways deleterious, effects on the landscape. European man 
in particular has been responsible for initially minor, but 
later significant and widespread, changes, notably consid­
erable soil erosion. The clearing of Vegetation for agri­
cultural purposes, overgrazing, the introduction of exotic 
plants and animals, the making of tracks and roads, even 
the clearing of stones from paddocks—all have rendered 
the land surface more susceptible to soil erosion. Man 
has set in train his own great cycle of erosion, similar 
to that which beset many parts of western Europe in the 
18th Century and which has assailed many parts of the 
American West since late in the 19th Century.

Climate. Australia is the arid continent. Over two-thirds 
of its landmass rainfall per annum averages less than 20 
inches (500 millimetres) and over one-third of it is less

By courtesy of the Department of National Development, Canberra

Average temperatures, in degrees Celsius, for January and 
Ju ly  in Australia.
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R a in fa ll p a t te rn s  in  A u s tra l ia .
(Left) Average annual rainfall in Australia (measurement figures on the map are in millimetres). 
(Right) Percentage mean variability from annual mean rainfall.
(Right) From G. Leeper (ed.), The Australian Environment; Melbourne University Press

than 10 inches. Only just over 10 percent receives more 
than 40 inches per annum. As has been noted, in winter 
the snowfields of Tasmania and the Kosciusko area can 
be far more extensive than those of Switzerland, but on 
the whole Australia is a very hot country with a high 
incidence of heat waves, in consequence of which evapo- 
ration losses are high and the effectiveness of the rainfall 
received is reduced. In addition, the severity of climate, 
the predominance of the outdoors in the minds and lives 
of many, and the national importance of agricultural 
and pastoral pursuits, all make Australians perhaps more 
climate-conscious than most. In no country of comparable 
development do climate, the weather map, and the latest 
forecast loom so large in the lives and conversation of the 
common people.

Major The principal features of Australia’s climate stem from
influences its Position, shape, and size. Australia is a compact trop­
en climate ical and near-tropical continent located between latitudes 

10°4T S and 43°39' S. No major arms or embayments of 
the sea penetrate far into the landmass. The only extensive 
uplands occur near the east coast, and even they are not, 
by world Standards, very high.

In summer, when the sun is directly overhead in north- 
em Australia, temperatures are extremely high. The sea 
exerts little moderating influence, and the uplands are 
not sufficiently extensive or high to have more than local 
effects. Because of the lack of cloud over most of the inte­
rior, however, while temperatures commonly soar over the 
100° F (38° C) mark, there is considerable radiation loss 
at night, and daily temperature ranges are quite high. But, 
on the whole, high temperatures dominate the Australian 
summers in all but Tasmania. Heat waves are common, 
and though the highest amounts of radiation are received 
in northem South Australia, the highest temperatures and 
longest heat waves are recorded in the northwest o f West­
ern Australia. Marble Bar, for instance, has recorded a 
maximum temperature of 100° F or more on 162 con- 
secutive days. Temperatures in winter remain moderate 
except in the uplands of Tasmania and southeastem Aus­
tralia, where snow is common. Night frosts are common in 
winter throughout Southern Australia and in the interior.

Because of its latitudinal position, Australia comes under 
the influence of the southeast trade winds in the north and 
the westerlies in the south. Northern Australia is affected 
by a northerly monsoon, partly because of the latitude 
and the seasonal migration of planetary wind zones and 
partly because of the summer heating of the continent

and the indrawing of surface winds. The monsoon brings 
summer rains to the northern Coastal area and extends 
inland for variable distances. These summer rains are all 
the more important because most of northem Australia 
is in the sheltered rain shadow of the Eastern Uplands so 
far as the southeast trades, which are dominant in winter, 
are concerned. The trades, forced to rise by the uplands, 
bring heavy rains to the Pacific coast of Queensland and 
of northern New South Wales. These areas, which are also

By courtesy of the Department of National Development, Canberra

0 200 400 mi

A ' 2Ó0 ‘V o O  ' 6CI0 km

Montane peats 
and humus

SOUS OF THE HUMID ZONES 

□  Podzols |

SOUS OF THE SEASONALLY HUMID OR SEMI-ARID ZONES

| | Red-brown [ | Brown

I ~ 1 Gray-brown

SOILS OF THE ARID ZONES 

red-brown I I Srmcly desert

|_____| Stony desert |

Perennial rivers

Black

j j Red and

Calcareous
desert

WEAKLY ZONED OR UNZONED SOILS

Saline or solonized 

Latèritic

|_____j Skeletal

Salt lakes

Types of soils in Australia.



Australia 411

The dry 
interior

A u s tra l ia n  d ra in a g e  p a tte rn s .
(Top left) Tw eed River near Murwillumbah, New South Wales. (Top right) Salt lakes 
and ‘Is la nd s,” Lake Am adeus, central Australia. (Bottom left) Fitzroy River System near 
Rockhampton, Queensland. (Bottom right) The Ord River, in the Kimberly district of W estern 
Australia, is an important source of irrigation.
By courtesy of (bottom right) Australian Information Service;
photographs (top left, top right, bottom left) Photographie Library of Australia

affected by tropical cyclones, receive the heaviest rains of 
any part of Australia, and, within this Coastal fringe, the 
north Queensland area around Cairns is the wettest.

Southern Australia receives winter rains from depressions 
associated with the west-wind zone. Again there are local 
topographic Controls, with uplands receiving more than the 
adjacent plains. Parts of the Southern Mt. Lofty Ranges, in 
South Australia, average more than 40 inches of rainfall 
per annum, but Adelaide, to the west, averages only 21 
inches, while the Murray plains, in the rain shadows of 
the ranges, receive 15 inches or less rainfall annually.

In the great mass of the interior of Australia, rainfall 
averages less than 20 inches per annum, and over vast 
areas the total is less than 10 inches; the Lake Eyre re­
gion averages less than 5 inches. Rainfall in these areas 
is unreliable and capricious, with long droughts broken 
by damaging rains and floods. Over Australia as a whole, 
rainfall is indeed extremely variable. Only in the far north, 
around Darwin, in the Southwest of Western Australia, in 
Southern South Australia and Victoria, in Tasmania, and 
in eastem New South Wales is the recorded annual rainfall 
not more than 10 percent above or below the long-term 
average in different years.

Drainage. Permanently flowing rivers are found only in 
eastern Australia and in Tasmania. The major exception 
is the Murray, a stream that rises in the Kosciusko region 
in the Eastern Uplands and is fed by melting snows. As a 
result, it acquires a volume sufficiënt to survive the pas­
sage across the arid and semi-arid plains that bear its name 
and to reach the Southern Ocean southeast of Adelaide. 
All other rivers in Australia are seasonal or intermittent in 
their flow, and those of the arid interior are episodic.

Many areas—notably the Nullarbor Plain, underlain by 
limestone, and the sand ridge deserts—are without surface 
drainage. A map of Australia can be misleading; though 
many “lakes” are depicted in the interiors, the fact is that 
many of them are now salt lakes that contain no water 
for years on end (see also below, Natural resources: wa­
ter resources).

Soils. In broad view, the Continental pattern of soils 
is closely related to climatic factors; mineral or skeletal

soils exist over much of arid Australia, with virtually no 
organic content and little development to any depth. They 
may consist merely of a rough mantle of weathered rock. 
Gypsum is present in many of the desert loams and arid 
red earths. The soils of the semi-arid regions (where an­
nual rainfall is from 8 to 15 inches) are also alkaline, with 
gypsum and lime a common feature. The organic content 
of the soils is again low in the solonized (salt-enriched) 
brown soils and the gray and brown soils of heavy texture 
that are common in these areas.

In both the arid and semi-arid regions gilgai—patterns 
of swells and depressions due to the alternate swelling and 
contraction following wetting and drying of clay soils— 
have developed. They are especially well represented in 
areas of seasonal rainfall. In areas with 15 to 25 inches of 
annual rainfall, black earths, brown soils, and red-brown 
earths are the most common soils. In the wetter areas the 
leaching out of minerals is a prominent feature of the soils. 
Podsols—sandy, with much humus at the surface and acid 
throughout—are the characteristic soil types. In the alpine 
regions humus soils—surface peats over a mineral—are 
noteworthy.

Superimposed on these broad, climatically determined, 
soil patterns are local variations due to topography, 
groundwater conditions, and parent materials. For exam- 
ple, red soils of one kind (krasnozems) are developed on 
the basalt outcrops so common in eastern Australia, and 
those of different composition (terra rossas and rendzinas) 
on calcareous bedrock. In addition, laterite and silcrete 
originated in remote geological times, when conditions 
were very different from those of today. Laterite is rep­
resented in every state, including Tasmania, though it is 
forming nowhere in Australia at the present time, while 
silcrete is restricted to arid Australia and parts of subhu- 
mid Western Australia, South Australia, and Queensland.

(C.R.T./J.D.Pr.)

PLANT AND ANIMAL LIFE
Overall characteristics. Less than 200 years ago, Aus­

tralian Vegetation was still in its primal stage; the older 
plants in its present woodlands and forests began their

Local soil 
variations
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lives before the continent was invaded by Europeans. So 
close is the continent’s prehistory that many a eucalypt 
still bears the great scar of a canoe or shield cut from its 
bark by Aborigines. Others can be found bearing blazes 
and inscriptions dating back to the first years of explora- 
tion and settlement.

In the short history of modern Australia, vast changes 
have been wrought in the continent’s Vegetation. Agri­
cultural expansion stripped whole regions, substituting in- 
troduced crops, pastures, and plantations, while uncleared 
areas near the new settlements, ranging from the densest 
forest to the sparsest woodland, were cut through for tim- 
ber. Enormous central and northern areas too arid for 
agriculture or too remote for timber getting were stocked 
with millions of sheep and cattle. In addition, many weeds 
were introduced, along with rabbits, other herbivorous 
vermin, and frequent bush fires. The native Vegetation is 
still in that moment of destructive upheaval that marks 
the passing from aboriginal man to technological man 
and domestic flocks. Reserves and wilderness areas hold 
some native Vegetation as national heritage, although it is 
doubtful if these are adequate or sufficiently protected.

Plant life. Australian federal and state governments 
maintain institutions for the scientific collection and study 
of the kinds (or taxa) of plants. Cumulative knowledge of 
Australia’s flora sterns mainly from these endeavours and 
is partly available in handbooks (Floras) listing species, 
together with appropriate “keys” for their recognition. G. 
Bentham’s Flora Australiensis (1863-78), based on 19th- 
century collections sent to Europe, remains—although 
much outdated—the only comprehensive survey of Aus­
tralian flora. More up-to-date information, scattered in 
the botanical literature, is not easily accessible except to 
professionals.

Australia’s phanerogamic (seed plant) flora is estimated 
at 15,000 to 20,000 species, believed to be a blend of 
elements from various original sources and the outcome 

Plant of a long and complicated history. One contribution to
origins the present plant patterns is thought to have originated, 

in the remote past, from some Southern landmass that 
then linked all the present Southern continents. There is 
evidence to support this view: Australia shares with South 
Africa, Madagascar, New Zealand, and South America
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such plants as the Southern beech ( Nothofagus) and char- 
acteristic genera in other families, which constitute an 
Antarctic element.

Australia also shares many more kinds of plants with 
its northern neighbours. Also, typically Australian genera 
such as Callitris (native pine), Banksia, and Eucalyptus 
(gum tree), extend into the Indo-Malaysian area, some as 
far as the Celebes. This evidence has given rise to the 
idea of an Indo-Malaysian element in the Australian plant 
life, in a process that involved some two-way exchanges. 
These, and other links with plant life elsewhere, have 
prompted various hypotheses invoking the development of 
species, migrations, and extinctions throughout geological 
time, along with changes in the disposition of land, sea, 
and climate.

That characteristic part of Australia’s plant life that is 
not much shared with other lands, together with those 
specialized characteristics that apparently originated in the 
continent long ago, form what has been designated as an 
Australian (or autochthonous) element. It includes many 
of the plants lending character to typical Australian Vege­
tation scenery. It also shows a marked tendency to sclero- 
phylly (formation of hard leaves) and wide-ranging adap- 
tation in many genera, extending their species throughout 
the whole range of the continent’s environmental habitats. 
Most obvious to the visitor are the Eucalyptus, which 
are represented by over 600 species, ranging in size from 
diminutive mallees, smaller than a man, to forest giants 
matching in bulk and height the world’s biggest plants. 
Their habitat is similarly varied, ranging from rain forest to 
snowfield to hot desert fringe. Acacia has undergone sim­
ilar adaptive radiation; its species range from mulga and 
myall—the dominant trees of vast areas—to small leafless 
blades at ground level. The banksias and hakeas (Protea- 
ceae), the grass trees and blackboys (Xanthorrhoeaceae), 
and the kangaroo-paws (Haemodoraceae) are examples of 
the many other characteristically Australian plants.

Vegetation. Vegetation, as opposed to plant life, implies 
the structure and communal relations of the landscape’s 
plant cover, whether it be forest, grassland, or marsh. 
There is no Standard, or worldwide, Classification System 
(such as exists for describing flora) for this aspect of 
the environment. Initial attempts to apply European and 
American Classification ideas and methods to Australia 
were not particularly satisfactory, as a result of the pe- 
culiarities of the continent’s Vegetation and environment. 
For example, climatic control of local Vegetation zones 
was often found insufficiënt to support Vegetation analysis; 
on the contrary, soil patterns and geological history quite 
override climatic control in many localities. Similarly, 
structural descriptive schemes useful for Northern Hemi- 
sphere coniferous and deciduous Vegetation proved quite 
inappropriate when confronted by the great variety of ev­
ergreen Vegetation—notably mallees and scrubs—found in 
Australia. The mapping of Australian Vegetation is based 
largely on factual descriptive features, and by this means 
such comprehensive and detailed accounts and maps as 
those contained in the Atlas o f Australian Resources and 
The Australian Environment (see Bibliography) have been 
produced. Scientific Vegetation analysis, not to be con- 
fused with mapping, is also well advanced in Australia, 
contributing modern ideas equal to those anywhere eise 
in the world.

Modern Australian plant life is distributed in three main 
zones—the Tropical, the Temperate, and the Eremian— 
which reflect overall climatic conditions. The first zone, 
arced east and west across the north margin of the con­
tinent and extending halfway down the eastern seaboard, 
has a mainly dry monsoonal climate, with very wet patch- 
es. The second, with a cool to warm temperate to sub- 
tropical climate and mostly winter or nonseasonal rainfall, 
is arced across the Southern margin, embracing Tasmania 
and extending up the eastern seaboard to overlap slightly 
with the Tropical Zone. The third zone covers the whole 
of central Australia, through to the central west coast; its 
climatic characteristic is aridity.

The major structural units comprising this geographical 
distribution are rain forest, sclerophyll forest (dominat- 
ed by hard-leaved plants such as eucalypts), woodland,

Classifica­
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difficulties
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scrub, savanna, and grassland forms, each with a range of 
subforms. The bulk of the Tropical Zone carries mixed de- 
ciduous woodland and sclerophyll low-tree savanna, with 
areas o f tussock grassland, Coastal mangrove complexes, 
and tropical rain forest. There is a high occurrence of 
exotic Vegetation, particularly in the northeastern part of 
Cape York Peninsula, in Queensland, and a strong Indo- 
Malaysian influence occurs throughout the entire zone. 
The rain forests—with large trees with stem buttresses 
and multiple Vegetation layers with interlaced canopies of 
lianas and epiphytes growing parasitically on the trees— 
qualify technically as jungles.

The Temperate Zone is characterized by dry and wet 
sclerophyll forests, temperate mixed woodlands, savannah 
woodlands, mallees, and scrubs, with areas of Alpine vege- 
tational complexes, temperate rain forest, and sclerophyll 
heath. Native plants form a much higher proportion of the 
Vegetation cover, much of which is typically and recog- 
nizably Australian. Within this zone the Southwest comer 
of Western Australia is outstanding, both for the high 
Proportion of Australian plants and for the richness of 
the plant life, while the Vegetation of Tasmania is notable 
for its southem beech forests and for its links with New 
Zealand and South America. In marked contrast to the 
tropical rain forests, the predominant trees throughout the 
majority of the Temperate Zone communities are either 
Eucalyptus or Acacia. Much o f the Temperate Zone Vege­
tation has been cleared for agricultural purposes, leaving 
only the Vegetation communities of infertile or inaccessi- 
ble localities.

The Vegetation of the Eremian Zone ranges from barely 
vegetated desert sand hills through a variety of semiarid 
shrub savannas, shrub steppes, semiarid tussock grassland, 
and sclerophyll hummock grasslands. Many shrubs have 
adapted themselves similarly to the arid conditions so 
that in their vegetative state representatives of numerous 
families look alike. Acacia, Eremophila, and Casuarina 
are examples o f genera that tend to displace Eucalyptus 
as the dominant tree shrub. Much of this Vegetation is 
badly degraded. (R.T.La.)
Animal life. Human activities had a modifying and 

generally destructive influence on Australian animal life, 
or fauna. The arrival, about 30,000 years ago, of the 
Aborigines was in this respect less significant than Eu­
ropean occupation, which has had profound effects over 
a period of only two centuries. The Aborigines brought 
only the dingo, a placental carnivore that must have af- 
fected the native marsupials. The Aboriginal hunters and 
food gatherers lived in ecological balance with their envi­
ronment, and their demands were not large enough nor 
their technology sufficiently developed to upset it. There 
is even less scientific evidence to link them with the ex- 
tinction of the large Pleistocene mammals than there is 
in other continents. All this changed with the advent of 
the Europeans: their cats, rats, foxes, rabbits, cattle, and 
sheep and their technology modified and largely destroyed 
important habitats of the Australian fauna. The inhabited 
Coastal region (and even part of the arid inland regions) 
of the continent now contain a very much modified fauna 
compared with the indigenous life of only 2 0 0  years ago, 
which cannot now be reconstructed.

The Australian fauna is markedly different from that 
of the nearest land areas, the islands of Indonesia. A 
19th-century biologist, Alfred Rüssel Wallace, designated 
an Australian zoogeographic region in 1876 and drew 
the boundary separating it from the Oriental region of 
Southeast Asia between Bali and Lombok and between 
Borneo and Celebes. This division, which became known 
as Wallace’s line, is still recognized in modern biogeogra- 
phy as the boundary of a transitional zone, across which 
animals spread according to their ability to cross narrow 
seaways. These passages were much narrower during the 
Pleistocene glacial periods of the last 600,000 years, when 
so much oceanic water was frozen at the poles that the sea 
level feil to or beyond the edges of the Continental shelf that 
now fringes Australia: At such times, the continent had 
land connections with New Guinea and Tasmania, while 
remaining separated from the Indonesian Archipelago dur­
ing all o f Cenozoic time (i.e., for the last 50,000,000 years).

The history and origin of the distinctive Australian fauna 
has led to much controversial speculation and searching 
for relationships among the Southern continents.

A published count indicates the existence of 108 pla­
cental mammal species, 119 marsupials (125 according to 
a later count), 2  monotremes (egg-laying primitive mam­
mals), 520 birds, about 380 reptiles, 122 frogs, and 180 
freshwater fish. There are also more than 54,000 species 
of insects (Mackerras, 1970; see Bibliography) and about 
750 species of mollusks. The placental mammals (apart 
from those introduced by humans) belong to groups that 
can swim (seals), fly (bats), or drift on logs (rodents).

The marsupials are considered distinctive Australian an­
imals because they are more abundant and more differen- 
tiated on the Australian continent than in America, where 
few remain, and in Europe, where none has survived. 
They are not closely related to any fossil or living species 
found elsewhere. Their history in Australia has been traced 
back to fossil remains not more than 25,000,000 years 
old; that is, for less than one-half of the time of their 
presumed existence in isolation in Australia. There, isola- 
tion from placental predators and competitors gave them 
time to differentiate. The kangaroos, herbivores o f the 
open woodlands and grasslands (occupying the habitat of 
horses or antelopes elsewhere); the tree-dwelling cuscuses 
(Phalanger) and flying phalangers, or gliders (Petaurus), 
resembling flying squirrels; the “native bear,” or koala 
(Phascolarctos), which is specialized to live on eucalypt 
leaves; the burrowing wombat (Vombatus); the native cats 
(Dasyurus); the marsupial mice (Sminthopsis and Ant- 
echinus); the numbat, or banded anteater (Myrmecobius); 
the dog-sized Tasmanian wolf (Thylacinus); and, finally, 
the marsupial mole (Notoryctes) are examples of the adap­
tive differentiation of these mammals.

There are two types of monotreme extant, and both are 
wholly protected by Australian law. The duck-billed platy- 
pus (Ornithorhynchus anatinus) is common in streams 
and lakes throughout eastern Australia. The short-nosed 
echidna (Tachyglossus aculeatus) is also common but is 
widely distributed throughout Australia, including Tasma­
nia. (A related anteater, the long-nosed echidna [Zaglossus 
bruijni], is found only in New Guinea.)

There has been much concern among nature lovers and 
conservationists in Australia about the obvious losses suf- 
fered by the marsupial fauna. These losses have been due 
both to increases in rangeland agriculture and to the largely 
uncontrolled exploitation of the kangaroos. According to 
one observer,

The lands o f  arid Australia have been grazed by sheep, cattle 
and rabbits for periods varying from a few years in the most 
recently occupied areas to a little over a Century in the oldest 
settled parts, a period short in comparison with most other 
arid lands o f  the world. In that short period we have caused 
far more degeneration o f  land resources than the aborigines 
caused in twenty to thirty millennia. Australia is fortunate 
indeed that the period has been so short. (From R.O. Slatyer 
and R.A. Perry [eds], A r id  L a n d s  o f  A u s tra lia ;  Australian 
National University Press, 1969).

To this progressive destruction of habitat has to be added 
the effect of loosely controlled, or uncontrolled, shooting 
of kangaroos for meat and für. Though it was banned 
from 1973 to 1975, the export of kangaroo products has 
become increasingly profitable. On the other hand, popu­
lär opinion had forced the government to take measures 
for the strict protection of the koalas in the 1920s. Many 
small marsupials are also endangered, and some have 
been eliminated in their original habitats by marauding 
cats and foxes. Conservationists hope that the increasing 
number of national parks and reserves will assist in the 
preservation of the native fauna, though supervision in 
the vast, almost uninhabited inland areas, where natural 
conditions remain least disturbed, is a serious problem.

Dangers similar to those threatening the marsupials also 
affect the birds of Australia, many of which are also 
unique to the continent and, therefore, of great scientific 
interest. The best known typically Australian birds are the 
flightless emu (Dromaeus), the mallee fowl (Leipoa , which 
builds a mound-shaped nest for hatching its eggs and ac- 
tively Controls the mound’s temperature), the spectacularly
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abundant cockatoo (C acatu in ae), the lyrebird (Menura), 
the fairy wren (M alurus), the honey-eaters (Meliphagidae), 
the Australian magpie (Cracticidae), and the bowerbird 
(Ptilonorhynchidae).

Australia has one freshwater crocodile (Crocodilus john- 
stoni), which lives in the tropical north but is also repre- 
sented in rock engravings made by Aborigines in South 
Australia. There are 10 freshwater tortoises belonging to a 
family (Chelyidae) that is also known from South America. 
Lizards include geckos, skinks, legless lizards, and goan- 
nas, or monitor lizards (Varanus), which have relatives 
in Southeast Asia and Africa. There are many poisonous 
snakes, o f which the taipan (Oxyuranus scutellatus), the 
tiger snake (Notechis scutatus), the death adder (Acan- 
thophis antarcticus), and the brown snake (Pseudonaja 
textilis) are most dangerous to man.

The isolation and predominant aridity of Australia makes 
its freshwater fish fauna an interesting object for study. 
The Queensland lungfish (Neoceratodus) has lived in Aus­
tralia without change for millions of years and is very 
much like its European ancestors of 200,000,000 years 
ago; it is very different from African and South American 
lungfishes. European fishes introduced recently into some 
Australian rivers and streams seem to be a danger to the 
survival of native species.

Insects have been as successful in Australia as in other 
continents, showing many adaptations to hot and dry con­
ditions, particularly by adjusting the timing of drought- 
resistant developmental stages. Leaf-eating insects, includ- 
ing locusts, may be plagues in pasture regions. Other 
insects attack timber, and the destructive, as well as the 
constructive, activities of the widespread termites are well 
known. Bloodsucking insects attack cattle and sheep, and 
some are disease carriers. The larvae of blowflies (Calli- 
phoridae) attack the living tissues of sheep and continue 
to cause losses of millions of dollars. (M.F.G.)

SETTLEMENT PATTERNS
Australia did not yield easily to development by Euro­
peans. Even on the relatively favoured eastern seaboard, 
the first settlers found it hard to cross the rugged moun- 
tains of the Great Divide. When they did so they had 
to fight an endless battle against savage droughts, sudden 
floods, and fierce bush fires. Though they had little to fear 
from the Aborigines or from the gentle and harmless Aus­
tralian animals, the land itself often appeared as a harsh 
and implacable foe. The long struggle by these settlers to 
tarne the Australian Outback helped to form the tough 
and independent character of modern Australians just as 
the struggles of the pioneers and frontiersmen helped to 
mold the national character of the United States.

By the second half of the 20th Century the automobile, 
the airplane, and the radio had greatly eased the harsh- 
ness of life in country districts. Although many families 
still live in astonishing isolation by the Standards of most 
other countries—it is nothing for a grazier to live 50 miles 
from the nearest country town and perhaps 1 0  or 15 miles 
from the nearest neighbour—most of them are linked by 
telephone and by well-surfaced roads. Even those who live 
on the great sheep and cattle stations beyond the Darling 
in New South Wales or in northwestern Queensland are 
linked by radio and can call the radio doctor and the flying 
ambulance in emergency. Many of the bigger stations own 
their own airplanes.

heep In Australia a sharp distinction was made in the past
ad cattle between the grazier, who runs sheep or cattle on his 
ations “station” or “property,” and the small farmer who grows 

wheat or fruit or raises dairy cattle on the coast or in the 
irrigation areas. That distinction has been blurred since 
World War II by the subdivision of the biggest properties 
and by the fact that many graziers, faced by rising costs 
and the falling price of wool, have been forced to grow 
wheat or other crops to supplement their income. But 
Australia is still one of the last countries where one can 
find huge properties of 100,000 acres (40,500 hectares) or 
more where sheep and cattle graze over land unbroken by 
the plough. Life on a big sheep station is still a privileged 
one where a comfortable income, the pride of owning wide 
acres, and the spacious dignity of life on the sunburnt

plains more than compensates for the loneliness and the 
inevitable hazards of drought and bush fires.
The life of the small farmer in Australia is less attrac- 

tive and, consequently, less envied. Most of them struggle 
against the same hazards of drought and fire without the 
reassurance of broad acres to fall back on. Very often their 
homes are modest, and their cash income may not equal 
that of an industrial worker on the basic wage. Many of 
them could not survive or compete with imported produce 
without generous government subsidies.

Because of the vast distances and sparse settlement, noth­
ing like the European village has ever developed in Aus­
tralia. Instead, there are country towns that serve a wide 
area and vary a great deal in size and amenities. Many 
of the Outback towns are dusty little settlements with one 
wide main Street, a store, two or three hotels, and not 
much else. But in the areas of closer settlement nearer the 
coast, many substantial country towns have grown to a 
point where they offer excellent medical and educational 
services and first-class shopping. Very few towns in the 
Outback, however, have more than 25,000 inhabitants.

The great paradox of Australia, however, is that in this 
huge continent with its small population, relatively few 
people live in the country at all. The majority of the pop­
ulation lives in the seven Capital cities. Many Australians 
regard this balance of the population as unhealthy, and 
most politicians pay lip service to the principle of decen- 
tralization from time to time; but historical, climatic, and 
economie reasons all suggest that this Situation will not 
change much in the future.

Yet there are compensations in this imbalance. Both Urbaniza- 
Sydney and Melbourne are large, modem, sophisticated tion 
cities that can compare in the services and amenities they 
offer with any city in the world except, perhaps, London,
New York City, and Paris. Although neither is the federal 
Capital, they are still the most important cities in Austra­
lia, the natural centres of both business and the arts. After 
Sydney and Melbourne the largest cities are the state capi- 
tals of Queensland (Brisbane), South Australia (Adelaide), 
and Western Australia (Perth).
All of these cities grew naturally as centres of local trade 

and commerce. Canberra, on the other hand, was artifi- 
cially created as the federal Capital o f Australia. Although 
building did not begin until 1913, by the late 20th Century 
it had become the most rapidly growing city in Australia.

The original plan for Canberra was designed by Wal-

Population density of Australia.
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ter Burley Griffin, an American architect of the Chicago 
School, as the result of a competition held for the purpose. 
Though Griffin’s plan was later modified, Canberra is still 
a conspicuously well-planned city, with broad avenues 
lined with trees and an artificial lake in the centre of the 
city. Some of the most important public buildings include 
the National Library, the High Court, the National Gal­
lery, and the Parliament Building.

For all its advantages of site and plan, Canberra has not 
quite escaped the main criticism levelled against Austra­
lian cities—that they have allowed suburbia to run riot. 
Because of the availability of land and the determination of 
the average Australian to own his own house and garden, 
all the main cities stretch for miles around their centres, 
putting an inevitable strain on public transport and ser­
vices. The rising price of land, particularly in Sydney, has 
slowly brought a change to apartment dwelling and higher 
density housing, but most Australians still live in suburbs, 
and some critics have found in this an explanation for a 
certain suburban outlook in Contemporary Australia.

Human geography
THE PEOPLE
The population of Australia is remarkably homogeneous. 
The largest percentage is of British heritage, while other 
Europeans make up most of the balance, and only a 
small percent of the total population is nonwhite. This 
includes more than 150,000 Aborigines, of whom only 
one-third are full bloods. There is also a significant Asian 
minority, including many refugees from Vietnam and 
a few thousand Chinese Australians, the descendants of 
Chinese coolies and diggers who entered Australia during 
the gold rush of 1851 before the White Australia policy 
was adopted.

Until the end of World War II almost all immigrants 
to Australia came from the British Isles. The ancestry of 
present-day Australians has been estimated as about half 
English, one-fifth Irish, and one-tenth Scottish, with only 
a few Welsh. (The remainder are of non-British origin, 
largely from Continental Europe.)

After World War II it was decided to try to increase 
the population of Australia by encouraging migrants from 
other European countries, including refugees who had 
been rendered homeless by the war. Missions were sent 
to many of these countries, and government aid was ex- 
tended to European as well as British immigrants. As a 
result, a steady stream of migrants arrived from Europe 
after 1945, about half of them from Britain.

Australia’s immigration program has been remarkably 
successful. On the whole, European immigrants have been 
easily assimilated, and most apply for Australian citizen- 
ship after the statutory five years residence. Few retum 
to their homelands, though, curiously enough, it has been 
estimated that one of every six British families who came 
to Australia after World War II retumed to the United 
Kingdom.

This homogeneity, of course, was achieved only by en- 
forcing a White Australia policy. Strictly speaking, there 

The White was no such policy. The phrase did not appear in any act 
Australia of Parliament. In fact, from 1901 to 1966 all Australian 
policy govemments saw to it that black, yellow, and brown immi­

grants (politely called non-Europeans) were not admitted 
to permanent residence in Australia. From 1966 onward, 
however, a limited number of non-Europeans and people 
of mixed descent were admitted.

In 1973 the Labor government of Gough Whitlam de- 
clared an end to all racial discrimination in immigration 
policy, though the actual numbers of non-Europeans ad­
mitted each year remained about the same. Since then 
a large Proportion of immigrants have come from Asia, 
many from Indochina, the Philippines, and Malaysia. On 
the whole this historie change in Australia’s traditional 
immigration policy, carried out by successive govemments 
somewhat furtively and without much public debate, has 
been accepted by the majority of Australians.

Australia has one nonwhite minority that is too often 
forgotten. That is the Aborigines, who have survived two 
centuries of white persecution and indifference. (There is

no true definition of an Aborigine, but anyone with a rec- 
ognizable amount of Aboriginal blood tends to be counted 
as an Aborigine.)

These people have had little share in Australia’s growth 
and prosperity. Most o f the full bloods are to be found Aborigines 
in the Northem Territory, the north of Queensland, and 
Western Australia, where some of them still live in tribal 
societies and a few—a very few—still follow the nomadic, 
hunting life of their ancestors. Others find appropriate 
employment as stockmen on the cattle stations. But most 
of them live in Aboriginal communities, outstations, mis- 
sion stations, or government reserves, depending on social 
security or eaming a little money as casual workers. The 
same is largely true of the part-Aborigines in the South­
ern States, although they have had greater opportunities 
for employment. There are few Aborigines in Tasmania, 
where they were largely exterminated early in the 19th 
Century.

Official federal policy is to help the Aborigines assume 
responsibility for their own affairs while improving the 
services available to them. So far, however, they have been 
held back by white prejudice or indifference, by their own 
deep suspicions, and, most of all, by the vicious circle of 
poverty, ignorance, and disease in which they are trapped.
Their birth rate is high, but infant mortality during the 
late 20th Century rose as high as five times that for white 
Australian children. Those who survive tend to suffer from 
malnutrition and other diseases, which gravely handicap 
their development at school and afterward.

Several measures that give some hope o f improvement 
have been taken by the federal and state govemments. All 
acts discriminating against Aborigines have been repealed 
except in Queensland; Aborigines now have the right to 
vote in all federal and state elections. Moreover, in 1976 
the federal government for the first time granted the Abo­
rigines living in the Northem Territory freehold over part 
of the territory’s land area. Since then South Australia has 
granted the Pitjantjatjara people land rights over part of 
that state, and other States, some more reluctantly than 
others, have been considering legislation granting Aborig­
ines the right to own the reserves on which most of them 
live.

The Aborigines themselves, whose numbers are increas- 
ing rapidly in spite of their high rate of infant mortality, 
are becoming more politically aware and more outspoken 
in their demands for land rights and füll equality. While 
there is much sympathy for them among urban white 
Australians, there have also been some signs of reaction 
among white Australians living in country towns with a 
high proportion of Aborigines. It can no longer be claimed 
that there is no racial conflict in Australia.

If Australia is largely white and predominantly Anglo- 
Saxon, it is far from being overwhelmingly Protestant. Major 
Many of the European immigrants have been Roman religious 
Catholic. Sectarian feeling between Roman Catholics and groups 
Protestants has at times played an important part in Aus­
tralian political and social life, and it cannot yet be said 
to be entirely extinct. From the beginning, the Roman 
Catholic Church has played an important part in Australia, 
and its adherents make up about one-third of the total 
population, almost as large a portion as the membership 
of the Anglican Communion. There are also Jewish and 
Muslim communities in Australia, and in some areas of 
the country the Aboriginal religion survives. (J.D.Pr./Ed.)

THE ECONOMY
Australia’s traditional world reputation as a predominantly 
farming country has changed. lts meteoric rise after World 
War II to a major mining nation has attracted much world 
attention. It has come to be realized that beneath this vast 
continent and its offshore areas lies a wealth of mineral 
riches. Australia has become one of the chief sources of 
minerals for the leading industries of Japan.

The minerals boom, the impressive progress of industri- 
alization, and the growth o f service industries and other 
features of a sophisticated economy have added new di- 
mensions of economie strength and transformed the na- 
tion’s traditional image o f a predominantly agricultural 
and pastoral country with vast open spaces into that of
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a bustling industrial nation. In the Pacific Basin area, 
Australia plays a vital role in trade, commerce, and invest- 
ment. By the late 20th Century, Australian living Standards 
were comparable to those o f the advanced economies.

Australia exports to all the important world markets and 
it imports goods from most countries, particularly the 
leading industrialized nations. (E.LU.)

Resources. Mineral resources. The first settlers, who 
arrived in Australia at the beginning of the Industrial 
Revolution in Europe, soon reported the existence of coal 
near Sydney and elsewhere. Discoveries o f alluvial gold 
west o f Sydney, later in Victoria, and finally in Western 
Australia led to great movements of population across the 
continent and to extensive immigration. Prospectors dis­
co vered many rieh mining areas throughout the continent, 
particularly in the west, the area around Adelaide, Vic­
toria, Tasmania, western and central New South Wales, 
northem New England, Coastal and western Queensland, 
and the Northem Territory. In 1949, Australia began 
a period of almost continuous mineral discoveries. This 
period continued into the late 20th Century, the rate of 
discoveries and, more importantly, of mineral production, 
rapidly increasing.

Australia is endowed with resources of all the major 
minerals, particularly coal, oil, natural gas, iron ore, lead, 
zinc, copper, bauxite, uranium, tin, gold, silver, nickel, 
and beach-sand minerals. Australia’s iron ore and bauxite 
reserves are among the world’s largest. Its reserves of lead, 
zinc, copper, and the rare minerals rutile, zircon, and 
ilmenite are also very large by world Standards.

Australia’s significant mineral reserves are located in

Western Australia (iron ore, nickel, bauxite, diamonds, 
and gold), Queensland (bauxite, lead, zinc, and silver), 
New South Wales (coal, lead, zinc, silver, and beach-sand 
minerals), and off the coast o f Victoria (oil and natural 
gas).

The coal resources of eastern Australia have attracted 
much interest from overseas buyers, and new mining ven- 
tures have been undertaken. Black coal is found in the 
Permian sediments—some 250,000,000 years old—in the 
Sydney Basin and in Queensland. Western Australia has 
a small Permian coal basin at Collie, and South Australia 
has a Triassic coalfield—dating from 200,000,000 years 
ago—at Leigh Creek. Large brown-coal deposits are ex- 
ploited for electricity production at Yalloum and Morwell 
in Victoria, and west of Melbourne.

The fuel supply Situation in Australia changed funda- 
mentally with the discovery of commercial gas fields and 
the opening of pipelines to Capital cities in 1969. The 
Roma area of Queensland supplies gas to Brisbane; the 
Gippsland offshore area supplies Melbourne; gas from the 
Gidgealpa-Moomba area is brought to Adelaide and Syd­
ney; while the Dongara field in the Perth Basin and the 
offshore Barrow Island fields on the northwestem coast 
are connected by pipeline with Perth. The Mereenie and 
Palm Valley fields of the Northem Territory are large 
gas reserves, located in the Ordovician sandstone (some
450,000,000 years old). The Palm Valley field is linked by 
pipeline to Alice Springs.

The first commercial oil discoveries in Australia were 
made, in 1961 and 1964, respectively, at Moonie and 
Alton, in the Surat Basin. By the late 20th Century indige-
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nous production was meeting more than two-thirds of the 
continent’s crude oil requirements.

Uranium. Post-World War II exploration efforts, linked 
to the world demands o f a growing atomic energy indus- 
try, led to the discovery and opening of uranium mines 
in northwest Queensland, South Australia, and the North­
ern Territory.

During the early 1980s the Mary Kathleen uraninite de- 
posit, situated in northwestern Queensland between Mt. 
Isa and Cloncurry, closed down, leaving the Ben Lemond 
deposit, near Townsville on the eastern coast, as the 
country’s major producer of uranium. The Radium Hill 
mine, located near Olary in South Australia, was based 
on a deposit discovered in 1906 and worked from 1954 
to 1960, producing uranium in the form of davidite. In 
the Northem Territory four large deposits in the Alli­
gator River area were discovered: the Jabiluka; Ranger; 
Koongara; and Narbleck. The first large discovery of a 
sedimentary uranium deposit in Australia was made at 
a shallow depth, under the Lake Frome plains in South 
Australia, and is clearly derived from the uranium-bearing 
Mt. Painter Complex in the adjoining northem Flinders 
Ranges. In Western Australia the Yeerlirrie deposit has 
sizable reserves.

Iron ore. Iron ore is produced in Australia for iron and 
steel production and for export; the physical and Chemical 
properties of the iron ores control the value of the ore for 
modem technological processes. These processes facilitate 
the use of otherwise valueless fine-grained ore, although 
strict control of phosphoms and nickel content is required.

The old ore-producing areas are in the Middleback Range 
on Eyre Peninsula in South Australia, and in Yampi 
Sound and Koolyanobbing Range in Western Australia. 
The Middleback Range contains numerous ore bodies of 
banded hematite-jaspilite iron formation.

Discoveries are on a vast scale: the newly developed 
Hamersley iron province contains thousands of millions 
of tons of ore in iron formations. The largest high-grade 
ore deposits are Mt. Tom Price, with reserves totalling 
hundreds of millions of tons of ore; Mt. Whaleback; and 
Mt. Newman. Other ores occur in vast quantities in the 
Robe River area; reserves are estimated at a few billion 
tons, with an iron content of 56-57 percent. The Savage 
River iron deposits, in Tasmania, were also developed 
during the late 20th Century.

Ferroalloy metals. Tungsten has been produced in Aus­
tralia since the end of the 19th Century, and in the late 
20th Century its contribution to world output has been 
substantial, generally exceeding one-twentieth of world 
production. It is produced from wolframite and scheelite 
found primarily on King Island (in Bass Strait) and in 
Queensland. Manganese has been mined from many small 
deposits, but between one and two million tons of ore are 
produced annually from the deposits on Groote Eylandt 
in the Gulf of Carpentaria. One of the most significant 
of the many economie mineral occurrences discovered in 
Australia is that o f nickel. The Kambalda deposits, the 
country’s largest producer of nickel, lying 35 miles south- 
southeast of Kalgoorlie, were discovered in 1964. Many 
other similar deposits in the old goldfields area of the 
Western Australian Shield were also explored. Later finds 
are located in the Windarra area, in the northern part of 
the nickel belt. The Greenvale Operation in Queensland 
is the second largest producer of nickel. In addition, there 
are large areas of lower grade nickel ores in the Musgrave 
Block, near the borders of Western Australia, South Aus­
tralia, and the Northem Territory.

Nonferrous base metals. The Australian continent has 
long been one of the world’s principal producers of lead 
and zinc. The Broken Hill lode, in western New South 
Wales, discovered in 1883, was, a Century later, still pro­
ducing roughly half o f the country’s annual production 
of lead and zinc. At Mt. Isa, in western Queensland, 
important lead-zinc and copper ore bodies were discov­
ered in 1923. During the late 20th Century another lead- 
zinc deposit was developed in the McArthur River area 
of northem Australia, as was a deposit in Tasmania. 
Copper is widely distributed in the Precambrian and Pa­
leozoic rocks of the continent, although most occurrences

are small. Among Australia’s principal producing copper 
mines in the late 20th Century, Mt. Isa accounted for 
roughly three-quarters o f the total output. Mt. Morgan in 
Queensland, Mt. Lyell in Tasmania, Tennant Creek in 
the Northem Territory, and Cobar in New South Wales 
produced most of the remaining copper ore. The South 
Australian copper mines, at Wallaroo-Moonta and Burra, 
although of great importance to the early economic devel­
opment of that state, were maintained as reserve mines in 
the late 20th Century. Vast resources of bauxite for alu- 
minum production have been discovered at Weipa (on the 
Gulf of Carpentaria), at Gove (Amhem Land) in northem 
Australia, and at the Darling Range in Western Australia. 
Tin is produced in eastern and western Australia and in 
Tasmania; it occurs in lodes connected with granites and 
as alluvial deposits. Rutile (titanium oxide) and zircon 
are heavy minerals that are extensively mined from beach 
sands, mainly on the east coast.

Precious metals. Gold discoveries—which first occurred 
near Orange, in New South Wales, in the mid-19th Cen­
tury, and later in Victoria, north Queensland, and West­
ern Australia—were important stimulants for the growth 
of population in Australia. From a peak production of 
nearly 4,000,000 fine ounces in 1904, annual output had 
declined by the late 20th Century to about one-seventh of 
that level, most of it coming from the Kalgoorlie-Norse- 
man area of Western Australia. Silver occurs in the rieh 
lead-zinc ores, most of it found in Broken Hill and Mt. 
Isa, and small amounts of platinum and palladium have 
been found during the search for nickel.

Nonmetallic deposits. As can be expected from its size, 
the Australian continent has abundant deposits of such 
industrial minerals as clays, mica, salt, dolomite, build­
ing materials of all kinds, refractories, abrasives, talc, and 
asbestos. An intensive search for phosphates to offset the 
declining production of Naum and Ocean Island led to the 
discovery of large deposits in the Cloncurry-Mt. Isa area, 
but it has not been economical to develop these deposits. 
Gern minerals occur in many localities, and mechanized 
industrial prospecting and mining is in Operation. The 
Australian white and “black” opals, mainly from Anda- 
mooka and Coober Pedy in South Australia and White 
Cliffs and Lightning Ridge in New South Wales, are world 
famous. The sapphires and topaz from Queensland and 
the New England district are also well known. In 1979 a 
vast deposit of diamonds was discovered in the Kimberley 
region of Western Australia.

Water resources. If not the oldest continent, Australia is 
certainly the driest. The average annual rainfall is less than 
2 0  inches, with less than 1 0  inches falling in more than 
one-third of the Continental area. The more significant 
index is o f average variability from average annual rain- 
fall, which is more than 2 0  percent, and reliable rainfall 
occurs only in the southeast, Southwest, and in the north 
around Darwin. In the interior, the low and unreliable 
rainfall, the high evaporation rate, and the flat topography 
combine to reduce the streamflow. The catchment area 
of the Murray River system, the largest in Australia, is 
almost a third that of the Nile, but the average annual 
flow is only one-sixth (18,000,000 acre-feet). The control 
of water runoff and the general development of storage 
dams are of great importance in the management of water 
resources in Australia. An elaborate development scheme 
for the waters of the southeastem highlands for storage, 
irrigation, and power, the Snowy Mountains hydroelectric 
scheme, was completed in 1974; it is one of the greatest 
projects o f this kind ever undertaken. Some o f the waters 
of the Snowy River, which takes the meltwaters of snow 
from the eastern highlands straight to the sea, are turned 
into the Murray Basin to be used for irrigation. The total 
storage capacity of the many large dams o f the Snowy 
Mountains scheme is more than 6,000,000 acre-feet.

In the Great Artesian Basin there are about 25,000 re­
corded water bores. The quantity of water drawn from the 
basin apparently exceeds the rate of recharge, but the need 
for further investigations and reassessment of data on the 
hydrology of the Great Artesian Basin is recognized. The 
underground water resources of the Murray Basin and of 
other sedimentary basins are significant but insufficient-
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ly known. Considerable underground water supplies are 
available for the development of Alice Springs in central 
Australia, and drilling has also supplied sufficiënt water for 
the mining developments in the northwest. An important 
Problem—at least until desalination becomes economical- 
ly feasible—is the quality of underground water; the water 
from the Great Artesian Basin bores is used only for 
livestock. The groundwater at Kalgoorlie, in Western Aus­
tralia, is as salty as the sea, and at Norseman the salinity 
is twice as high. Investigations are in progress to promote 
the better use of Australia’s water resources as knowledge 
of their limited amount increases.

Biological resources. The natural biological resources 
of the Australian continent, as distinct from introduced 
plants and animals, are limited. Native timber resources in 
the form of eucalypts are used for papermaking, and the 
jarrah and karri forests of south western Australia provide 
valuable sawmilling timber. In many parts o f the country 
the virgin native plants still provide the principal pasture 
component, but in the more arid parts o f the country 
overstocking has destroyed much of this resource and 
damaged the soil. The arid part of the continent carries 
only one-third of the total livestock, but introduction of 
types of cattle more suited to the country and a greater 
awareness of the limits of its carrying capacity have im- 
proved the utilization of these regions. In the zones of 
better climate, introduced pasture plants such as luceme 
and dover, together with the use of superphosphate as 
fertilizer and of tracé elements for soil improvement, have 
greatly improved Australian pasture resources.

Hydroelectric and other power resources. By the late 
20th Century Tasmania was one of the few States with suf­
ficiënt water resources to permit the continuous Operation 
of large hydropower stations. lts hydroelectric potential 
has been estimated to be half of Australia’s total. Although 
the use of hydropower is expected to grow, the country’s 
potential for this form of energy is small because of gener- 
ally flat topography and low rainfall.

Petroleum and black coal are Australia’s most important 
energy sources. About three-quarters of the total installed 
electric capacity comes from thermal power equipment; 
well over three-quarters of the electric power actually gen- 
erated is thermal in origin.

Livestock, agriculture, forestry, and fisheries. Australia 
is the world’s largest wool producer and a major supplier 
of cereals, dairy products, meat, sugar, and fruit. The vast 
majority of the wool and over a third of most of the 
other rural products are exported. In contrast with most 
other countries, by the last quarter of the 20th Century 
more than 90 percent of the utilized land area in Aus­
tralia remained in its natural state or was capable of very 
limited improvement; i.e., was land used solely for rough 
grazing. The area cultivated for agriculture and intensive 
grazing is about 10 percent of all the utilized land. The 
main limiting factor in this respect is lack of water, but 
unsuitable soil and topography are also important deter- 
minants. Australia’s rural holdings have a combined land 
area equal to about two-thirds of the total land area. (A 
rural holding in Australia is defined as a piece of land 
of one acre or more in extent used for the production of 
agricultural products or for the raising of livestock and the 
production of livestock products.)

Livestock. The sheep industry accounts for about one- 
Jheep half o f Australia’s total farming area. By the late 20th

Century Australian sheep made up about one-sixth of the 
world’s wooled sheep, producing more than one-fourth of 
the world’s wool supplies. Merino sheep form the basis 
of the Australian wool industry, making up about three- 
quarters of total sheep numbers. The Merino, which pro- 
duces a fine quality wool, is well adapted to the extreme 
vagaries of climate in Australia’s wool-producing areas. 
Australia’s other types of sheep are crossbred and come­
back varieties and dual-purpose Australian and British 
breeds, raised mainly for fat lamb production.

A dramatic rise in producton since 1950 is attributable 
to a number of factors: success of a myxomatosis cam- 
paign; pastureland flock improvement; improved methods 
of pest and disease control; better management o f sheep 
farms; and improved breeding techniques.

Sheep are run throughout Australia under a wide range 
of climatic conditions and environments, but about a 
third of Australia’s sheep are reared in those areas with an 
annual rainfall o f less than 15 inches (380 millimetres), 
generally known as the pastoral zone, where lack of water 
and fodder usually limits development. Dry conditions in 
the pastoral zone make the adaptable Merino the main 
breed. In areas of higher rainfall, up to 25 inches, sheep 
are often reared in conjunction with wheat and other ce­
reals. About 40 percent of Australia’s flock are found in 
these wheat-sheep zones, and breeds other than Merinos 
constitute a high proportion of the flocks. The rest of 
Australia’s sheep are reared in the areas of relatively high 
and reliable rainfall, which produce most of the country’s 
superfine wool. Victoria is the most important producer 
of mutton and lamb, using crossbred sheep raised in areas 
of high rainfall and fertility. Most of this type of grazing 
in Victoria is part of a mixed farming Operation, where 
wheat is often the other principal product.

The breeding and fattening of cattle are usually carried 
out in different climatic zones. The better quality pastures 
in the relatively high rainfall areas are usually reserved for Cattle 
the fattening of cattle, which are often purchased seasonally 
and moved to rieh natural pastures. Most of Australia’s 
beef cattle are raised in Queensland and New South Wales 
in regions of warm and coarse pastures. In the northem 
parts of Australia herds of the more recently introduced 
zebu and Brahman cattle are thriving and increasing; they 
are well adapted to the generally poor tropical pastures 
and resistant to heat and insects. An introduction from 
the United States, the Santa Gertrudis breed, also offers 
good prospects of development. Australia’s dairy industry 
is mainly located in the temperate zones of high rainfall 
in Coastal New South Wales and Victoria.
Agriculture. Wheat is the most important grain erop 

grown in Australia; other grain crops are barley and oats.
Wheat is usually grown in the medium rainfall belt in 
all States, and it has become increasingly integrated with 
sheep grazing and cultivation of other crops. Wheat, bar­
ley, and oats are often grown on the same farm for grain 
and green fodder or hay for livestock. Most of these cereal 
crops are grown for grain. Sugar, Australia’s most impor­
tant erop after wheat, is grown from cane in Coastal areas 
of Queensland and in northem New South Wales. The 
former area accounts for nearly all of the Australian sugar 
erop. The sugar industry is based on small farms.

Other important crops grown in Australia include tobac- 
co, citrus fruit, grapes, apples, cotton, bananas, potatoes, 
and sorghum.

Forest and fisheries. Australia is estimated to have 
several millions of acres of commercial or potentially 
commercial areas of forest, in addition to large regions 
of low-grade forest suitable only for the production of 
small quantities of forest products for use in the imme- 
diate vicinity.

The main commercial forests are in the areas of high 
rainfall on the coast or near the Coastal highlands of 
southeastern and eastern Australia, Tasmania, and the 
southwestern coast of Western Australia. The main type 
of tree in Australian forests is the eucalyptus, a broad- 
leaved genus that provides timbers of great strength and 
durability for building and packaging. The rain forests 
of the wetter regions, with many species of broad-leaved 
trees, are also important.

It has been estimated that there are about 2,000 species 
of fish (including freshwater species) in Australia and the 
waters surrounding it. The resources include mullet, cod, 
bream, perch, tuna, snapper, whiting, flathead, abalone, 
mackerel, and Australian salmon. New South Wales and 
Western Australia are the most important producing States, 
the latter being famous for its crayfish. There has not been 
much change in the types of fish caught in Australian 
Coastal waters over the years, but lobster and crayfishing 
have been expanded. In 1978 Australia established a 200- 
mile fishing zone that encompassed the continent and the 
Extemal Territories. By establishing this zone the Com­
monwealth assumed responsibility for the management of 
fisheries and other living resources within the region.

(E.I.U./M.F.G./Ed.)
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Industry. Rural industry. Although the rural sector still 
makes a substantial contribution to Australia’s national 
income, its importance has declined sharply. By the late 
20th Century the gross annual value of rural production 
totalled about 5 percent of gross national product, a sub 
stantial drop compared with a 15-percent contribution to 
G N P during the middle of the Century. Despite a declin- 
ing rural labour force, agricultural output has increased 
by nearly 80 percent since World War II. One of the 
main reasons for this improvement is the use of fertiliz- 
ers. Wool production accounts for almost 10 percent of 
the total export eamings. Because of recurrent droughts, 
wheat production has fluctuated. As a result, the value of 
beef production has exceeded that of wheat, and Australia 
has become one of the world’s largest exporters of meat. 
Wheat is Australia’s most important rural crop in terms 
of area and production. Forestry and fishing contribute 
only an insignificant Proportion, less than 1 percent, of 
Australia’s gross national product.

Mining and quarrying. The story of Australia’s mineral 
industry is one o f  strong expansion and development. 
Australia has achieved self-sufficiency in most minerals 
of economic importance except for petroleum and natu­
ral gas. Domestic supplies of petroleum and natural gas, 
however, fulfill much of Australia’s needs. There also are 
adequate reserves and production to allow exports of many 
minerals, and the contribution to national income and ex­
ports from the nation’s mineral industry has increased ata  
spectacular rate. The two most important contributors to 
mineral output are the coal and iron-ore industries. Other 
minerals of major economic significance, as mentioned 
above, are silver, lead, zinc, the construction materials 
group (road metal, gravel, clays, limestone, and building 
stone), copper, gold, tin, mineral sands, nickel, and baux­
ite. Australia is one of the world’s largest exporters of iron 
ore along with Brazil, Canada, and the Soviet Union. Coal 
and iron ore account for about three-quarters of the total 
value of primary mineral exports.

Manufacturing. A vital sector of the Australian econ- 
omy, manufacturing, has grown spectacularly since 1950. 
Australia’s limited home market will not support certain 
types of industry, such as the manufacture of highly 
sophisticated machines, heavy fabricating, certain types 
of electrical equipment, some industrial Chemicals, and 
highly specialized scientific instruments and equipment. 
With the exception of these special classes of goods, how­
ever, the domestic market is well supplied with products of 
local manufacturers, which include the full range of items 
required in a modern country. Most of the industries are 
soundly based; only a few are carried out at an excessive 
cost, and require high tariff protection.

About one-fifth of the nation’s workforce is employed in 
Australia’s manufacturing industries. Since World War II 
the expansion of manufacturing industries has been widely 
spread throughout the industrial structure, but it has been 
particularly strong in the engineering, vehicle, oil-refining, 
petrochemical, and construction materials industries.

The motor vehicle industry is a vital sector of the Aus­
tralian economy, directly employing more than 5 percent 
of the manufacturing workforce, and numerous other in­
dustries are dependent upon demand created by its level 
of activity. Its importance is underlined by the fact that 
Australia has one of the world’s highest per capita motor 
vehicle ownership, while most of these vehicles are locally 
produced or assembled.
Iron and steel production is a virtual monopoly in the 

hands of one Company, the Broken Hill Proprietary Co. 
Ltd. Other major manufacturing industries include oil re- 
fining, Chemicals, textiles, and domestic appliänces.

Energy. The main source of power used in Australian 
homes, factories, and other buildings is electricity. There 
has been a strong rise in the domestic use of electricity 
because of the increased use o f appliances, extension of 
electricity supply into rural areas, and the high rate of 
home building. Thermoelectric power, based on either 
brown or black coal, is the main source of electrical energy 
in Australia.

Finance. Australia has a well-developed banking System 
broadly similar to that operating in Britain. The System

is made up of the Reserve Bank of Australia (the central 
bank), the trading (commercial) banks, the savings banks, 
the Commonwealth Development Bank of Australia, the 
Australian Resources Development Bank, and the Primary 
Industry Bank o f Australia.

The government-owned Commonwealth Banking Cor­
poration operates a trading bank, a savings bank, and a 
development bank. Some of the savings banks are owned 
by state govemments. These savings banks operate within 
the borders of a particular state only, and some offer 
checking-account facilities. The major banks in Australia 
operate under a branch-banking System, and most of them 
have branches throughout Australia.

The Australian Resources Development Bank was set up 
to provide finance mainly for the development of Austra­
lia’s mineral projects. One of its aims is to provide finance 
in order to maintain a substantial Proportion o f Australian 
equity in these mineral enterprises. The Primary Industry 
Bank of Australia provides loans to primary producers for 
longer terms than are otherwise generally available.

The banking System in Australia is an important repos- 
itory for savings, the most important source of finance, 
and the medium through which most commercial and 
financial transactions are settled. The trading banks pro­
vide two types of facilities: current accounts operated on 
by checks and payable on demand (similar to checking 
accounts of U.S. banks), and fixed deposits, which are 
lodged for specific periods.

The Reserve Bank of Australia applies its monetary pol­
icy to regulate the economy through the banking System, 
which usually bears the brunt o f monetary and credit re- 
straints during periods when the authorities consider it nec- 
essary to dampen inflationary pressures in the economy.
Another important source of finance in Australia is fi­

nance Companies, which grew strongly after the 1950s, 
largely as a result of the restraining influence of official 
monetary policy on the banking System. All of the major 
Australian banks have substantial shareholdings in finance 
Companies, which in some instances are subsidiaries of 
the banks. A number of foreign banks also have acquired 
interests in finance Companies in order to enter the Aus­
tralian financial market, because Australian government 
policy prohibits the establishment of foreign banks in Aus­
tralia, the exceptions being the long-established ones.

A u s t r a l i a  h a s  a  w e l l - d e v e lo p e d  s h o r t - t e r m  m o n e y  m a r k e t .  
T h e r e  a r e  a l s o  s e v e r a l  m e r c h a n t  b a n k s  p e r f o r m i n g  s u c h  
f u n c t i o n s  a s  U n d e r w r i t i n g ,  C o m p a n y  f lo t a t i o n s ,  m e r g e r s  
a n d  t a k e o v e r s  o f  C o m p a n ie s ,  p o r t f o l i o  m a n a g e m e n t ,  l e n d -  
in g ,  a n d  g e n e r a l  f i n a n c i a l  a n d  a l l i e d  s e rv ic e s .

O t h e r  i m p o r t a n t  i n s t i t u t i o n s  i n  t h e  f in a n c i a l  S y s te m  a r e  
t h e  i n s u r a n c e  C o m p a n ie s  ( f ir e , m a r i n e ,  a n d  g e n e ra l ) ,  l i f e  
i n s u r a n c e  C o m p a n ie s ,  c r e d i t  u n i o n s ,  p a s t o r a l  f in a n c e  C o m ­
p a n i e s ,  a n d  t h e  b u i l d i n g  s o c ie t ie s .

Each s ta t e  C a p i ta l  h a s  i t s  i n d e p e n d e n t  s to c k  e x c h a n g e ,  
b u t  a n a t i o n w i d e  c o v e r a g e  is  a c h i e v e d  by r e c i p r o c a l  a r -  
r a n g e m e n t s  w i t h  b r o k e r s  i n  o t h e r  c a p i t a l s  a n d  a g e n ts  i n  
c o u n t r y  e e n t r e s .

The System is well developed and sophisticated, and the 
stock exchanges provide a ready market for shares of listed 
Companies and government securities. Quotations are dis- 
tributed widely and quickly by special teleprinter channels 
and by radio and newspaper services.

Trade. By the late 20th Century Australia’s exports 
made up about one-seventh of the gross national product. 
Minerals contributed about one-fifth of Australia’s export 
income; other important sources of export income were 
wool, meat, wheat, and manufactured goods. Australia’s 
principal imports were machinery, transport equipment, 
Chemical and petroleum products, foods and beverages, 
and crude oil and gas. Japan was Australia’s most im­
portant export customer and a principal import supplier. 
Other important Customers and suppliers were the United 
States, the European Economic Community countries 
(particularly the United Kingdom), New Zealand, and 
Asia, as a whole.

Administration of the economy. The Australian econ­
omy is essentially one based on private enterprise, al­
though government plays an important role in influencing 
economic conditions.

Finance
C o m p a n ie s
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Most Capital expenditure in Australia is undertaken by 
private business enterprises and persons. There is only 
limited public ownership of business enterprises. Major 
enterprises owned and run either directly by federal or 
state govemments or by government corporations include 
the post office, Australia’s international airline, one of the 
two major domestic airlines, the Commonwealth Banking 
Corporation, the Australian Shipping Commission, and 
the electricity and gas distribution organizations in the 
various States.

The government regulates economic activity through fis­
cal policies embodied in its annual budget and through 
monetary policy. The Reserve Bank and the federal 
govemment’s Treasury Department are the government’s 
chief source of economic ad vice.

Taxation In Australia taxes are levied by federal, state, and local 
govemments. The main taxation authority is the federal 
government, which levies income taxes, customs and ex- 
cise duties, and sales taxes. There are also a number of 
minor taxes imposed for specific purposes. There is no 
general duplication of taxes by the three tiers of govern­
ment. The States impose a wide variety of taxes that in­
clude stamp duties, taxes on motor vehicles, payroll taxes, 
land taxes, liquor taxes, and probate duties.
The trade-union movement is well organized in Australia. 

Most workers are members of trade unions; in a number 
of instances membership is virtually mandatory. Industrial 
disputes are common and often disruptive in terms of loss 
of production. Australia has a unique arbitration System 
for settling disputes, but there have been signs of this Sys­
tem breaking down, and the trend is increasingly toward 
direct negotiations with employers. (E.I.U.)

Transportation. Because of the great size and small pop­
ulation of Australia, transport has always been costly and 
has absorbed an unduly high Proportion of the total work 
force. Moreover, the main lines of road and rail transport 
were laid down in the second half of the 19th Century, 

Fragmen- when Australia was a collection of separate colonies, each 
tation of of which looked to Britain for most of its trade. The
transport transport System was therefore designed to maintain this
System trade, with roads and railways radiating from the main 

ports. Little thought was given to internal transport be­
tween the separate colonies. An unfortunate relic of this 
is the existence of three different railway gauges in the 
continent. It was not until 1970 that it became possible to 
go by train from Sydney on the east coast to Perth in the 
west without changing trains.
In spite of these historical and geographica! handicaps, 

Australia is fairly well equipped with roads and railways, 
especially in the southeastern States. It is one of the most 
highly motorized countries in the world.

Australia is almost entirely lacking in internal waterways. 
For a short period during the 19th Century the Murray- 
Darling river System was widely used to transport produce 
(mostly wool) from the country districts of New South 
Wales and Victoria to the coast, but the variable flow o f  
water in these rivers always made this method hazardous 
and unreliable. With the coming of the railways it was 
quickly abandoned.

On the other hand, Australia is in many ways ideally 
suited to air transport. The great distances, lack of moun- 
tains, and fine prevailing weather make flying safe and 
economical.

For the historical reasons already outlined, roads and 
railways are mainly the responsibility of the six state gov­
emments, although the federal government has taken over 
railway Systems in some States. Shipping and air transport 
between the States are the responsibility o f the federal 
government. Since 1946 the Australian Transport Advi- 
sory Council, including the federal minister for shipping 
and transport and the six state ministers for transport, 
has provided machinery for coordinating transport on na­
tional lines.

Component Systems. As has been noted above, the main 
road networks in Australia radiate from the ports, and 
especially from the Capital cities of Sydney, Melbourne, 
Brisbane, Adelaide, and Perth. Most of the States, aided 
by federal grants, have also made progress in sealing thou- 
sands of miles of country roads.

The most serious lack is still adequate highways between 
the state capitals. Both the Hume Highway between Syd­
ney and Melbourne and the Pacific Highway between 
Sydney and Brisbane are far too narrow for the heavy traf- 
fic they carry. A federal government bicentennial program 
has been successful in making significant improvements 
to major highways.

The Provision of adequate expressways and throughways 
in the great conurbations of Sydney and Melbourne has 
also fallen behind. Like the industrialized nations of the 
West, Australia is finding it hard to keep up with the 
insatiable demands of the automobile.

Five of the six state govemments own and operate a 
railway System, and the federal government operates the Railways 
Australian National Railways. Private rail Companies op­
erate in each state in order to serve mining, agricultural, 
and industrial complexes. The largest private railway op- 
erations are those serving iron-ore mines in northwestem 
Western Australia.
Australian railways have a hard struggle to pay their way 

against the competition of road and air services, but rail 
transport still plays an important part in the development 
of the Australian economy. New Capital is being spent in 
providing standard-gauge lines between the different state 
capitals and industrial centres and in building new branch 
lines where mineral discoveries justify it, as in the case of 
northwestem Australia. Sydney and Melbourne have ma­
jor electrified underground and suburban railway Systems.

There are about 70 ports of commercial significance in 
Australia, of which the great majority are on the east 
coast. The rest of Australia is notably lacking in good 
natural harbours. The most important port is Sydney, 
which has one of the finest harbours in the world. Sydney 
(with Botany Bay) discharges and ships the largest amount 
of freight tons annually, followed by Port Hedland, Mel­
bourne, Fremantle, Newcastle, Brisbane, Hay Point, Port 
Walcott, Gladstone, Port Kembla, and Port Adelaide.

Shipping is still the lifeblood of Australia. Most o f this 
shipping is in foreign hands, although Australian Com­
panies have a monopoly of interstate trade around the 
Australian coast.

Australia has one international airline, Qantas Airways,
Ltd., which is owned by the federal government. It is Air 
one of the world’s leading air carriers. Many foreign- transport 
owned international airlines operate regularly in and out 
of Australia. Sydney has long been the site of the main 
international airport, and a new terminal was opened 
there in 1970. The same year Melbourne opened a new 
international airport at Tullamarine.

Several airlines operate domestic services throughout 
Australia. The two major Companies are Trans-Australia 
Airlines (taa), owned by the federal government, and 
Ansett-Airlines of Australia (Ansett), owned by private 
enterprise. Competition between the two is strictly con- 
trolled and regulated by federal legislation. Australia is 
well served by its internal airways, which offer a service 
that compares favourably in safety, cheapness, and extent 
with any in the world.

ADMINISTRATIVE AND SOCIAL CONDITIONS
Government. The Constitution of Australia may be de- 

scribed cmdely as an amalgam of the constitutional forms 
of Great Britain and the United States. Like Britain it is 
a monarchy, and the king or queen o f Britain is also the 
king or queen of Australia. Like Britain, too, the govem­
ments both of the Commonwealth and o f the States are 
chosen from the majority party in Parliament. Like the 
United States, on the other hand, it is a federation, and 
the duties of the federal government and the division of 
powers between the Commonwealth and the States are 
laid down in a written Constitution that can be altered 
only by a referendum that gains the consent of a majority 
of all the electors and a majority in at least Tour out of 
the six States.

Any disputes arising out of the Constitution are decided 
by the High Court o f Australia.

Although the monarch of Britain is also monarch o f Aus­
tralia, Australia is wholly independent. Except when the 
monarch is in Australia, his or her functions, which are
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largely formal and decorative, are exercised by a govemor 
general, who resides in the federal Capital in Canberra, and 
by govemors in each of the six States. Though formally 
the govemor general and the govemors are appointed by 
the monarch, they are invariably recommended by the 
Australian govemments concemed, and in recent years 
there has been a growing tendency to choose Australians. 
By convention; the prime minister (the leader of the party 
or coalition of parties victorious in the general election) is 
the nation’s chief executive.

Due to a past constitutional crisis that developed be­
tween a prime minister and the govemor general, there 
have been proposals for various constitutional amend- 
ments that would dehne, and limit, the powers and duties 
of the govemor general. Some Australians, although they 
are Clearly in a minority, favour severing all remaining 
ties with Great Britain and declaring Australia a republic, 
thus abolishing the post of govemor general altogether.

The Constitution defines the form and duties of the fed­
eral government in some detail. The most important of 
these are defense, foreign policy, immigration, customs 
and excise, and the post office. Those powers not given to 
the federal government in the Constitution—the residual 
powers—are left to the States. The state govemments are 
the direct descendants of the colonial govemments of the 
19th Century. Originally they owed their powers to an act 
of the British Parliament, but these acts are short docu- 
ments that lay down only the form that the parliaments 
shall take, not the sort of legislation they may pass.

In theory the States are sovereign, with real and important 
powers. They are responsible for justice, education, health, 
internal transport, and, indeed, for most of the things that 
most closely concern the Citizen. In practice, however, 
their powers have been greatly weakened by the federal 
govemment’s decision in 1942, at the most dangerous 
point of World War II, to collect all income taxes itself and 
then to reimburse the States on an agreed formula. This 
temporary arrangement has become permanent, in spite 
of many political and legal challenges, so that the States, 
deprived of any equivalent “growth tax,” have become 
largely dependent on federal grants for their revenues.
The Northem Territory was established as a self-governing 

territory in 1978 when the Commonwealth government 
transferred most of its powers to the government of the 
territory. The government of the territory has powers 
similar to the govemments of the States but has an admin­
istrator instead of a governor and a chief minister instead 
of a prime minister. Members of the Legislative Assembly 
are elected for a period of four years.

Australia is a true parliamentary democracy. Both the 
federal upper house (the Senate) and the lower house (the 
House of Representatives) are directly elected by universal 
adult suffrage, with a voting age of 18. All state lower 
houses are similarly elected.

Preferential voting (placing the candidates in order of 
preference on the ballot paper) is used for all parliamen­
tary elections. In elections for the House of Representa­
tives the alternative vote System is used; the 64 senators 
( 1 0  from each state and two from each of the territories) 
are elected by proportional representation. Voting in both 
federal and state elections is compulsory.
Since federation the political struggle in Australia has 

been between the Australian Labor Party (a l p ) and a 
coalition of anti-Labor parties under different names. For 
most of the years after 1949 the federal government was 
formed by a coalition between the Liberal Party, which 
broadly represents the interests of private enterprise, and 
the National Party (formerly the Country Party), which 
represents the interests of the farmers and graziers in ru­
ral constituencies. The a l p  is a typical Western social- 
democratic party, based firmly on the support of the trade 
unions, and normally preferring practical reforms to so­
cialist theories. It has, however, always had a left wing 
retaining a belief in Marxist principles.

Another political party of some significance, the Aus­
tralian Democrats Party, was formed by a former Lib­
eral minister, Donald L. Chipp, in 1977. The Australian 
Democrats Party appeals to many middle-class voters with 
liberal or radical views.

The Communist Party of Australia, split into several dif­
ferent factions, is insignificant in numbers. It has retained 
a disproportionate influence in some trade unions.

Voting in state elections does not necessarily follow vot­
ing in federal elections. During the long rule of the Liberal- 
Country Party coalition in the federal Parliament after 
1949, Labor govemments at different times held office in 
five of the six States. But with a few minor exceptions 
the lines of battle are the same, though local issues play 
a larger part. State Liberal and Labor govemments, once 
elected, though on different sides politically, often find 
themselves in alliance against the Commonwealth either 
in defending States’ rights or in seeking more money from 
the federal government.

Justice. The law of Australia is based on the common 
law of England, and many laws are identical with those 
laid down in acts o f the British Parliament: The adminis- 
tration of the law is largely in the hands of the States, each 
of which has a series o f  courts culminating in a supreme 
court. Between them these courts have a comprehensive 
jurisdiction that extends to all matters of state, and to 
most matters of federal, jurisdiction. The States are also 
responsible for the police, although there is a federal police 
force that performs general police duties in the Australian 
Capital Territory and is the principal agency for the en- 
forcement of federal laws.

The High Court of Australia, established by the Consti­
tution, is the federal supreme court. It has a general ap­
pellate jurisdiction over all other federal and state courts, 
and has a special duty to decide disputes involving the 
interpretation of the federal Constitution and acts of the 
federal Parliament. The High Court of Australia has a 
high reputation among legal authorities both inside and 
outside Australia.

The federal Court of Australia was created to exercise 
the jurisdictions formerly exercised by the Federal Court 
of Bankruptcy and the Australian Industrial Court.

Armed forces. Australia has a proud military tradition 
dating from the landing of the first Australian Imperial 
Force on the Gallipoli Peninsula during the Dardanelles 
campaign of World War I. Since then Australian armed 
forces have served with distinction in World Wars I and 
II and in Malaysia, Korea, and Vietnam. The Royal Aus­
tralian Navy, the Army, and the Royal Australian Air 
Force are separate services with distinctive uniforms and 
separate commands.

The Royal Australian Navy is a small but compact, flex­
ible force with an emphasis on antisubmarine warfare.

The first aim of the army is to provide a highly trained 
field force for limited warfare in Southeast Asia. Com­
pulsory national service was introduced in 1964 but was 
abandoned in 1972.

The Royal Australian Air Force has five operational d e­
ments: strike/reconnaissance, tactical fighter, air transport, 
tactical air support, and maritime forces.

Health, welfare, and education. Australia may be de- 
scribed as a modified welfare state. The federal and state 
govemments have not gone so far as some European 
countries in providing free health and other services for 
its citizens but have gone further than the United States. 
Government benefits include pensions for the aged, in- 
valids, widows, and single parents; unemployment and 
sickness benefits; health insurance provisions; maternity 
allowances; and child endowment. Benefits are paid from 
the National Welfare Fund, which is financed from Con­
solidated revenue.

On the other hand, there is a strong tradition in Australia 
that one should buy or build one’s own house. There are 
relatively few state or municipal houses and apartments 
for rent, though there are various federal and state finan­
cial schemes to help citizens purchase their own homes.

Responsibility for education lies primarily with the States. 
Free education at government schools is provided at the 
primary and secondary levels, though there is also a con- 
siderable private sector formed by schools run by the 
churches (mostly Roman Catholic) and a few grammar 
schools for children of the wealthy. The principle of giving 
some state aid to Roman Catholic schools has now been 
accepted by all the main political parties.

Education
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Since 1974 tertiary education has been free both at 
universities and at colleges of advanced education that 
are oriented toward practical training and technology. 
Universities are mainly, and colleges of advanced educa­
tion wholly, financed by the Commonwealth government. 
Australia has 19 universities, most of them located in the 
Capital cities, and some colleges of advanced education, 
some of the latter quite small.

Health services are everywhere excellent. The method of 
financing these services has been changed several times. 
The States provide free hospital treatment in public hos- 
pitals, but patients may also insure to cover the cost 
of better accommodations, choice of doctor, and other 
variable costs.

Australia’s most interesting contribution to the welfare 
of the ordinary Citizen is the arbitration System, which has 
roused much interest in other countries. In brief this is 
an attempt, unique to Australia and New Zealand, to fix 
wages and working conditions by law.
The Constitution gives the federal government the right 

to undertake conciliation and arbitration in industrial dis­
putes. Armed with this power, the first federal government 
set up the Commonwealth (now Australian) Conciliation 
and Arbitration Commission, which began by establishing 
a basic wage necessary to keep in “frugal comfort” the av­
erage family of an unskilled worker. From this beginning 
an elaborate System has been built up, involving both 
federal and state arbitration courts, conciliation commis- 
sioners, and wage boards, the aim of which is to prevent 
or mitigate industrial disputes.

If a dispute cannot be solved by collective bargaining or 
conciliation, then either the employers or the trade union 
concemed may take the dispute to the relevant court for 
a judicial decision that has the force of law. Strikes are 
not forbidden, but a union that strikes in defiance of a 
judicial award may be held to be in contempt of court and 
fined accordingly. In practice, therefore, the judges on the 
Australian Conciliation and Arbitration Commission, af­
ter hearing argument from both sides, fix minimum wages 
and conditions over a large section of Australian industry.

This System has frequently been criticized as excessively 
cumbrous and, more recently, complaints have been heard 
that the judges who make the awards are not always 
equipped to appreciate the economic consequences of their 
decisions. On the whole, however, it has worked reason- 
ably well over the years though it has certainly not pre- 
vented industrial unrest in Australia. It is still supported, 
with reservations, by both employers and trade unions.

Both Australia’s welfare services and arbitration System 
spring from a deep concern for the common man. From 
the earliest days Australians have been strongly egalitarian 
in outlook, quick to resent any claims to privilege either 
by a dass or an individual. This has not prevented dass 
distir ctions in Australia—there is a stronger dass System 
than is often admitted—or wide differences in wealth, but 
it has greatly eased the conflicts inherent in a capitalist 
society. Australian trade unions are as militant as any 
in the world in the pursuit of higher wages and better 
conditions, but the Australian working man is well paid, 
well cared for, and living in a prosperous, democratie, and 
expanding country. He is widely judged to be no wage 
slave but rather the master o f his own fate.

CULTURAL LIFE
The cultural milieu. For the first 100 years of white 

settlement the arts were naturally neglected. Settlers were 
too busy exploring and developing this harsh land to have 
much time or energy left for the graces of life. This neglect 
was never total. There were always Australians who wrote 
poems or novels or who painted the landscape of their 
adopted country, but for the most part they were content 
to take their art and culture secondhand from England.

The first sign of an Australian consciousness in the arts 
was the emergence of a small group of writers and artists 
in the 1890s associated with the Sydney Bulletin. Most of 
them—though not all—tended to express the radical, egal­
itarian, and nationalist views that were then beginning to 
stir political life in the colonies. Of these writers the most 
important were Joseph Furphy (1843-1912), author—un-

der the pseudonym Tom Collins—of the long novel Such 
Is Life (1903), and Henry Lawson (1867-1922), whose 
short stories are still worth reading. The Bulletin also 
provided an opportunity for a remarkable collection of 
artists working in black and white, among whom Norman 
Lindsay (1879-1969) was the best known.
But Australia’s great leap forward in the arts did not take 

place until World War II, when the growing wealth and 
sophistication of the cities, and isolation from Britain and 
Europe, provided a powerful stimulus. This movement 
began with painting and poetry and later spread to all the 
arts in turn. Since 1954 the federal and state govemments 
have subsidized the arts on an increasing scale.

The arts. The first o f the arts to attract attention out- 
side Australia was painting. Starting in Melbourne during 
World War II, a group o f painters— of whom George Rus­
sell Drysdale, Sidney Nolan, and Arthur Boyd are the best 
known—developed an original school of Australian paint­
ing by means of adapting Contemporary techniques to 
depict Australian myths and Australian landscape. Since 
that time the influence of that school in Australia itself 
has dwindled, and young Australian painters prefer to 
paint in the international styles of their contemporaries in 
Paris, London, and New York City; in spite of this, their 
work is distinguished by a freshness and vigour that are 
characteristic of their young nation.

Australian poets have also revealed a new maturity and 
sophistication, though, unlike painters, they have tended 
to tum their backs on the more revolutionary develop- 
ments overseas and to prefer traditional metrical forms. 
This may be due to the powerful influence of A.D. Hope 
and James McAuley (1917-76), both professors of litera- 
ture as well as poets, who consciously set and maintained 
classical Standards in their own work. More recogniz- 
ably “modern” in their very different ways are Geoffrey 
Lehmann and the remarkably gifted Les A. Murray, who 
almost alone has managed to find an authentic Australian 
idiom. But many other younger Australian poets, such 
as Bmce Dawe, Bruce Beaver, Peter Porter, and David 
Malouf, deserve mention.

Australian novelists have, on the whole, been less orig­
inal and Creative, though Patrick White, who won the 
Nobel Prize for Literature in 1973, has received acclaim 
worldwide for his lyric and visionary Contemporary novels 
The Tree of Man (1955), Voss (1957), and Riders in the 
Chariot (1961). Thomas Keneally has enjoyed interna­
tional success with his historical novels, Gossip from the 
Forest (1975), Confederates (1979), ané  Schindler’s Ark 
(1981). Christina Stead (1902-83) and Shirley Hazzard, 
two other distinguished novelists, have not always been 
recognized as Australian because of their long residence in 
the United States.

The performihg arts are more dependent on financial 
support and suffer from the fact that outstanding artists 
can always go overseas to Britain or the United States 
where a wealthier market offers greater rewards. This is 
particularly true of actors and singers, many of whom, 
from Dame Nellie Melba to Dame Joan Sutherland, have 
won international fame. In recent years, however, increas­
ing financial support, the growing wealth and population 
of the larger cities, and the building of Sydney’s spectac- 
ular Opera House (designed by the Danish architect Jorn 
Uzton) and new arts centres in Melbourne and Adelaide 
have led to a remarkable revival of the theatre in Austra­
lia, which has provided opportunities for dramatists, such 
as David Williamson, as well as for actors, singers, and 
dancers. Australia now has first-class national opera and 
ballet Companies, and the Australian Broadcasting Com­
mission (abc) maintains symphony orchestras in all the 
Capital cities.

Even more remarkable has been the revival of the mori­
bund Australian film industry, which has been turning 
out a number of excellent films that have won interna­
tional recognition. Australia’s young film industry has also 
produced one director, Peter Weir, of outstanding talent. 
His best known films include “Picnic at Hanging Rock” 
(1976), “Gallipoli” (1980), and “The Year of Living Dan- 
gerously” (1983).

The Australian populär arts follow too closely develop-
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ments in Britain and America to deserve special mention, 
and the remarkable Aboriginal arts, notably dancing and 
painting on bark, must be considered dead though efforts 
are being made to preserve and revive them.

Cultural institutions. The first serious attempt to or- 
ganize the arts in Australia was the formation of the 
Elizabethan Theatre Trust in 1954. It was this body that 
formed the Australian Opera and Australian Ballet Com­
panies. The trust still administers the opera and ballet 
orchestras, but its main functions have been taken over by 
the Australia Council, established in 1975, which advises 
the Commonwealth government on the arts and allots 
government funds to various bodies. The Arts Council of 
Australia, a separate and independent body, has a division 
in each state that takes the performing arts to school and 
adult audiences in rural areas and coordinates community 
arts activities.
Australia has many festivals devoted solely or largely to 

the arts, of which Perth’s annual festival and Adelaide’s bi- 
ennial festival attract both overseas and Australian artists 
and Companies.

The state govemments have long provided museums and 
art galleries in their respective States. In 1982 the National 
Gallery was opened in Canberra to house the national 
collection. Since it is accepted that it is now impossible 
for such a gallery to compete with the great galleries of 
Europe and America in collecting European painting and 
sculpture from the past, this gallery concentrates on Aus­

tralian art past and present, art of the Pacific and Asian 
areas, and international art of the 20th Century.

Press and broadcasting. The press of Australia is free, in­
dependent, competitive, and vigorous. It has long reached 
high Standards in such papers as The Sydney Morning 
Herald and the Melbourne Age, both of which date from 
the mid-19th Century, though Australia has also always 
had and still has populär papers that are more noted 
for sensationalism than for sober reporting or informeel 
comment. All of these papers circulatè only in the States 
in which they are published. In 1964 The Australian was 
first published with the aim of becoming a national paper. 
It is printed in several States and has won a small but 
influential readership. The Australian Financial Review 
(daily) and the National Times (weekly) also have a na­
tional readership.

Broadcasting and television are shared between the abc, a 
national service dependent on federal government grants, 
and a number of commercial radio and television stations 
operating under licenses granted by the postmaster gen­
eral and dependent on advertising for their revenues. In 
general it may be said that while the abc pro vides a high 
quality service, especially in the broadcasting of music, 
it attracts only a small part of the available audience. 
The commercial stations, on the other hand, attract large 
audiences with rather second-rate programs. Commercial 
television in Australia is heavily dependent on material 
imported from Britain and the United States. (J.D.Pr.)

HISTORY
Aboriginal Australia

The ancestors of the Aborigines of Australia arrived on the 
continent some 25,000 years ago. These people, whether 
in one or several periods of migration, probably travelled 
by way of the now submerged Sahul Shelf or, where land 
connections were absent, by rafts or canoes. They came 
from Southeast Asia, but whether they derived from one 
or more racial stocks is still unknown. They brought with 
them the dingo, a species of dog. Before the arrival of 
Europeans in Australia, Aborigines occupied the northern 
and eastern coasts of the continent, the Murray River 
Valley, and part of Tasmania. The estimate of their num- 
bers at that time is about 300,000. Population density 
was highest in more fertile riverine and Coastal areas; in 
arid zones, the exigencies of gaining a livelihood made 
distribution over much larger territories necessary. These 
broad environmental differences had direct sociocultural 
implications for mobility and for control over natural re­
sources. Aborigines in the drier inland moved camp more 
frequently, had a narrower margin of survival in bad sea- 
sons, and relied more directly on ritual supplication as a 
necessary aid to everyday living.

There were approximately 500 tribes and subtribes— 
a tribe being a constellation of interacting groups, the 
members of which acknowledge certain features in com­
mon. Most tribes had specific names for themselves; other 
names, sometimes less flattering, were applied to them by 
their neighbours. They occupied recognized territories and 
were distinguished by features in culture or language.

Early writers on the subject of Aboriginal Australia spoke 
of “nations,” usually referring to a group of tribes identi- 
fying themselves by the same word for “man.” Although 
there did exist interaction between neighbours, there was 
no direct social communication across the continent, and 
the Aborigines were certainly not a nation in the modern 
sense of the word: they had no overarching political Sys­
tem and no overall name.

TRADITIONAL SOCIOCULTURAL PATTERNS
All Aborigines, Coastal and inland, were directly dependent 
on their natural environment. They were seminomadie, 
wandeling across limited Stretches of the country, hunting, 
and collecting food. This basic economie circumstance 
had several concomitants: ( 1) food-gathering groups were 
fairly small and usually scattered, and all members of a

tribe rarely came together, even for ritual occasions; (2 ) 
Cooperation was essential; (3) over and above particular 
techniques and skills, Aborigines believed that religion was 
required for survival.

The Aborigines’ view of their place in the world was 
summarized in their concept of “the Dreaming,” or “eter- 
nal Dreamtime.” This does not refer to dreams in an 
ordinary sense. In one of its meanings the Dreaming was 
the formative or Creative period at the dawn of time, when 
mythic beings shaped the land, brought various species 
into life, and established human life and culture. Although 
these mythic beings died or were transformed, they lived 
on eternally in spirit. They left tangible evidence of their 
physical presence on earth and were actually identified 
with or manifested through particular species and natural 
elements. The Aborigines also believed that these spir­
its were manifested through and in human beings, that 
the mythic creatures of the Dreaming were not basically 
different from humans, and that humans, supematural 
beings, and natural species were interdependent and mu- 
tually sustaining. Henee, Aborigines were never isolated; 
they saw themselves as acting with others, and the bonds 
of kinship were extended outward, embracing the nonhu- 
man and nonempirical world.

Social groups and categories. The principal issues in 
Aboriginal social life were religion and economics; these 
elements were regarded as interdependent and were re- 
flected in the two kinds of social units to which all Aborig­
ines traditionally belonged. One o f these social units was 
the local descent group, which was always patrilineal (des­
cent through the male line), exogamous (marrying outside 
the group), and associated with a particular stretch of 
territory—the “estate.” The adult males of a local descent 
group were responsible for the upkeep of the traditional 
sacred sites and for the appropriate ritual—that is, for 
renewing and sustaining the land. Ownership of land was 
nontransferable: its members held land in trust collec- 
tively by means of an unwritten charter deriving from the 
Dreaming. The second, larger kind of unit was the horde 
or band, the group concerned with the ordinary practical 
business of getting a living. This was a land-occupying and 
land-utilizing group, exploiting all the available natural 
resources. Fluctuating in size and composition, it com- 
prised members of several families—that is, of more than 
one local descent group; and the range over which they 
normally travelled included several estates.

Aboriginal
cosmogony
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Original distribution of the larger Aboriginal tribes.

In addition to membership in a local descent group 
and horde, individuals identified themselves by reference 
to larger social groups: moieties, semimoieties, sections, 
subsections, and clans. A moiety is one of two basic com- 
plementary parts into which a tribe divides itself. Sections 
and subsections are further subdivisions, Splitting the tribe 
into four and then eight parts. Such social divisions among 
the Aborigines governed marriage and other contracts. A 
person in one moiety, for instance, could marry only a 
person in the other moiety. When there were section or 
subsection Systems, everyone was incorporated in such a 
System from before birth. The main advantage was that 
it represented a widely understood grid for categorizing 
everyone a person was likely to meet. With this went a 
shorthand statement of basic rules or conventions, which 
was a simple guide to behaviour, especially useful for 
classifying distant kin and strangers. Close, genealogically 
traceable kinship virtually always took precedence over 
nominal kinship when priorities were at issue.

Aboriginal Australia was not socially stratified in the 
sense of having more or less fixed classes or strata arranged 
hierarchically on the basis of descent or acquired status. 
Status was clearly marked only within the religious sphere; 
females, for example, were mostly excluded from an ex- 
ecutive role in secret-sacred ritual, and areas of privilege 
were further defined by graded acceptance of youths and 
adults passing through rites of leaming. Essentially, how­
ever, Aboriginal society was “open”—there were no social 
barriers operating against a man becoming a leader in re­
ligious matters. Such achievement depended primarily on 
his own efforts, his kin’s, and his observance of ritual. Men

acquired prestige through knowledge of religious practices 
and expertise in directing ritual. Entrepreneurial leaders 
had considerable status in one or two areas—among the 
Tiwi and Murngin, for example-—but this was derived 
not so much from commercial activities as from their 
ability to manipulate certain kin, to arrange polygynous 
marriages for themselves and remunerative betrothals for 
their children, and to establish a network of alliances.

Kinship, marriage, and the family. As noted, the Abo­
rigines were deeply conscious of social relations, especially 
kinship. All Aboriginal kinship Systems were basically 
classificatory—that is, a limited number of terms was 
extended to cover all known persons: terms for lineal rela­
tives, such as “father,” also referred to collateral relatives, 
such as uncles. This did not mean that one could not 
recognize his actual father, mother, son, or other relative. 
The terms simply suggested the appropriate behaviour— 
filial, brotherly or sisterly, fatherly, or whatever.

Kin terms were behavioral signals, indicating, for exam­
ple, the expectation of sexual access, restraint, avoidance, 
or responsibilities. Affines (relatives by marriage) were 
often classified with consanguineous (blood) relatives, al­
though qualifying terms might be used. Certain terms 
indicated potential spouses or affines. A husband and wife 
were ideally, before marriage, always related to each other 
as kin, either actual or classificatory. Some relationships 
were more prominent than others. The brother-sister re- 
lationship, for example, was one of the most emotionally 
charged and often marked by some form of avoidance. 
The most outstanding avoidance relationship was between 
a man and his actual or potential mother-in-law-—not just

Function 
and signifi­
cance of 
kin terms
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his wife’s mother but all women and girls who on the 
basis of kinship and the recognition of preferred potential 
spouses, might become his mother-in-law.

Reciprocity was a fundamental rule in Aboriginal kinship 
Systems and also in marriage. Marriage was not simply a 
relationship between two persons; it linked two families or 
groups of kin, which, even before the union was confirmed 
and most certainly afterward, had mutual obligations and 
responsibilities. Generally, throughout Aboriginal Austra­
lia those who received a wife had to make repayment ei­
ther at the time of marriage or at some future time. In the 
simplest form of reciprocity, men exchanged sisters; and 
women, brothers. Such exchanges took place between dif­
ferent moieties, clans, or local descent groups or between 
certain types of kin. Most kinship-and-marriage Systems 
provided for the possible replacement of spouses and for 
parent Surrogates. At any one time, a man or woman 
had available a number of persons, who, because of their 
kinship, were termed spouses. Access to them depended 
on several factors, but, as far as premarital and extramar- 
ital liaisons were concerried, it was conventionally in this 
directiön that partners should be sought.

Infant betrothal was common. If arranged before the 
birth of one or both of the prospective spouses, it was a 
tentative arrangement subject to later ratification, mainly 
through continued gift-giving to the girl’s parents. In some 
Aboriginal societies, parents of marriageable girls played 
one man against another, although this was always a po- 
tentially dangerous game. Also, there might be a consider- 
able age discrepancy between an affianced pair. Generally, 
a long-standing betrothal, cemented by gift-giving and the 
rendering of services, had a good chance of surviving and 
fostering a genuine attachment between a couple.

For a marriage to be recognized it was usually enough 
that a couple should live together publicly and assume 
certain responsibilities in relation to each other and to- 
ward their respective families; but it might be considered 
binding only after a child was born. All persons were ex- 
pected to marry. A girl’s marriage should be settled before 
she reached puberty, and, ideally, a husband should be 
older than his wife.

Apart from formal betrothal, there were other ways of 
contracting marriages, such as elopement, capture during 
feuding or fighting, and redistribution of widows through 
the levirate (compulsory marriage of a widow to her de- 
ceased husband’s brother) or patriate (distribution of a 
father’s widows to his sons, unless they were actual or 
close mothers). Elopement was often supported by love 
magie, which emphasized romantic love, as well as by the 
oblique or direct approval of extramarital relations. 

Polygy- Although most men had only one wife at a time, po- 
nous lygyny was considered both legitimate and “good.” The
marriage average number of wives in polygynous unions was two

or three. The maximum, in the Western Desert, was five 
or six; among the Tiwi, 29; among the Murngin, 20 to 25, 
with many men having 10 to 12. In such circumstances, 
women had a scarcity value. Having more than one wife 
was usually a matter of personal inclination, but economic 
considerations were important; so were prestige and po­
litical advantage. Some women pressed their husbands to 
take an additional wife (or wives), since this meant more 
food coming into the family circle and more baby-sitters. 
To terminate a marriage, a woman might try elopement. 
A man could bestow an unsatisfactory wife on someone 
eise or divorce her. A formal declaration or some sym- 
bolic gesture on his part might be all that was necessary. 
In broad terms, a husband had more rights over his wife 
than she had over him. But, taking into account the 
overall relations between men and women, their separate 
and complementary spheres of activity in marriage and 
in other aspects of social living, the status of women in 
Aboriginal society was not depressed.

Socialization. A child’s spirit was held to come from 
the Dreaming to animate a fetus. In some cases, this was 
believed to occur through an action of a mythic being who 
might or might not be reincarnated in the child. Even 
when Aborigines acknowledged a physical bond between 
parents and child, the most important issue for them was 
the spiritual heritage.

In his early years a child’s focus was on his actual par­
ents, and especially on his mother, but there were others 
close at hand to care for him. Weaning occurred at about 
two or three years of age but occasionally not until five or 
six for a youngest child. Through Observation of camp life 
around him and informal instruction, a child built up his 
sociocultural perspective, learning through participation.
At the same time, he became familiär with his natural 
environment. Small children often went food collecting 
with their mothers and other women; as girls grew older, 
they continued to do so, but boys were thrown more 
on their own resources. Parents were, on the whole, very 
indulgent. Infanticide, even in arid areas, was much rarer 
than has been suggested.

Children learned quite early with whom they were al- 
lowed to play and whom they must avoid; brothers and 
sisters, for instance, or “mothers-in-law” and “sons-in- 
law,” would not normally play together. Betrothal put 
special restraints on a girl, and, at or even before puberty, 
she normally went to live with her husband, assuming the 
status of a married woman.

With initiation, a boy’s life changed drastically. His for­
mal instruction as a potential adult began, and he was 
prepared for his entry into religious ritual. His future was 
henceforth in the hands of older men and ritual leaders 
who exercised authority in his community. But he was 
not among strangers: the relatives who played an active 
role in his initiation would also have significant roles in 
his adult life. A boy’s age at the first rite varied: in the 
Western Desert it was about 16; in the Kimberleys, about 
12; in northeastern Arnhem Land, six to eight; and among 
the Aranda 10 to 12 or even older. Generally, once he 
had reached puberty and facial hair had begun to show, 
he was ready for the initial rituals.

Initiation in Aboriginal Australia was a symbolic reenact- 
ment of death in order to achieve new life as an adult. As 
a novice left his camp, the women would wail and other 
noises would be made, symbolizing the voice o f a mythic 
being who was said to swallow the novice and later vomit 
him forth into a new life. The initiation rites themselves 
were a focal point in discipline and training; they included 
songs and rituals having an educational purpose. All boys 
were initiated, and traditionally there were no exceptions. 
Circumcision was one of the most important rites over Initiation 

the greater part of Australia. Subincision (incisure of the rites 
urethra) was especially significant in its association with 
secret-sacred ritual. Other rites, according to the area, in­
cluded piercing of the nasal septum, tooth pulling (in New 
South Wales this was central in initiation), and the blood 
rite, which involved bloodletting from arm vein or a penis 
incisure—the blood being used for anointing or sipping 
(red ochre was used as a substitute for blood in some 
cases). Hair removal, cicatrization (scarring), and playing 
with fire were also fairly widespread practices. Among 
the Aranda, fingernails were torn out and heads gashed 
open and bitten. All such rites were usually substantiated 
by mythology.

For girls, puberty was marked by either total or par­
tial seclusion and by food taboos (also applied to male 
novices). Afterward, they were decorated and ritually pu- 
rified. Ritual defloration and hymen cutting or both were 
widespread (in the Western Desert, for instance), while on 
Groote Eylandt the labia majora were removed.

Boys, after circumcision, became increasingly involved 
in adult activities. Although they were not free to marry 
immediately, even if they had reached puberty, they might 
do so after undergoing certain rites, such as subincision.
Initiation was a prelude to the religious activity in which 
all men participated. It meant, also, learning a wide range 
of things directly concerned with the practical aspects of 
social living. Adulthood brought increased status but add- 
ed responsibilities. A vast store of Information had to be 
handed down from one generation to the next. Initiation 
served as a medium for this, providing a basis of knowl- 
edge upon which an adult could build. This was a process 
that continued through life and that was especially marked 
in men’s religious activity.

For Aborigines birth and death were an open-ended 
continuüm: a spiritual religious power emerged from the



426 Australia

Dreaming, was harnessed and utilized through initiation 
(as symbolic death-rebirth) and through subsequent re­
ligious ritual, and finally, on death, went back into the 
Dreaming. Life and death were not seen as being diamet- 
rically opposed: the Dreaming provided a thread of life, 
even in physical death.

Social control. Pressures toward conformity began and 
were formalized during initiation. There were rules and 
Standards, right and wrong ways of doing things, and 
some allowance for Variation. Sanctions upheld the ac- 
cepted codes and were either positive or negative or a 
combination of both. Probably the strongest were fear of 
supernatural punishment and fear of sorcery.

Traditionally, most dissension arose over women, reli­
gious matters, and death. Women had trouble with hus- 
bands, eloped, and engaged in unsanctioned extramarital 
liaisons. Such behaviour could mean serious fighting, in- 
volving relatives of the parties concerned. Infringement 
of sacred law was less direct in its social repercussions 
but was nevertheless regarded as the most serious of all. 
In many cases, an ordinary or accidental death had wide 
ramifications, particularly if there were accusations of 
sorcery. An inquest was held, and, through divination, a 
supposed “murderer” was found. Punitive measures might 
or might not be taken against him.

The maintenance of law and order was quite narrowly 
localized. Authority was limited and qualified by kinship 
claims. Precedents were sought in order to guide or in- 

Mainte- fluence actions resulting from a breach, and in all tribes 
nance of there were approved procedures for maintaining the peace. 
law and There were no judicial bodies as such, though on the
order lower Murray River a formal council, or tendi, of clan

headmen and elders did arbitrate disagreements between 
adjacent tribes. Generally, simple informal meetings of 
elders and men of importance dealt with grievances and 
other matters. There was also settlement by ordeal—the 
most outstanding example of this sört being the maga- 
rada, or maneiag, o f  Arnhem Land. During a ritualized 
meeting, the accused ran the gauntlet of his accusers, who 
threw spears at him; guilt was proved if the accused was 
wounded in the thigh.

Although it is inaccurate to speak of a gerontocracy 
in Aboriginal Australia, men of importance were easily 
distinguished. They were usually “elders,” who had this 
status not necessarily because of their age or grey hair but 
because of their religious Position and personal energy. 
This gave them considerable control over the affairs of 
others in matters not directly related to religion.

Economic Organization. Dependence on the environ­
ment and on its resources was reflected in seminomadic 
living. The Aborigines had to be intimately acquainted 
with all the country within their range of movement. At 
the same time, their economic System was not conceptual- 
ly separate from their religious System. Both before and 
after initiation, graphic stories (or myths) served as guides 
to specific localities, detailing what people could expect to 
find there. In other words, Information used in obtaining 
a living was preserved and transmitted in a religious con­
text. Religious ritual, furthermore, was believed to ensure 
the maintenance of the natural species and the proper 
fluctuation of the seasons.

Before modification of their economic Organization as a 
result of contact with Europeans, large groups of people 
did not remain in the same camp over a prolonged period. 
There were two basic patterns. Generally, in fertile regions 
of Aboriginal Australia, time-honoured camping areas 
were recognized, always in close proximity to water and 
usually with mythological associations; they were places 
where people always camped at certain times of the year. 
Camps were bases from which people made forays into the 
surrounding bush for food, returning in the late afternoon 
or spending a few days away. The second pattern involved 
a much larger territory in arid or desert areas across which 
Aborigines moved from waterhole to waterhole along well- 
defined tracks in small family groups, The whole camp 
moved and rarely established bases. Only in good seasons 
and at sizable permanent waters was it possible for a large 
number of people to remain for an extended period.

These two patterns were reflected in domestic arrange-

ments. In the north, people made bark shelters, and 
during the monsoonal rains used caves and stilted huts 
as protection against flood, mosquitoes, and sandflies. In 
the desert, windbreaks—bough shelters or saplings covered 
with brush or bark—were common. During fine weather 
most Aborigines preferred to sleep in the open, with a 
windbreak; when it was too cold, dogs helped to provide 
warmth. Fires were kept alight, and, when moving from 
one place to another, or even when hunting, people car­
ried live fire sticks.

Aborigines, with rare exceptions (Southwest of Darwin 
and northeastern Arnhem Land, for example), had no 
form of cultivation and no domestic animals, except the 
tamed dingo. They preferred to go naked, except for small 
pubic coverings or decorations. In certain areas, für cloaks 
were a protection against cold.

Outside the sphere of religion, material objects were Tools and 
minimal. Grinding stones and platters were left at cer- artifacts 
tain camps, ready for use. Men carried spears and spear 
throwers and, in some areas, boomerangs. There were 
bark canoes and rafts and dugout log canoes, some with 
pandanus-mat sails. Women’s digging sticks could dou­
ble as fighting weapons. Their large deep wooden dishes 
held seeds, vegetables, or water, even babies. In some 
areas, painted bark baskets, plaited pandanus bags, and
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Aboriginal spearfishing near Darwin, Northern Territory.

net bags served the same purposes. Rarer objects were 
the kangaroo-skin waterbags of the arid central areas and 
the skull drinking vessels of the Coorong in South Aus­
tralia. Implements included a large selection of stone tools, 
wedges, bone needles, bobbins, and sharkskin files.

Generally, men were hunters, women food collectors; 
and, unless they were on the move, they carried out 
these tasks separately. A woman’s economic pursuits were 
focussed on her own family and children. A man’s ob- 
ligations were wider. Providing for his own family was 
often of secondary importance: ideally, his ritual duties 
and his network of reciprocal obligations took priority. He 
was. expected to provide meat for his family; but women 
bore the main responsibility, supplying vegetable foods 
and small game or shellfish. Although this was primarily 
a subsistence economy, even life in the desert was not 
reduced to a constant struggle for the bare essentials. It 
nevertheless called for skill, tenacity, and continuing social 
involvement. A person could not “opt out” and survive. 
R eciprocity was basic to economic life, and all adults were 
caught up in a web of rights and duties.

As far as trading was concerned, goods passed along 
defined routes from one group to another in an intricate 
crisscross patterning over the continent. Boomerangs, for
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example, went in one direction, red ochre in another; pearl 
Shells from the Kimberleys found their way, gradually, to 
the Great Australian Bight; and central Australian shields 
appeared in the Canning Stock Route area.

In traditional Aboriginal society acquisition and gain 
were important, but the idea of making a profit was almost 
irrelevant. What really counted was the social relationship 
inherent in the exchange. The more organized trading 
partnerships entailed a debtor-creditor association; but 
prestige still hinged on retaining an equitable balanee in 
the exchanges, on “solvency,” and on not dropping out of 
the network. Private property was recognized, the claims 
of others upon an item not affecting an individual’s right 
to exclusive use of it until such time as he decided to 
relinquish it. Traditionally, however, land was inalienable, 
being held in trust by members of various local descent 
groups.

BELIEF AND AESTHETIC VALUES

Religion. The Aborigines were concerned that the sea­
sons should come and go in an orderly, predictable way; 
that human life should continue; and that they themselves 
should go on living in much the same way as they had 
always done. Religious beliefs and values gave tradition its 
power and force in influencing life in the present.

Both before and since the French sociologist Émile Durk- 
heim’s study of The Elementary Forms of the Religious 
Life (1915), much has been written about Australian 

Totemism totemism. The concept rests on the belief that human 
beings are an integral part of nature, like all other living 
things. Totemism has been defined as a representation of 
the universe, seen as a moral and social order; as a philos- 
ophy that regards man and nature as one corporate whole; 
or as a set o f Symbols forming a conventional expression 
of the value System of a society. Such Symbols provided 
intermediate links, both personal and social, between man 
and the mythic beings. Many of the mythic beings in 
Australia were “totemic” in the sense of exemplifying in 
their own persons, in their outward form, the common 
life-force pervading particular species. Others, originat- 
ing in human or near-human form, at the end of their 
wanderings entered some physiographic feature or were 
metamorphosed as hills or rocks or turned into various 
creatures or plants. Totemism is another illustration that a 
sharp dichotomy between sacred and mundane cannot be 
drawn in Aboriginal Australia, where religion was directly 
relevant to everyday living.
Among most Aboriginal tribes, the main ritual roles in 

the big religious sequences were reserved for men. Or- 
dinarily, in such cases, women were forbidden to enter 
ritual grounds, and what went on there was secret and 
sacred. But women usually had complementary actions to 
perform or observed special taboos. In other rituals both 
men and women participated. Among some tribes, wom­
en had their own secret-sacred rites. Generally, any large 
ritual affair concerned a whole community and involved 
all its members in some measure.

Aesthetics. Sacred ritual provided immense scope for 
aesthetic expression, especially in dramatic performances 
with stylized posturing and complicated dance movements. 
Less intense but sometimes almost as elaborate were the 

Songs, nonsacred ceremonies (or corroborees) designed for enter-
chants, tainment and relaxation. Songs ranged in style from the
and instru- succinct verses or Couplets of central Australia and the 
mental Western Desert, which were made up of three, four, or
music more words repeated in linked sequences, to the more

elaborate songs of northeastern Arnhem Land, which were 
long verses building up complex word pictures through 
symbolic allusion and imagery. There was no poetry 
in terms of spoken verse, but there were chants, some 
of them outstandingly beautiful. The majority of secret- 
sacred songs comprised mythic cycles, each containihg sev­
eral hundreds of verses. There was also a wide repertoire 
of songs on everyday events, such as the “gossip” songs of 
western Arnhem Land, composed by songmen with the aid 
of spirits. Instrumental music in the north was provided 
by the didgeridoo (drone-trumpet) and by clapping sticks. 
In Southern and central regions, boomerangs or clubs were 
rhythmically beaten together or pounded on the ground;

in southeastern Australia, women used skin beating pads. 
Tunes and rhythms varied greatly from area to area.
Oral literature was rich. In addition to sacred mythology, 

there were ordinary stories and tales, either historically 
true or presumed to be true. Some existed in several ver- 
sions, depending on the Situation in which they were told 
and on the individual background of the storyteller.

Each cultural area had its own distinctive style of art. 
Tjurunga (sacred object) art, consisting of incised patterns 
on flat stones or wooden boards, was representative of a 
large area of Australia, although centralized in Aranda ter­
ritory. In central Australia, body decoration and elaborate 
headdresses on ritual occasions, using feather down, blood, 
and ochres, were especially striking. Everywhere, sacred 
ritual provided the ineentive for making a large variety of 
objects— mostly impermanent, because the act of making 
them was itself one of the appropriate rites. In west­
ern Arnhem Land, maraiin objects—realistic and stylized 
carved representations of various natural species—were 
made. The rangga, or ceremonial poles, of eastern Arnhem 
Land, many of durable hardwood, bore ochre designs and 
long pendants of feathered twine. For mortuary rituals, 
the Tiwi made large wooden grave posts, and shaped and 
decorated receptacles for bones were common in eastern
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Aboriginal artist working on a bark painting, Queensland.

Arnhem Land. Also common were carved wooden figures 
of mythic beings and of Contemporary persons, some used 
in sacred ritual, others as memorial posts for the dead.

Paintings in ochre on sheets of bark were indigenous 
to Arnhem Land, although examples could be found in 
the Kimberleys and in southeastern Australia. They were 
used mostly on the initiation ground for the instruction 
of novices. In western Arnhem Land, naturalistic patterns 
showing figures against an open background were the 
norm; there was also a unique kind of “X-ray” art that 
depicted the internal organs of animals and human beings.
Also found in various parts of Australia were cave and 
rock paintings or engravings.

For an outstanding artist or songman, the rewards lay 
mainly in prestige and in religious advancement. He was 
not absolved from earning a living in the ordinary way 
and shouldering routine responsibilities.

ABORIGINES IN AUSTRALIAN SOCIETY

The heritage of early alien contact. Traditionally, the 
Australian Aborigines had little knowledge of other peo- 
ples and were ill-equipped to withstand the rapid inroads 
of an alien and culturally different people.
Two qualifications are necessary here. First, the Abori- Early 

gines excelled in adjusting themselves to their natural en- contact 
vironment. Secondly, in the north they came into contact with In- 
with Indonesians at an early date (at least two to four een- donesians 
turies ago). The visitors came as sea-going traders to the 
Arnhem Land coast and made a powerful impact on local 
art, music, ritual, and material culture. On Cape York 
Peninsula, the influence of New Guinea and the Torres 
Strait Islands was evident in the adoption of masked ritual 
dancing and the use of the drum.
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But the coming of Europeans, in 1788, was entirely dif­
ferent. Initially, many Aborigines were willing to welcome 
them, even regarding them as retuming spirits o f the dead 
or as manifestations of the mythic beings. European settle­
ment soon expanded, however, making inroads into tribal 
territory and interfering with natural resources, excluding 
the Aborigines from their sacred and other areas and 
drawing them—often forcibly, always uncomprehending- 
ly—into the life o f the developing colony. Communication 
was minimal. Clashes marked virtually all situations in 
which Aborigines and Europeans pursued conflicting in­
terests. In the period of “pacification by force,” up to the 
1880s, a large number of Aborigines were killed. Others 
were driven into the bush or remained in small pockets 
subject to the “civilizing” influence of missions, or were 
left to fend for themselves in the fringe Settlements of cities 
and towns; still others remained in camps or pastoral and 
cattle stations to become the nucleus of a labour force. 
Diseases took their toll. The Colonial Office in London 
had instructed that the Aborigines’ rights should be safe- 
guarded and that they were to be accorded the benefits of 
British subjects. The actual Situation was different.

The Aborigines reacted with spasmodic guerrilla warfare 
and stock killing or with passive resistance. But they soon 
leamed that the only alternative was to adapt, at least 
to some extent. The result was pauperization. Gradual- 
ly, missionaries and government welfare agents began to 
have some effect, and questions of humane treatment 
came to have a more practical meaning. But in outlying 
areas, maltreatment and violence lingered on into the 
early 1940s. Further, wherever European settlement was 
intensive, miscegenation took place, and part-Aborigines 
came to replace the full-blooded population. Their tradi­
tional life ceased to exist as a living reality over much of 
the south western, southeastern, and middle eastern areas 
of the continent. In the central and northern regions 
traditional life remained, even on some pastoral, mission, 
and government stations, although in a modified form. In 
more remote areas it was still possible for Aborigines to 
live approximately in the way they had before but with 
notable modifications, particularly in the sphere of law and 
order. It was for some time believed that the Aborigines 
would eventually die out, and reserves were established 
in the late 1920s and early 1930s to serve as a buffer 
between them and Europeans. But many were attracted to 
the fringe Settlements, where they formed tribally and lin- 
guistically mixed communities. This meant the emergence 
of a new form of living, structurally linked to the wider 
Australian society.

Developments since World War II. From the ear­
ly 1940s, government policies have been changing. But 
growing support for the goal of assimilation (in effect, 
Europeanization) did not include adequate programs for 
achieving it. Many Aborigines were resistant, skeptical, 
and disillusioned—the aftermath of neglect and the not- 
too-distant memory of the traumatic events of early con­
tact. In the early 1950s, some sought withdrawal and a 
magico-religious escape in the kurangara (Kimberleys) or 
in a revival of quasi-Aboriginal religion (as on the north 
coast of New South Wales). The Pindan Cooperative at 
Port Hedland in Western Australia is a further example of 
a movement concerned with maintaining group cohesion 
on a quasi-traditional basis.

No Aborigines exist who have not had some contact 
with modern Australian society. By 1960 only about
7,500 Aborigines still kept even a modified traditional 
Orientation. The great majority of the total population of 
some 1 1 1 , 0 0 0  persons (1981) who identified themselves as 
Aborigines or Torres Strait Isländers (Aborigines of Pap­
uan ancestry) were living in Southern cities and country 
towns—more European both in physical appearance and 
in manner of living. Generally, within recent years, the 
emphasis has been on drawing Aborigines more closely 
into the wider Australian society and, in the process, eras- 
ing unfavourable forms of discrimination. All Aborigines 
are now Australian citizens, eligible to vote, to receive 
social service benefits, and to drink liquor. Facilities for 
primary and secondary education and for technical train­
ing have been improved, and more people of Aboriginal

descent are taking advantage o f this. Nevertheless, many 
remain poorly trained and educated, caught in the lowest 
socioeeonomic level of Australian society. Prospects are 
brighter for the younger generation, but social acceptance 
by many white Australians is still limited.

Two major developments are significant. A Common­
wealth (Federal) conference in 1965 nominally redefined 
assimilation policies by giving Aborigines a choice between 
an Aboriginal and an Australian-European Orientation. 
The trend toward social and cultural alteration has ac- 
tually proceeded so far that, in most areas, such choice is 
unreal. But it has left the door open in some areas where 
Aborigines still have an informed appreciation of the val­
ue of their traditions. The other development has been an 
increasing uniformity between state and Commonwealth 
policies, partly a result of the Commonwealth Depart­
ment of Aboriginal Affairs, which serves in an overview 
capacity and pro vides economic aid. In 1973 the National 
Aboriginal Consultative Committee (n a c c ), composed of 
Aborigines and Torres Strait Isländers elected throughout 
Australia, was established to advise the minister of Ab­
original affairs on Aboriginal needs, desires, and policies. 
The n a c c  was replaced by the National Aboriginal Con­
ference (n a c ) in 1977. The n a c  was composed of elected 
Aborigines and Torres Strait Isländers from each state and 
territory, and it met annually on a national basis and 
quarterly on a territorial or state basis.

Articulate part-Aboriginal groups have emerged in the 
south; they insist on integration rather than assimilation—  
that is, on retaining Aboriginal identity as a unique status 
Symbol marking them off* from other Australians. This 
movement toward pan-Aboriginality has implications for 
all people of Aboriginal descent. In the north, the focus 
has been on questions of land ownership and control, 
including compensation (and not just royalties) for and a 
share in the mineral exploitation that is occurring on Abo­
riginal reserves. The Aboriginal Land Rights Act (1976) 
gave traditional Aborigines the right to hold reserve land 
in the Northern Territory. By the late 20th Century more 
than 139,000 square miles of the Northem Territory had 
reverted to Aboriginal ownership. Minerals on the Aborig­
inal lands, however, remained the property of the federal 
government, but royalties from mineral exploitation are 
paid to the Aboriginal communities holding title to the 
land. The act also provides the framework for Aborigines 
to lay claim to other lands if a strong traditional link can 
be proved. Aborigines are also assisted by the Aboriginal 
Development Commission in the purchase of non-reserve 
land for settlement and business. Despite these accom- 
plishments in Aboriginal representation and land owner­
ship, there is still wide dissatisfaction with the progress of 
socioeeonomic development. A likely consequence of this 
is a reinforcement of the movements mentioned above 
toward maintaining what remains of the traditional life, 
reflecting a belief that the last significant aspects of the 
Aborigines’ social and cultural Identification should not 
be dissipated. (R.M.B.)

Australia to 1900
EARLY EXPLORATION AND COLONIZATION

Early contacts and approaches. Prior to documented 
history, there may have been further Asian contacts. 
Chinese astronomers are said to have made observations 
in Australia during the 6 th Century b c ; firmer evidence 
argues for a Chinese landing near Darwin in 1432. The 
incursion of Islam into Southeast Asia came within 300 
miles (480 kilometres) of Australia, and adventure, wind, 
or current might have carried some individuals the extra 
distance. Both Arab and Chinese documents teil of a 
Southern land, but with such inaccuracy that they scarce- 
ly clarify the argument. Similarly, the “jave la Grande” 
shown on some 16th-century European maps may or 
may not be a genuine representation of Australia. Bugis 
(Macassar) seamen certainly fished off Arnhem Land, in 
the Northern Territory, from the late 18th Century and 
may have done so for generations. Perhaps only effective 
resistance by the Aborigines against the Bugis reserved 
Australia for white colonization.
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The Portuguese. The quest for wealth and knowledge 
might logically have pulled the Portuguese to Australian 
shores; and the assumption has some evidential support, 
including a reference that Melville Island, off the northem 
coast, supplied slaves. Certainly the Portuguese debated 
the issue of a terra australis incognita (“unknown Southern 
land”)—an issue in European thought in ancient times 
and revived from the 12th Century onward. Yet hard, 
clinching evidence of contact is lacking.

The Spanish. Viceroys of Spain’s American empire reg- 
ularly sought new lands. One such expedition, from Peru 
in 1567, commanded by Älvaro de Mendaöa, discovered 
the Solomon Islands; excited by finding gold, Mendaöa 
hoped that he had found the great Southern land and that 
Spain would colonize there. In 1595 Mendaöa sailed again 
but failed to rediscover the Solomons. One of his offi- 
cers—Pedro Femändez de Quirós, a man of the Counter- 
Reformation, who desired that Catholicism should prevail 
in the southland, o f whose existence he was certain—won 
the backing of King Philip III for an expedition under his 
own command. It left Callao, Pem, in December 1605 
and reached the New Hebrides. Quirós named the island 
group Austrialia del Espiritu Santo, and he celebrated with 
elaborate ritual. He (and some later Catholic historians) 
saw this as the discovery of the southem land. But Quirós’ 
exultation was brief; troubles forced his retum to Hispanic 
America. The other ship of the expedition, under Luis de 
Torres, went on to sail through Torres Strait but almost 
certainly failed to sight Australia; and all Quirós fervour 
failed to persuade Spanish officialdom to mount anoth­
er expedition.

Oceanic exploration. The exploration and settlement of 
Australia began early in the 17th Century.

The Dutch. Late in 1605 Willem Jansz. of Amsterdam 
sailed from Bantam in search of New Guinea. He reached 
Torres Strait a few weeks before Torres himself and un- 
knowingly saw, and also named, part of the Australian 
coast—Cape Keer Weer, on the west of Cape York Pen­
insula. More significantly, from 1611 some Dutch ships 
sailing from the Cape of Good Hope to Java inevitably car­
ried too far east and touched Australia: the first and most 
famous was Dirck Hartog’s “Eendracht,” from which men 
landed and left a memorial at Shark Bay, Western Aus­
tralia, October 25-27, 1616. Pieter Nuyts explored almost 
1,000 miles of the Southern coast in 1626-27, and other 
Dutchmen added to knowledge of the north and west.
Most important of all was the work of Abel Tasman, who 

won such respect as a seaman in the Dutch East Indies that 
in 1642 Govemor General Anthony van Diemen of the 
Indies commissioned him to explore southward. In No­
vember, having made a great circuit of the seas, Tasman 
sighted the west coast of what he called Van Diemen’s 
Land (latterly Tasmania). He then explored New Zealand 
before retuming to Batavia. A second expedition of 1644 
contributed to knowledge of Australia’s northern coast; 
thenceforth, New Holland was the name for the landmass.

The British. But the Netherlands spent little more ef- 
fort in exploration, and the other great Protestant power 
in Europe, England, took over the role. In 1688 the En- 
glish pirate William Dampier relaxed on New Holland’s 
northeastern coast. On returning to England, he published 
his Voyages and persuaded the Admiralty to back another 
venture. He traversed the western coast for 1,000 miles 
(1699-1700) and reported more fully than anyone pre- 
viously, but in terms so critical of the land and its people 
that another hiatus resulted.

The middle decades of the 18th Century saw much writ- 
ing about the curiosities and possible commercial value 
of the southem seas and terra australis incognita. This 
was not restricted to Great Britain, but it had especial 
vigour there. The British government showed its interest 
by backing several voyages. Hopes flourished for a mighty 
empire of commerce in the eastern seas.

This was the background for the three voyages of Capt. 
James Cook on behalf o f the British Admiralty. The first, 
that of the “Endeavour,” left England in August 1768 and 
had its climax April 20, 1770, when Lieut. Isaac Hicks 
sighted southeastern Australia. Cook landed several times, 
most notably at Botany Bay, and at Possession Island

in the north, where on August 23 he claimed the land, 
naming it New South Wales. Cook’s later voyages (1772- 
75, 1776-79) added only a little to Australian exploration 
but were both Symptom and cause o f strengthening British 
interest in the eastern seas.

Later explorations. Cook’s voyages led to settlement 
but did not complete exploration of the Australian coasts. 
Marion Dufresne o f France skirted Tasmania in 1772, 
seeing more, at least of the western coast, than had Tas­
man. The Comte de La Pérouse, another French explorer, 
made no actual discoveries in Australia, but his visit to 
Botany Bay early in 1788 was notable. In 1791 the British 
navigator George Vancouver traversed and described the 
southem shores discovered by Pieter Nuyts years before; 
A.-R.-J. de Bruni, Chevalier d’Entrecasteaux, of France 
also did significant work, especially in southem Tasmania.

Two Britons—George Bass, a naval surgeon, and Matthew 
Flinders, a naval ofïicer—were the most famous postset- 
tlement explorers. Together they entered some harbours 
on the coast near Botany Bay in 1795 and 1796; and Bass 
ventured farther south in 1797-98, pushing around Cape 
Everard to Westen Port. Flinders, too, was in that region 
early in 1798, charting the Fumeaux Islands. Late that 
year Flinders and Bass in the “Norfolk” circumnavigated 
Tasmania, establishing that it was an island and mak­
ing further discoveries. Several other navigators, including 
merchantmen, filled out knowledge of the Bass Strait 
area; most notable was the discovery of Port Phillip in 
1802.
Meanwhile, Flinders had retumed home and in 1801 was 

appointed to command an expedition that would virtually 
complete the charting of Australia. Over the next three 
years Flinders proved equal to this task. Above all, he 
left no doubt that the Australian continent was a single 
landmass. Appropriately, Flinders urged that the name 
Australia replace New Holland, and this change received 
official backing from 1817.

France sponsored an expedition, similar in intent to Flin­
ders’, at the same time. Under Nicolas Baudin, it gave 
French names to many features (including “Terre Napo­
léon” for the southem coast) and gathered much Informa­
tion but did little completely new. It was on the northern 
coast, from Arnhem Land to Cape York Peninsula, that 
more work was needed. Two Admiralty expeditions— un­
der P.P. King (1817-22) and J.C. Wickham (1838-39)—  
filled this gap.

European settlement. The British government deter- 
mined on settling New South Wales in 1786, and colon­
ization began early in 1788. The motives for this move 
have become a matter of some controversy. The tradi­
tional view is that Britain thereby sought to relieve the 
pressure upon its prisons, a pressure intensified by the 
loss of its American colonies, which hitherto had accepted 
felons. Convicts went to the settlement from the outset, 
and official statements put this first among the colony’s 
intended purposes. But some historians argue that this 
glossed a scheme, likely to provoke concern both within 
Britain and at the diplomatic level, to provide a bastion 
for British trade in the eastern seas. Supporters o f the 
commercial-strategic view emphasize that Cook had ex- 
tended hopes that the South Pacific would provide essen­
tial naval stores, especially mast timber and flax. (Its lack 
of documentary support notwithstanding, the argument 
makes considerable sense.)
Whatever the deeper motivation, plans went ahead, with 

Lord Sydney (Thomas Townshend), secretary of state for 
home affairs, as the guiding authority. Arthur Phillip 
served as commander of the expedition; he was to take 
possession of the whole territory from Cape York to Tas­
mania, westward as far as 135° and eastward to include 
adjacent islands. Phillip’s power was to be near absolute 
within his domain. The British government planned to 
develop the region’s economy by employing convict la- 
bour on government farms, while former convicts would 
subsist on their own small plots.

The First Fleet sailed May 13, 1787, with 11 vessels, 
including six transports, aboard which were about 730 
convicts (570 men and 160 women). More than 250 free 
persons accompanied the convicts, chiefly marines of var-

British 
motives for 
settlement
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ious rank. The fleet reached Botany Bay on January 19— 
20, 1788. Crisis threatened at once. Botany Bay was poor 
in soil and water and even as a harbour. Phillip therefore 
sailed northward on January 21 and entered a superb 
harbour, Port Jackson, which Cook had marked but not 
explored. He moved the fleet there; the flag was hoisted 

The first on January 26 and the formalities of government begun 
ettlement on February 7. Sydney Cove, the focus of settlement, was 

deep within Port Jackson, on the Southern side; around it 
was to grow the city of Sydney.

Phillip at once established an outstation at Norfolk Is­
land. Its history was to be checkered—settlement was 
abandoned in 1813 and revived in 1825 only to provide 
a jail for convicts who further misbehaved in Australia. 
(The island served a new purpose from 1856 as a home 
for the descendants of the “Bounty” mutineers, who by 
then were too numerous for Pitcairn Island.)

Phillip remained as governor until December 1792, 
seeing New South Wales through its darkest days. The 
land was indifferent, disease and pests abounded, few 
convicts proved able labourers, and the Aborigines often 
were hostile. The nadir came in autumn 1790 as supplies 
shrank; the arrival of a second fleet brought hundreds of 
sickly convicts but also the means of survival.

An authoritarian society. While much change proceed- 
ed throughout this period, authoritarian and hierarchical 
elements remained strong. The reception of convicts con­
tinued and was a major fact in social and economic life. 
Entrepreneurs strove hard but did not yet develop a staple 
industry. Farmers and graziers began to'fill out an are 150— 
200 miles (240-320 kilometres) around Sydney: this area 
was designated as the Nineteen Counties in 1829, and set­
tlement beyond that limit was discouraged. Following the 
discovery of Bass Strait, and in concern to secure Southern 
waterways, new settlements were made in the south.

From Britain, David Collins sailed in 1803 to settle Port 
Phillip; his sojoum there was unhappy, and in mid-1804 
he moved to the River Derwent in Southern Tasmania, 
already settled (September 1803) by a group from Syd­
ney under John Bowen. Collins resettled the amalgamated 
parties at Hobart. In November 1804 William Paterson 
founded a settlement in northern Tasmania, the precursor 
of Launceston. These settlements united in 1812; they 
were still under supervision from Sydney, although only 
nominally from 1825. Among penal outstations settled 
from Sydney were those at Newcastle (1804) and Moreton 

British pos- Bay (1824), the forerunner of Brisbane. Britain extended 
session of its possession over the whole of the continent in the mid- 
:he whole 1820s, again suspecting French (or even American) inter- 
:ontinent vention. The western boundary of the governor’s Com­

mission shifted to 129° in 1825 to include Bathurst and 
Melville islands in the far north, and there was a small 
settlement in this region (1824-29). At Western Port, east 
of Port Phillip, another settlement was made (1826-27), 
while in January 1827 Edmund Lockyer began permanent 
settlement at Albany, Western Australia. His instructions 
stated that Britain now claimed all Australia.

Structure o f the government. As remarked above, the 
constitutional structure was authoritarian. The govemors 
were all military oflieers. There were no representative 
institutions; but the Judicature Acts of 1823 and 1828 
provided for executive and legislative councils, with the 
major officers of government serving in both and an equal 
number of private individuals, chosen by nomination, in 
the latter. More significant at this stage was articulation of 
a judicial System, especially the establishment of supreme 
courts (New South Wales, 1814; Tasmania, 1824); normal 
trial by jury did not obtain.

Sociopolitical factions. Within this rigid structure, so- 
ciopolitical factions developed and affected events. Most 
important in the early years was the leadership of the 
New South Wales Corps, stationed at Sydney from 1791. 
Some officers of the corps sought power and profit with 
an avidity that led to clash after clash with the early gov­
emors; this culminated on January 26, 1808, when John 
Macarthur, a former officer of the corps, led a rebellion 
that deposed Gov. William Bligh (served 1806-08), earlier 
famous for the “Bounty” mutiny. In due course, the im­
perial government reacted and recalled the corps; but Gov.

Lachlan Macquarie (served 1810-21) also clashed with the 
colony’s “exclusives”—former officers and a handful of 
wealthy free immigrants. Conversely, he associated him­
self with the “emancipist” faction—a group that argued The 
in favour of erstwhile convicts having a particular claim “emanci- 
upon government and the colony’s resources. pists”

Macquarie’s attitude disturbed the imperial government.
After an official inquiry (1819-21) by J.T. Bigge, it en- 
couraged the migration of men of some standing and 
wealth to both New South Wales and Tasmania. Such 
men received substantial grants of land and appeared the 
natural leaders of social and economic development. The 
emancipists continued to be strong, however, especially 
through the leadership of W.C. Wentworth (himself the 
son of a convict woman), whose newspaper, the Australian 
(founded 1824), was the spearhead of Opposition, especial­
ly to Gov. Ralph Darling (served 1825-31). In Tasmania 
factions never formed so clearly, but there, also, the press 
led criticism of the government.

The convicts. By 1830 about 58,000 convicts, includ­
ing almost 50,000 men, had come to Australia (the rate 
increasing rapidly after 1815). Many were more or less ha- 
bitual urban thieves. There were a few political prisoners, 
while a substantial proportion of the Irish convicts (a third 
of the total) had become offenders through sociopolitical 
unrest. In Australia the convicts were either employed by 
government or “assigned” to private employers. Broadly 
speaking, conditions were not especially harsh or repres­
sive, and “tickets of leave” and pardons provided relatively 
quick routes to freedom; assignment to the new settlers of 
the 1820s, however, often had an element of slavery. Most 
convicts committed some further misdeeds, although only 
about one-tenth were charged with serious offenses. Those 
found guilty went to secondary penal stations, the (some- 
times exaggerated) horror spots of Australian history—
Macquarie Harbour, Newcastle, and Moreton Bay in this 
period and, later, Norfolk Island and Port Arthur. The 
convicts gave Australia a large Lumpenproletariat, yet suc- 
cess stories were common enough, and many led decent 
lives. There were only a few militant Protests—the most 
remarkable was an uprising among Irish convicts outside 
Sydney in March 1804. Altogether, the convict impact 
was less grim and ugly than might be expected.

Economic activity. The maintenance of convicts was 
essentially the economic resource of the colony for many 
years; this function caused very considerable expenditure 
by the British government. Wealth was won by supplying 
government stores with food and grain, or by Controlling 
internal trade (especially in rum), which ultimately de- 
pended on the government maintaining the settlements, 
or by both. The officers of the New South Wales Corps 
were skilled in filling these roles, although civil officers, 
private settlers, former convicts, and even serving con­
victs all had their own means of doing business, and the 
amount of petty commercial activity was large. Farming The 
was pursued on a widely ranging scale. John Macarthur growth of 
was most notable of those who early believed that wool commerce 
growing would be a major economic resource; he himself 
received a substantial land grant in 1805 to pursue this 
hope, and he persuaded Bigge of its validity. By 1830 
these hopes were yet to be decisively confirmed. Sealing 
and whaling returned a little more, although the liehest 
seal fields (especially in Bass Strait) were soon thinned; 
and not until the 1820s did colonists have the wealth to 
engage seriously in whaling, although British and Ameri- 
cans early used Australian ports for this purpose. Maritime 
adventure led early colonists to make contact with Pacific 
islands, most importantly Tahiti.

Exploration. The period saw some notable exploration 
by land. From early days in Sydney men sought a way 
over the mountains, 50-100 miles west. The task was 
accomplished in 1813; the journalist W.C. Wentworth led 
the party. A surveyor, George William Evans, followed 
their route to Bathurst (founded 1815) and reported rieh 
pastoral country. John Oxley further mapped the inland 
plains and rivers, especially the Lachlan and Macquarie, 
and also explored the Southern coasts of future Queensland 
(1823), while Allan Cunningham was the great pioneer 
of that state’s hinterland (1827). Meanwhile, in 1824-



Australia 431

Develop­
ment of 
responsible 
self-gov- 
ernment

25, Hamilton Hume and William Ho veil went overland 
southward to the western shore of Port Phillip. Charles 
Sturt, in 1828-30, won still greater fame by tracing the 
Murray-Murrumbidgee-Darling river System down to the 
Murray’s mouth.

Culture. The writings of explorers and pioneers were 
Australia’s first contributions to literary culture. While 
catering to the European appetite for natural history, they 
sometimes achieved literary grace. Pictorial illustrations 
of the new land, some by convicts, also dated from the 
earliest years. David Collins’ An Account of the English 
Colony in New South Wales (1798) and W.C. Wentworth’s 
Description o f New South Wales (1817) were literate, 
informed, and impressive. Wentworth showed skill as a 
versifier, too, especially in his Australasia (1823). Newspa­
pers were founded as early as 1803, and they contributed 
to cultural as well as political history. Outstanding was 
the architecture of Francis Greenway, a former convict, 
who, under Macquarie’s patronage, designed churches and 
public buildings that remain among the most beautiful 
in Australia.

THE GREAT SHIFT: 1830-60

The three decades between 1830 and 1860 saw the most 
rapid change in Australia’s history. The impact was most 
evident in politics, but the economy and culture were no 
less affected. Patterns then established persisted.

Settlement. Four of Australia’s six States were formed 
between 1829 and 1859. A British naval captain, James 
Stirling, examined the Swan River in 1827 and interested 
English capitalist-adventurers in colonization. Two years 
later he returned to the Swan as governor of the new 
colony of Western Australia. The Colonial Office discour- 
aged schemes for massive proprietorial grants; still the 
idea persisted, with Thomas Peel—kinsman of the future 
prime minister Sir Robert Peel—investing heavily. But 
colonization was grim work in a hot, dry land, with the 
government reluctant to spend a penny. Western Austra­
lia’s story for decades was survival, not success.

Yet the same enthusiasm quickly generated around pro- 
posals to establish a colony in South Australia, inspired 
by a British social reformer, Edward Gibbon Wakefield, 
who argued that if land were sold at a “sufficiënt” price, 
its owners would be forced to maximize its value by 
cultivation, while labourers would have to lend their ener- 
gies to that task before being able to become landowners 
themselves. Highly doctrinaire, Wakefieldianism appealed 
to the liberal intelligentsia and to dissenting groups in En­
gland who also backed nascent South Australia. The first 
colonists arrived in July 1837, and Adelaide was settled 
soon afterward. The colony experienced many hardships, 
but lasting significance resulted from its founders’ stress 
on family migration, equality of creeds, and free market 
forces in land and labour.

The northern and Southern portions of New South 
Wales formed separate colonies. Settlement into the Port 
Phillip district in the South proceeded very quickly from 
the mid- 1830s, colonists coming from both north of the 
Murray and from Tasmania; Melbourne’s history began 
in 1835 and boomed immediately. Throughout the 1840s 
there were calls for constitutional independence, granted 
in 1851, when the Port Phillip District took the name 
Victoria. Northward, the Moreton Bay District was never 
quite so buoyant; and the creation of Queensland had 
to wait until 1859. Short-lived settlements included Port 
Essington (1838-49) and Gladstone (1847).

Politics. All colonies except Western Australia gained 
responsible self-government. New South Wales led the 
way when an imperial act of 1842 created a two-thirds 
elective legislature. The Australian Colonies Government 
Act (1850) extended this Situation to Victoria, South Aus­
tralia, and Tasmania. The act made allowance for further 
revision of the colonial constitutions, and in 1855-56 this 
took effect in the four colonies, Tasmania then abandon- 
ing the name Van Diemen’s Land. Queensland followed, 
at its Separation from New South Wales. All had bicam- 
eral legislatures, with ministers responsible to the lower 
houses, which by 1860, except in Tasmania, were elected 
on a near-democratic adult-male franchise.

While the imperial power often responded to colonial 
cries for self-rule, there were some tense moments. Virtu- 
ally all colonists abhorred paying taxes for imperial pur- 
poses, including the costs of maintaining convicts locally; 
a good many disliked convictism altogether; most dis- 
puted the imperial right to dictate land policy; and many, 
especially in South Australia, disapproved of the imperial 
government directing that aid be given to religious de- 
nominations. These were the main issues, coalescing with 
that of increased self-rule, which stoked sometimes quite 
violent debate.

From the outset of the period, the imperial government 
fostered a freer market in land and labour throughout the 
colonies, not merely in South Australia. Thus grants of 
land ceased in 1831, replaced by sale. Attempts to create 
a satisfactory System caused much friction, with colonists 
generally hostile to any demand for payment; In New 
South Wales in 1844, new regulations even prompted talk 
of rebellion.

With regard to labour, colonists agreed with imperial en- 
couragement of free migration, but friction arose over the 
convicts. British opinion in the 1830s became increasingly 
critical of the assignment of convicts to private employers 
as smacking of slavery; it was abolished in 1840, and with 
it transportation of convicts to the mainland virtually 
ceased, although more than before were sent to Tasmania. 
The end of assignment removed the chief virtue of trans­
portation from the colonists’ viewpoint and so contributed 
to a very vigorous movement against its continuation. The 
British government terminated it for eastern Australia in 
1852; in Western Australia transportation commenced in 
1850, at the colonists’ behest, and continued until 1868. 
Altogether some 151,000 convicts were sent to eastern 
Australia and nearly 10,000 to Western Australia.

In the early 1850s the most dramatic political problem 
arose from the gold rushes. Diggers (miners) resented tax 
imposition and the absence of fully representative insti- 
tutions. Discontent reached a peak at Ballarat, Victoria, 
and in December 1854, at the Eureka Stockade, troops 
and diggers clashed, with loss of life. The episode is the 
most famous of the few occasions in Australia’s history 
in vol ving violence among Europeans.

Common suspicion of the imperial authority modified 
but did not obliterate internal tension among the colonists. 
Divisions of ideology and interest were quite strong, es­
pecially in Sydney, where a populist radicalism criticized 
men of wealth, notably the big landholders. The coming 
of self-government marked a leftward, although far from 
revolutionär, shift in the internal power balance.

The economy. This period saw the first and great- 
est booms of the two bonarizas of Australian economic 
growth—wool and minerals.

Wool. Only now did men, money, markets, and land 
availability interact to confirm that Australia was remark­
ably suited for growing fine wool. Occupation of Port 
Phillip was the most vital part of a surge that carried sheep 
raising 200 miles and deeper in an arc from beyond Ade­
laide in the south, north, and east to beyond Brisbane. The 
“squatter” pastoralist became an archetype of Australian 
history. Although pastoralism contributed to depression in 
the early 1840s, the industry kept growing, and the whole 
eastern mainland benefitted consequently.

Pastoral expansion had one grim corollary—disaster for 
the Aborigines. Relations between the two races were 
always tense. The early govemors all ordered and even 
practiced benevolence, but to little effect. When the Eu­
ropean spread inland, the Aborigine fought hard, but that 
only strengthened the European’s arm. The Tasmanians 
moved rapidly toward extinction, but the Australians, 
with further room for withdrawal, evaded that fate. Phil- 
anthropists, missionaries, and administrators stood aghast 
but found no remedy.

Minerals. The first significant mineral discovery was 
that of copper in South Australia (1842 and 1845). The 
discovery had the effect, to be repeated time and again, 
of suddenly redeeming an Australian region from Stagna­
tion. Much more remarkable, however, were a publicized 
series of gold discoveries made from 1851 on, first in east 
central New South Wales; this ignited the gold years and
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spread into and throughout Victoria. As a result, Australia 
changed from a land of exile to one of golden attrac- 
tion. The Victorian economy benefitted from the flood of 
mén and money, although the smaller colonies suffered. 
Despite the Eureka Stockade incident, the diggers proved 
quite moderate and responsible.

Culture. Govemments and citizens paid considerable 
heed to improvement of soul and mind. From the mid- 
1830s, generous aid helped all Christian churches to ex- 
pand. The Church of England had the highest nominal 
allegiance, but in the eastern mainland colonies Roman 
Catholicism was notably strong; Methodism had vigorous 
advocates throughout; Congregationalism and other forms 
of dissent dominated in South Australia; and Presbyteri- 
anism had its chief strength in Victoria. Most churches 
attended to education, especially the Provision of superior 
schools, while the state stmggled to provide a primary 
System. The universities of Sydney and Melbourne were 
founded in 1850 and 1853, respectively. Mechanics’ insti- 
tutes, museums, and botanical gardens were also built.

Architects created much beauty in early Australia. Artists 
and writers were active; drama and music developed in 
all towns. The first Australian novel, Quintus Servinton 
(1830—31), was by a convict, Henry Savery; Henry Kings- 
ley’s Geojfrey Hamlyn (1859) is often judged the first 
major Australian novel. John West’s History o f Tasmania 
(1852) was a work of remarkable scope and insight.

Various forms of Science had their investigators, but 
Further land exploration remained the richest field of discovery. 
exploration Sir Thomas Livingstone Mitchell confirmed Sturt’s work 

on the river Systems and first opened the way from New 
South Wales to the rieh lands of western Victoria (1836). 
The West Australian Coastal regions were mapped by 
George Grey (1837-40) and by Edward John Eyre, who 
went overland from Adelaide to Albany (1840). Eyre and 
Sturt both vainly attempted to reach midcontinent from 
Adelaide; this was at last achieved in April 1860 by John 
McDouall Stuart, who in 1862 went still farther, to Dar­
win. Meanwhile, the central north and the northeast had 
been penetrated from Sydney; the most famous explorer 
was Ludwig Leichhardt, who led two successful expedi- 
tions (1844, 1846-47) before disappearing in an attempted 
traverse from the Darling Downs to Perth. An equal and 
more celebrated tragedy ended the expedition of Robert 
O’Hara Burke and William John Wills, who crossed from 
Melbourne to the Gulf of Carpentaria in 1860-61 but 
starved to death on the retum. Later exploratiöns of West­
ern Australia in the 1870s added the names of John For­
mst and Emest Giles to the pantheon of explorer-heroes.

SEVERAL SMALL DEMOCRACIES: 1860-1900

During this period the colonies had little formal relation 
with each other; instead they concentrated their attention 
inward on their capitals. New Zealand had more in com­
mon with the eastern colonies than did Western Australia. 
Federation came about in 1901, but the more striking 
fact was its tardiness. Nevertheless, the colonies did follow 
similar, if independent paths.

Politics. Democracy was largely fulfilled, save that the 
upper houses remained elitist in franchise and member- 
ship. Govemments changed rapidly over long periods, 
but the constitutions survived. Political groupings were 
extremely intricate, often personal or power seeking in 
origin, but allowing some expression for liberal or conser- 
vative ideology.

The liberals made the colonies quite advanced in matters 
Social of social reform, if not the average man’s paradise that 
reform some ghb publicists pictured. Breaking up the large “Squat­

ter” estates and replacing them with yeoman farming was 
a constant concern, meeting many difficulties yet achiev- 
ing some effect where market and environment allowed. 
Reformers put much faith in education and strove toward 
providing adequate primary schooling for all. “Free, secu- 
lar, and compulsory” was a slogan and roughly the final 
result; this entailed savage controversy with the Roman 
Catholic Church, which scomed the godless schools and 
made enormous efforts to provide its own. Other forms 
of state aid to religion tapered away. Factory legislation 
and rudimentary social services presaged the welfare state;

restriction of nonwhite, especially Chinese, immigration 
belonged to this context, for Europeans feared these 
labourers would reduce living Standards, but the restric­
tion was also a matter of sheer racism.

The economy. Overall the economy prospered. Wool 
and metals continued as the great export income eamers.
Pastoralism fiourished, especially up to the mid-1870s; de­
spite land legislation, this was the heyday of the squatter 
“aristocracy.” Expansion of sheep and cattle growing into 
the more distant hinterland continued the heroic-pioneer 
theme of earlier years. Railway construction aided rural 
industry and proceeded remarkably fast, notably in the 
1880s: between 1875 and 1891 the mileage rose from 1,600 
to above 10,000 and reached as far as 500 miles inland.
Most of the required Capital was raised overseas on behalf 
of govemments, contributing to the extremely important 
role played by the public sector in economic growth.
Mining. Victoria’s gold and South Australia’s copper 

maintained their significance as new techniques allowed Gold and 
more sophisticated exploitation. Gold was found in south- copper 
ern Queensland in the later 1860s, then in the Northem discoveries 
Territory, and in tropical Queensland: the Palmer River 
goldfield pulled men to the far north in the mid-1870s.
By then Cobar, in central New South Wales, had proved 
the most important of many new copper fields. Tin also 
became significant, Mt. Bischoff in Tasmania being the 
world’s largest lode at its discovery in 1871. The 1880s was 
predominantly the decade of silver; western New South 
Wales proved richest, and in 1883 Charles Räsp, a Ger­
man migrant, first glimpsed the varied riches of Broken 
Hill, which were to make that city almost fabulous and 
to prompt the establishment o f Broken Hill Proprietary 
Company Ltd.—in time, Australia’s largest private enter- 
prise. Also from 1883 dated another big and ramifying 
discovery, the gold of Mount Morgan, Queensland. Gold 
also became Western Australia’s great bonanza in the 
early 1890s, the Kalgoorlie and Coolgardie fields winning 
world attention; the copper of Mt. Lyell, Tasmania, was 
another highlight of that decade. These discoveries were 
both product and instigator of much wider activity, creat- 
ing speculation, mobility, boom, and slump of extraordi- 
nary impact.

Industry. Urban expansion and the growth of sec­
ondary industry, while less distinctively Australian and 
contributing little to export income, were remarkable. By 
the criteria of investment, employment, and relative ac- 
celeration, the growth of secondary industry outstripped 
that of primary industry. Secondary industry multiplied 
its growth some ten times over during the period, so that 
manufacturing and construction accounted for 25 percent 
of the national product in the 1880s. The population ratio 
shifted decisively from country to town, establishing an 
extreme capital-city concentration and eventually putting 
Melbourne and Sydney among the world’s large cities.
Urban building and services attracted much Capital; and 
most manufacturing was directed to providing food, fur- 
niture, and clothing for the relatively affluent townsman.
City speculation contributed more than its share to a gen­
eral overcapitalization, which, in Company with worldwide 
forces, produced a depression in the early 1890s, the main 
impact of which was in the urban-secondary sector.

The colonies. The history o f the respective colonies 
sharpens some points in this general background. For fur­
ther treatment o f the history of an individual state, see 
below under state name. In the later 19th Century, re­
gional characteristics Consolidated, and they changed little 
at least until the 1960s.

Victoria. Victoria retained the impetus of the 1850s 
for a full generation. This was most evident in its Capi­
tal, Melbourne, which had a vigorous cultural and social 
life. Ardent and ideological liberalism was evident in the 
colony’s education controversy and, with greater novelty, 
in its adoption of protection as a means of developing Adoption 
its industries and living Standards. Disputes between the of 
upper (conservative) and lower (radical) houses o f the protection 
parliament were frequent and sharpened political feeling.
A famous clash occurred in 1865-66 over a protective 
tariff; another, in 1877-78, over payment of members— 
the liberal cause triumphed on both occasions.
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New South Wales. With its longer background, New 
South Wales changed less in this period. Its master pol- 
itician, Henry Parkes, first came into prominence in the 
1840s. Parkes was involved in sectarian disputes, which 
were especially vigorous in the colony. Another major 
theme of political debate was protection versus free trade— 
the latter retaining greater favour, in contrast to Victoria. 
Sydney had its share of scandals and scalawags, especially 
late in the period, contributing to a rumbustious image.

Queensland. Physical expansion westward and north- 
ward dominated the history of Queensland. Cattle and 
sugar became industries of substantial importance. A dass 
of small farmers was established that aspired to settle the 
tropics, which were usually considered unsuitable for small- 
scale farming by Europeans. Conversely, the established 
“kings” of the region used Kanakas (labourers from the 
Pacific islands). Thus the continued immigration of such 
labour provoked hot debate, which was not resolved until 
after federation, when the young Commonwealth imposed 
an absolute prohibition. The Kanaka question contributed 
to regional feeling antagonistic to the Capital.

South Australia. South Australia enjoyed less prosperity 
than its eastern neighbours. Agriculture remained signif­
icant in its economy but saw much disappointment; in 
the decade around 1870 farmers pushed out into semiar­
id country, hopeful that rain would follow the plough, 
only to leam with cruel certainty that it did not. Settle­
ment drew back toward Adelaide, the sole sizable town. 
Landholding did prompt South Australia’s most famous 
contribution to reform: that land transfer proceed simply 
by registration, rather than through cumbrous title deeds. 

Woman Another notable contribution was the institution of wom- 
suffrage an suffrage (1894), which effectively brought nationwide 

application of the principle at federation; appropriately, 
South Australia was the home of Catherine Helen Spence, 
the most remarkable Australian woman of the time, who 
published a significant novel, Clara Morison (1854), and 
became active in many social and political movements.

In 1863 South Australia took over the administration 
of the area thenceforth known as the Northem Territory, 
which earlier had remained technically part of New South 
Wales; the change entailed adjustment of boundaries. (The 
Northem Territory became the concern of the federal 
government in 1911.) South Australia set up its adminis­
trative centre at Darwin. In 1872 the construction of an 
overland telegraph line linked Australia with the outside 
world via Darwin.

Tasmania. The 1860s imprinted a “sleepy hollow” im­
age on Tasmania, which persisted. The mineral discoveries 
at Mt. Bischoff and elsewhere were correspondingly im­
portant in reviving the economy. Nevertheless, living Stan­
dards remained lower than in Victoria, and in Tasmania 
there were still property qualifications for voting in 1900. 
The colony contributed to democratie practice, however, 
by experimenting with proportional representation.

Western Australia. Western Australia ceased to receive 
convicts in 1868; it gained a partly elected legislature 
in 1870 and responsible government in 1890. Premier 
throughout the 1890s was John Forrest, as adept at pol­
itics as at exploration. Until the gold rushes, economic 
growth was slow and primitive; in the 1890s the colony 
was fastest in relative growth, and little short of that in 
absolute terms. Farming (in the Southwest), town and rail­
way building, and social legislation all followed.

Social movements. W orkingdass and radical move­
ments stretched back to the 1830s, although substantial 
trade union Organization came only after mideentury.

Labour. The unions won some job benefits, including 
widespread adoption of the eight-hour day. The 1870s 
and 1880s saw extensive mass unionism, notably among 
miners and sheep shearers. Trades halls arose in the cities, 
and Organization, extending beyond colonial boundaries, 
began to knit together. The unions early considered us- 
ing political pressure and gaining political representation. 
This inclination strengthened in the early 1890s, helped 
by tougher times and by employers’ stiffening resistance 

Rise of to union demands. Thus arose the labour parties, which 
the labour gained quick success, especially in New South Wales and
parties Queensland. At first the labourites’ aim was simply to

influence ministries, but for a few days in December 1899 
Anderson Dawson was Labor premier in Queensland.
Other radicals reacted differently to the pressures o f the 

1890s. A few hundred of them set off for Paraguay in 1895 
to establish there a Utopian “New Australia”; they failed. 
Republicanism was probably stronger in the 1890s than 
at any other time, sometimes accompanying a Marxist- 
like militance.

Movement toward federation. Federation was another 
ideal of the times. Most important politicians supported 
the cause, with more or less altruism. They could operate 
on more positive factors than common background and 
apparent common sense. Since the Crimean War (1853—
56) Australians had feared incursion from the north by 
Europeans or Asians or both; the most emphatic result 
came early in 1883, when the government of Queensland, 
fearful of Germany, took possession of Papua, forcing Brit- 
ain’s reluctant connivance. Better defense was one motive 
for association, and so was the prospect of more effective 
Asian immigration restriction; intercolonial free trade was 
another desideratum. The Australian Natives Association 
(Australian-bom comprised 64.5 percent of the population 
in 1901) rallied to the cause.

Yet the mills ground slowly. A federal council existed 
from 1885, but this was only a Standing conference, with­
out executive power. New South Wales never joined the 
council; the senior colony was jealous of a movement 
that would reduce its autonomy, the strength of which 
was in Victoria. Conventions met in 1891 and 1897-98 
to prepare draft constitutions. These then went to referen­
da, which gained “yes” majorities. The Commonwealth o f The Com- 
Australia came into existence on January 1, 1901. monwealth

The Constitution was federal, with the States (as the col- of 
onies now became) forsaking only limited and specified Australia 
power to the Commonwealth government—these included 
defense, immigration, customs, marriage, and extemal af­
fairs. While the lower house, the House of Representatives, 
was elected by single-member constituencies of roughly 
equal size, each state had an equal number of representa­
tives in the upper house, the Senate. Ministers were to be 
members of Parliament. A high court would interpret the 
Constitution.

Culture. Men of learning had contributed to the na­
tionalist surge. Especially in the 1890s and through the 
Sydney Bulletin, verse and prose portrayed the “Outback” 
as the home of the true Australian—the bush worker: 
tough, laconic, and self-reliant, but ever ready to help his 
mate. The Bulletin was nationalist, even republican, and 
much more radical than the federalist politicians. Henry 
Lawson and Joseph Furphy were the supreme writers of 
the nationalist school. Painters and poets also extolled the 
nationalist ideal.

Not all cultural achievement belonged to the nationalist 
context, however. Henry Kendall was a lyricist of nature, 
and A.L. Gordon wrote of horses and countryside with 
a skill that won him a memorial in Westminster Abbey.
“Rolf Boldrewood” (Thomas Alexander Browne) wrote 
tales of outback adventure, while the great 19th-century 
Australian novel was Marcus Clarke’s For the Term of 
His Natural Life (1874), based upon convict records and 
legends. The older universities remained small, but with 
some outstanding men on their faculties; the universi­
ties of Adelaide (1874) and Tasmania (1890) were new 
foundations. Ferdinand von Mueller was an outstanding 
botanist who worked primarily at the Botanie Gardens,
Melbourne. That city was the home of the great coloratura 
soprano Nellie Melba (Helen Porter Mitchell, bom 1861), 
not quite the first but certainly the most famous Aus­
tralian singer to achieve international renown.

Populär culture followed the British model, with music 
halls, novelettes, and especially sport to the fore. Australian Populär 
rules football developed first in Melbourne and became culture 
strong throughout Southern Australia; in cricket, a victory 
over the mother country in 1882 established one area of 
colonial equality. Admiration combined with fear to create 
a sporadic cult of the bushranger (rural desperado-thief): 
its most famous expression came with the capture of Ned 
Kelly’s gang and Kelly’s execution in 1880. Urban youths 
joined in gangs, or “pushes,” and won the epithet larrikin.
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Australia since 1900
NATIONHOOD AND WAR: 1901-45
The world’s passions and conflict of the early 20th Century 
were to shape the new nation’s history, despite its physical 
distance from their epicentres. By many Standards, this was 
the least attractive of the five major periods of Australian 
history. Nationalism strengthened, but it killed and ster- 
ilized rather more than it inspired; egalitarianism tended 
to foster mediocrity; dependence on extemal power and 
models prevailed. Yet creativity and progress survived.

The economy. Drabness was most evident in econom­
ic affairs. At the broadest level of generality, the period 
did little more than continue the themes of the 1860- 
90 generation. The most important such themes were the 
improvement of Communications (railways reached their 
peak of 27,000 miles in 1941, and mean while came the 
motor boom) and increasing industrialization. In the pri­
mary field, there was significant expansion of exports, 
with wheat, fruits, meat, and sugar becoming much more 
important than hitherto. But just as manufactures re­
ceived increasingly high tariff protection, so the marketing 
of these goods often depended on subsidy; and so the 
sheep’s back continued to be the nation’s great support in 
world finance. Metals, gold especially, were important in 
the early years; but thereafter this resource conspicuously 
failed to provide the vitality of earlier and later times. 
The worldwide economic depression of the 1930s affected 
Australia, especially its primary industries; otherwise the 
overall rate of growth, and probably of living Standards, 
too, scrambled upward—a little more quickly than aver­
age in the mid-1920s and perceptibly so in the 1940s.

Politics and government. In national politics, men 
fought for office with increasing vigour and resource, 
while their administrative performances generally began 
well but then ebbed. Retrospect can espy a strangely regu­
lär pattem wherein four crisis episodes—the establishment 
of national policies, World War I, depression, World War 
II—alternate with three periods dominated by a political 
party enjoying its climacteric. The Labor Party filled this 
role in 1904-15; the Country Party, 1919-29; and the 
United Australia Party, 1931-41. At the state level politics 
were more confused, if not impenetrable.

A constant theme was the strengthening of the central 
government as against the States. This complemented the 
high degree of homogeneity, especially in personal and 
social matters, that extended through Australia’s great 
physical spread; it was expressed primarily through the 
commonwealth’s financial powers—at first especially re- 
lating to customs but later by direct taxation. From World 
War I both levels of government imposed such taxes, 
but in 1942 the federal government virtually annexed the 
field, with the high court’s approval. The establishment 
of a national Capital at Canberra, where Parliament first 
sat in 1927 after meeting in Melbourne since federation, 
symbolized this Situation.

Culture. The period produced not only Furphy’s Such 
Is Life but also the work of Henry Handel Richard- 
son (H.H.R.; pseudonym of Ethel F.L. Richardson, later 
Robertson), another contender for “the great Australian 
novelist.” In The Fortunes o f Richard Mahony (three vol­
umes, 1917, 1925, 1929), H.H.R. told the anguish of the 
central character, modelled on her father, as he sought to 
come to terms with Australian life. The tension of dual 
loyalties to Britain and Australia was a major concern also 
of Martin Boyd, whose long career as a novelist began in 
the 1920s. A more exclusively nationalist tone pervaded 
many tales of outback life and historical novel sagas. The 
first notable novel of urban life was Louis Stone’s Jonah 
(1911); a later contributor to this genre was Vance Palmer 
(especially The Swayne Family, 1934), who, with his wife 
Nettie, won fame as a literary critic and selfless patron of 
the aspiring young.

The most significant contribution in poetry came from 
a group in Sydney influenced by the German philoso­
phier Nietzsche and the late-19th-century French innova- 
tors. Outstanding was Christopher John Brennan, a major 
theorist of symbolism. While calling on the Australian 
background, these men gave a sophistication to their poet-

ic world that lifted it far from outback balladry. Associated 
with this group was Norman Lindsay, an artist, novelist, 
sculptor, and seer.

In art, the rural landscape held domination. Revolu­
tionär changes in European art were markedly slow in 
affecting Australia, but a few artists did produce some no­
table work of imaginative technique. Musical composition 
was hackneyed and mediocre, although in Percy Grainger 
Australia produced (but did not retain) a musician of 
remarkable originality and ability. Architecture promised 
an interesting chapter with the selection of the American 
Walter B. Griffin’s design for the city of Canberra; in 
practice this was much mutilated, but Griffin did do some 
interesting work in both Melbourne and Sydney,

One outstanding area to which the universities con­
tributed was anthropology; a chief protagonist was A.R. 
RadclifFe-Brown (professor of anthropology at Sydney, 
1925-31). Australians increasingly filled faculty posts, al­
though most who did so had Oxbridge degrees, while some 
of the most able native intellects worked overseas. The 
University of Western Australia, founded in 1911, drew 
on one of the most substantial Philanthropie bequests in 
Australian history (from the newspaperman Sir Winthrop 
Hackett) and initially charged no fees. Other universi­
ty foundations were Queensland (1909) and colleges at 
Canberra and Armidale. The States developed their own 
secondary schools throughout the period, although the 
achievement was scarcely comparable to the development 
of primary education in the early period.
Australia was in the forefront of filmmaking early in the 

Century, but this early promise soon faded. A.B. Paterson’s 
“Waltzing Matilda” became Australia’s best known song— 
part folk hymn and part national anthem. Radio had an 
impact in Australia equal to that elsewhere; radio stations 
became a mark of medium-town status, and the Australian 
Broadcasting Commission became a major force in culture 
and journalism. Radio helped make the 1930s probably 
the most sports-conscious decade in Australia’s history. 
Cricket, tennis, swimming, boxing, and horse racing were 
areas of athletic excellence. Aviation moved from sport to 
enterprise to business; Charles Kingsford-Smith was the 
most famous hero and Qantas the most successful airline.

Growth of the Commonwealth. The first two prime min­
isters were Edmund Barton (served 1901-03) and Alfred 
Deakin (served 1903-04), who had led the federation 
movement in New South Wales and Victoria, respectively. 
They were liberal protectionists. Their ministries estab­
lished the “White Australia” (i.e., exclusion of Asians) 
immigration policy, a tariff, an administrative structure, 
the high court, and a court of conciliation and arbitration 
that carried probably to the highest point anywhere in 
the world the principles of industrial arbitration and ju­
dicial imposition of welfare and justice through wage and 
working-condition awards.

In 1904 J.C. Watson led the first, brief Labor cabinet, 
followed by G.H. Reid’s conservative free-trade ministry. 
Deakin led again (1905-08); then Andrew Fisher was 
Labor’s second prime minister (1908-09), his ministry de- 
feated when liberals and conservatives “fused” in Deakin’s 
third term (1909-10). Then Labor won its first clear ma­
jority at election, which it barely lost in 1913 and regained, 
still under Fisher, in 1914. This kaleidoscope did not hin­
der—perhaps it even prompted—ambitieus governmental 
policies. Social services were extended with old-age pen­
sions (1908) and maternity grants (1912); protection rose 
markedly in a 1908 tariff; the Commonwealth Bank was 
established; and an army and navy developed.

The new nation was psychologically as well as physically 
prepared for war. Fear of attack became increasingly di- 
rected against Japan, and it prompted pressure on Great 
Britain for a firmer policy in the New Hebrides (since 
1886 supervised jointly by Britain and France)—achieved 
in 1906-07. Although many Australians criticized Britain 
when the latter appeared negligent of local interests, the 
dominant note was overweening loyalty to the empire. 
Colonial troops had fought in both the Sudan and Boer 
wars. In 1914, when World War I began, politicians of all 
hues rallied to the imperial cause.

World War I. Some 330,000 Australians served in

Education

Early
ministries
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Effects 
of war

“Men,
Money,
Markets”

World War I; 60,000 died, 165,000 suffered wounds—few 
nations made such relatively heavy sacrifice. The most 
famous engagement of the Australia and New Zealand 
Army Corps (anzac) was in the Dardanelles campaign 
(1915); the day of the landing at Gallipoli—April 25— 
became a day of national reverence, honoured far beyond 
any other. Even before Gallipoli, Australian troops had 
occupied German New Guinea, and the Australian vessel 
“Sydney” sank the German cruiser “Emden” near the 
Cocos Islands (November 9, 1914). After the Dardanelles, 
Australians fought primarily in France—Ypres, Amiens, 
and Villers Bretonneux were among the battles, all redo- 
lent with slaughter. In Palestine, the Australian light horse 
and cavalry corps contributed to Turkey’s defeat.

The war profoundly affected domestic affairs. In eco­
nomic development, it acted as a supertariff, benefitting 
especially textiles, glassmaking, vehicles, and the iron and 
steel industry. Such products as wool, wheat, beef, and 
mutton found a readier market in Britain, at inflated 
prices. But the shock of war affected politics much more, 
especially by giving full scope to the furious energy of
W.M. Hughes, who supplanted Fisher as Labor prime 
minister in October 1915. Soon afterward he visited Brit­
ain. There his ferocity as a war leader won acclaim, 
and he became convinced that Australia must contribute 
still more. He advocated military conscription for over­
seas service; but a referendum in October 1916 declared 
negatively for this proposal, and immediately afterward 
the Labor parliamentary caucus moved no confidence in 
Hughes’s leadership. But he continued as prime minister 
of a “national” government, even after losing a second 
conscription referendum in December 1917. The referen­
da in particular and war stress in general made these years 
uniquely turbulent in Australian history. The Labor Party 
lost other men of great ability along with Hughes. The 
split cemented a long-standing trend for Roman Catholics 
to support the party. Hughes’s enemies also included the 
small but growing number of extremists—most notably 
the Sydney section of the Industrial Workers of the World 
(iww)—who opposed the war on doctrinaire grounds.

The postwar years. The aftermath of war echoed, but 
finally resolved, this turbulence. Some radicals hoped that 
retuming servicemen would force social change; but in­
stead, the Returned Servicemen’s League became a bastion 
of conservative order, its supporters ready to use physical 
force against local people they considered “Bolsheviks. ” 
The Labor Party faltered, its members adopting a more 
radical socialist type of platform in 1921, but with far 
from uniform conviction. When the challenge came to 
Hughes’s leadership early in 1923, it arose partly from 
the conservative-business wing of Hughes’s own Nation­
alist Party (its representative S.M. Bruce becoming prime 
minister) and partly from the Country Party, which from 
late 1922 held a crucial number of parliamentary seats. 
Although led by wealthy landowners, the Country Par­
ty won support from many small farmers: it benefitted 
too from its former-soldier image and from widespread 
country-versus-city feeling. Its leader, E.C.G. Page, had 
considerable, if erratic, force.

Bruce continued as prime minister until 1929, with Page 
his deputy in Nationalist-Country coalitions. Bruce de­
clared his policy to be the discovery of “Men, Money, Mar­
kets” and worked hard toward this end. The cost was high, 
however: tariffs, bounties, prices, and public indebtedness 
all rose. There was considerable administration innova- 
tion—e.g., the Loan Council regulated all govemments’ 
overseas borrowing—and the successful Council for Scien­
tific and Industrial Research (later, the Commonwealth 
Scientific and Industrial Research Organisation [csiro]) 
was established in 1926 to apply scientific expertise to 
developmental Problems. The worldwide development of 
consumer industry had its impact: the revolution in trans­
portation provided by the automobile is the best example, 
although full-scale car production was still in the future.
With much economic activity subsidized—the exception 

being one primary product (wool)—Australia was partic­
ularly vulnerable to the Great Depression of the 1930s. 
It struck hard: unemployment exceeded 25 percent of 
the work force and imposed a degree of social misery

unknown in Australian history. The rate of recovery was 
uneven, manufactures doing better than primary industry. 
Population growth slowed; at the nadir, emigration ex­
ceeded immigration.

Politics reflected the impact. J.H. Scullin succeeded Bruce 
as prime minister in 1929, and his Labor ministry suffered 
the real squeeze of events; within the Labor Party there 
was considerable division as to how government should 
react to the Depression. Some favoured a generally infla­
tionist policy, with banks facilitating credit issue and gov- 
ernments extending public works. Right-wing Labor men 
distrusted such a policy; radicals would have gone further, 
by renouncing interest payment on overseas loans. Or­
thodox opinion argued for deflationary policies—curtailed 
government expenditure, lower wages, balancing the bud­
get, and the honouring of interest commitments. In June 
1931 the Commonwealth and the state govemments agreed 
on a plan—the Premiers’ Plan. Albeit having some infla­
tionär^ features, this foreshadowed a one-fifth reduction 
in government spending, including wages and pensions—  
a considerable affront to Labor’s traditional attitudes.

Against this background, the government disintegrated. 
Before the Premiers’ Plan, some right-wingers, led by J.A. 
Lyons, had crossed to the Opposition. In November some 
leftist dissidents voted against Scullin, forcing his resigna- 
tion. In the elections that followed, Labor suffered a heavy 
defeat. The new prime minister was J.A. Lyons, whose 
followers had coalesced with the erstwhile Nationalists to 
form the United Australia Party (uap). Lyons led a wholly 
UAP government until 1934 and UAP-Country coalitions 
until his death in 1939.

The Lyons govemments provided stability and not much 
more. Recovery was uneven and sporadic, quicker in man­
ufacturing than in primary industry, aided more by mar­
ket forces than by governmental planning. Two policies 
failed badly to fulfill expectations—the Imperial Economic 
Conference, held at Ottawa, Ontario, in 1932, improved 
trade slightly, but the integrated economic community for 
which some had hoped never developed; and Australia’s 
“trade diversion policy” of 1936, which tried to redress the 
imbalance of imports from Japan and the United States, 
offended those countries and actually reduced exports 
further. A plan for national insurance, the Lyons gov- 
ernments’ most ambitious social legislation, also aborted. 
These mishaps did not much bother the electorate; im­
provement, even if meagre, was enough to retain favour. 

Internal division was the greater threat to the govern­
ment. This became manifest after Lyons’ death. The uap 
elected Robert Menzies as its new leader (and therefore 
prime minister); but the decision was hard fought, and it 
was criticized publicly and vehemently by Page, still lead­
er of the Country Party. Nevertheless, Menzies retained 
office; but internal division persisted, the coalition’s par­
liamentary majority was tiny, and Menzies resigned in 
August 1941. A.W. Fadden, the new leader of the Country 
Party, then took office, but in October he gave way to 
John Curtin and a Labor ministry.

While the electorate generally voted conservative, Aus­
tralia shared the common Western experience of the in- 
terwar years in the rise of a small, vigorous Communist 
movement. Founded in 1922, the Australian Communist 
Party made most headway in the big industrial unions 
and in Sydney; it also had some influence and supporters 
among the intelligentsia, especially in the 1930s. The party 
suffered a share of internal factionalism but for the most 
part was able to present a united face to the public. 
Fascism achieved no formal political recognition in Aus­

tralia, but there were hints of sympathy toward Fascist 
attitudes—D.H. Lawrence wrote of such in his novel Kan- 
garoo, based on a brief visit in 1922; and an “Australia 
First” movement began in literary nationalism but drifted 
into race mystique and perhaps even treason. An intel- 
lectual movement of more lasting force developed among 
a group of young Roman Catholic intellectuals in Mel­
bourne in the mid-1930s. They developed a commitment 
to social justice and against Communism somewhat in 
the manner of G.K. Chesterton. This was the “Catholic 
Social Movement,” which had considerable influence on 
Australian Catholics.

The gov­
emments 
of J.A. 
Lyons

Commu­
nist and 
Fascist 
movements



36 Australia

Whereas Australia had been virtually spoiling for war 
before 1914, passivity became the international keynote 
after 1920. At the Paris Peace Conference that formally 
concluded World War I, Hughes was his fire-eating self, 
especially in defense of Australia’s interests in the Pacific; 
thus he won a mandate for erstwhile German New Guinea 
and Nauru (an atoll in the central Pacific) and effectually 
opposed a Japanese motion proclaiming racial equality, 
which he thought might presage an attack on Australia’s 
immigration laws, In the League of Nations, Australia 
was an independent member from the outset. Bruce’s suc- 
cession as prime minister marked a new emphasis. Very 
much an Anglo-Australian, Bruce led the nation into a 
period when “the empire” became the object of yet more 
weighty rhetoric and more desperate hope than earlier. 
Australia did not ratify the Statute of Westminster (1931, 
embodying the 1926 Balfour Declaration as to the consti­
tutional equality of the Dominions) until 1942. The u a p  
govemments followed Britain closely concerning the to- 
talitarian expansion of the 1930s; if Australian influence 
counted for anything, it was to strengthen appeasement 
of Germany and Japan. Although fear of Japan contin­
ued, that country’s accession to the Fascist camp did not 
provoke a tougher governmental line. The Labor Party 
meanwhile was even more incoherent and variable in 
matters of foreign policy than were its social-democratic 
counterparts elsewhere in the Western world: isolationism 
and anti-Fascism were equal and opposing forces.

World War II. When war came again, however, the 
nation’s response was firm—some 30,000 Australians died 
in World War II and 65,000 were injured. From early 
in the war, the Royal Australian Air Force was active in 
the defense of Britain. The Australian Navy operated in 
the Mediterraneaïi (1940-41), helping to win the Battle 
of Cape Matapan (March 1941). Australian troops fought 
in the seesaw battles of North Africa. In mid-1941 Aus­
tralians suffered heavy losses both in the Allied defeats in 
Greece and Crete and in the victories in the Levant. Mean­
while, the German general Erwin Rommel was scoring his 
greatest triumphs in North Africa; out of these emerged 
the successful Allied defense of Tobruk, substantially by 
Australians (April-December 1941).

After the Japanese attacked the United States naval base 
at Pearl Harbor, Hawaii (December 7, 1941), however, 
the focus shifted homeward The Japanese victories of the 
following months more than fulfilled the fantasies that 
fear and hate long had prompted in Australia. On Feb- 
ruary 15, 1942, 15,000 Australians became prisoners of 
war with Singapore’s fall, and four days later war came 
to the nation’s shores, when Darwin was bombed. Then 
came a Japanese swing south ward, by August threatening 
Port Moresby, New Guinea.

Relations The United States became Australia’s major ally. In a 
vith the famous statement (December 1941), Prime Minister Cur- 
Jnited tin declared: “I make it quite clear that Australia looks
States to America, free from any pangs about our traditional

links of friendship to Britain.” A sharper note of indepen- 
dence from Britain came when Curtin insisted (February 
1942) that Australian troops recalled from the Middle 
East should return to Australia itself and not help in 
the defense of Burma, as British prime minister Winston 
Churchill wished. Conversely, American needs prompted 
total response to Curtin’s call. U.S. general Douglas Mac- 
Arthur established his headquarters first in Melbourne 
and then in Brisbane; the Australian Navy assisted in the 
U.S. victory in the Battle of the Coral Sea in May, which 
retrospectively appears a turning point in the war; and the 
two nations’ troops thereafter fought in many joint land 
battles. The American soldier became a common figure 
in the Australian capitals, forging the biggest single link in 
the social relations between the two countries (although 
not always a harmonious one, as competition for girls and 
grog sparked jealousy).

On land, the fortunes of war turned against the Japanese 
in August-September 1942, beginning with an Allied vic­
tory at Milne Bay, New Guinea. More prolonged—and 
of more heroic dimension in Australian eyes—was the 
forcing back of the Japanese from Southern New Guinea, 
over the Kokoda Trail. Then followed a long attrition of

Japanese forces elsewhere in New Guinea and the islands, 
with Australia playing a role secondary to American forces 
but nevertheless significant—initially in New Guinea, and 
at war’s end especially in Borneo. Australian volunteers 
and conscripts fought in these campaigns, the government 
and people having accepted the legitimacy of sending con­
scripts as far as the Equator and between the llOth and 
159th meridians.
The war brought some passion into domestic affairs, 

albeit less than that of 1914-18. Curtin’s government ex- 
ereised considerable control over the civilian population,
“industrial conscription” being scarcely an exaggerated 
description. Overall this was accepted—partly because of 
the sheer crisis, partly because the government showed 
purposefulness and capacity. Curtin easily won the 1943 
elections; thereafter his ministry and the bureaucracy gave 
considerable thought to postwar reconstruction, hoping 
to use war-developed techniques to achieve greater social 
justice in peace.

The war carried industrialization to a new level. The 
production of ammunition and other matériel (includ- Wartime 
ing airplanes), machine tools, and Chemicals all boomed. growth 
Meanwhile, primary production lost prestige, aids, and 
skills, so that the 1944 output was but two-thirds that 
of 1939-40. Urban employment was bountiful, and con- 
centration in capitals became more marked than ever; 
many families had two or more income earners. Thus 
affluence quickened; federal child endowment from 1940 
and rationing of scarce products helped distribute this 
wealth. The gross national product, estimated at $1,089,- 
000,000 in 1918-19 and $1,860,000,000 in 1938-39, rose 
to $2,936,000,000 in 1942-43.

The S ta te s. As noted above, the period saw a steady loss 
of state power to the federal centre and a general lessening 
of local consciousness. Nevertheless, repeated referenda 
showed the people reluctant to expand Commonwealth 
powers formally. At many levels state loyalties and state 
govemments still mattered most.

New South Wales. New South Wales resumed its pri- 
macy as the most populous, wealthy, and industrialized 
area. Most of the generalizations made in any account 
of Australia derive from the particular experience of New 
South Wales; the federal Labor and Country parties both Federal 
drew their major strength from it. Its internal politics il- parties’ 
lustrated the common theme that Labor did much better major 
in state than in Commonwealth elections. The dominant strength 
Labor figure, J.T. Lang, as premier of New South Wales 
in 1925-27, emphasized child endowment and other wel­
fare services. Again in office in 1930-32, Lang refused 
to endorse the play-safe policies with which the federal 
and other state govemments responded to the Depression; 
feeling became high and a “New Guard” organization, led 
by military officers from World War I, pledged itself to 
save the state from Lang’s radicalism. Finally, the state 
govemor dismissed Lang, who broke also with the federal 
Labor Party and fought it for years afterward.

Victoria. Victoria offered much less drama; the dyna- 
mism of the colony’s first half-century never returned.
Deakin, Bruce, and Menzies were all Melbourne men, 
and Lyons had his power base there—indicative that this 
city remained the bastion of financial interests. Yet in 
state politics the Labor and Country parties generally 
supported one another and the Nationalists did poorly.
The generation of electricity from brown coal deposits in 
eastern Victoria was especially important in maintaining 
economie development.

The s m a l le r  S ta te s . The smaller States probably lost 
economically by federation. Interstate free trade meant 
that there could be no local tariffs to offset Sydney’s 
and Melbourne’s advantages in industrial production. As 
fiscal matters generally became more complex, the States 
were left farther behind the Commonwealth and more at 
its mercy. Tension developed, most famously in Western 
Australia, where in a referendum the people voted for se- 
cession in 1933. The federal government then established 
the Commonwealth Grants Commission, which thereafter 
administered subsidies intended to ensure approximate 
equality in living Standards.

Each of the smaller States strove vigorously, if not very
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effectually, to close the gap between itself and New South 
Wales-Victoria. Chief reliance feil on sugar and cattle in 
Queensland; timber and gold in Western Australia; apples, 
other fruit, and hydroelectric power in Tasmania. South 
Australia sank into deepening gloom until the mid-1930s; 
revival then came through the success of a campaign to 
attract industry.

AUSTRALIA SINCE 1945
Social and economic history. The rate of change in 

Australia after 1939 was greater than that during the pre- 
ceding 80 years (in both centuries the ’50s were especially 
dynamic). Sheer affluence was an important factor. Aus­
tralians had long been among the world’s wealthy, and, 
relatively speaking, this Situation remained much as be­
fore. In absolute terms, however, the average Australian 
acquired appreciably more consumer goods and comforts. 
Large-scale embourgeoisement was all the more significant 
in a society in which working-class attitudes had always 
set overall norms. By 1980 about one-half of the popu­
lation owned automobiles, and more than two-thirds o f 
all families owned their domiciles. These basic possessions 
were the lodestones of Australian life.

In the midst of Australia’s prosperity and its relative 
freedom from tensions and Problems, there were those 
who bewailed the mediocrity of its ruling elites—business, 
academie, administrative, political. This criticism had con­
siderable force. Wealth seemed as often to dampen as to 
inspire a drive for excellence. Yet there Were many excep- 
tions to mediocrity. Canberra—with its buildings and its 
institutions, as developed from the mid-19 5 Os—probably 
had the most excellence to offer: the federal public service 
was efficiënt and skilled, while the Australian National 
University and the National Library of Australia reached 
international calibre.

The affluence of the 1960s did not reach rural industry. 
The economie role of both the small farmer (his life often 
a grim compound of debt, drought, and disaster) and the 
big farmer (who had been a member of a wealthy caste) 
seemed certain to diminish. Australian leaders had long 
encouraged industrialization, and the masses had preferred 
urban living; still, the “bush” had meant much in national 
mythology, and the shrinkage of its economie importance 
was thereby significant for all.

Second to affluence in shaping a new Australia was the 
Immi- federal government’s assistance of mass European-wide 
gration immigration from 1946 until restrictions were imposed 

in December 1974. Roughly 100,000 immigrants entered 
Australia each year; fewer than one-third came from 
Britain, about one-sixth from Italy, and almost one-tenth 
each from Germany and The Netherlands. Thus not only 
did migration ally with increasing birthrates to increase 
the population, but the traditional homogeneity of British 
background (often exaggerated in vemacular, but sizable 
enough in fact) ended. The inner suburbs of Melbourne 
and Sydney became polyglot communities. Far-reaching 
changes were made in Australia’s immigration policies and 
procedures in 1978, effectively raising immigration quotas 
and changing the rules for selecting immigrants.
At other points, too, ties with Britain loosened. After 

1941-42 the Royal Navy was no longer Australia’s shield 
against the world. The United States and Japan became 
trading partners and investors of comparable weight— 
and the West Indies became a more stimulating opponent 
at cricket. Thus, no longer could an Australian speak 
of Britain as “home” without appearing ridiculous. The 
change was not absolute—Australia remained an active 
member o f the British Commonwealth—but it was enough 
to leave a vacuum in Australian life.

Discoveries of minerals accelerated in the 1960s. Iron 
in Western Australia was the most considerable; bauxite, 
especially in north Queensland, and nickel, in Western 
Australia, ranked next. Uranium was a more exotic but 
transitory resource, while tin, copper, lead, and zinc all 
rallied. Petroleum and natural gas were discovered in 
substantial quantities in southem Queensland and off the 
coast o f southeastern Victoria. Japanese Capital was par­
ticularly important in the development of these resources.

Stock exchange speculation became commonplace in talk

and action. The scale o f business multiplied. In terms of 
economie activity and profitability, Australia placed high 
among the world’s second-rank nations.

Government played a part of some significance. The 
Labor govemments before 1949 believed in fiscal supervi- 
sion as a matter o f ideology, and this tendency survived 
the change o f administration. “Protection all around” re­
mained a basic policy, although it had some opponents, 
and in 1973 the Labor government reduced import tar- Protective 
iffs by 25 percent. Tariff preferences for less developed tariff policy 
nations were instituted in 1974. Through membership 
in the General Agreement on Tariffs and Trade (g a t t ) 
and other organizations, the government sought beneficial 
trade agreements, especially for primary resources. Mar­
keting boards and commissions even came to include wool 
in 1970-71, markets for wool being scarce. Yet investors 
and managers, including those from overseas, went com- 
paratively without restraint. Legislation directed against 
monopolies, for example, was insignificant, and overseas 
investors were not obliged to rein vest profits. Restric­
tions on foreign investment were imposed by the Labor 
administration early in 1973, but they were canceled in 
August 1974.

Industrial relations became a matter of enormous com- 
plexity, involving executive and judicial arms of govem- 
ment as well as employer and employee organizations.
They seemed to work, with generally less controversy than 
in earlier periods and in other places, although a strike in 
the petroleum industry in 1972 was especially disruptive.
In May 1975 Australian workers began a trial period of 
wage indexation, imposed by the Conciliation and Arbi­
tration Commission, to be based on the consumer price 
index; but indexation was abolished in 1981 following 
trade union protests and strikes against the rigidity o f the 
System. The Australian Council of Trade Unions was one 
of the nation’s powers.

Attitudes toward Asia also changed in ways difficult to Change in 
generalize. Arrogant antipathy diminished; sympathy, in- attitudes 
terest, and knowledge increased. Relations with Japan be- toward 
came vital to the economy, many Asian students attended Asia 
Australia’s universities, and revisions of immigration pol­
icy caused an increasing number of Asians to be allowed 
to enter. In the late 1970s Australia became one of the 
U N ’s designated countries of resettlement for refugees 
from Indochina, and by 1980 some 45,000 refugees had 
settled in Australia. Yet foreboding remained; its bases 
were Australia’s heritage of Western history and Eastern 
geography and the end of European, especially Anglo- 
Saxon, world supremacy.
Not everyone shared in the nation’s affluence. Some 

European immigrants worked hard at unpleasant jobs.
Overall, about one-tenth of the population might be con­
sidered underprivileged, with old-age pensioners suffering 
most. Social services, though expanded considerably by 
the Labor government in 1973-75, were not adequate 
to meet these problems. After 1975 the national health 
scheme was improved, culminating in the institution of a 
national medical plan in 1984.

The Aborigines’ experience remained the nation’s atro- 
cious scandal. A mining boom in northern Australia ex- 
tended the long history of territorial expropriation, but 
the Aboriginal Lands Rights Act (1976) in the Northem 
Territory offered new hope (see above Aboriginal Austra­
lia: Developments since World War II). A mere handful 
of Aborigines achieved distinction—the best known were 
Lionel Rose, who became a world bantam-weight box- 
ing Champion, and Evonne Goolagong, women’s tennis 
Champion. In politics, the professions, or the academy, 
they had no counterparts.

State boundaries and loyalties suggested a division in 
internal affairs. The crises of the nation’s first half-century 
had forced unity, or at least the acceptance of federal 
power. The relative calm of later years was accompanied 
with growing antagonism to “dictation” from Canberra.
Growing wealth in Western Australia especially reduced 
the economic dominance of the southeast corner.

Culture. Painting, sculpture, poetry, and the novel all 
flourished in the postwar period. The writing of Australian 
history produced some notable prose. Ray Lawler might
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have produced “the great Australian play” with The Sum­
mer of the Seventeenth Doll (1955), its heroes two Queens­
land sugarcane cutters. Affluence enabled architects to 
build more private homes of distinction. Construction of 
an opera house in Sydney was begun in 1957 and finally 
completed in 1973. Melbourne had its cultural centre that 
housed an art gallery of splendid quality.
The Commonwealth government assisted theatrical work; 

national opera and ballet Companies developed consider­
able reputations. The Australia Council was established in 
1975 as a statutory authority to advise the Commonwealth 
on the arts and to sustain and promote the arts. In the late 
1960s a small group of established writers and composers 
was invited to compose a new national anthem; “Advance 
Australia Fair” was chosen in 1974 to replace “God Save 
the Queen.” The soprano Joan Sutherland achieved over­
seas fame almost comparable to that of Nellie Melba.

Universities grew enormously after World War II with 
the admission of former servicemen. The effort overex- 
tended resources, and not until the late 1950s did federal 
government expenditure redress the Situation. The large 
cities acquired two or three universities, while in the late 
1960s colleges of advanced education began to diversify 
higher education. Meanwhile, govemments had reversed 
the generations-old policy of refusing aid to nonstate (i.e., 
denominational and especially Roman Catholic) schools. 
Considerable sums were spent on education, but the Sys­
tem remained far from perfect.

Medical research advanced notably. The first Australians 
to win Nobel Prizes, Macfarlane Bumet (1960) and J.C. 
Eccles (1963), both worked in this area. Astronomy also 
merited particular emphasis: the Mt. Stromlo observatory 
was another of Canberra’s world-ranking institutions, and 
Australian scientists were in the forefront of radio and 
X-ray astronomy. This was one of several fields in which 
the Commonwealth Scientific and Industrial Research Or­
ganisation (see above Growth o f the Commonwealth: The 
postwar years) contributed much, departing from narrow 
limits of applied research. The csiro and the universities 
dominated research, but some smaller institutions were 
important: Burnet directed one such, the Walter and Eliza 
Hall Institute of Medical Research.

Australia was one of the few countries to participate 
in all the modern Olympic Games; and in 1956, when 
Melbourne was host city, Australian swimmers dominated 
the scene. From time to time, golf, track and field Sports 
(especially for women), cycling, and pugilism occupied the 
spotlight in Australia. European immigrants played soccer, 
but the old Australians still flocked to see Australian mies 
football, especially in Melbourne.

Television, introduced in 1956 and so able to capitalize 
on interest in the Olympic Games, soon became dom­
inant in everyday entertainment. Many programs came 
from Britain and the United States, but the Australian 
contribution slowly increased. Radio diminished as televi­
sion boomed but later found a continuing audience. The 
cinema was forced to accept a more modest role until the 
late 1970s, when international interest in Australian films 
grew. Populär live entertainment benefited much from the 
boom, with clubs that provided liquor, gambling (poker 
machines), and variety shows.

Domestic politics. J.B. Chifley succeeded John Curtin 
as Labor prime minister in mid-1945, Curtin having died 
in office. A growing efficiency and enthusiasm in pursuit 
of social justice led to extended social welfare, national 
development, the establishment o f the National Univer- 
sity, and the Provision of university scholarships. Public 
servants provided the expertise for more sophisticated su- 
pervision of the economy. The party won the elections 
of 1946 fairly comfortably, although the government’s 
majority feil.
But the Australian Labor Party soon became the victim 

of the Cold War. During World War II Communists had 
increased their influence throughout Australian society and 
especially within the labour movement. Many believed 
that the Labor Party itself was Socialist. This judgment 
exaggerated the truth, but Chifley’s belief in Controlling 
the economy gave it some force; when he planned to 
nationalize all banks (1947), the reaction was accordingly

intense. Although declared unconstitutional in 1948, this 
banking nationalization counted heavily against the gov­
ernment in the electorate’s eye.

Meanwhile, Communist influence was in large measure 
responsible for many strikes; the culmination came in the 
coalfields of New South Wales in 1949. These strikes also 
aroused public concem and hostility. The Labor govern­
ment suffered heavy defeat in the election of December 
1949. The defeat was intensified by a restructured elec- 
toral System: thenceforth the House of Representatives 
had about 1 2 0  members, representing single-member elec- 
torates of approximately equal size; the Senate had 60 
members, each state electing five members every three 
years by proportional representation, the members serving 
for six-year terms.

Liberal and Country party coalition govemments mied 
continuously after the 1949 election until 1972. The Lib­
eral Party, formed in the mid-1940s, was largely based on 
the erstwhile United Australia Party. Its founding genius 
was Robert Menzies, and as its head he was prime minis­
ter from 1949 until 1966.

Reverberations of the Cold War helped Menzies stay in 
office. In 1954 the defection from the Soviet Embassy in 
Canberra of the Soviet agent Vladimir Petrov led to a 
royal commission into alleged espionage within Australia. 
This not only revitalized the Communist threat, which 
Menzies often invoked, but prompted the Labor Opposi­
tion to defend some of those implicated in the commis- 
sion’s inquiries. This in tum antagonized the right-wing 
and Roman Catholic elements in the Labor Party—the 
groups that had been the most vigorous elements within 
the party in opposing Communists in the trade unions. In 
1955 this group established the Democratie Labor Party 
(dlp); although it won few parliamentary seats, the dlp 
took enough votes from the Labor Party to lessen the 
latter’s chance of federal office.

The dlp contributed what little ideology there was in 
Australian politics after 1950. The Labor Party increas­
ingly disowned any Socialist belief but found no alternative 
doctrine; two successive party leaders, Herbert Vere Evatt, 
from 1951 to 1960, and Arthur Aloysius Calweil, from 
1960 to 1967, were frustrated leaders of the Opposition. 
The Communist Party split between small pro-Soviet and 
pro-Chinese factions.

In the late 1960s politics took a different turn. Harold 
Holt, Menzies’ successor as prime minister, had scarcely 
established himself when he died by accidental drowning 
(December 1967). There followed a Byzantine contest for 
his office, won by John Gorton. But Gorton failed to 
provide solid, consistent leadership, and early in 1971 the 
Liberal Party replaced him with William McMahon. In 
December 1972 a new Labor government under Gough 
Whitlam took power and entered upon a program of so­
cial, economic, and political reform.

The Labor program included a large increase in appro- 
priations for social welfare, including a national health 
service, urban development, a doubling o f aid to educa­
tion, and the removal of investment incentives for the 
mining industry. Opposition to Whitlam’s program was 
effective in the Senate as early as the folio wing May in its 
defeat of his electoral reform bill; in December 1973 the 
nation defeated a referendum that would have permitted 
federal price and wage Controls. Increased spending meant 
increased inflation, and this became a campaign issue in 
April 1974 when Whitlam dissolved Parliament in the 
hope of winning a majority in the Senate. He succeeded 
in eliminating the dlp from the Senate and increasing 
his numbers so that he could pass his program through 
a joint sitting of Parliament. A sudden increase in unem- 
ployment in July 1974, a 16 percent loss in state elections 
in Queensland in December, and a financial scandal in 
the Cabinet in early 1975 plagued the Labor government.

New leadership came to the Opposition in March 1975 
with the election of Malcolm Fraser to head the Liberal 
Party. By October 1975 Labor strength in the Senate 
had been reduced, two States having filled vacancies with 
members from the Opposition parties (an unconventional 
practice). Fraser took advantage of the Situation by refus­
ing to pass necessary appropriations bills, thereby forcing
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another election. Whitlam refused to submit to this pres­
sure, so the govemor general, Sir John Kerr, originally 
nominated to the post by Whitlam, dismissed the prime 
minister—the first time a representative of the crown had 
dismissed a prime minister in 200 years. With assurances 
from Fraser that the appropriations bills would be passed, 
he was made caretaker prime minister, and a new election 
for both houses was set for December 13. A bitter cam- 
paign ensued, with inflation and unemployment as the 
primary issues. The results were sweeping majorities for 
the Liberal-Country party coalition. With the loss of more 
than 30 seats, Labor was reduced to a weak Opposition, 
and the equilibrium of the Menzies era of the 1950s and 
early 1960s was returned.

Fraser was successful in reducing inflation and foreign 
indebtedness, but the unemployment rate remained high. 
Despite internal dissension, which had resulted in theTor­
mation of a splinter party—the Australian Democrats led 
by Donald Chipp—the coalition dominated the 1977 elec­
tions. Problems continued, however, as rifts grew deeper, 
and controversies arose involving individual party mem­
bers. In 1983, leadership changes strengthened the Labor 
Opposition so that it gained the majority in elections and 
returned to power with Robert J. Hawke as prime minis­
ter. Hawke led the Labor Party to victory in the general 
elections of 1984, 1987, and 1990.

Foreign affairs. The Labor govemments of the 1940s, 
and especially that of Labor minister H.V. Evatt, hoped 
that Australia would play an independent, substantial part 
in creating a stable international Situation. Thus it was 
active in support of the United Nations, Evatt himself 
serving as president of the General Assembly in 1948-49. 
Support of Indonesian independence was another impor­
tant policy, and there was movement toward building a 
civil service expert in international affairs.

These positive trends continued with the Liberal victory 
of 1949. The next year, for example, Australia signed 
the Colombo Plan, under which substantial aid, especially 
through education, was sent to Asian countries. Austra­
lia remained an active supporter of the United Nations. 
Menzies, especially, was a great admirer of the United 
Kingdom and its empire/commonwealth.

Meanwhile, the movement of world politics soured the 
optimism of the 1940s. Turbulence in Asia, especially a 
Communist victory in China, gave a new edge to Austra­
lia’s long-standing fear of attack from the north. In re­
sponse the country moved increasingly close to the United 
States, which alone offered the possibility of replacing the

United Kingdom as a protector. Thus Australians fought 
along with UN troops in Korea; in 1951 the country 
accepted the U.S. view of Japan as a bulwark against 
Communism, while the anzus (Australia, New Zealand, 
United States) Pact promised U.S. help in case of attack; 
and in 1954 Australia joined the Southeast Asia Treaty 
Organization (seato), which extended U.S. responsibility 
throughout the area. The United States built missile bases 
throughout Australia, and Australia’s increasingly large de­
fense expenditure bought much U.S. equipment. Australia 
also supported the United States in Vietnam; it sent troops 
(including conscripts) to fight there, but these troops were 
withdrawn between August 1971 and February 1972.

With the return of Labor to power in December 1972, a 
greater emphasis was put on relations with Asia. The Peo- 
ple’s Republic of China was recognized immediately, and 
North Vietnam was recognized in February 1973. Whit­
lam visited Indonesia and India and stated that the Indian 
Ocean “should be free from international tensions, Great 
Power rivalry, and military escalation.” A visit to China 
followed in November. Closer relations with the new 
Labor government of New Zealand began at the outset, 
and ties to the United Kingdom were lessened, including 
reduced military support in Singapore and Malaysia. In 
1974 Whitlam toured six nations in Southeast Asia, reem- 
phasizing his govemment’s interest in the Eastern Hemi- 
sphere. At the end of the year, Whitlam visited members 
of the European Economic Community, declaring that 
Australian prime ministers had neglected this important 
area, second only to Japan as Australia’s trading partner. 
Hawke continued Fraser’s style of personal diplomacy, 
improving relations with Indonesia and Vietnam.

Papua New Guinea, which was composed of the Aus­
tralian extemal territory of Papua and the Australian- 
administered UN Trust Territory of New Guinea, became 
a self-goveming state in 1973. After there had been sev­
eral postponements, it achieved complete independence in 
1975. After independence Papua New Guinea continued 
to receive substantial amounts of Australian aid.

Foreign policy after 1975 shifted its emphasis from de­
fense and security to economic matters, particularly the 
relationship between trade and foreign policy. (M1.R./Ed.)

For later developments in the history of Australia, see the 
Britannica Book o f the Year section in the brita n n ica
WORLD DATA ANNUAL.

For coverage of related topics in the Macropcedia and 
Micropatdia, see the Propcedia, sections 967 and 977, and 
the Index.

AUSTRALIAN CAPITAL TERRITORY
A separate political entity of the Commonwealth of Aus­
tralia, the Australian Capital Territory is situated within 
the confines of the state of New South Wales and com- 
prises the national Capital, Canberra, and some surround- 
ing land. The area o f the Capital Territory was ceded to 
the Commonwealth in 1911 by the state of New South 
Wales. Four years later the additional area of Jervis Bay 
was also ceded to the Capital Territory.

Like certain other federal cities, Canberra was deliber- 
ately chosen and planned as a Capital, on a site formerly 
occupied by a sparse population of sheep raisers, along the 
banks of the Molonglo River. The area was first entered 
by Europeans in 1820. A small permanent settlement was 
established, probably in 1824, when stockmen squatted at 
Canberry (or Canbury), as it was called.

Physical and human geography
THE LAND
The 925 square miles (2,395 square kilometres) of the 
Capital Territory are situated on the open and gently 
undulating Limestone Plains, explored and named by 
Charles Throsby in 1820. The Murrumbidgee River passes 
through the territory from the southeast to the northwest 
along with its tributaries the Cotter and the Naas. An­
other tributary of the Murrumbidgee, the Molonglo, runs

through Canberra. Beyond the Murrumbidgee, to the west 
and south, the terrain becomes much more rugged, rising 
to the Brindabella Range, the northemmost extension of 
the Snowy Mountains. Along this range and within the 
Capital Territory are some of the highest peaks in Aus­
tralia, such as Mounts Bimberi (6,274 feet [1,912 metres]), 
Morgan (6,144 feet [1,873 metres]), Murray (6,040 feet 
[1,841 metres]), Tidbinbilla (5,114 feet [1,559 metres]), 
Franklin (5,400 feet [1,646 metres]), McKeahnie (4,915 
feet [1,498 metres]), and Coree (4,657 feet [1,419 metres]). 
During the winter months, the higher parts of the moun- 
tains are covered with snow. The mountains are densely 
forested with eucalyptus and pine trees. The mean height 
above sea level in the region is 1,900 feet (580 metres), 
while the Io west point is about 1,500 feet (460 metres).

The climate of the Capital Territory produces temper­
atures colder than those of most of the state capitals of 
Australia. The annual mean temperature is55° F (13° C). 
Monthly figures for average temperatures provide a better 
picture of the climate, ranging from 82.4° F (28° C) in 
January to 42.8° F (6 ° C) in July. Minimum average tem­
peratures for the same months are about 55° F (13° C) 
for January and 32° F (0° C) for July. Frost is common 
on most winter nights, but the days are usually sunny 
and often warm. During the summer, temperatures are 
high in the daytime but not extreme, while the nights are
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invariably cool. In the autumn, conditions are pleasant 
with long periods of sunshine and moderate temperatures. 
The average annual rainfall for the Capital Territory is 
about 25 inches (628 millimetres). In the mountains of 
the territory the average rainfall rises to about 60 inches 
(1,514 millimetres) each year.

THE PEOPLE
he early In 1841 the county of Murray, which includes present- 
opulation day Canberra, had a population of 2 , 1 1 1  (1,562 males and 

549 females). Almost one-third of the population were 
convicts, of whom 6 6 6  were male and 24 female. When 
the Commonwealth assumed control of the area Canberra 
had a population of 1,777, many of whom were temporary 
residents involved in the construction of the Royal Mili­
tary College. By 1926, when Canberra became the official 
federal Capital, the number of persons had grown to 6,550. 
The vast majority of the Capital Territory’s present popu­
lation resides in Canberra proper. Since World War II the 
population has increased because of expanded government 
activities. Government employees account for more than 
half of the territory’s work force. Other major population 
groups of the work force are construction workers, teach- 
ers, and persons involved in retail and Wholesale trade.

THE ECONOMY
Much of the Capital Territory’s economy revolves around 
government employment and services. A large portion 
of this government employment involves the Department 
of Housing and Construction. This governmental agency 
provides construction funding for homes, education facil­
ities, roads, public transport, health and welfare facilities, 
and more, creating many jobs in the construction industry.

The forest authority manages some 150,000 acres of 
woodlands, including about 32,000 acres of land at the 
Capital Territory’s two coniferous plantations. There is 
very little commercial production of hardwood from the 
woodlands of the territory. Several hundred thousands 
of dollars worth of softwood, Monterrey, Slash, and yel­
low pine, are produced each year. Timber is processed 
at the Capital Territory plantations, producing structural 
plywood; sawn, dressed, and kiln-dried lumber; and wood 
chips.

The agricultural and pastoral industries adopted by the 
region’s early settlers are still a prominent part of the 
economy. Wheat is grown in the territory. Livestock, pri- 
marily sheep, cattle, and some pigs, is raised in the region, 
providing wool, milk, and meat for secondary industries.

Tourism has become a major contributor to the Capital 
Territory’s economic welfare. The most populär attractions 
are the Australian War Memorial, the Black Mountain 
Telecommunications Tower, the High Court of Australia, 
Parliament House, the National Library, the Royal Aus­
tralian Mint, and the mountain lookouts and reserves.

ADMINISTRATIVE AND SOCIAL CONDITIONS 
The Department of the Capital Territory is primarily 
responsible for administering the Capital Territory. The 
functions administered by the department include hous­
ing, public transport, and municipal services. Education, 
public health, and justice are under the jurisdiction of the 
department of education, the department of health, and 
the attorney-general, respectively. The House of Assembly 
(formerly the Legislative Assembly) is the legislative body 
of the Capital Territory. The Assembly is composed of 
18 members (nine from each of the electoral districts of 
Canberra and Fraser) serving on a part-time basis. The 
procedures of the Assembly are similar to rules and regu- 
lations used by the federal House of Representatives. Its 
role is to advise the minister of the Capital Territory on 
matters affecting the region and to act on legislation and 
ordinances conceming the territory.

The The National Capital Development Commission Act of
National 1957 created a commission by the same name to un-
Capitai De- dertake and carry out the planning, development, and 
velopment construction of the city of Canberra. Construction work 
Commis- has been carried on in conjunction with the Department 
sion of Housing and Construction and private Consultants.

As Commonwealth or Crown territory, the Capital Ter­

ritory lands cannot be sold for residential or commercial 
enterprises. Lands are leased for private development. In 
the late 20th Century, one-twentieth of the Crown land 
was reserved for public parks and recreational reserves 
while about one-third was being leased for private purpos- 
es (excluding mining and forestry).

The city of Canberra is known as a garden city because 
of its many parks and recreational facilities. They are 
administered by the City Parks Administration of the De­
partment of the Capital Territory, which also administers 
the National Botanie Gardens and the Horticultural Re­
search Centre, both located in Weston.

Other municipal services, such as water supply, sewage 
collection and disposal, and storm drainage, are operated 
by the Department of Housing and Construction for the 
entire Capital Territory.

The Education Ordinance of 1937 calls for the compul- 
sory school attendance o f children between the ages of six 
and 15 years. The Schools Authority of the Capital Terri­
tory has the responsibility of administering all government 
schools. The Authority represents teachers, parents, and 
the Community. Within the structure of the Authority, the 
Schools Accrediting Agency gives accreditation to courses 
and administers procedures regarding student assessment.
There is a preschool System available to children less than 
six years of age. There are several specialized schools and 
learning centres that are available to children who have 
physical disabilities and learning handicaps. These special­
ized centres prepare such children in order that they may 
be integrated into neighbourhood schools.

The Office of Further Education, which is a division Higher 
of the Department of Education, is responsible for the education 
Technical and Further Education Colleges. Institutions of 
higher education include Wooden College (1980), Can­
berra School of Art, and Canberra School of Music. In 
addition, Canberra College of Advanced Education and 
the Australian National University offer programs in un- 
dergradüate and postgraduate education.
Apprenticeship programs are conducted in many trades 

in the Capital Territory. Apprenticeship training is sup- 
plemented by classroom training in the trades at many 
colleges.

The Office of Further Education is also responsible for 
adult immigrant education in the territory. Free classes in 
English are available on a full-time or part-time basis for 
those who have become permanent Australian residents.
Those attending classes on a full-time basis are eligible tö 
receive a living allowance.
The railway System of New South Wales connects Can- Trans- 

berra to Queanbeyan. The rail line was opened for freight portation 
traffic in May 1914 and for passenger travel in October 
1923. Service is provided to Sydney and Melbourne by 
direct and linking lines. Daily domestic airline service 
is available to Sydney, Melbourne, and other provincial 
centres. Bus services connect the territory to cities and 
towns in South Australia, Victoria, and New South Wales.
The Capital Territory is served by an inner-urban and 
outer-urban System of highways and roads, connecting 
Canberra with suburban developments and the recreation 
and tourist attractions within the territory. The Internal 
Omnibus Network is a public bus service throughout the 
Capital Territory.

CULTURAL LIFE
As the federal Capital, Canberra and the Capital Territory 
offer many cultural amenities not found elsewhere in the 
country. Both the Australian National Library and the 
National University are located in Canberra; Old Canber­
ra retains much of the Australian town charm associated 
with less urban settings, while new Canberra, with its 
multistoried buildings and avenues, adds a touch of dig- 
nity and sophistication. The architecture ranges from the 
Mediterranean-style o f old Canberra to the Neoclassical 
style of the National Library. Belts of parkland separate 
Canberra from its suburban satellites. Commuting dis- 
tances, in and out of the Capital city, are short. The 
country and mountains, covered with snow in the winter, 
are close to the city, and the seaside is about two hours 
away by automobile.
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History

Charles Throsby, a naval surgeon who arrived in Austra­
lia in 1802, was probably the first white man to explore 
the lands of the present-day Capital Territory. In 1820 
Throsby and his o verseer Joseph Wild explored the re­
gion in search of the Murrumbidgee River. During the 
search, Throsby and Wild camped on the banks of the 
Molonglo, near the site of the Royal Military College at 
Duntroon. Wild decided to abandon the search for the 
Murrumbidgee, but Throsby continued on and discovered 
the Murrumbidgee in March 1821. Wild returned to the 
region in May 1823, discovering the Tuggeranong and 
Monaro plains and camping near Tharwa.

The early settlers o f the Capital Territory were pastoral- 
ists, raising sheep and cattle on the plains. Jousha John 
Moore established the first settlement along the bank of 
the Molonglo at a site called Canberra or Canbury (a der- 
ivation of an Aboriginal term meaning “meeting place”). 
The homestead established by Moore survived until 1941. 
Other early settlers were Robert Campbell, who established 
settlement at Duntroon, and John MacPherson, who set­
tled in the area near Black Mountain.

During the late 19th and early 20th centuries, life on 
the Limestone Plains was rough, crude, and often lawless. 
Outlaws and bands of convicts plagued the settlers of the 
region. By 1841 signs of permanent residence—a post 
office, a resident doctor, and a police magistrate—were in 
evidence, and the site of the township was gazetted.

The establishment of Canberra as the federal Capital be­
gan several years before the government acquisition o f  
land in 1911. As the demand for federation grew, the need 
for a federal Capital became clear. The Commonwealth of 
Australia was inaugurated in 1901 and the Commonwealth 
Constitution Act of 1900 provided for the establishment 
of a Capital in the state of New South Wales, but not 
within 100 miles of Sydney. After two royal commissions 
and much public debate, the Commonwealth parliament 
in 1908 selected the Yass-Canberra district and in the 
following year the site for the new city was determined. 
On January 1, 1911, an area of approximately 900 square 
miles was transferred from New South Wales to the 
Commonwealth thereby creating the Australian Capital 
Territory. A world wide competition for a design for the 
Capital was launched in the same year. The first prize 
was awarded to Walter B. Griffin (1876-1937) of Chica- 

Early con- go. Construction was begun in 1913 but was delayed by 
struction of World War I; from 1915 to 1920 Griffin took charge of 
the Capital the city’s construction.

After the war, work was accelerated by the Federal Capital 
Commission, which assumed control over all construction 
and administrative activities in the territory on January 
1, 1925. On May % 1927, the Duke of York (later King

George VI) opened the new parliament house and the 
transfer began of the central staffs o f the administrative 
departments from Melbourne (hitherto the temporary seat 
of government of the Commonwealth). Attractive houses, 
schools, and other buildings for this garden city were built 
in the suburbs. In 1930 the Canberra University college 
was opened and in 1936 a wing of the National Library.

The early administration of the Capital Territory was un­
der the control of the minister of interior. The early law of 
the territory was the law of New South Wales, according 
to the Seat of Government (Administration) Act of 1910. 
Most of the state laws were soon replaced by territorial 
ordinances. The Capital Territory was administered by 
numerous different departments from 1910 to 1925. The 
Federal Capital Commission was the administering body 
from 1925 to 1930.

From its inception until 1930, the Capital Territory had 
no form of local or municipal government. One commis- 
sioner of the Federal Capital Commission was elected by 
the people in 1929, but this came to an end the following 
year when the Commission was abolished.

In May 1930 the Australian Capital Territory Advisory 
Council was created to act as adviser to the ministers of 
the federal government on matters concerning the territo­
ry. The council was composed of three members elected 
by the people of the territory for three-year terms and 
four members selected by the federal government, one 
representing the departments of health and works, and 
two representing the Department of Interior. In 1952 the 
membership of the council was altered so that five mem­
bers were elected by the people of the territory and four 
members selected by the federal government. The advisory 
council had no executive or legislative functions.

The Depression and World War II curtailed construction, 
but after World War II a great surge in the development 
of Canberra took place. More than 8,000 houses and 
flats were built, as well as administrative offices, extensive 
buildings for the Australian National University (founded 
in 1946), shops, schools, and cornmunity facilities.

In 1958 the National Capital Development Commission 
(n c d c ) was created. The n cd c  is considered the creator of 
modern Canberra just as Griffin is credited as the creator 
of old Canberra. Since the early 1960s, the n cdc  has 
been forced to deal with the Problems of rapid urban and 
suburban growth of the Capital Territory.

In 1974 the advisory council was replaced by the Austra­
lian Capital Territory Legislative Assembly. The assembly 
consisted of 18 members (nine from each of the electoral 
districts in Canberra and Fraser) who served on a part­
time basis. The first assembly was elected on September 
28, 1974, and the first meeting of the assembly was held 
on October 28, 1975. In 1979 the name of the Legislative 
Assembly was changed to the House of Assembly. (Ed.)

NEW SOUTH WALES
The first British colony in Australia, New South Wales 
is the oldest, richest, and most industrialized state of 
the Australian Commonwealth. Originally, the name New 
South Wales was applied to the entire east coast of Aus­
tralia when the British explorer Capt. James Cook claimed 
the territory for the British crown in 1770. The sepa­
rate colonies of Tasmania, South Australia, Victoria, and 
Queensland were proclaimed in the 19th Century, and in 
1911 and 1915 the Australian Capital Territory around 
Canberra and Jervis Bay was ceded to the Commonwealth. 
New South Wales was thus gradually reduced to its present 
area of 309,433 square miles (801,428 square kilometres). 
It is bounded by the Pacific Ocean to the east, the States 
of Victoria to the south, South Australia to the west, and 
Queensland to the north. By no means the largest Aus­
tralian state, it is the most populous. Its Capital, Sydney, is 
the nation’s largest city. Lord Howe Island, a dependency 
of New South Wales, is administered as part of the state.

New South Wales reflects the dynamism and the growth 
Problems of a fast-developing country. It is Australia’s 
focal point of commercial farming, industry, and cultural

development. It is also plagued by an imbalance between 
its urban and rural populations and often chafes under the 
financial restrictions of the Commonwealth government.

Physical and human geography
THE LAND

Relief. The dominant geographical feature is the Great 
Dividing Range, which separates the narrow Coastal strip 
from the great plains to the west. The Coastal strip varies 
from 10 to 50 miles in width and is bounded along its 
entire length by a natural barrier of steep mountains. 
Beyond this barrier, however, the Great Dividing Range 
consists not of true mountains but of a series of high 
plateaus, or Tablelands, which slope gently to the west 
until they merge imperceptibly into the plains beyond. 
The average height of these Tablelands is about 2,500 feet. 
In some areas they rise to 5,000 feet, and they attain a 
height of 7,370 feet (2,228 metres) at Mt. Kosciusko—  
the highest mountain in Australia—in the Australian Alps 
in the south. The gentle western side of the Tablelands
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is known as the Western Slopes. The plains cover nearly 
two-thirds of the state. Lying below 1,000 feet, they are 
interrupted only by the elevated country between Orange 
and Cobar in the east and by the Main Barrier and Grey 
ranges in the west.

Drainage. The Great Dividing Range is the state’s main 
watershed. Numerous rivers flow eastward from the range 
to the Pacific Ocean. Though often beautiful, they are too 
short and rapid to be of much economie value. The ma­
jor rivers that flow west—the Namoi, the Macquarie, the 
Lachlan, and the Murrumbidgee—cross sortfë 500 miles of 
sunbumed plains before joining the Murray and Darling 
rivers. These brown, muddy, inland rivers meander across 
the plains and lose a great deal of their water by evapo- 
ration. Over 1,600 miles of the Darling River, which rises 
in Queensland, flow to the Southwest across the plains to 
join the Murray. Rising in Victoria, the Murray runs for 
more than 1,200 miles along the Southern border of New 
South Wales before Crossing South Australia to reach the 
Pacific Ocean.

Soils. A great deal of New South Wales is naturally fer- 
tile, and the red and black soil plains are extremely rich. 
The Coastal strip, however, consists mostly of poor and 
sandy soils. Agricultural potential is severely limited by 
inadequate and uncertain rainfall and intense evaporation.

Climate. About 19 percent of the state receives less than 
10 inches of rain a year, and approximately 23 percent 

ainfall receives only 10 to 15 inches. The Coastal districts have 
the most annual rainfall, varying from about 30 inches in 
the south to about 75 inches in the north. Precipitation 
diminishes progressively away from the coast. The average 
annual rainfall in the northwest is only eight inches, and 
some of the land beyond the Darling River merges into 
desert.

If the dry climate and brilliant sunshine present severe 
agricultural problems, they are yet attractive to the in- 
habitants of the Coastal cities. Newcastle, Sydney, and 
Wollongong have a delightful climate. It is rarely too hot 
in summer or too cold in winter, and Sydney is without 
sunshine for an average of only 23 days a year. Inland it 
is both hotter in summer and colder in winter. Average 
temperatures range from 74° to 83° F (24° to 29° C) in 
the summer months and from 49° to 54° F (7° to 13° 
C) in winter. Temperatures of over 100° F (38° C) are 
frequent in summer, and frost at night is common in 
winter. Heavy snow falls on the Southern mountains and, 
more rarely, on the northern and central Tablelands. On 
Mt. Kosciusko snowdrifts linger throughout the summer.

The seasons are fairly well defined; autumn begins in 
March, winter in June, spring in September, and summer 
in December.

Plant and animal life. The natural Vegetation ranges 
from the dense semitropical forest of the northern coast 
to the sparse plant life of the western plains. Nearly one- 
tenth of the state is forested, and, except for the plains, 
a much larger area is covered with bush and scrub. The 
forests, concentrated mainly on the coast and Tablelands, 
give way to shrub eucalyptus on the Western Slopes and to 
salt bush and spinifex (a spiny grass) in the far west. The 
predominant tree is the eucalyptus, which is the state’s 
chief source of hardwood. Smaller quantities of softwoods, 
such as the red cedar, the hoop pine, and the rosewood, 
are found on the northem coast, while the cypress pine 
grows on the Western Slopes. Native grasses are found 
everywhere but in the extreme west, and there are many 
wildflowers.

The rich birdlife includes many species of parrot and 
cockatoo, the flightless emu, the mound-building scrub- 

Vlarsu- bird, and the mallee bird. Most of the species of marsu-
3ials pials, mammals that do not develop a placenta and that

carry their young in an extemal pouch, are represented. 
These include the wombat, the koala, the common and 
ring-tailed opossum, the common and long-nosed bandi- 
coot, and a variety of kangaroos and wallabies. Many of 
the smaller marsupials, their populations diminished by 
agriculture and forestry, are retreating into uninhabited 
regions. The platypus and spiny anteater are common.

Several species of poisonous snakes, including black, 
brown, and tiger snakes, are found throughout the state.

The best known fish is the Murray cod, which is found in 
the western rivers and is an excellent food source. Trout 
have been introduced into the streams of the Great Di­
viding Range.

Settlement patterns. There are four regions of tradi­
tional activity. The Coastal strip is mostly used for dairy 
farming, the Tablelands for sheep and cattle raising, and 
the Western Slopes for wheat cultivation. The plains are 
the site of the great sheep stations, for more than 100 
years the basis of the state’s economy. They still provide 
almost 40 percent of Australia’s wool.

There are also four distinct political regions. The north­
ern Tableland is known as New England. Its population, 
almost entirely rural, tends to resent the government’s 
preoccupation with Sydney. There has long been an un- 
successful movement to form a new state. Similar feelings 
can be found in the Riverina district, located between 
the Murray and Murrumbidgee rivers. There, too, people 
tend to favour separatism; in practical matters, they look 
toward Melbourne, the capita! of Victoria, rather than to 
Sydney. The Monaro sheep country comprises the windy, 
upland district of the Southern Tableland, including what 
is now the Australian Capital Territory. The sheep graziers 
of the Western plains, living a remote and lonely life, feel 
a common loyalty born of common interests.

Rural settlement. Climatic conditions have also dictated 
the size of landholdings. The smallest are in the Coastal 
strip, where dairy and fruit farming are the chief occu- 
pations. Holdings are considerably larger—between 500 Land- 
and 5,000 acres—on the Tablelands and Western Slopes, holdings 
where mixed farming is the normal practice. Further west 
they grow larger still; in the dry lands of the Western Di­
vision, many sheep stations cover over 100,000 acres. The 
exception to this general rule is in irrigated areas along the 
Murrumbidgee and other inland rivers, where diversified 
cultivation makes small holdings possible.
The tenure of landholdings in New South Wales is mostly 

either freehold or leasehold from the crown. Tenancy, as 
understood in Europe, is uncommon, and, except in the 
Western Division, most land is occupied by the owners.

Because of the large size of the average field, or paddock, 
and the relatively uncultivated appearance of the land, a 
typical sheep station presents a characteristic appearance.
The heart of each property is the homestead, with its 
cluster of low buildings and well-watered trees and gar- 
dens, surrounded by bare, brown paddocks. There are no 
villages, and the nearest country town may be 30 or 40 
miles away. In spite of the severe problems faced by sheep 
graziers because of the unstable price of wool and the 
constant threat of drought, life on the larger properties is 
still considered a pleasant and privileged one.

Urban settlement. The largest industrial urban area is 
the Coastal complex of Newcastle, Sydney, and Wollon­
gong. There are several towns of 30,000 or fewer inhabi- 
tants in the interior, such as Albury and Wagga Wagga in 
the southeast and Orange and Tamworth in the east cen­
tral region. These are essentially country towns serving the 
surrounding rural population. The only interior industrial 
town is Broken Hill, in the far west, which depends upon 
the rich mineral deposits in the Barrier Range.

THE PEOPLE
Population groups. Ethnic origins. The people of New 

South Wales are in no way different from those of Aus­
tralia as a whole. More than three-quarters are of British 
origin, and more than one-fifth are of Irish descent. The 
small remainder is composed mainly of Continental Eu­
ropeans. There are also some 30,000 native tribesmen, or 
Aborigines, and a few thousand Chinese.

Religious groups. Almost the entire population profess- 
ing a religion is Christian. The largest denomination is 
the Anglican Church of Australia, followed by the Ro­
man Catholic Church. Other groups are Presbyterians, 
Methodists, Greek Orthodox, and Baptists. Lutherans and 
Congregationalists each comprise less than 1 percent of 
the population.

Demography. The birth rate and death rate and other 
vital statistics do not vary substantially from those of the 
rest of Australia. The most striking feature of the popu-
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lation is the disparity between those living in the rural 
areas and those in the cities. Three-fourths of the state’s 
people are crowded into 2 percent of its area in Newcastle, 
Sydney, and Wollongong. The state government has long 
been concerned by this trend, and various schemes have 
been proposed to correct it.

THE ECONOMY
Economically the most important state in Australia, New 
South Wales contains about one-third of the country’s 
sheep, one-fifth of its cattle, and one-third of its pigs. It 
produces a large share of the nation’s grain, dairy prod­
ucts, and wool and mines about half of its black coal and 
most of its silver, lead, and zinc. It is also the country’s 
most industrialized area and produces over two-fifths of 
the nation’s manufactured goods.

Resources. Biological resources. There are several mil- 
lion sheep, a few hundred thousand horses, and a few mil- 
lion cattle grazing on the state’s vast grasslands. There are 
also a few hundred thousand pigs. The state forests pro­
vide an important natural resource of hardwood timber, 
although the percentage of forestland is low by interna­
tional Standards. The Pacific Ocean provides valuable fish.

Mineral resources. The most important mineral re­
source is the vast black-coal deposits of the central Coastal 
region. The main silver, lead, and zinc deposits are located 
at Broken Hill. Large copper deposits have been discov­
ered at Cobar. Other mineral resources include tin from 
the Ardlethan and Tallebong fields and rutile (a red or 
black mineral cut into gems), found in the Coastal sands.

Power resources. Coal is the most developed power 
resource, though the Snowy River offers important hydro­
electric potential.

Agriculture, forestry, and fishing. Agriculture is spread 
throughout the state. About three-fifths of the acreage un­
der crops is devoted to wheat, which is grown for both 
domestic consumption and export. Other grains grown 
include oats, maize (com), and rice; fodder, potatoes, 
grapes, sugarcane, and fruit are also raised. Excellent wine 
is produced in the Hunter Valley and cotton is grown on 
the Namoi Riyer. Sheep are raised mainly for their wool, 
which is also exported. Both slaughter and dairy cattle 
are important.

New South Wales is the most important timber-producing 
state, accounting for about one-half of Australia’s produc­
tion. Hardwoods and softwoods are exploited, and there 
is a regulär pine reforestation program.

Tuna fishing is the most important marine industry, and 
mullet, shark, and Australian salmon are also caught in 
significant numbers. The state provides about one-third 
of the national fish catch, as well as all of the oysters 
consumed domestically.

Mining and quarrying. The most important coalfields 
are in Hunter Valley above Newcastle, around Wollon­
gong, and at Lithgow. Silver, lead, and zinc, as noted 
above, are mined at Broken Hill. Copper is mined chiefly 
near Cobar, and tin is mined in the central and north­
em Tablelands.

Industry. About two-thirds of the manufacturing in­
dustries are located in Sydney. Other important industrial 
centres are Newcastle, Wollongong, Lithgow, and Broken 
Hill. The fastest growing industry is the manufacture of 
iron and steel and metal goods. Other important products 
are textiles, food, beverages, tobacco, Chemicals, paints, 
paper, and printed material. Factories are mainly small, 
and only a few employ over 1,000 persons. A very few 
large concerns, such as the Broken Hill Proprietary Com­
pany Ltd. (iron and steel) and the Australian Consolidat­
ed Industries Ltd. (glass), employ most of the industrial 
workers.

Power. Electricity is generated and distributed by the 
Electricity Commission of New South Wales. Power is 
sold to local authorities, the state railways and tramways, 
and large industrial users. Almost all the state’s electric­
ity is generated by thermal-power stations. The Snowy 
Mountains hydroelectric scheme, completed in 1974, has 
diverted the waters of the Snowy and other rivers west­
ward into the Murrumbidgee.

Finance. Since 1942 the C o m m o n w e a l t h  has collected

all income taxes and reimbursed the States on an agreed 
formula. As a result, New South Wales is almost entirely 
dependent upon Commonwealth grants for its revenue. In 
1971 the States were given the right to levy a payroll tax. 
Administration of the economy. Like the rest of Aus­

tralia, the state has essentially a capitalist economy, with 
the great majority of industry owned by public Companies. 
The state government, however, owns and manages the 
railways, some coal mines, and the production of elec­
tricity. There is a vigorous trade-union movement. The 
Chamber of Manufacturers and other employers’ organi­
zations represent The interests of private enterprise.

Transportation. New South Wales has excellent internal 
air services. The state railways provide an adequate link 
between Sydney and larger population centres. They have 
suffered, however, from competition with air and road 
Transport. Sydney has Australia’s only underground rail 
network, and electric rail services connect the city with 
many of its suburbs.

Roads. There are hundreds of thousands of miles of 
public roads, including tens o f thousands of miles of 
state highways and main roads. Most of these are paved, 
but many, including the main highways to Brisbane and 
Melbourne, are too narrow for the traffic they now bear. 
Most country roads are surprisingly good, though not all 
are yet paved.

Inland waterways. There are no commercial waterways, 
although before the railways were built the Murray and 
Darling rivers and their tributaries were used extensively 
for carrying freight.

Ports. The four major ports are Sydney, Newcastle, Port 
Kembla, and Botany Bay. Together they handle several 
million tons of cargo each year. All ports are administered 
by the Maritime Services Board of New South Wales. 

Railways. The railways cover several thousand miles 
and centre upon Sydney. They also provide adequate facil­
ities to the other major urban centres including the major 
mining centre at Broken Hill, 700 miles to the northwest. 
The lines run from north to south along the coast and 
roughly from east to west in the Tablelands and plains. 
Air services. Air services, largely for passenger traffic, 

are provided by a number of lines. Air links are operated 
to all the major towns, and the airport at Sydney can 
accommodate jet aircraft.

ADMINISTRATIVE AND SOCIAL CONDITIONS
Government. Constitutional framework. The state gov­

ernment administers internal matters, while the national 
government (commonwealth) is responsible for defense, 
foreign policy, immigration, trade, customs and excise, 
post and telegraph services, and air and sea transport. 
Within those limitations, the state is sovereign and has 
powers to make laws for the welfare and good govem- 
ment of New South Wales. It has no armed forces other 
than the police.

The Parliament consists of two houses—the lower house, 
or Legislative Assembly, directly elected by the people, 
and the upper house, or Legislative Council, one-fourth 
of whose members are elected by both houses every three 
years. The Cabinet is chosen from the party that com- 
mands a majority in the Legislative Assembly; it is headed 
by a premier. Parliament meets for three years but can be 
dissolved earlier.
The state also has its own governor, who is appointed 

by the Queen on the recommendation of the government. 
The titular head of the government, he is now always an 
Australian, and his duties are almost entirely formal.

Local government. New South Wales is divided into 
more than 200 local-government areas, which are con- 
trolled by councils. These councils are elected every three 
years by adult residents of their areas.

Elections. All elections are conducted on the basis of 
universal adult suffrage, and the voting age is 18 years. 
Voting for the Legislative Assembly is compulsory, but 
voting for local councils is not.

Political parties. Political parties are usually state 
branches of the federal political parties and tend to have 
the same policies and interests. The three principal parties 
are the Liberal Party, the Country Party, and the Austra-
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lian Labor Party. There is also a branch of the Australian 
Democratie Labor Party, without a seat in either house, 
and a small Communist Party, which still retains some in­
fluence in a few trade unions. Elections are fought on state 
issues, but the fortunes of the parties are often affected by 
the fortunes of the same parties in the Commonwealth.

Justice. State law and its administration are largely 
based upon the British System. Legal procedure includes 
trial by jury in criminal cases, the right of appeal, and 
an independent judiciary. The highest state court is the 
Supreme Court, against which appeals can be made to 
the High Court of Australia and, in certain cases, to the 
Privy Council in London. Minor offenses are dealt with 
by magistrates in the Courts of Petty Sessions, while more 
serious cases are brought before a judge and jury in the 
Courts of Quarter Sessions.

Education. Education is compulsory for all children be­
tween the ages of six and 15. Most children are educated in 
free, nondenominational primary and secondary schools. 
A minority go to private schools, most of them admin­
istered by the Roman Catholic Church. There are also a 
few denominational secondary schools for the children of 
the wealthy. There are five universities in the state; the 
cost of administration is shared with the Commonwealth.

Health and welfare. The state government is respon­
sible for the supervision of public health, hospitals, and 
medical services. There are more than 280 public and a 
large number of private hospitals. The national health- 
insurance scheme is financed and administered by the 
Commonwealth, as are the social services such as fam­
ily allowances, child endowment, unemployment benefits,

Standard and pensions.
>f living Social conditions. New South Wales shares in the high 

Standard of living and generous social services enjoyed 
by all Australians. The state has its own Industrial Com­
mission to settle industrial disputes, though here, too, the 
Commonwealth Arbitration System has become predom- 
inant. The basic wage—adopted from time to time by 
the Commonwealth Conciliation and Arbitration Com­
mission—is adopted for state awards and agreements. The 
40-hour workweek is now Standard.

CULTURAL LIFE
The state cannot claim a unique culture that distinguishes 
it from the rest of Australia. It is perhaps the most rep- 
resentative and typical of all the States, and its greater 
population and wealth give it a leading position over all 
but Victoria.

Sydney has the oldest and reputedly the best of the 
symphony orchestras. There are many small theatres, but 
no professional drama Company of first-class quality. Syd- 
ney’s Opera House, which opened in 1973, is a major arts 
centre with a concert hall, a large theatre for opera and 
ballet, and a small theatre.

Many of Australia’s leading poets and novelists were ei­
ther bom in the state or live there. Sydney is the centre 
of a school of Contemporary painting that. looks toward 
the United States and Europe för its inspiration. The Art 
Gallery of New South Wales has the best Collection of 
Australian painting in Australia. In general, the cultural 
climate is marked more by a healthy and democratie vital- 
ity rather than by any special distinction. This is equally 
true of the populär arts, where there are large audiences 
for and keen interest in both Australian and foreign folk 
singers and jazz and rock groups. (J.D.Pr.)

History

In 1768 James Cook began a voyage that took him and 
his crew around Cape Horn, to Tahiti and New Zealand, 
reaching the east coast of Australia (present-day New 
South Wales) in 1770. For the first time European naviga­
tors had seen a part of Australia that appeared suitable for 
settlement. Reaching the northern point of Queensland, 
after a hazardous joumey, Cook took formal possession 
of eastern Australia on August 23, 1770. Cooks’s second 
voyage in 1772 and his third voyage in 1776 added a great 
deal to European knowledge of the Pacific and showed 
that successful voyages could be made from Europe.

SETTLEMENT
The first Suggestion for the establishment of a British 
colony in Australia was made before a committee of 
the House of Commons in 1779 by Joseph Banks, who 
with Cook had seen Australia for himself. Transportation 
overseas of persons convicted of offenses against the law 
in England had been practised during the 17th and 18th 
centuries, but the Revolutionär War then being fought 
in the American colonies prevented further transportation 
there of convicted persons. The eventual victory of the 
American colonies, the continued practice of judges of 
sentencing convicted persons to transportation, and the 
marked increase in offenses caused by the social upheavals 
of enclosure of land, obsolescence in several lines of man- 
ufacture and trade, and the sudden growth of towns in 
England made it certain that a new outlet for offenders 
had to be found. Banks believed that Australia was ideally 
suited for this purpose. It was so distant from any other 
civilized place that escape would be difficult; there was lit­
tle chance of Opposition from the natives; the climate was 
mild; the soil was capable of sustaining a large number 
of people; there were no beasts of prey; and there was an 
abundance of timber and fuel.

In addition to wanting a place to which convicts could be 
sent, the government thought it would have to provide a 
home for American loyalists in difficulties resulting from 
their enemy’s victory. But when the Pitt government came 
to office (1784) it was concerned only with the practical 
Problem of getting rid of convicts. To solve the problem The penal 
an order in council dated December 6, 1786, appointed colony 
“the eastern coast of New South Wales or some of the 
islands adjacent” as the place to which offenders might be 
transported. Capt. Arthur Phillip of the Royal Navy was 
commissioned as the first governor. At this date Great 
Britain, under the belief that New South Wales might be 
separated from what the Dutch called New Holland, did 
not lay claim to all Australia, but just the eastern coast 
and all islands adjacent in the Pacific. The governor was 
to take the usual oaths of office; he was given power 
to pardon and reprieve offenders, to levy forces for the 
defense of the colony, to withstand pirates and rebels, to 
enforce discipline, to make land grants, and to exercise 
general jurisdiction.

The powers and duties of the govemor made it clear 
that the British government intended the colony to be 
controlled as a jail and meant the governor, through his 
staff and “police,” to employ directly most of the con­
victs and to keep their produce as a government stock.
The possibilities of private land ownership and employ­
ment of convicts and others were always visible, but it 
was clear that the British government considered that for 
many years the government in the colony would perform 
most of the administrative and directive work. It was clear 
also that the British government intended to devote the 
very minimum in money and materials to the settlement.
Between his appointment and the departure of the first 
fleet for Botany Bay nine months later on May 13, 1787,
Phillip had persisted in efforts to obtain more stores and 
equipment for his expedition, so much so that it has been 
concluded that by the time it sailed the idea of founding 
a commercial settlement was very definitely afoot. It was, 
however, never much more than “in the air.” The first 
fleet was very poorly equipped, and the convicts and their 
guards arrived with very little with which to contend with 
thé forests of New South Wales. Whatever had been the 
Intention of the government in 1787, the outbreak of war 
with France in 1793 made it certain that little time and 
money would be devoted to a convict settlement on the 
other side of the world.

THE EARLY YEARS
Soon after arrival Phillip decided that Botany Bay was 
unsuitable and moved his 11 vessels to Port Jackson.
This harbour, which he described as the “finest in the 
world,” became the scene of his settlement and of Austra- Early 
lia’s greatest city. There reached Sydney 736 convicts, of settlement 
whom 188 were women. Guarded by 191 marines, under of Sydney 
19 officers, they reached a country accürately described as 
“forest-clad, unkempt, uncanny and unknown,” and one
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on which Phillip reported: “No country offers less assis- 
tance to first settlers.” Hardly had the fleet arrived when 
the marine guards, claiming that their duties did not ex- 
tend beyond the voyage out, refused to act any longer. A 
special unit, the New South Wales Corps, was enlisted in 
England to act as guards, or a police force, in the colony.
In the meantime Phillip had to do the best he could 

but found his community of convicts was as well behaved 
as most of the towns in England from which they had 
come. Expeeting supplies and assistance, he was soon dis- 
mayed to see the second fleet—three ships—loaded not 
with provisions but with more convicts. It left England 
with 1,017 aboard; 267 died on the voyage and 486 of 
those who did arrivé were sick. Of these, 50 died in the 
first month, and those “not classed as sick were hardly 
able to attend themselves.” It was described as a “ghastly 
Company of sick and dying.. .  . Great numbers were slung 
over the ship’s side in the same rnanner as they would 
sling a cask.” However, Phillip showed an energetic devo- 
tion to the growth of the settlement, which was in part 
shared by many of these poor, cruelly treated people, and 
he feit very soon able to report a belief that “This coun­
try will prove the most valuable Requisition Great Britain 
ever made.” But other officers of the colony were of a 
different opinion, seeing at first no future in the colony 
for themselves and then no future in it for anyone but 
themselves. Some obstructed the governor in his work, as 
well as encouraging the British government to do nothing 
to change a policy o f neglect.

During Phillip’s time there was therefore revealed a po­
litical Separation of interests—on the one side capable, 
energetic free men with privilege and money anxious to 
obtain control of convict labour on slave conditions and 
of all commercial activities; and on the other a govern­
ment with a considerable measure of responsibility to see 
to the employment and rehabilitation of the convicts.

Houses and public buildings were erected of timber and, 
when bricklayers were discovered among the convicts, of 
bricks. Phillip led exploration of the colony, and settle­
ments were established at Parramatta, on the Hawkesbury 

Land River, and at Norfolk Island. Almost immediately grants
grants of land were made to men who had arrived free, and

convict labour was provided for its working. By 1791 
more land was in use under government direction than 
private, but by that year 150 persons were in possession 
of farms. Cultivation had been attempted on all farms, 
but crops were poor, for hardly any rain feil in the year 
before Phillip’s departure from the colony. By the middle 
of 1790 only 38 convicts had been assigned to private 
employment, and care was being taken to see they were 
properly employed and treated. By 1792 the settlement 
was producing its requirements in several types of manu- 
factured goods.

Failing health compelled Phillip to relinquish his com- 
mand, but by his departure in 1792 the settlement had 
progressed sufficiently far to allow it to be said that by that 
date the foundation of Australia had been achieved. Phil­
lip was able to report: “The colony is approaching to that 
State in which I have so long and anxiously wished to see 
it.” Further, he feit confident that “Time will remove all 
difficulties.” While the achievement had been remarkable, 
there were great difficulties ahead, but never was there any 
doubt of importance that the settlement would survive.

EXPLORATION, 1796-1845
Australia was explored both by land and by sea. George 
Bass and Matthew Flinders in 1796 explored much of the 
coasts o f New South Wales in small whaleboats, and in 
1798 Bass made a long and successful voyage in his small 
whaleboat around the east and south coasts of the colony, 
proving the existence of a strait between the mainland 
and Tasmania.

Until 1813 nothing was known of New South Wales 
beyond a Coastal strip about 150 miles long and no more 
than 50 miles wide. The colony was shut in much more 
by the Blue Mountains on the west than by the sea on 
the east. In 1813 Gregory Blaxland, William Lawson, 
and W.C. Wentworth penetrated through this canyoned 
plateau, almost as deep as it is high, on a journey that

marked the beginning of the problems of its more exten­
sive exploration. Soon it would be no longer any easier 
to confine the graziers to the boundaries of settlement 
than “to confine the Arabs of the desert within a circle 
drawn on the sands.” From the bases established beyond 
the mountains a few small expeditions went farther and 
discovered rivers flowing west and Southwest. The nature 
of the country farther to the west was not, however, to be 
revealed for a good many years.

In 1824 Hamilton Hume and William Hovell began what 
was to prove the most important journey since the Blue 
Mountains were first crossed. They travelled Southwest 
to reach first the Murrumbidgee River, then Australia’s Explora- 
greatest river—the Murray, as it was later named— and tion of the 
then to cross the full width of what was to become the Murray 
state of Victoria. This expedition revealed not only great Basin 
possibilities for the extension of settlements in New South 
Wales but even greater possibilities farther to the south.

In 1831 Charles Stuit travelled down the Murrumbidgee 
River and into the Murray. This journey of nearly 2,000 
miles proved the Murray to be the centre of a northern 
network of rivers, but still there were rivers farther to the 
north that flowed out to the west; perhaps they flowed 
toward some inland sea, perhaps they came to an end in 
dry, shingly beds.

THE NEW SOUTH WALES CORPS
When Governor Phillip departed in 1792, the senior offi­
cers of the New South Wales Corps took over. Probably 
no less than 16,000 acres of land were granted between 
Phillip’s departure and the arrival of Gov. John Hunter in 
1795. The small group of corps officers and their friends 
had a great advantage in trade—few others received in­
come in currency acceptable by those who shipped goods 
to the colony. Also, they had powers to apply or not to 
apply the law, even if not the power to say what the law 
was. Acquisition of land, of advantages in trade, and of 
favour at the hands of “the law” ensured that they would 
become a wealthy and powerful group.

Hunter’s main problems continued to be those of mak­
ing the colony survive—the employment of convicts and 
emancipists (convicts who had served out their sentences) 
and the production of food and other necessities; but it 
was soon apparent that the activities o f the New South 
Wales Corps, particularly the officers, represented a se­
rious difficulty. The governor endeavoured to apply the 
policy laid down by the British government, with the aid 
of men whose interests were that it should not prevail. The 
substance of this political conflict was economic interest.
The officers and their associates desired to have convicts 
assigned to them for employment at their own terms and 
to dispose of their products at the best prices obtainable.
They desired to buy, or otherwise acquire, goods at prices 
most favourable to themselves and enter directly into the 
disposal of them. They desired nothing less than a mo­
nopoly of the import trade, particularly that in rum. The 
early govemors, on the other hand, proceeded to employ 
many convicts on government land, to take their produce 
into government stores, and to dispose of it at prices de- 
termined by considerations other than making the most 
profit. Goods were also imported by the government and 
sold from its own stores. This practice had arisen because 
at first there had been no other way and then because of 
the existence of men able to exercise monopoly powers.

The acquisition and disposal of mm, in particular, be­
came a problem. It became the customary currency, the 
normal means of paying wages, and its possession de- 
pended either upon having silver and gold money which 
shippers would accept or upon distilling it unlawfully.
This “exchange economy based on tyranny and m m ,” 
which on balance was most harmful to the small com- The 
munity and its future, produced also the kind of initiative exchange 
and ambition that gave Australia, in its very early years, economy 
the sheep industry upon which all its future prosperity 
was to depend. John Macarthur, the pioneer of the wool 
industry, was not only the personification of all that had 
produced so much evil and so much good but he was the 
man whose egotism and drive was directly responsible for 
so much of it.
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While the colony in its first decade was growing in 
population (only a trickle of it was free), in land under 
cultivation, in output and range of goods, in the num­
ber of buildings erected and the extension of settlement, 
difficulties with the group led by the corps officers grew 
also. Hunter returned to England in 1800 exhausted by 
his labours. Uprisings by Irish and other convicts early 
in the 19th Century were perhaps more dramatic but far 
less significant than the acquisition of power by the corps. 
P.G. King, Hunter’s successor as governor, a man of 
strong character and fiery temperament, believed he could 
do better. However, despite his orders and his indigna- 
tion, the balance of political, social, and economie power 
continued to move in the direction of the corps officers. 
Conditions of life and employment of convicts and eman- 
cipists—well over 90 percent of the community—did not 
improve during King’s term of office, but the colony made 
progress. The conflict of governor and corps officers came 
to a head in King’s time with a duel between Macarthur 
and his own senior officer, William Paterson, who was 
carrying out the governor’s orders. The Opposition led by 
Macarthur was not completely successful, and Macarthur 
himself was sent to England to face court-martial. King, 
however, was left in a weakened Position and was soon 
recalled. Macarthur, in England, took the opportunity to 
resign from the corps and to develop his plans for land 
and sheep farming in Australia.

SHARPENING OF THE CONFLICT
j o v . The appointment in 1805 of William Bligh (famous for
Villiam the “Bounty” mutiny) as governor of the colony made
High a sharpening of the conflict inevitable. Bligh knew what

his instructions meant and he determined to carry them 
out. The general lines of British government policy re­
mained the same throughout the years 1788-1821, and 
Bligh proceeded to give effect to it. His defeat at the 
hands of the New South Wales Corps merely meant that 
the British government realized that its govemors could 
not work without power independent of the dominant 
colonial pressure group; and, under Macquarie, the policy 
the corps sought to defeat triumphed. Issues that led to 
an insurrection by the New South Wales Corps centred in 
matters of trade, particularly illicit dealings in mm, and 
in the acquisition of land rather than in anything relating 
to wool growing or the affairs of the pastoralists. Bligh’s 
policy was recognized by the “little men” to be in their 
interests, but the power of the corps officers in effecting 
Macarthur’s aims was too great.
Following Bligh’s arrest in Government House and his 

detention, the main activity of the military government 
was that of granting land, strengthening its own position, 
and clipping the wings of its competitors. The employ­
ment of convicts became little better than slavery, and the 
retention of a society permanently divided into free and 
unfree seemed certain.

MACQUARIE
The success of the New South Wales Corps and Macarthur 
was their undoing. Orders were given for the corps’s re- 
moval to England, and Macarthur, too, left the scene of 
his conquests for some time. Lachlan Macquarie was ap- 
pointed govemor with the power to bring his own regiment 
to the colony. With this power to enforce his decisions, 
Macquarie arrived to find the select group, “pure merinos” 
as they were later to be called, in a dominant economie 
and social position. Macquarie has often been described 
as a despot, and no doubt a despot he was to those 
who desired to see a colony of great inequality between 
free and unfree, rich and poor. His policy increased the 
prospects of emancipation for convicts and their chances 
of gaining status and becoming small farmers in their 
own right. He caused public buildings and roads to be 
constructed, established a bank, encouraged exploration 
and the pastoral industry, and introduced currency to take 
the place of rum. He redressed the balance of social and 
economie power over a period of 1 0  years and, as it be­
came certain that no section of the community would ever 
succeed in completely dominating all others, production 
and settlement increased and extended. There would have

been more economie progress in certain fields if sectional 
initiative, if not ruthlessness, had been given its head; by 
1817 there was room for a change in policy in certain 
directions. Complaints about Macquarie’s administration 
led to the appointment that year of Commissioner J.T.
Bigge to investigate. The British objected to the amount 
of Macquarie’s public works expenditure, and some influ- 
ential persons in England and Australia desired the eman- 
cipists to be given less and the big landowners more scope.
This conjunction of interests resulted in the termination 
of Macquarie’s period of office in 1821.

It could now be truly said that Australia was established 
on a firm economie foundation and in a manner that 
would not allow any great disparities to development be­
tween groups of its people. Both Macarthur and Macqua­
rie deserve credit for this Situation, the first for vigour and 
personal ambition and an interest that served the colony 
well, and the second for holding a proper balance within 
the colony itself and for determining to give it the public 
facilities essential if it was to function.

PASTORAL EXPANSION AND SELF-GOVERNMENT, 1822-55
In these years the foundation of modern New South Wales 
were securely laid. Self-government was attained; radical- 
ism emerged; voluntarism was established as the basis of 
colonial religion; transportation of convicts ceased; trial by 
jury and a free press were allowed; and the rapid expan­
sion of the pastoral industry made the colony prosperous.
New South Wales changed from a prison farm into a self- 
governing colony with a free and expanding economy. The Increasing 
basis of the expansion was wool. Exploration in the 1820s importance 
and 18 30s opened up the whole colony, and the demand of wool 
for wool in Yorkshire enabled the squatter pastoralists to 
avail themselves of the new land, which provided excellent 
pastures for the fine-wooled Merino. Wool was a source 
of sterling funds and an inducement for Capital imports 
and immigration. The consequent wealth was a solvent 
of autocracy. The growing body of free settlers was not 
prepared to suffer autocratie government and transporta­
tion, which lowered the moral tone of the colony. But the 
impetus for colonial reform came also from Britain.

Thus, acts of 1823 and 1828 gave New South Wales 
a nominated Legislative Council; an act of 1842 made 
this partly representative; and the Australian Constitutions 
Act, 1850, made it completely representative with the 
powers of writing a Constitution. Nevertheless, until 1855 
executive control rested entirely with the governor and his 
Executive Council, consisting o f officials. The Legislative 
Council was dominated by the pastoralists, who tried to 
frame a Constitution to thwart the democratie aspirations 
of the city and labour interests; but the bicameral leg- 
islature that was finally adopted avoided the autocratie 
ambitions of the pastoralists and was the future source of 
much liberal legislation.

The most important social conflict between 1822 and 
1855 concerned the status of the former convicts, but, 
after transportation was discontinued in 1840, wealthy 
emancipists and exclusives were brought into an alliance 
to fight for self-government and against the colony’s grow­
ing radical movement. In religion the privileged status of 
the Church of England was modified, and the various 
Christian denominations (including Catholicism) demand- 
ed and received legal equality. The attempt by Gov. Sir 
Richard Bourke to introducé public secular education 
foundered on the Opposition of the churches. But the 
most important political conflict concerned the alienation 
of land. The squatters had settled on land beyond “the 
limits of location” (a defined small area, to prevent undue 
dispersion and make government easier) and until 1847 
had the most temporary titles to their estates. Gov. Sir 
George Gipps tried to prevent the complete alienation 
of the state’s pasturelands but was unable to prevent in 
1847 orders-in-council which gave the squatters favour- 
able treatment. The quarrel over land, however, continued 
throughout the 19th Century.

COLONIAL LIBERALISM, 1856-85
In February 1851 gold had been discovered near Bathurst, 
but the main tide of the gold rushes soon swung to the
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richer fields of Victoria. New South Wales nevertheless 
gained in wealth and population from gold. In 1856 the 

The ballot new Constitution was implemented with a bicameral leg- 
and uni- islature and responsible Cabinet government. One of its 
versal male early acts in 1858 introduced the ballot and universal 
suffrage adult male suffrage, and the new democracy soon moved 

against the squatters. “Radical” legislation in the next 
30 years included the abolition of state aid to religion 
(1862), the Triennial Parliaments Act (1874), the Public 
Instruction (public schools) Act (1880), and public health 
legislation (1881). Sir John Robertson’s land Act of 1861 
aimed at facilitating closer settlement by allowing selection 
before survey; anyone might select from 40 to 320 acres 
(16 to 129 hectares) within the “settled” or “intermediate” 
districts on payment of a quarter of the price, the balance 
being due, with the title, after three years’ residence. Some 
genuine closer settlement resulted, especially on the coast, 
but the squatters’ devices of “peacocking” and dummying; 
i.e., picking the best land and using dummy selectors, 
left most of the western lands in their hands. The failure 
to settle much of the increasing population on the land 
meant greater concentration in the towns, besides the rap­
id growth of trade unionism and radicalism among the 
growing body of workers. Radicalism before 1870 was re­
flected in the land legislation and Opposition to the British 
government. Between 1870 and 1885 it encouraged state 
intervention in social and economic life and increased 
the political aspirations of the trade unionists. Sir Henry 
Parkes was the most influential personality in politics, 
and between 1872 and 1891 his ministries introduced free 
trade, established nonsectarian public schools, and spon- 
sored railway development. He finally lost office because 
he favoured federation before the idea was populär in New 
South Wales.
This was a period of great economic development. By 

1890 New South Wales had become self-supporting in 
foodstuffs; valuable minerals had been discovered and 
mined—gold at Captain’s Flat in 1861, copper at Cobar 
in 1869, tin at Inverell in 1871, and silver-lead-zinc at 
Broken Hill in 1883; 1,215 miles (1,955 kilometres) of 
railway were completed by 1884; unassisted immigration 
between the years 1873 and 1893 exceeded 230,000. These 
developments were greatly promoted by the Capital im- 
ports that occurred during the 1870s and 1880s, many of 
them by the government for public works.

LABOUR, NATIONALISM, AND FEDERATION, 1886-1914
This period was dominated by growing nationalism, the 
rise of the political labour movement, and the federation 
of the Australian colonies into the Commonwealth of Aus­
tralia. The period began with the collapse of export prices 
and the great reduction of Capital imports, both of which 
were consequent on British financial difficulties. This led 

Labour to wage reductions, industrial unrest, the great strikes of 
strikes 1890-91 (in which the trade unions were defeated), and the

financial crisis of 1892. Although the 1890s were a time 
of misfortune, culminating in the big drought of 1902- 
03, these years were the most significant in the history of 
New South Wales. The failure of direct action in the 1890 
strike forced the unions into politics with immediate influ­
ence on legislation. G.H. Reid, with Labor Party support, 
introduced financial reforms (including income tax), re- 
moved the public service from political control, reformed 
the land law to allow the breakup of large estates, and 
passed the Factories and Shops Act (1896). In a similar 
manner, after 1900, liberal legislation supported by Labor 
introduced old-age pensions (1900), compulsory industrial 
arbitration (1901), women’s franchise (1902), and free 
public education (1906). After federation Labor gradually 
increased its power until in 1910 J.S.T. McGowen was 
able to form the first Labor ministry. Without a doubt, the 
protection that came with federation favoured the devel­
opment of New South Wales as the centre of Australian 
heavy industry and thus of the industrial Proletariat and 
the Labor Party. But a similar development also occurred 
in agriculture, where, between 1900 and 1914, the area 
of cultivation doubled, which resulted in a rapid increase 
in the production of wheat, fruit, and dairy products. In 
1912 the Riverina was opened up for closer settlement.

BOOM AND DEPRESSION, THE 1920S AND 1930S 
At the beginning of World War I, New South Wales had 
a Labor ministry under W.A. Holman, but his support of 
conscription led to his expulsion from the Labor Party and 
his formation of a Nationalist ministry in 1916. Labor was 
returned to office in 1920, and Labor and Nationalist min­
istries alternated until the Depression discredited Labor 
and put the Nationalists in office for a decade. The failure 
of Labor after its promising beginning was due mainly 
to its loss of both social purpose and emphasis on social 
experimentation, and to internal dissension. The 1920s 
were a period of boom, with considerable immigration 
and Capital imports, and the expansion of public works 
(e.g., railway building and the Sydney harbour bridge) and 
private industry. In the world Depression after 1929, how­
ever, New South Wales suffered badly. Recovery was slow 
and not complete by 1939. John T. Lang, Labor prime 
minister in 1925-27 and 1930-32, is one of the most 
controversial figures in the history of the Australian Labor 
movement. He introduced some important social legis­
lation— e.g., widows’ pensions—but was dismissed from 
office by the governor in 1932 for repudiating overseas 
debt payments after his government had legally committed 
itself, by agreement with the Commonwealth, to paying 
them. In a landslide victory the Nationalists under B.S.B. Nationalist 
Stevens were returned in 1932 and retained office until election 
1941. By then, however, Lang had been expelled from the victory 
party, and Labor had regained its unity of purpose.

WORLD WAR II AND POSTWAR INDUSTRIAL EXPANSION
Labor govemments were in office continuously from 1941 
to 1965, with W.J. McKell, J. McGirr, J.J. Cahill, R.J.
Heffron, and J.B. Renshaw as prime ministers. The only 
notable legislation of this period was that for the 40-hour 
week (1947), compulsory voting for local government 
(1947), compulsory trade unionism (1953), new liquor 
trading hours (10 pm closing; 1955), equal pay for women
(1958), and reform of secondary education (1961). In May 
1965 Labor was defeated at the polls, and a Liberal and 
Country Party government under R.W. Askin was formed.
An extensive plan to modernize the state’s port facilities 
was announced in 1966. In 1967 a referendum in north­
ern New South Wales for a proposed new state of New 
England was defeated. The history of New South Wales 
since 1940 has been dominated by the greatest industrial 
expansion in its history, much encouraged by substantial 
immigration and Capital imports.

Industrial unrest continued to be part of life in New 
South Wales during this period of economic expansion.
Grievances o f workers in the coal industry culminated in 
a prolonged labour strike in 1949, which dislocated the 
transport and power supply Segments of the economy.
Additional periodic labour unrest has continued into the 
late 20th Century primarily in public transportation, power 
supply services, and in shipping.

Some major Capital programs began during World War 
II. In 1940, the production of petroleum from oil-shale 
commenced at Glenn Davis but was later abandoned 
because it was determined to be uneconomical. Dock 
facilities at Port Jackson were expanded in 1944 to ac- 
commodate the British Fleet during wartime. The Captain 
Cook Graving Dock was constructed during the port ex­
pansion, enabling this facility to accommodate the largest 
ships afloat at the time. Expansion of the iron and steel 
industry also took place during this World War II and 
postwar industrial activity.

One of the more monumental projects undertaken since Snowy 
World War II is the Snowy Mountains hydroelectric Mountains 
scheme. In 1949, the Snowy Mountains Hydro-electric hydroelec- 
Power Act created an authority and empowered it to tric scheme 
generate electricity hydroelectrically in the Snowy Moun­
tains. All electricity produced from the Snowy Mountains 
would be supplied to the Commonwealth government for 
defense and other purposes, and for consumption in the 
Australian Capital Territory. Surpluses of electric energy 
would be supplied to the States of Victoria and New South 
Wales. The act was supported by a detailed agreement 
between the States of Victoria, New South Wales, and the 
Commonwealth regarding responsibilities of each party in
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the construction and Operation of the hydroelectric System. 
The agreement established the Snowy Mountains Council, 
which consists of representatives of each party. The coun­
cil directs and Controls the Operation and maintenance 
of the System. The objective of the Snowy Mountains 
scheme is to transfer waters, which would normally flow 
unharnessed to the sea, from the Snowy River and its 
tributaries to inland rivers and streams for irrigation and 
hydroelectric power.
Additional public works since World War II include mas­

sive improvements of roads, highways, and bridges; the 
modernization and electrification of railways; school con­
struction; and the building of the Sydney Opera House.

An increasing amount of attention has been paid by

government and citizens to the arts, Conservation, and en­
vironmental protection. Irrigation areas were established 
as areas of Crown lands subdivided into farms to which 
intensive irrigation is used for livestock, agriculture, and 
domestic purposes. Irrigation districts were also created 
for privately owned lands as well as flood-control districts. 
Anti-pollution measures have also been instituted in New 
South Wales.

New South Wales remains the dominant state within 
the Commonwealth of Australia in the late 20th Century. 
The state derived its prosperity from a sound agricultural 
base, diversified industry and manufacturing, and strong 
commercial and financial institutions.

(J.F.Ca./R.M.Hl./Ed.)

NORTHERN TERRITORY
The central section of northern Australia, the Northern 
Territory is bounded on the north by the Timor and 
Arafura seas, and by Western Australia to the west, 
Queensland and the Gulf of Carpentaria to the east, and 
South Australia to the south. It is approximately 1,000 
miles (about 1,600 kilometres) from north to south and 
600 miles (about 1,000 kilometres) from east to west. Its 
area is 519,800 square miles (1,346,200 square kilome­
tres)— 17.5 percent of the Australian Commonwealth. It 
is largely tropical.

Constitutionally, the territory was, until 1978, inferior in 
status to the States, and it had limited legislative powers 
until self-government was granted in that year. Its develop­
ment since 1911, when it was transferred to the Common­
wealth from South Australia, has been a major item of 
expenditure in terms of works, services, and inducements 
to producers to accept the risks of an uncertain physical 
and economic environment. The nature of the climate, the 
poor soils, distance from assured markets, and problems 
of recruiting labour have been considerable handicaps.

Physical and human geography
THE LAND

Relief and drainage. The unspectacular coastline is flat 
with low headlands and is mostly fringed with mangrove 
swamps. There are many offshore islands, of which Mel­
ville and Bathurst islands and Groote Eylandt are the 
largest. Inland from the Coastal beit there is a gradual rise 
to the town of Tennant Creek (1,229 feet, or 375 metres) 
on the vast Precambrian plateau (1,000-2,000 feet) that 
extends south and west into the neighbouring States. 
Farther south, Alice Springs (1,790 feet, or 545 metres) is 
situated on.an alluvial plain in the Macdonnell Ranges, 
of which Mt. Zeil (4,955 feet, or 1,510 metres) is the 
highest point in the territory. There are some remarkable 
tors 200 miles Southwest of Alice Springs: Mt. Olga (3,507 
feet, or 1,069 metres) with 30 separate domes, and Ayers 
Rock (2,845 feet, or 867 metres), a red, ovoid monolith 
rising 1 , 1 0 0  feet.

A number of rivers, of which the Finke and the Todd are 
the largest, flow from the central ranges after rainstorms. 
Areas north of the plateau are drained by some substan­
tial rivers: the Victoria, 350 miles long, and the Daly, 
225 miles long, flow to the Timor Sea; the Katherine 
flows Southwest from Arnhem Land to join the Daly; the 
Adelaide, Mary, and South and East Alligator rivers enter 
Van Diemen Gulf; and the Roper and the McArthur flow 
east and northeast into the Gulf of Carpentaria.

Plant and animal life. Some forests with Indo-Malaysian 
Vegetation elements exist in Arnhem Land, but otherwise 
the northern Vegetation is open woodland with low euca- 
lypts and tall grasses of low nutritive value. In the main 
cattle areas of the Victoria River Downs and the Bark- 
ly Tableland, an open-tussock grassland on heavy, gray- 
brown Cracking soils is dominated by Mitchell grass (a per­
ennial Astrebla species) with subdominant Flinders grass 
and herbs. Between the Barkly Tableland and the ranges 
a wide belt of pervious sand supports only spinifex. In the 
Alice Springs district the rocky Hills carry spinifex, but on

the light-textured soils of the lower slopes and valleys an 
association of mulga (an acacia tree) with short grasses is 
a valuable fodder resource. Mixed mulga-spinifex scrub 
with seasonal herbs and ephemerals occupies the nearby 
red plains of desert loam, and farther to the west is a 
desert of hummock grassland composed of widely spaced 
clumps of spinifex and Plechtrachne.

Higher plants exceeding 5,000 species are represented. 
Species endemic to the Macdonnell Ranges include 
a cycad, Macrozamia macdonnellii; a palm, Livistona 
mariae—a surviving representative of the Vegetation that 
once covered central Australia; and several acacias and er- 
emophilas. A broad-leaved species of mulga, the witchety 
bush, harbours a grub much sought by Aborigines as food. 
The baobab tree, with a girth of 30 feet, occurs near the 
Victoria River.

Principal birds are the princess parrot of the central, 
rocky spinifex country, the flock pigeon of the grass- 
lands of the Barkly Tableland, and lorikeets, parrots, and 
rock pigeons in rugged areas of the north. The black- 
banded pigeon is known only in the western escarpment 
of Arnhem Land. Mammals include one of the egg-laying 
species—the echidna—and a variety of marsupials. The 
kangaroo is widely distributed, but some species have re- 
stricted habitats: the rat kangaroo is adapted to the arid 
regions; the rock wallaby and antilopine wallaroo inhabit 
the rocky ridges of the northwest; and the black wallaroo 
is restricted to the granitic ranges of Arnhem Land. The 
unique rock-haunting ring-tailed opossum is an interest­
ing evolutionary development. Formerly domestic animals 
now existing as large wild populations include camels, 
buffalos, cattle, pigs, goats, horses, and donkeys. With the 
exception of the buffalos, which are hunted for hides and 
meat, these are serious pests. The cattle tick also causes 
great economic problems.

Climate. There are two seasons: a wet summer, from 
November to April, and a dry winter. Rainfall is extremely 
variable and of marked summer incidence. The change 
from the north, where the annual rainfall is 60 inches 
(1,525 millimetres), to the southeast, where it is only five 
inches, reflects the diminishing influence of the Australian- 
Asian monsoon and an increasing dependence on tropical 
thunderstorms. Only 30 percent of the territory has an 
annual rainfall of between 15 and 40 inches—the effective 
limits of agricultural development. The climate is hot and, 
in the north, uncomfortably humid for eight months of 
the year. Mean temperatures at Darwin are 84° F (29° C) 
in January and 76° F (24° C) in July, and at Alice Springs 
81° F (27° C) in January and 53° F (12° C) in July. The 
nörth is free from frosts.

Settlement patterns. The pastoral potential of the ter­
ritory was first recognized during construction of the 
Overland Telegraph Line, and on its completion, in 1872, 
areas near Alice Springs and Darwin were stocked with 
cattle. The establishment of cattle stations on the Barkly 
Tableland during J:he 1880s comnleted the foundations of 
the pastoral industry. The land is rented from the gov­
ernment; tenure of pastoral leases is normally 50 years, 
and the covenants stipulate conditions of maintenance 
and improvement. These have been minimal, and there
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are inadequate safeguards against ill-advised practiees of 
absentee leaseholders, which have caused damage to V ege­
tation and extensive soil erosion.

The territory is traditionally viewed as two regions, 
roughly delineated by latitude 2 0 ° S and commohly re- 

The two ferred to locally as the North and the Centre. The two 
traditional areas differ in topography and cliinate and represent the 
regions spheres of interest of Darwin and Alice Springs. As natural 

outlets for cattle and mineral concentrates from their re- 
spective regions, these centres have developed rapidly. Lit­
tle urban growth has occurred elsewhere: Tennant Creek 
and Katherine have urban populations, but there are few 
other groupings of more than 2 0  dwellings.

TH E PEO PLE

Demography. During the gold boom at Pine Creek in 
1872, labour problems led to the engagement of Chinese 
from Singapore, and by 1881 the population comprised 
670 Europeans and 2,781 Chinese. By 1888, when im­
migration restrictions were imposed, Chinese numbered 
about 6,000. Subsequent immigration was mostly Euro­
pean, and at the 1966 census the population was almost 
two-thirds European and one-third Aboriginal. The vast 
majority of the whites are of Australian birth. Age struc- 
ture and other population characteristics are typical of 
Australia. Of the tens of thousands of persons claiming to 
be Christian, one-third are Catholic and two-thirds Prot­
estant. In the middle and late 20th Century more than 
one-third of the population was under 2 1  and more than 
three-quarters under 40 years of age. There was more than 
one male to every female. Whereas most of the white 
population is concentrated in the towns, about eight out 
of 10 Aborigines live in rural areas or in the Aboriginal 
reserves, which total more than 94,000 square miles.

In the Northern Territory the birth rate was much higher 
than the Australian average, though the death rate was 
on a par with the rest of the country. Infant mortality 
was more than double the national average, with greatest 
incidence among Aborigines.

The Aborigines. Few Aboriginal tribes are wholly no- 
mad. Many have retained their tribal structure and their 
customs and religious rituals that govem their social rela- 
tionships. Their religious and magical rites draw on a rich 
repertoire of songs and dances in which sacred objects and 
personal adomment play an important part. These are 
accompanied by a variety of musical instruments. Tribes 
and dialects are numerous. Languages are of the agglu- 
tinating type; i.e., they combine into single words two or 
more elements of distinct and separate meaning. Though 

Aboriginal many of the languages have characteristics in common, 
languages the prefixing languages of the north are basically different 

in structure and vocabulary from the Aranda languages of 
the south. Many tribes have permitted in the main their 
languages and religious rites to be placed on permanent 
record. Government policy on Aboriginal welfare is one 
of assimilation, promoting their participation in the privi­
leges and responsibilities of citizenship so that they may 
become an integral part of the Australian way of life.
Aborigines, as Australian citizens, are entitled to equality 

before the law. The Department of Aboriginal Affairs ad­
ministers various programs designed to benefit Aboriginal 
citizens. In order to better administer these programs the 
department, in conjunction with other commonwealth 
agencies and departments, established a legal definition 
of Aborigine as a person of Aboriginal or Torres Strait 
Isländer descent, who identifies himself as such and as 
accepted by the community in which he or she lives as an 
Aborigine or Torres Strait Isländer.

The Northern Territory is committed to governmental 
policies of Aboriginal self-management and self-sufficiency. 
The government attempts to secure equal access to ser­
vices for Aborigines. Additional programs are oriented 
toward the social and economie betterment of the Ab­
original Citizen, providing special benefits not available to 
other citizens. Bilingual education programs were initiated 
in 1973 in many Aboriginal communities. Legal services 
are provided by the Department of Aboriginal Affairs to 
ensure that all Aborigines are represented in the courts in 
a competent manner.

The Aboriginal Land Rights Act of 1976-78 was es­
tablished for the Northem Territory, giving traditional 
Aborigines inalienable freehold title to former reserve 
land while providing a procedure for Aborigines to claim 
areas of unalienated Crown land. A judge of the North­
ern Territory Supreme Court acts as the Aboriginal Land 
Commissioner, ajudicating claims. Aboriginal communi­
ties are also assisted in the purchasing of land off the 
reserves. Money from the Aboriginal Land Fund is used 
for this purpose.

TH E ECONOM Y

Agriculture and mining. The traditional dependence of 
the economy on cattle raising has been substantially 
changed since 1966 by developments in mining and other 
primary industries. Agricultural production was small and 
related to local needs, until 1969, when the exportation 
of grain to Japan began. Seven Companies commenced 
prawn fishing and processing in the same year. Pastoral 
production is confined to beef cattle, grazed largely under 
open range conditions.

Mining of iron ore at Mt. Bundey and Frances Creek 
(near Darwin), and of manganese ores at Groote Eylandt 
(an island off the east coast), commenced in 1965-66.
Much of the iron ore was exported to Japan while much 
of the manganese ore went to Europe, Japan, and the 
United States. Copper and gold ores are mined chiefly 
at Tennant Creek. Since 1971 the Northem Territory has 
been among the country’s most important copper- and 
gold-producing regions.

Manufacturing and services. Secondary industries are 
small service industries meeting local needs. Tourism is 
increasing, and many visitors are attracted by the climate 
of Alice Springs and by the stark, colourful scenery of 
the Macdonnell Ranges and the Mt. Olga-Ayers Rock Na­
tional Park.

Transport. The Northern Territory has one Standard 
gauge railway: from Alice Springs to Port Augusta in 
South Australia. The Stuart Highway (954 miles, or 1,538 
kilometres), from Alice Springs via Tennant Creek and 
Katherine to Darwin, and the Barkly Highway (403 miles, 
or 649 kilometres), connecting Tennant Creek with Mount 
Isa, Queensland, are the main road links. Air services are Develop- 
well developed: many overseas airlines serve the interna- ment of air 
tional airport at Darwin, and there are services between services 
state capitals and Darwin and intermediate towns, a sub­
stantial internal network, and charter services at Darwin 
and Alice Springs. There are many small airports, and most 
homesteads have airstrips. Shipping from Darwin has in­
creased and necessitated a large extension of port facilities.

A D M IN ISTRA TIV E A ND  SOCIAL COND ITIO N S

Government. The Northem Territory Self-Government 
Act of 1978 established the Northern Territory as a self- 
governing entity. Under this act the commonwealth trans­
ferred most of its powers of government to the territory.
The government of the Northern Territory is similar to 
that of the States in fields of transferred authority. There 
are, however, differences in office titles. For example, the 
Northern Territory has an administrator instead of a gov­
ernor and a chief minister in lieu of a premier.

The administrator is appointed by the govemor general 
and has the responsibility for administering the Northern 
Territory’s government. The Executive Council, composed 
of all ministers in the Northern Territory, acts as adviser 
to the administrator. The administrator acts on all matters 
within the realm of the territorial government. Matters 
not within the realm of the government are handled in 
conjunction with commonwealth advice.

The Legislative Assembly serves as the Northern Terri­
tory’s parliament. The Assembly is composed of members 
elected for four-year terms. A speaker is elected by the 
members of the Assembly as well as six ministers to 
serve on the Executive Council. A number of territorial 
departments and authorities operate within the realm of 
transferred powers. The only territory-related administra­
tive responsibilities still retained by the commonwealth 
deal with uranium and other prescribed-substance mining 
and Aboriginal land rights.
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Local government was established in the city of Darwin in 
1957. Since that date local government has been extended 
to other towns and cities in the territory. Local municipal 
councils are elected by universal adult franchise. Elections 
are held at intervals of not more than three years.

The Northern Territory is represented in the federal gov- 
emment in Parliament. The territory elects one member 
to the House of Representatives and two members to the 
Senate. The legal System and the jurisdiction of the courts 
are similar to the other States. Darwin, as a defensive port, 
has extensive army, air force, and naval installations.

Health. The Department of Health provides medical 
and dental services and maintains hospitals at Darwin, 
Alice Springs, Katherine, and Tennant Creek, and a lepro- 
sarium near Darwin. Its aerial services to remote areas are 
based at Darwin; it also provides the medical personnel 

The Flying for the Royal Flying Doctor Service of Australia, which 
)octor operates within 500 miles of Alice Springs. Two-way radio 
Jervice consultation usually suffices for minor ailments. Health 

inspectors visit all settlements, and medical and dental of­
ficers make periodical examinations of all schoolchildren.

Education. Education is the responsibility of the minis­
ter of education, under the Northern Territory Education 
Act of 1979. Advisory councils were established by the act 
to assist the minister in special areas of education. The 
territory is served by several preschools, primary schools, 
and high schools. Educational services are also available 
through correspondence and private institutions. Area 
schools offer courses in secondary education, and three 
residential colleges are available for Aboriginal students. 
Government schools offering post-primary courses are lo­
cated in many Aboriginal communities. Mission schools 
in some Aboriginal communities offer similar educational 
opportunities. Special schools for the handicapped are lo­
cated in Darwin and Alice Springs.

Aboriginal education is conducted, for the most part, 
away from the population centres in government and mis- 
sion schools close to the Aboriginal communities. Govern­
ment schools at the preschool and primary levels provide 
tuition assistance for Aboriginal children. Bilingual educa­
tion programs are widespread throughout the Aboriginal 
population. Courses in Aboriginal culture are also preva­
lent in many government and mission schools. Children 
wishing to continue their education beyond the primary 
level may attend one of the regional colleges for Abori­
gines. Instruction in a wide range of secondary courses is 
obtained at the college or in a regional urban high school.

Darwin Community College (1973) is a multipurpose in- 
stitution serving the Northem Territory. It provides chiefly 
technical and professional courses at the university level.

The Northem Territory Industries Training Commission 
administers vocation and apprenticeship training pro­
grams. Members of the Commission represent government, 
education, employers, and employees. The commission is 
involved in research, accreditation, promotion, financial 
assistance, and advice on matters pertaining to industrial 
training within the Northem Territory.

Technical and adult education is also offered in the ter­
ritory. On-site Aboriginal adult education courses are pro­
vided by local educators who teach a variety of vocational 
skills. Other colleges that provide vocational training in­
clude Batchelor College, Community College of Central 
Australia, and Katherine Rural Education College.

CULTURAL LIFE
Cultural institutions are naturally limited in a region of 
small population of very low density. Because of its iso- 
lation—Darwin, for example, is nearer to Hong Kong 
than to Sydney—the territory is largely deprived of op­
portunities afforded by visiting artists. Partial destruction 
of Darwin during World War II led to replanning on 
modern lines, but even though the decade following its 
proclamation as a city in 1959 saw the population increase 
from 13,000 to 32,000, Darwin lacked museums and art 
galleries and a seat of higher learning. There are, how­
ever, active art, musical, and dramatic societies, and the 
performing and fine arts are occasionally brought to the 
larger towns through the sponsorship of the Arts Council 
of Australia.

Indigenous arts are those of the Aborigines, which sym- Aboriginal 
bolize the ritual of their religion. Throughout the territory arts 
there are examples of sculpture, rock carvings, bark and 
rock paintings, and “X-ray” drawings (which show not 
only the outlines but the bone structure and internal Or­
gans of creatures of esoterie significance). The best of the 
decorative arts are produced in Arnhem Land and range 
from gravestones and ceremonial posts to personal O rna­
ments in attractive, polychromatic designs. Aboriginal art 
has received wide recognition by artists and designers, and 
Aboriginal motifs figure prominently in the decor of many 
public buildings in the state capitals.

Regional national broadcasting stations are situated at 
Darwin, Alice Springs, Tennant Creek, and Katherine, 
and there is one commercial station at Darwin. The first 
television station came into Operation at Darwin in 1971.
Library services are provided from the five principal cen­
tres. Newspapers are published weekly at Alice Springs 
and Tennant Creek, and the Northern Territory News is 
published daily at Darwin.

(A.E.Sc./Ed.)

History
EARLY EXPLORATION AND SETTLEMENT
For some centuries before the beginnings of European ex­
ploration, the coast of the Northem Territory was visited 
by traders from Macassar for the purpose o f obtaining san- 
dalwood and bêche-de-mer. The earliest European explo- 
rations were those of the Dutch from Java, between 1606 
and 1756. In 1623, the Dutch ship “Arnhem” explored 
the coastline o f the Northem Territory, naming it Arnhem 
Land. Later, in 1644, Abel Tasman sailed along the coast, 
landing near the mouth of the Victoria River. Dutch ex- 
plorers were followed by a period of British exploration, 
notably by Capt. Matthew Flinders (1803), who charted 
part of the coastline, and Lieut. Philip King (1817), who 
discovered that Melville Island was not part of the Austra­
lian mainland. The Frenchman Nicolas Baudin explored 
the area of Melville Island in 1803, applying French names 
to several physiographic features. No immediate results 
were derived from these explorations, and the territory re­
mained without European settlement until 1824, when, in 
order to forestall possible French annexation, a settlement 
was founded by Capt. Gordon Bremer at Port Essington; 
it was removed to Melville Island, where Fort Dundas was Melville 
constructed 10 years before the settlement of Melbourne, Island 
Perth, or Adelaide. A further settlement was established by settlement 
Capt. James Stirling at Raffles Bay in 1827, but both this 
and Melville Island settlement were abandoned in 1829. A 
settlement was established on a new site at Port Essington 
in 1839 by Bremer. The settlement grew and soon had a 
hospital and more than 20 cottages. In July 1839 the hms 
“Beagle” entered Port Essington, and three months later 
its first officer, Lieut. John Lort Stokes, explored Port 
Darwin. Prior to the arrival of the “Beagle,” Bremer had 
been called upon to help suppress an uprising in Canton.
The settlement had continued under the leadership of 
Capt. John McArthur. Conditions began to deteriorate at 
Port Essington, and many settlers died of fever. Finally, in 
December 1849 the settlement was abandoned.

PERMANENT SETTLEMENT
No further settlements were attempted during the next 
15 years, but the interior of the territory was extensive- 
ly explored, the most outstanding expeditions being the 
Crossing of the continent by John McDouall Stuart (in 
1860 and 1862), and by Robert Burke, William Wills, and 
John King (in 1861). In 1863, through an issue of royal 
letters patent by the imperial government, the Northern 
Territory came under South Australian administration. In 
the same year a land settlement scheme was sponsored 
by the South Australian government, and a permanent 
centre of administration was established at Palmerston 
(now Darwin) in 1869.

The township of Palmerston was surveyed (1869-70), and 
Capt. Bloomfield Douglas was appointed the government 
resident. Between 1870 and 1872 the overland telegraph 
line was constructed linking Adelaide and Darwin. The
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first newspaper was published in the territory in 1874, and 
in the same year Port Darwin grew to nearly 800 persons 
(three-quarters European and the remainder Chinese and 
Malay). The discovery of gold at Pine Creek boosted the 
population to more than 1,700 persons (50 females) by the 
end of the year. The first railroad began Operation in 1889 
between the goldfields in Pine Creek and Port Darwin.

In the late 1860s cattle were introduced from the south, 
and by 1888 there were 218,000 cattle, 107,000 sheep, and
5,600 horses in the territory. In 1872 gold was discovered 
south of Grove Hill. Further discoveries were made at 
Pine Creek, Union Town, Brock’s Creek, and Burrundie, 
and within a year the population of the territory increased 
from 1,000 to 7,500. The introduction of Chinese labour 
in 1875 gave some stability to the mining industry, and 
by 1888 most of the gold produced was being won by 
Chinese. Copper was found in 1882 at Daly River and in 
the McArthur River area in 1891, and by 1911 several 
other minerals had been found in the territory.
In 1890 the Northem Territory was given parliamentary 

representation at Adelaide, allowing the election of two 
members to the House of Assembly. In 1901 the residents 
of the territory were given representation in the federal 
House of Representativës and were allowed to vote for 
South Australia candidates for the Senate.

CO M M O NW EA LTH  A D M IN ISTRA TIO N

The territory, despite the efforts of the South Australian 
government, remained underdeveloped, having a popula­
tion of only 3,310 (2,734 males and 576 females) in 1911. 
On January 1, 1911, following nearly 10 years of nego- 
tiations, it was transferred to the commonwealth under 
the Northem Territory Acceptance Act 1910. The North­
em Territory (Administration) Act 1910 provided for the 
territory to be administered, subject to the instructions 
of the minister for extemal affairs, by an administrator 
appointed by the govemor general. In the first years of 
commonwealth administration a number of investigations 
into the resources of the territory were carried out, sev­
eral agricultural experimental farms were established, the 
mining industry was subsidized, the South Australian land 
laws were amended, and stock routes were improved with 
wells and bores. In 1917 the railway was extended from 
Pine Creek to Katherine. Representation in the Federal 
House pf Representatives by a nonvoting member was 
granted in 1922, following local unrest.

From 1927 to 1931 under the Northern Australia Act of 
1926 the territory was administered in two parts separated 
by the 20th parallel of south latitude—Central Australia 
and North Australia— each with a government resident 
assisted by an advisory council. The act also provided for 
the establishment of the North Australia Commission with 
certain powers in relation to the development of North 
Australia, in particular in connection with transport and 
Communications and water boring and Conservation. Dur­
ing this period the North Australia railway was extended 
from Katherine to Birdum, and in the same year (1929) 
the extension from Oodnadatta to Alice Springs was 
completed. The onset of economic depression, however, 
brought about a serious curtailment of developmental 
work, and in 1931 the North Australia Act was repealed, 
the Commission was abolished, and the administration of 
the territory as a whole was once again placed under an 
administrator at Darwin.
Electricity and water reticulations were introduced in 

Darwin in 1934 and 1940, respectively, and in Alice

Springs in 1937 and 1942; and in 1940 a beginning was 
made on the Barkly and Stuart highways, which were 
completed in 1943.

W O RLD  W AR II A N D  LATER

Women and children were evacuated from Darwin shortly 
after the bombing of Pearl Harbor in December 1941. 
United States troops and naval units were stationed in 
Darwin early in 1942. On February 19, 1942, Japanese air- 
craft attacked Darwin, sinking and damaging several naval 
vessels and killing and wounding several hundred persons.
Following the Japanese bombing o f Darwin, the northem 

part of the territory was placed under complete military 
control, and the civil administration, responsible for the 
remainder of the territory, was transferred to Alice Springs, 
where it remained until the end o f the war.

Although Darwin was severely damaged by air raids and 
the civilian population had to be evacuated, the territory 
emerged from the war with greatly improved facilities for 
air and road communicatioh provided by defense con­
struction and with its main industry, the pastoral industry, 
in a healthy state. After the resumption of civil control 
the former residents returned and there was an influx of 
new arrivals.

Elaborate plans to redevelop a large area around Darwin 
were drawn following the war. These plans were aban­
doned in 1950 and a more feasible approach of rebuilding 
Darwin undertaken. A number of surveys and investiga­
tions into the territory’s resources were then carried out, 
especially by the Commonwealth Scientific and Indus­
trial Research Organization and the Bureau of Mineral 
Resources. The output of the mining industry increased 
steadily, due mainly to the larger copper and gold produc­
tion from Tennant Creek, and to the uranium deposits 
discovered at Rum Jungle in 1949. Other deposits included 
iron ore at Mount Bundey and Frances Creek, manganese 
on Groote Eylandt, and bauxite at Gove Peninsula.

In 1947 the Northem Territory Administration Act was 
amended, creating a Legislative Council composed o f both 
appointed and elected members, with an administrator, 
appointed by the govemor general, as president of the 
council. The council was charged with the responsibil­
ity of making laws for the peace, order, and good of 
the Northem Territory government. Laws passed by the 
council were forwarded to the administrator for approval. 
Certain laws required the approval of the govemor gener­
al. The govemor general could approve the laws, withhold 
approval or approve only a part of the law, or return the 
law to the council with recommended amendments. In 
1959 the act was amended once again.
The Legislative Council was converted into a wholly 

elected body in 1974, when the Northem Territory Ad­
ministration Act was again amended. The amendment 
called for an elected council of 19 members with a speaker 
elected from the membership.

The Commonwealth began a program of transferring 
administrative powers to the Northem Territory govem- 
ment in 1977. Administrative powers were transferred to 
the newly created Northem Territory Public Service. The 
positions of executive member were created, with each 
executive member acting as a minister in charge of certain 
services such as fire protection, local government, and 
correctional services. The Administrators Council was re­
placed by the executive members, known as the Executive 
Council. On July 1, 1978, the Northern Territory Self- 
Government Act went into effect. (Ed.)

QUEENSLAND
Comprising the entire northeastern portion of Australia, 
the State of Queensland reaches well north of the Tropic 
of Capricom, and it was the first successful settlement 
of European peoples within a tropical climate. The 1,000 
miles (1,600 kilometres) of its eastern Coastal region are 
separated by the northem reaches of Australia’s Great Di- 
viding Range from the vast inland plains. Extending for 
1,250 miles off this coast is the Great Barrier Reef, one

of the most remarkable coral formations in the world.
Queensland’s 667,000 square miles (1,730,000 square ki­

lometres) make up nearly one-quarter of all Australia and 
nearly one-third of the occupied part of the continent. It 
is bounded on the north and east by the Pacific Ocean, 
on the south by New South Wales, on the Southwest by 
South Australia, and on the west by the Northem Terri­
tory. Although Brisbane, the Capital, contains slightly less
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than one-half of the residents of the state, smaller but 
sizable cities, especially along the coast, have dispersed the 
population across a larger area than in any other state of 
the commonwealth. Settled originally on the basis of the 
grazing potentiality o f its great grasslands, Queensland has 
succeeded in increasing the diversification of its economy, 
a significant part of which derives from the allure of its 
tropical resorts.

Physical and human geography
THE LAND

Relief and drainage. The inland two-thirds of Queens­
land comprises a vast plain, broken in a few places by 
low ranges and hills, whereas the eastern (coastal) third 
is hilly, occasionally mountainous, with wide valleys and 
plains between the ranges. The Great Dividing Range runs 
the entire length of the state, separating east-flowing from 
west-flowing rivers. In South Queensland it lies close to 
the coast, and peaks reach to 4,500 feet; but it becomes 
a low range 250 miles inland at the Tropic of Capricom, 
and again nears the coast in North Queensland. Between 
the Dividing Range and the coast are many other ranges, 
more conspicuous than the Di vide in Central and North 
Queensland, where the state’s highest peak is Bartle Frere, 
at 5,287 feet (1*611 metres).

The rivers of Inland Queensland are intermittent; that is, 
they flow only after heavy rains, when they flood widely 
across the flat plains. In the arid Southwest, the rivers 
branch into thousands of distributaries, and big floods are 
followed by lush growth o f clover and other herbage in 
what is known as Channel Country. Most Coastal rivers 
are also intermittent in flow and shallow, navigable only 
in the tidal reaches.

Most coastal soils have low fertility, though occasional 
alluvial and other richer soils occur. Large areas of rich 
black, gray, and gray-brown soils are found inland, form- 
ing the basis for one of the greatest natural grasslands of 
the world. The Great Artesian Basin underlying the plains 
provides water for livestock.

Climate. The rainfall of Queensland ranges from 180 
inches (4,500 millimetres) a year on the wettest part of 
the northeastem coast to five inches (125 millimetres) in 
the Southwest. All Queensland receives more summer rain 
than winter rain, but the latter is important in the south­
east, in which large areas of wheat and other winter crops 
are grown. Rainfall decreases in quantity as one moves 
inland, where droughts are frequent.

Queensland’s summer temperatures are warm to hot, 
humid on the coast but usually dry inland. Winters are 
mild and sunny, with frosts occasional on the southefn 
coast and frequent inland. Average maximum summer 
temperatures, registered in January for the southem coast, 
the northern coast, and the central inland area, are about 
85° F (29° C), 8 8 ° F (31° C), and 100° F (38° C), re- 
spectively; comparable winter minimums in July are 49° 
F (9° C), 63° F (17° C), and 45° F (7° C). Humidities are 
greatest in the north, lowest inland.

Plant and animal life. The Wetter or more fertile parts 
of the east coast foster several areas of dense rain forest 
and its lesser variant, the softwood scmb. Otherwise, the 
subcoastal Vegetation is more open forest of eucalyptus. 
Further inland, the dominant trees are mostly acacia 
species—brigalow, mulga, and gidyea—interspersed with 
large grassy plains and with some areas of desert spinifex, 
a spiny grass growing in dumps.
Queensland has a great variety of animals— 50 species of 

marsupials, 400 of birds, and 1,600 of fish. Both the short- 
nosed echidna and the platypus—egg-laying mammals— 
are found there. Marsupials range from the large red and 
gray kangaroos to koala bears, opossums, cuscusses, and 
marsupial mice. Birds include the flightless emu of the 
plains, great flócks of coloured parrots, and songbirds of 
the forests. Fish include the freshwater Queensland lung- 
fish, eating and gamefish, and beautiful reef fish.

Settlement patterns. The strong regional sentiment 
within Queensland arises from the size and dispersion 
of the populated areas, some 1 , 0 0 0  miles from south to 
north, 800 miles east to west. The main regions are South

Queensland, Central Queensland, North Queensland, and 
Inland Queensland.

South Queensland extends north to Bundaberg and some 
200 miles inland, including the Darling Downs farming 
subregiön. About three-quarters of Queensland’s inhab- 
itants live in South Queensland. Rockhampton, Central 
Queensland’s largest city, is the outlet and commercial 
centre for the beef cattle and wool produced in its hinter­
land. This region’s vast coalfields also have been developed.

North Queensland is identified with sugarcane, produc­
ing about three-quarters of Australia’s crop. Subregions are 
Mackay and the Atherton Tableland. Townsville serves 
as the commercial cêntre for the pastoral hinterland and 
has a copper refinery nearby. Coalfields lie inland from 
Mackay and Bo wen. Inland Queensland is the great pas­
toral area of the state. Popularly called the West, it has 
an identity overriding its 900-mile spread and is sharply 
different from the coast.

Almost all of Queensland has been occupied by pastor­
alists for 80 to 1 0 0  years, but large areas of the state 
are little changed from the original landscape. In western 
Queensland, the flocks of sheep and herds of cattle mainly 
graze the natural grasslands, the interspersed beits of trees 
providing only light grazing. In southem Inland Queens­
land the mulga is a useful drought reserve, since the leaves 
are edible by livestock. It is cut or rolled down for this 
purpose, and it regenerates.

Nearer the coast, some large areas of open eucalyptus 
forest have been “ringbarked,” a process that kills the trees 
and allows grass to grow. A large beit o f brigalow timber, 
an acacia looking much like an eucalyptus, in the 2 0 -to- 
30-inch-rainfall beit of Central and South Queensland has 
been partially cleared for farming and grazing, since the 
presence of brigalow indicates good soils.

In the crop-growing and dairying region of the southeast 
and on the sugar-growing north coast, timber has been 
completely cleared from the better soils, mainly river allu- 
viums and basalt areas. Elsewhere, much original timber 
remains, and there are many national parks and hard- 
wood forests.

The outstanding feature of land settlement in Queensland 
is the large size of the grazing holdings and farms. Most 
of the western grazing country is held in leasehold from 
the crown, and well over a thousand pastoral holdings 
average more than 100,000 acres in area. On the better 
grassed country the holdings are 15,000 to 25,000 acres, 
carrying 5,000 to 10,000 sheep. In the grain-farming areas 
much of the land is freehold, and most farms are between 
600 and 3,000 acres in size. Large holdings, with a high 
degree of mechanization and a small labour force, suit the 
rather unreliable rainfall pattem of Inland Queensland. In 
the coastal sugar areas, farms range from 50 to 100 acres 
and are highly mechanized.
The large holdings in rural Queensland have produced a 

sparse pattern of villages, or townships. In the far west and 
in the rougher rangy areas of the subcoastal beit, the graz­
ing properties, or stations, are very large, employing six to 
2 0  people and carrying more supplies than a village store. 
Hence, townships often lie as far apart aS 30 to 100 miles.

Recent decades have seen a decrease of population in 
most of western Queensland. In the agricultural areas con- 
tairting mainly single-family farms, the small towns are 
closer, about 1 0  miles apart; but with the improvement 
of roads and vehicles some small towns are disappearing, 
and towns of more than 1,000 people and lying 40 to 60 
miles apart are serving the rural areas.

Queensland has a more decentralized population than 
any other state. Apart from Brisbane, there are fewer than 
a dozen cities with more than 20,000 inhabitants. The 
development of ports and commercial centres along the 
Queensland coast and the growth of the sugarcane industry 
are in large part responsible for this widespread settlement.

THE PEOPLE
Ethnie groups» More than four-fifths of Queensland’s 

population is Australian bom, and, as in other States, it 
is predominantly of English, Scottish, or Irish ancestry. 
Important minorities Came from Germany in the I9th 
Century and from Italy after 1920, the latter frequently
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becoming cane farmers in North Queensland. After 1947, 
a wider range of European immigrants arrived from The 
Netherlands, West Germany, and southem and eastern 
Europe, as well as some from the United States.

The assimilation o f Europeans has been rapid once some 
fluency in spoken English is achieved, and religion has not 
proven to be a barrier. The assimilation of the Australian 
Aborigines, on the other hand, has been slower.

Queensland’s birth and death rates are close to the 
Australian average. Historically, Queensland’s birth rate 
has been significantly higher than the Australian average, 
reflecting a more rural population. The margin has nar- 
rowed as urbanization has increased.

From 1860 to 1890 the death rate was substantially 
higher than the Australian average. During this period, 
Queensland’s future was threatened by tropical diseases 
brought in by troops from India, by Chinese miners, and 
by South Pacific islanders. Almost every tropical disease 
was introduced, and Queensland seemed likely to suffer 
the same fate as previous European attempts to settle in 
the tropics. Intense and continued effort by the medical 
profession and the Queensland health services, however, 
progressively wiped out the diseases. Australia’s policy of 
restricted immigration was strongly influenced by Queens­
land’s experience of unrestricted immigration, and after 
about 1890 the state was developed almost entirely by 
European labour.
The number of rural workers has declined with increasing 

mechanization of farming and the abandonment of some 
small farms and dairy farms. These trends have far more 
than offset the increased population in those few rural 
areas that still are expanding, notably the brigalow lands.

Although Queensland is the most decentralized of Aus­
tralia’s States, the trend toward increased urbanization is 
strong. The development of Queensland’s great mineral 
resources, contributing to the growth of mining towns and 
ports, is both a decentralizing and urbanizing force.

THE ECONOMY
Queensland’s economic pattern is similar to that of the 
other States, but its manufacturing is less developed than 
that of New South Wales and Victoria in such areas as 
steel, Chemicals, and transport equipment. It is more de­
veloped in the production of certain minerals, in tropical 
crops, and in extensive cattle raising.

Manufacturing, commerce and finance, construction, 
agriculture, and professional and personal services are the 
areas of greatest employment in Queensland. Seasonal 
unemployment is more noticeable in Queensland than 
in other States, mainly because of the seasonal nature of 
sugar harvesting and cattle slaughtering and the decline 
in construction work in the wet months from Decem­
ber to April.

Agriculture. The original attraction of Queensland is 
the great natural grasslands of its interior. The grass­
lands remain the state’s largest single resource, even with 
the growth of manufacturing, mineral exploitation, and 
agriculture.

Wool production is almost all of the fine-textured Meri­
no variety. Beef cattle are tending to replaee sheep in some 
areas and already have replaced many dairy cattle. Some 
of the best croplands in Queensland are fully developed: 
for sugar production on the coast and for grains on the 
subcoastal Darling Downs. Other crops include peanuts, 
tobacco, cotton, and many tropical and temperate-climate 
fruits and vegetables. Queensland has a greater area of 
land suitable for further development than any other state, 
especially brigalow and similar lands suitable for beef 
grazing and summer grain crops.

Manufacturing. Queensland’s manufacturing and pro­
cessing industries now exceed the output of the rural 
industries in their contribution to the state’s income. 
Brisbane, which employs almost two-thirds of the factory 
workers, has by far the greatest range of manufacturers. 
Elsewhere in the state, most manufacture comprises the 
processing of such primary products as sugarcane, meat, 
timber, and alumina and various base metals, as well as in 
industry supplying local needs—printing, baking, vehicle 
repair, and the like.

Mining. The most spectacular development in Queens­
land in the middle and late 20th Century was in minerals, 
including alumina and coal. The great bauxite field at 
Weipa on Cape York Peninsula exports bauxite overseas 
and supplies the big alumina refinery at Gladstone. The 
Mt. Isa mines in the north west greatly expanded their 
production of copper and of silver, lead, and zinc. Several 
large coal mines for the export market have been opened 
up in the hinterland of the central coast. Brisbane is sup­
plied natural gas and oil from the Roma fields and oil 
from those at Moonie.

Tourism. A major Queensland industry, the tourist fa­
cilities ofthe state are serving a rapidly increasing number 
of Australian and overseas visitors attracted by the mild, 
sunny winters and moderate summers. Prime attractions 
include the surfing beaches and the Great Barrier Reef 
islands, as well as the rain-forested national parks and 
tours o f  the eastern coast. The surfing beaches are in 
South Queensland. Gold Coast, 20 miles of beaches near 
the southem border, supports a booming tourist and holi- 
day industry.

Administration of the economy. The state government 
in Queensland regulates those parts o f the economy not 
under federal control and directly provides some services, 
especially railways, main roads, education, health services, 
police and law, some forestry and irrigation, and some 
housing. Operating under state legislation, local authori- 
ties provide minor roads, some bus services, water supply, 
drainage and sanitary services, and town planning. Statu- 
tory bodies provide electricity, harbours, slaughterhouses, 
and marketing of some primary produce.

State industrial awards (wages and hours fixed by the 
state-appointed arbitration authority) cover some 65 per­
cent of the employees in Queensland, a larger percentage 
than other States. Notable among employee unions is 
the large Australian Workers Union, covering shearing, 
grazing, canefarm, and mill employees and constmction 
workers.

Transportation. Queensland developed as a series of 
ports, with railways tapping the inland, but now coastal 
shipping is employed exclusively for heavy cargoes such as 
steel and sugar. Brisbane is the largest receiving port, while 
Gladstone (alumina and coal) and Weipa (bauxite) are the 
largest shipping ports. Several thousand miles of railway 
operate throughout the state of Queensland. Closure of 
some branch lines in agricultural areas has occurred; but 
two railways have been constructed for coal exports, and 
other lines have been improved. Air services are important 
in Queensland, especially in getting about the large area 
of the inland.

A steadily improving road network links all parts of the 
state, but maintenance o f unpaved roads is costly and 
difficult with heavy summer rainfall. A paved road reach­
es Caims and is partly constructed to the main inland 
towns. Paved beef roads have been built to get fat cattle 
to railheads from the southwestern Channel Country and 
the northwest.

Brisbane is the only city with serious traffic congestion, 
and a 25-year program of freeway construction is under 
way. Most provincial cities also have planned similar but 
less extensive Systems.

ADMINISTRATIVE AND SOCIAL CONDITIONS
Government. The state government follows the usual 

British pattern of a legislature, an executive, and a ju- 
diciary. Queensland is the only state with a unicameral 
parliament, the upper house having voted itself out of 
existence in 1922. Local authorities are established un­
der the Local Government Acts; they are elected through 
adult franchise, and voting is compulsory. Unlike the Sit­
uation in other state capitals, most of the metropolitan 
area of Brisbane is controlled by a single city council. 
Public justice is vested in the Supreme Court and district 
courts and, for civil jurisdiction, in lower courts as well. 
The Supreme Court holds periodical sittings in centres 
throughout the state.

The Australian Labour Party controlled the state for two 
long periods, 1915-29 and 1932-57. Since 1957 a coali­
tion of the Country and Liberal parties has governed.

Federal 
and local 
services
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Social welfare. Social and economic divisions are even 
less marked in Queensland than in the rest of Australia, 
which itself makes up the world’s largest area of uniform 
language, social customs, and Standards of living.

Education. The vast majority of primary and secondary 
school children attend state-government schools, and the 
rest are in schools run by religious and other bodies. Edu­
cation is compulsory between ages six and 15.

Private schools receive governmental subsidies, as well 
as grants for libraries and Science laboratories. Correspon- 
dence schools always have been important to the remote 
parts of the state, and thousands of children, including 
apprentices, are educated in this way. Regular school as- 
sessments o f pupils are made, and university-admission 
examinations are held.

Universities are located in Brisbane and Townsville and 
institutes of technology in Brisbane, Toowoomba, and 
Rockhampton. An agricultural college, a conservatory of 
music, and many technical colleges complete the state’s 
offerings in higher education.

Health and housing. Queensland is the only state with 
a public hospital System that provides free wards as well 
as the usual subsidised private wards that charge fees. 
Among the medical-research institutes is the Radium In­
stitute, which successfully deals with skin cancers, a high- 
incidence affliction in Queensland. The Flying Doctor 
Service, which commenced in Queensland in 1928, now 
makes hundreds o f flights a year to remote farms or set­
tlements, especially in the inland region.

Prevalence Several thousand dwelling units a year are built in 
of single- Queensland, of which the vast majority are separate
family houses. With a warm climate and ample hardwoods, rel-
homes atively cheap timber houses have been the most common 

type in Queensland. Older houses often were erected on 
timber piles to give room below the house for laundry, 
automobiles, etc., and to keep houses airy and free from 
termites. The trend in recent years is to build low-set 
houses, as in other States, and brick or brick veneer is now 
very common.

CU LTU RA L LIFE

A feature of recent cultural development in Queensland 
is the greater opportunity now enjoyed by people in the 
nonmetropolitan areas. A network of radio stations, both 
governmental and commercial, extends over the whole 
state, except in the most remote areas, which must depend 
on shortwave transmissions of national programs. Tele­
vision also covers most of the state. Several Companies 
sponsored by the Arts Council make continuous tours of 
music, ballet, and theatre into the provincial cities and 
inland country centres and schools, covering a far greater 
rural area than is done in any other state. Provincial 
newspapers are strong in Queensland, and the larger daily 
papers carry international news.

Local participation in press, radio, television, theatre, 
and vocal, orchestral, and band music is growing in pro­
vincial and rural Queensland, as is the time spent on the 
arts in school courses. At a higher level, the new James 
Cook University at Townsville offers arts courses at both 
undergraduate and graduate levels.

Thus, the earlier isolation and lack of cultural oppor- 
tunities o f rural dwellers in Queensland is, to an extent, 
being overcome. The state government has established a 
Cultural Activities section in the Department of Educa­
tion to advise and coordinate cultural work and to help 
remote areas.

Brisbane, with a population 10 times that of any pro­
vincial city, is naturally the strongest cultural centre. It 
has a history of good performance in orchestral music, 
and the Queensland Symphony Orchestra, though small, 
is accorded high rank. There is an excellent junior orches- 
tra as well. Vocal music also has been strong, especially 
in the city of Ipswich, where many Welsh coal miners 
séttled. In theatre, Brisbane is notable for its number of 
little theatres, run for many years by competent amateurs 
and now receiving financial aid; some groups have be­
come professional Companies. Several new theatres have 
been built recently, and playwriting has shown strength in 
Queensland. Brisbane also has many privately owned art

galleries, in addition to the state art gallery and museum, 
and interest in the visual arts has been increased by lead­
ing Australian painters working in Queensland at various 
times. On the more populär level, annual competitions of 
fence painting are held in Brisbane and elsewhere, which 
attract many entries, and there are competitions for works 
of sculpture. The state Public Library, with its associated 
Oxley Memorial Library of specifically Queensland items, 
is in Brisbane. Libraries are maintained by the majority 
of Queensland’s local govemments, some having several 
branches.

Populär culture shows little that is distinctively Queens­
land in origin. One widely enjoyed form of populär cul­
ture, however, is the appreciation of the many miles of 
unspoiled landscapes and shorelines within the state. This 
is reflected back in the popularity of separate houses that 
offer outdoor living amid trees and gardens. (H.W.H.)

History
EARLY EX PLO RA TIO N  A N D  SETTLEM EN T

During the period of initial European exploration of 
Australia and the region of present-day Queensland, it 
has been estimated that more than 200 Aboriginal tribes 
inhabited the area, totalling about 94,000 persons. The 
Aboriginal tribes were either fishing people, living along 
the coast where food was plentiful, or mountain people, 
occupying the central and western areas where survival 
was more difficult.

The Talgai skull, discovered in 1884 and estimated to be 
about 10,000 to 25,000 years old, exists to prove the im- 
memorial stirrings of human life on Queensland soil. But 
although by 1606 both Dutch explorers and the Spanish 
explorer Luis de Torres had found Cape York Peninsula, 
it was 1770 before Capt. James Cook discovered the east Cook’s ex- 
coast of Australia and noted signs that a great river might plorations 
empty into Moreton Bay. Cook named and charted many 
capes, bays, and islands along the coast, landing on the 
shore of what is now Queensland nine times. Matthew 
Flinders explored and charted Moreton Bay, refuting 
Cook’s claim that a great river might enter into the bay.
In 1823 John Oxley, aided by castaways, discovered the 
Brisbane River and chose its vicinity for a new and stricter 
penal settlement remote from Sydney. The following year,
Lieut. Henry Miller, accompanied by Allan Cunningham, 
set out with 30 convicts and their guards to establish a 
penal settlement on the site recommended by Oxley. After 
six months at the site, the settlement was abandoned and 
reestablished at present-day Brisbane in February 1825. In 
the next few years exploration of the region continued as 
Capt. Patrick Logan and Edmünd Lockyer explored the 
hinterland of the penal settlement, discovering coal and 
limestone deposits in the process. In 1827 Cunningham 
discovered the Darling Downs.

TH E PENAL SETTLEM EN T

Following the establishment o f the penal settlement at 
Brisbane, more settlements were founded at Ipswich and 
Stradbroke Island. Accounts of life in the penal settlements 
report harsh treatment of the convicts, particularly those 
confined to chain-gang duty. Colonization of Moreton 
Bay region was strictly forbidden because the more dan- 
gerous convicts were housed in this region. The number 
of convicts varied from the initial 30 to more than 1,100 
(including 30 females) in 1833. In 1840 the penal settle­
ment was abolished, at which time the convict population 
numbered about 1 0 0 .

FREE SETTLEM EN T A N D  SEPARA TIO N  
FROM  NEW  SOUTH WALES

Allan Cunningham’s discovery of the Darling Downs 
pointed the way to more flourishing settlement, which had 
already begun overland from the south when in 1840 the 
abolition of the penal colony facilitated healthy develop­
ment. The early squatters were followed in 1842 by the 
first free settlers, and sales of land took place. The main 
hindrances then became the remoteness of Moreton Bay 
district, the lack of understanding of the region in Sydney, 
and the consequent small number of settlers—no more
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than 2,000 in the mid-1840s. It was 1840 before Patrick 
Leslie ventured on the downs at Warwick with sheep, and 
the first erop farmers, apart from the Moravian mission- 
aries at Nundah in the penal days, were brought by J.D. 
Lang in the “Fortitude” in 1849. It was therefore mid- 
century before emigrant ships from Britain sailed directly 
to Brisbane. Nevertheless, political Separation from New 
South Wales was achieved in 1859 and the colony of 
Queensland proclaimed, when the population numbered 
only 23,520 and before any industry had established itself, 
though gold had been discovered in 1858.

Coal was found at Ipswich as early as 1827 and the first 
Queens- mine opened in 1846, but it was the gold rush that really 
land gold inaugurated Queensland’s mining industry. From 1858 to
rush 1873 the east and north of the state were invaded and

opened up by diggers at Canoona, Peak Downs, Gympie, 
Ravenswood, Charters Towers, and Palmer River. Within 
a few months isolated spots in the bush became town­
ships of 10,000 people. There some of the beginnings of 
the “White Australia” policy (1877) may be seen in the 
discrimination by act of Parliament against Chinese and 
other Asian speculators. By 1867 the population o fth e  
state had grown to 100,000. Even where the gold failed, 
as at Canoona, a town such as Rockhampton could rise 
from the ruins. In 1882 came the discovery of a mountain 
of gold and copper, Mt. Morgan, near Rockhampton.
In the 1860s westward migration was very rapid wherev- 

er there was water, and the movement was encouraged in 
1869 by an act of Parliament which granted 2 1 -year leases 
to those who had 25 sheep or five cattle to the square 
mile. Many of the early pastoralists failed. Wool had to be 
transported in drays by long trains of bullocks and mar­
kets were far away and uncertain. But by 1873 Victorian 
prosperity (in gold) began to be invested in Queensland. 
The first railways, from Ipswich to Dalby and Warwick, 
were operating by 1870. The population of Queensland 
was more than 2 0 0 , 0 0 0  in 1880, with the largest cities 
being Brisbane, Townsville, and Rockhampton. Pastoral 
industry spread across the Darling Downs in the 1860s 
and 1870s. By 1880 about 3,000,000 cattle and 7,000,000 
sheep were in the colony. Sugar and cotton production, 
established in the 1860s, increased. In the 1880s attempts 
were made, not always successfully, to end the bitter 
struggle between grazier (livestock rancher) and squatter 
by a succession of acts of Parliament. Artesian boring was 
introduced in 1881 and was energetically developed after 
the bad years of drought and depression between 1890 
and 1902, which wiped out flocks and herds. In addition, 

The cattle after 1894, cattle suffered the onslaught of the cattle tick 
tick from northem Queensland, and an industry that had been

stimulated by the advent of refrigeration and that had 
made its mark on Australian life in the tradition of drov- 
ing over huge distances saw its cattle population halved 
by the 20th Century.
There was similar strife between the early erop farmer 

and the grazier who had come before him. Hewing out his 
farm by clearing the bush, attempting crops where none 
had ever been cultivated, the farmer won the contemp- 
tuous name of “cockatoo farmer.” But, supporting himself, 
he advanced from maize (corn) and pumpkins to lucerne 
and Sorghum; his livestock increased; and the plow, reap- 
er, and farmhouse replaced the hoe, scythe and sickle, and 
bark hut. By 1900 the government had recovered much 
pastoral land for the arable farmer, and by the mid-2 0 th 
Century land that had originally belonged to graziers had 
become renowned for wheat, sugarcane, and bacon.

Dairying did not flourish until the 20th Century, when 
there were sufficiently populous towns to give it encour- 
agement. Until 1888 Queensland imported much of its 
butter from the south, but by 1895 it had become self- 
sufficient in dairy products.

Between 1860 and 1904 Queensland was involved in the 
dispute over the employment of South Sea islanders (Kan- 
akas) as cheap labour. The recruiting of Kanakas (often 
against their will) began with the introduction of cotton 
cultivation during the American Civil War. After cotton 
failed at the end of the war, recruiting continued as the 
sugarcane industry grew. The replacement of the hoe by 
the plow increased production and decreased the need for

Kanaka labour; by a 1904 act the new federal government 
ended the importing of labour and agreed to support sugar 
financially, when necessary, in the interests of the “White 
Australia” policy.

The Kanaka problem influenced the separatist movement 
in northem Queensland (where both sugarcane and the 
goldfields were), but whereas the planters wanted Separa­
tion the miners did not, fearing that the planters would 
impose a policy of continued importation of labour.

Toward the end of the 19th Century the increase in pop­
ulation, the advance of social legislation in Europe, the 
socialist idealism of William Lane, and the depression of 
the 1890s encouraged the growth of trade unionism and 
led to the emergence o f a Labor Party with well-defined Emergence 
policies. The most notable event in Queensland at this ofthe La- 
period was the shearers’ strike in 1891. It was broken, bor Party 
but subsequent legislation providing for shorter working 
hours, improved conditions of work* and the encourage- 
ment of the smaller settler showed clearly the trend of 
the times. In 1899 Queensland had Australia’s first Labor 
government, though a minority one, but Labor’s position 
rapidly became so strong that after World War I it was 
almost continuously in office.

FEDERATION AND THE STATE OF QUEENSLAND
On January 1 , 1901, the Commonwealth of Australia was 
proclaimed, creating the state of Queensland. The census 
of the same year recorded 498,129 inhabitants, excluding 
Aborigines. In 1904 women gained the right to vote, and 
in 1914 compulsory voting was enacted first in Queens­
land, followed by the other States.

In 1922, at the instigatiön of the ruling Labor gov­
ernment, the Legislative Council (upper house of the 
bicameral parliament) was abolished, leaving the Legisla­
tive Assembly. Three years later Greater Brisbane was 
established as the largest municipal council in Australia.
From the beginning, the Brisbane council was elected by 
a complete adult electorate.

The Labor government was replaced by the Country 
Party as the ruling government in 1929. The new gov­
ernment came to power amid difficult times of rising 
employment, falling incomes, and the social distress of 
the Depression years. During its tenure of government, 
the Country Party abolished state trading and established 
the Bureau of Economics. The first woman was elected 
to the Queensland Parliament during this period of Coun­
try rule. The Country Party was unable to stem the tide 
of the Depression and was replaced by the Labor Party, 
who attempted to stimulate the economy through large 
Capital improvement projects. Several substantial projects 
were undertaken, such as the Story Bridge, Stanley River 
Bridge, and construction of the University of Queensland 
at St. Lucia. The worst of the Depression was ending by 
1934, and many social services, suspended during the bad 
economic times, were reinstituted. In 1946 free hospital 
service was introduced and large-scale irrigation projects 
were begun by the government, which included the Bur- 
dekin and Tully hydroelectric scheme. In 1957 the Labor The 
government was ousted by a Country-Liberal (now called Country- 
National-Liberal) coalition. Liberal

In the 20th Century improved farming methods, irriga- coalition 
tion, insecticides, Communications, and new markets at 
home and in Japan greatly strengthened primary produc­
tion. In 1923 vast silver-lead-zinc deposits were found at 
Mt. Isa, and in 1969 further vast deposits were found. Ura­
nium was discovered and mined at Mary Kathleen from 
1950 to 1963, and bauxite was found in great quantity at 
Weipa. In the 1960s the Mooni oil field, the natural-gas 
field at Roma (piped to Brisbane), and the huge mining 
port of Gladstone were developed.

In 1901, Queensland was represented by six senators 
in the national Parliament. This number was increased 
to 10 in 1948. The state’s representation in the House 
of Representatives remains proportional to Queensland’s 
population.

In the 1980 elections held in Queensland, the National- 
Liberal coalition won control of the state Parliament, as it 
has done consistently since 1959.

(R.H.G./Ed.)
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SOUTH AUSTRALIA
One of the six federated States of the Commonwealth of 
Australia, South Australia lies on the south central coast 
of the nation. Western Australia lies to the west, the 
Northem Territory to the north, Queensland to the north 
and east, and New South Wales and Victoria to the east. 
The great majority of its people ding to the seacoasts, 
most of them living in Adelaide, the Capital. The rainfall 
of two-thirds of the vast interior is insufficiënt to support 
significant human or animal populations. In the remain­
der there are scattered towns, mostly small, linked with 
the coasts by rail, road, or air. The aridity of the interior 
is only slightly compensated for by the presence, in the 
northeast, o f  a portion o f the Great Artesian Basin, the 
world’s largest region of natural springs. In two reserves in 
the northwest and Southwest live remnants of the Aborig­
inal peoples of Australia.

Physical and human geography
THE LAND
Most of South Australia is flat, with large tracts of sand 
and of the stony plains known as gibber desert. Over 80 
percent of the land is less than 1,000 feet (300 metres) 
above sea level.

Relief. The state is divided into five major regions. 
The western shield, a vast barren region that also takes 
in much of Western Australia, is underlain primarily by 
Precambrian rock, over 570,000,000 years old. It swoops 
down from the north and west to engulf the entire Eyre 
Peninsula and much of the Yorke Peninsula on the coast. 
Bordering it in the northeast and reaching nearly to the 
coast, great layers of sandstone, lying 4,000 to 5,000 feet 
underground atop the Precambrian Shield, act as the wa­
ter bed for the Great Artesian Basin. The several ranges 
of the Precambrian highland chain stretch mainly north 
from the Adelaide region and east into New South Wales. 

The Eucla In the extreme Southwest and southeast, the Eucla and 
and Mur- Murray basins reach into Western Australia and Victoria, 
ray basins respectively. Most of the land in these areas is of Mesozoic 

origin, between 65,000,000 and 225,000,000 years old. 
Near the town of Mount Gambier, close to the border 
of Victoria, a few lake-filled craters have become tourist 
attractions, but the state is geologically inactive in terms 
of volcanic activity or surface glaciation.
The coastline is indented by two large, navigable gulfs 

separated by Yorke Peninsula, which is about 30 miles 
wide. Gulf St. Vincent, the more easterly of the two, is 
about 100 miles in length; Adelaide lies on its eastern 
shore. Spencer Gulf, twice as long, has near its northern 
limits the industrial towns of Port Pirie, Port Augusta, 
and Whyalla. The only large stream is the Murray River, 
which enters South Australia after forming the New South 
Wales-Victoria boundary. The rivers shown on maps as 
lying in the north rarely contain any water. To the south 
and east of Lake Eyre is a striking group of “mound 
springs,” mineral deposits looking much like miniature 
volcanic cones and rising as much as 130 feet in the air. 
They have been formed by subterranean artesian action, 
which forces the water to the surface. The highest point 
in the state, Mt. Woodroffe, rises to 4,723 feet in the 
far northwest.

Climate. More than 80 percent of the state receives less 
than 10 inches (250 millimetres) of rain annually, all of 
it sometimes falling within a few months to be followed 
by months of almost complete drought. Only 0.3 percent 
gets 30 inches or more. The driest known area on the 
continent occurs around Lake Eyre. A few areas in the 
southeast receive more than 35 inches, but the average is 
between 20 and 30 inches. During the winter months of 
June, July, and August, most of the state has mean tem­
peratures between 50° and 60° F (10° and 16° C), whereas 
summer figures stand at 65° F (18° C) in the south and 
between 80° and 85° F (27° and 29° C) in the north.

Land usage. Land suitable for farming other than ex­
tensive grazing is confined to the south, excluding the

far west. For the analysis of rural statistics, the common­
wealth statistician divides the state into nine divisions.
Seven of these represent about one-eighth of the state’s 
area. About two-thirds of the state was thus unused for 
either agriculture or pasture. Some of this area is set aside 
for Aboriginal reserves.

Plant and animal life. No Vegetation grows at all in 
the Stretches of sand and gibber desert, and only scrub 
grasses and saltbush are hardy enough to survive in the 
dry regions of the north and west. Eucalyptus and native 
pines are scattered in the Flinders Ranges; the Mt. Lofty 
Ranges, near Adelaide, are more heavily wooded, mainly Man-made 
with eucalyptus. In the southeast, more than 170,000 acres forests 
of man-made forest, 90 percent of it in softwood, have 
been created since the late 19th Century to assure forest 
preserves. These have softened considerably the landscape 
of the entire region.
Most Australian species are represented, and some spe­

cies are unique to the state. However, in comparison with 
the eastern States, South Australia has a sparse population 
of native fauna, partly because of the climate and soil but 
also because of the use of better land for farming. Some 
species have become extinct. Kangaroos and wallabies are 
common, as are wombats and bush rats. There are many 
kinds of birds, lizards, and snakes. The coastal sea has a 
wide variety of fish, but few fish are to be found in inland 
waters except in the Murray River.

Drainage. Maintaining and transporting supplies of 
fresh water for human, animal, and agricultural use is a 
constant concern in nearly all of Australia, the world’s 
most arid continent. A few small streams rising in the 
Mt. Lofty Ranges near Adelaide have been dammed, 
but supplementary supplies must be pumped over these 
mountains from the Murray River. Another pipeline to 
the industrial town of Whyalla Stretches for 223 miles 
from the Murray, whose water is also used for irrigation.
The need to ensure a regulär flow of high-quality water 
in the Murray has led to disputes between South Austra­
lia and its partners in the River Murray Agreement—the 
commonwealth, New South Wales, and Victoria—on the 
location of additional dams. In the interior, supplies are 
even scarcer, and private water catchment devices are still 
widely used.

Settlement patterns. The first surveyor general of the 
South Australia colony, Col. William Light, delimited the 
colony into nine counties in 1842. In 1846 the lands of 
counties were divided into hundreds, based on the System 
used in many English counties. The boundaries for coun­
ties and hundreds were based on natural features, but as 
more counties and hundreds were surveyed natural fea­
tures became more difficult to use. In most cases, bound­
aries were based on parallels of latitude and longitude. The 
last of the 49 counties of South Australia was delimited in 
1933. The counties of South Australia average 293 square 
miles in size.

Adelaide was surveyed and lands were allotted or sold in 
March 1837. The colony had grown to about 18,000 by 
1844, with about 10,000 living in or near Adelaide. By that 
time the colony was producing an excess of wheat, and 
copper had been discovered at Kapunda and Burra. The 
colony began to prosper and heavy immigration followed 
the copper discoveries, continuing until the discovery of 
gold in Victoria in 1851. The concentration of people in 
Adelaide created a demand for community services. Water 
was laid in 1861 and gas in 1863. Adelaide became more 
attractive to settlers because of the added amenities and 
greater employment opportunities.

Much of the colony had not been exploited. Very few set­
tlers lived in the Murray Valley or in the northern district.
After 1961 the pattern of settlement in South Australia be­
gan to change. The opening of the northern wheat lands, 
the drainage of the southeastern swamps, the increase of 
farmers on the two peninsulas and in the Murray Mallee, 
and irrigation of the Murray Valley, altered the distribu- 
tion of settlement. Port Lincoln and Mount Gambier be-
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came more important distribution centres, and improved 
roads and railways made the movement of persons and 
goods easier. The settlement continued to concentrate in 
Adelaide and the surrounding cities and towns.

THE PEOPLE
Slightly more than three-fourths of South Australia’s pop­
ulation was born in Australia, and virtually all others were 
bom in the British Isles or Continental Europe. About 10,- 
000 persons report having 50 percent or more Aboriginal 
blood, and few of these had been assimilated into the 
processes of modern Western society prevalent throughout 
the state. The Anglican Church has the largest number of 
adherents, followed by the Methodist and Roman Catholic 
churches, with approximately equal numbers.

Between 1945 and 1965 the state’s population grew at 
a faster rate than that of Australia as a whole, mainly 
because of a disproportionately large influx of immigrants. 
After 1965, however, the rate of growth feil sharply and 
the immigration rate feil below the Australian average 
because o f a deteriorating employment picture. The birth 
and death rates have declined since World War II.

Popula- South Australia’s population distribution is extremely 
tion distri- skewed, plunging from Adelaide’s concentration of nearly 
bution 1,000,000 inhabitants to the less than 50,000 in Whyalla, 

the next largest urban centre. The only other centres with
10,000 or more are Mount Gambier, Port Pirie, and Port 
Augusta. The proportion of rural population, as in the 
entire country, has declined since World War II.

THE ECONOMY
South Australia’s rate of economic growth exceeded that 
of the nation as a whole during the mid-20th Century, 
and the labour market was strong, though a lower rate of 
growth in demand for motor vehicles and consumer du- 
rables, in later years, slowed the pace. Although the mean 
income is below the national average, so are living costs, 
putting the Standard of living on a par with the rest of 
Australia. There were more automobiles and television sets 
per capita than in other States. In Adelaide the cost of land 
and building is below that of other Australian capitals.

Resources. More than one-quarter of the state’s work 
force is engaged in primary production, including min­
ing and quarrying. The state is not rich in minerals, but 
the Middleback Ranges produce the bulk of Australia’s 
iron ore. Some of this is processed at the Whyalla blast 
fumaces, but most is carried by water to Newcastle and 
Wollongong in New South Wales. The state is a major 
world source of opals. Most of the nation’s salt and gyp­
sum come from South Australia, but the open-pit coal 
mines in the Flinders Ranges are not extensive. A pipeline 
to Adelaide from the large natural gas fields discovered in 
the north was completed in 1969.

Manufacturing. Motor-vehicle manufacture is a large 
component of secondary industry, which employs about 
one-tenth of the state’s manufacturing labour force. Gener­
al Motors-Holden Pty. Ltd., one of the nation’s largest 
manufacturers, divides its operations between Melbourne 
and Adelaide. Consumer durables, metal pipes and tubes, 
Chemicals, and textiles are produced in or near Adelaide. 
A soda-ash plant at Osbome, near Port Adelaide, is the 
major producer in the Australian alkali industry. Whyalla, 
in addition to its iron and steel industry, has Australia’s 
largest shipyards. Sawmills and factories producing partiele 
board and paper are located near the softwood plantations 
in the southeast. Port Augusta has a large power station 
using the low-grade coal transported by rail from the Flin­
ders Ranges. Smelters at Port Pirie treat ores sent by rail 
from Broken Hill in New South Wales.

Agriculture. South Australia is a major producer of 
wheat and barley for export abroad, but it excels in its 

Role of the vineyards. Growing about a third of Australia’s grapes, it 
vineyards produces about two-thirds of the wine and most of the 

brandy for the tables of the commonwealth. Tuna and 
crayfish are pulled from the coastal waters for export to 
other States and abroad, and its millions of sheep produce 
wool, meat, and hides. Dairy production is largely for local 
consumption, but a considerable quantity of vegetables is 
sent to other States.

Transportation. Transport services within the state 
centre upon Adelaide, and there has been little planning 
to coordinate the transportation Systems as a whole with 
the state’s economic development in terms of geography.
The railways are almost entirely owned by the state and 
commonwealth govemments, most of the commonwealth 
operations being related to the transcontinental line link- 
ing Sydney and Perth. A direct service operates between 
Adelaide and Melbourne, the Victorian Capital, and a 
line of five-foot three-inch gauge from Adelaide meets the 
commonwealth railway at Port Pirie, the latter a standard- 
gauge line. Operating losses have caused the closure of 
many rural lines and a diversion of traffic to road trans­
port. Many of the roads are hard-surfaced or bitumin- 
sealed, but most are unsealed or of crushed stone. Port 
Adelaide and Whyalla are major harbours for trade with 
other States and foreign nations; Port Stanvac is an oil- 
diseharging port near Adelaide. Direct air services operate 
from Adelaide to Sydney, Melbourne, and Perth and to 
several towns within the state.

ADMINISTRATIVE AND SOCIAL CONDITIONS
Government. The division of power between common­

wealth and state parliaments results in commonwealth 
predominance in defense, foreign affairs, economic policy, 
welfare payments, and shipping and aviation. The main 
matters under state authority are education, hospitals, 
housing, police and prisons, and railways and roads. South 
Australia is represented in the House of Representatives 
and the Senate in the Commonwealth Parliament. The 
state parliament comprises a House of Assembly elected 
by universal and compulsory suffrage, and a Legislative 
Council elected by a restricted and voluntary franchise. 
Legislation must be passed by both houses.

The governor, the official representative of the crown, 
accepts the advice of ministers who, by constitutional 
Convention, are collectively responsible to the House of 
Assembly. The principal minister, the premier, is usually 
the leader of the majority party in that house. Local coun­
cils are elected by property owners and tenants in local- 
government areas.
The two main political parties are the Australian Labor Political 

Party (alp) and the Liberal-National Country Party (lcp). parties 
The alp usually receives a majority ofthe votes, but be­
cause the distribution of representatives favours rural areas 
the party is not always assured of a majority in the House.
The governor appoints the members of the state’s Su­

preme Court, from which appeals lie to the High Court of 
Australia and the Privy Council. Among the lower courts 
are those dealing with such specific matters as licenses for 
the sale of liquor. The Industrial Commission is respon­
sible for labour arbitration, but most workers are covered 
by decisions of the Commonwealth Conciliation and Ar­
bitration Commission.

Education. Although education is compulsory from six 
through 15 years of age, most children enter at five, and 
the rates of retention in secondary education are rising. All 
state schools are tuition-free and administered by the De­
partment of Education with a cabinet-level minister. The 
secondary System comprises high schools offering general 
academie training, vocationally oriented schools, and the 
“area schools” that serve rural populations in primary and 
secondary grades. Private schools enroll a small percent of 
primary pupils and secondary pupils. Apprenticeships are 
controlled by a state commission.

The institutions of higher learning in the state include 
the University of Adelaide, founded in 1876; the Flinders 
University of South Australia, which opened on the out- 
skirts of the Capital in 1966; and the South Australian 
Institute of Technology, dating from 1889. There are, in 
addition, an agricultural college, a schoöl of art, and sev­
eral teacher-training colleges.

Health and welfare. South Australia’s very high health 
Standards are reflected in the figures for infant mortali­
ty, which are among the lowest in the world (although 
the Aboriginal infant mortality rate is high). Hundreds 
of public and private hospitals are in service throughout 
the state. There are few slums, and a large proportion of 
housing is built by the South Australian Housing Trust.
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The Aborigines and the state. In 1973 the Common- 
Depart- wealth assumed responsibility for Aboriginal affairs. The 
nent of Department of Aboriginal Affairs administers a variety
\boriginal of educational and social welfare programs throughout 
\ffairs the state, and the Aboriginal Land Fund Commission as- 

sists Aboriginal communities in the purchase of land and 
homes.

CULTURAL LIFE
The arts. South Australia’s contributions to the arts are 

few, but it provides facilities for its citizens to participate in 
them. The Art Gallery of South Australia has an interest­
ing collection of Australian art. A professional symphony 
orchestra is maintained by the Australian Broadcasting 
Commission and several theatres provide amateur and 
professional drama. Yisiting artists present frequent con- 
certs and recitals, and every second year a Festival of Arts 
is held, modelled on the Edinburgh International Festival 
of Music and Drama in Scotland. In addition to the art 
school, there is a conservatorium of music at the Univer­
sity of Adelaide, and Binders University offers courses in 
theatre, film, and television.

Sports. The main spectator sport is Australian rules 
football, played during the winter from April to Septem­
ber. Cricket takes over during the summer. Year-round 
horse racing is populär, and in the summer the Adelaide 
showgrounds are given over to night trotting races.

(K.J.H.)

History

Parliament brought the South Australian Act, which guar- 
anteed a fixed price for land and ensured that no convicts 
would be sent to the colony. To make certain that no 
cost would be borne by the mother country, the Colonial 
Office was to have charge of all government affairs except 
land sales, emigration, and fund-raising, which were to 
be controlled by an independent board of colonization 
commissioners.

When settlement began, this division of authority led to 
bitter factional strife, exacerbated by the ill-considered rules 
of the commissioners in London. A site for the Capital, 
Adelaide, was chosen and soon divided into quickly sold 
lots, but the survey of the country sections was unduly de- 
layed, and very little food was produced until 1840. Some 
settlers thrived on speculation in town land and import- 
ed supplies, while thousands of poor immigrant families, 
heedlessly sent out by the commissioners, remained idle. 
As the commission had ordained a free market for labour, 
the first governor, Capt. John Hindmarsh, was powerless; 
the second, Col. George Gawler, exceeded his instructions 
by employing immigrants on costly public works. Before 
his unauthorized bills reached London, the commission 
was already bankrupt, its funds frittered away in “puffing” 
the new province. However, a parliamentary committee 
that examined South Australian affairs in 1841 blamed 
Gawler for the province’s disastrous financial state. During 
the next year, Parliament paid most öf the debts, stopped 
emigration, removed the colonization commissioners, and 
placed the province wholly under Colonial Office control.

PROGRESS TOWARD SELF-GOVERNMENT
EXPLORATION
The South Australia coast was first discovered and ex­
plored in 1627, when the Dutch ship “Gulden Zeepaard” 
sailed the coastline from Cape Leeuwin to the islands 
of St. Francis, under the command of Francois Thyssen. 
Since South Australia did not look promising for trade, 
which was the prime interest of the Dutch, the region 
remained unexplored until the late 18th Century.

The Frenchman Antoine Bruni d’Entrecasteaux, sailing 
along the coastline in search of another French explorer, 
sighted land south of Cape Leeuwin in 1792. He sailed 
from this point to the head of the Great Australian Bight 
and then south to Tasmania.

The first Englishman to sail and explore the coast of 
South Australia was Lieut. James Grant, who sighted the 
extreme easterly shores of the region in about 1800. Dur­
ing his voyages around the Australian continent, Matthew 
Binders explored the coast of South Australia between 
January and April of 1802. Binders named many places 
along the coast after places in his home county of Lin- 
colnshire. While exploring the area of Encounter Bay, 
Binders met a French explorer, Capt. Nicholas Baudin, in 
his ship the “Le Geographe.” Baudin was in the process 
of charting the coastline of South Australia.

From 1804 to the first settlement in 1836, exploration 
continued in South Australia by several persons, such as 
captains Dillon (1815-16), Goold (1827-28), Hart (1831- 
33), and Jones (1833-34). The most important of these 

Murray explorations were journeys of Capt. Charles Sturt, who 
River ex- explored the Murray River as it flowed from its source to 
plorations the mouth in South Australia during 1830. Sturt’s glow- 

ing reports of the region were influential in the decision 
to establish a colony. In fact, he recommended the site 
of present-day Adelaide as the best place for the Capital 
of the colony.

THE FIRST SETTLEMENT
South Australia was officially settled as a new British 
province on December 28, 1836. Proposals for settlement 
had not been made until 1830, when plans made by the 
National Colonization Society were placed before the Co­
lonial Office. Later the South Australian Land Company 
and the South Australian Association also put forward 
plans. Each proposed to apply the Wakefieldian theory of 
systematic colonization in a new territory where settlers 
might enjoy civil and religious liberties, but each in turn 
was rejected by the government as “too republican.” These 
frustrating negotiations ended in 1834 when an appeal to

The third governor, Capt. George Grey, was pledged to
economize. He arrived to find land surveyed and settlers
at work on their country sections. By 1844 the colony was
paying its way. Although wool was the chief export, farmers
were growing more wheat than the population of 17,000
could consume. In 1845 rich copper discoveries brought Discovery
a spectacular mining boom that made many settlers in- of copper
dependent of the absentee investors who had hitherto
financed and directed them from England. Local politics
thus gained new interest and became more controversial.
The Colonial Office was defied over mining royalties and 
road taxes, and when it insisted that state aid be offered 
to all churches, only four denominations accepted it. The 
vigorous protests of Nonconformists brought an end to 
government grants in 1851, making South Australia the 
first part of the British Empire completely to separate 
church and state. At the same time, four years of heavy 
immigration increased the population to 67,000 and qual- 
ified South Australia for the grant of a partially elected 
legislative council with the right of drafting a Constitution 
of self-government.
The gold rush to Victoria had drawn thousands of South 

Australians when the first Constitution was prepared in 
1853. To returning diggers and irate citizens alike the 
Constitution was “a caricature of self-government.” Their 
petitions led to a second Constitution, which provided 
two elective chambers: a House of Assembly with trien- 
nial elections, adult male suffrage, secret ballot, and no 
property qualifications; and a Legislative Council with a 
modest property franchise to protect landed interests. To 
the Colonial Office this was “the only thorough Bentham- 
ite Constitution in the empire,” but royal assent was given, 
and South Australia’s first Parliament with responsible 
government met in 1857.

Political independence seemed to exhaust the colonists’ 
ideas but not their powers of resistance. During the first 
30 years of self-government there were 34 changes of min­
istry and very little experimental legislation.

One important early exception was the Real Property 
Act (1858), subsequently copied by more than 50 coun­
tries and sometimes called the Torrens Title System after 
its sponsor, Sir Robert Torrens. To make conveyancing 
simple, quick, and cheap, the act replaced the unwieldy 
System of title deeds by one of certificates guaranteed by 
the state. In the courts the act was persistently challenged 
by Judge Benjamin Boothby, who claimed that it and oth­
er colonial enactments, including the constitution, were 
repugnant to English law. Boothby’s stubborn stand soon
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led to his removal from the bench. To meet his objections 
the Imperial Parliament passed the Colonial Laws Validity 
Act (1865), which, by defining “repugnancy,” became the 
legal keystone of the empire until the Statute of West- 
minster of 1931.

ECONOMIC EXPANSION
By making titles secure the Real Property Act also simpli- 
fied mortgaging, especially for wheat growers, whose small 
freeholds were beginning to force livestock owners far­
ther afield in search of leases. Because pastoral expansion 
seemed to be checked by a barrier of salt lakes, exploration 
was stimulated. Slow-moving government parties found 
gaps between the lakes, and more mobile private explorers 
passed through them to find vast new pastures. The most 
notable óf these pioneers was John McDouall Stuart* who 
finally crossed the continent in 1862, paving the way for 
South Australia’s acquisition of the Northem Territory 
(1863) and for the overland telegraph, which in 1872 
linked Adelaide with the ocean cable terminus at Darwin. 
Other explorers found tracés o f minerals» In 1860 the dis­
covery of rich copper lodes near Moonta aroused hopes 
of general prosperity and encouraged many pastoralists to 
move their stock beyond the salt lakes. Disaster followed, 
for the country was poorly watered; in the drought of 
1864-65, thousands of sheep and cattle perished. As the 
drought did not extend very far to the south, Parliament 
was easily persuaded that all the southem areas were safe 
for agriculture.

During the gold mshes South Australian grain had fed 
the diggers in Victoria and followed them into New South 
Wales and Queensland. From 1853 steamboats carried 
flour far up the Murray and Darling rivers and returned 
with cargoes valuable enough to justify a railway and new 
port at Encounter Bay. In the mid-1860s an even greater 
market for grain was found in England. To the Parliament 
in Adelaide the prospect seemed brighter for wheat than 
for wool. In 1869 the Strangways Act introduced “credit 
land sales,” by which the land hungry might acquire free­
holds on expired pastoral leases on easy terms. A decade 
of prosperity followed. Immigration, heavily subsidized by 
the state, provided agricultural recruits and labour for the 
govemment’s new railways. Each year brought new rec­
ords in cultivation; yet South Australia, with one family 
in three on its farms, depended too much on agriculture 
for its economic well-being.

Hope and inexperience carried the farms into unsafe 
districts, and old overworked districts became “wheat- 
sick.” Though prosperity lasted until 1884, two droughts 
heralded collapse. Bankruptcies mounted as prices feil, 
banks failed, and copper mines showed signs of exhaus- 
tion. Average yields of 15 bushels per acre dropped to less 
than two bushels. Long before the economic depression 
ended, South Australia lost its lead in wheat growing to 
Victoria and New South Wales and feil behind Queens­
land in population. Numerous families migrated to east- 
em States, and many more were attracted to the towns 
even though urban industry had been neglected and em­
ployment was insecure. Demand for liberal reform stirred 
Parliament into action. Land in safe districts was offered 
on easy terms to homesteaders and workingmen. Prom­
ises of compensation encouraged pastoralists to improve 
their ranges and multiply their flocks. Water Conserva­
tion projects were started; southeastern swamplands were 
drained; and irrigation and village settlements were begun 
on the Murray River. The opening of Roseworthy Agri­
cultural College introduced farmers to the use of super- 
phosphates, while scientific techniques began to produce 
better strains of wheat, freedom from disease, systematic 
fallowing, and more varied crops. Assisted immigration 
stopped, but railway building continued. To avoid further 
borrowing in London—the public debt was already close 
to £50 per head—in 1884 the government introduced for 
the first time in Australia direct taxation on incomes and 
land. When this proved insufficiënt, tariffs were sharply 
increased to curtail imports and foster urban industry. 
The opening of Broken Hill in New South Wales helped 
South Australia by providing employment for its miners, 
freight for its railways, and smelting works at Port Pirie,

but these gains were at first offset by heavy migration to 
Western Australian goldfields. The high levels of produc­
tion in 1884 were not regained again until 1906. Although 
the population had passed 300,000 by the mid-1880s, it 
did not reach 400,000 until 1910.

POLITICAL PARTIES
The most marked advances of the depression years were 
in politics. Growing discontent brought the eight-hour 
working day (1884), payment of members of Parliament 
(1887), workmen’s compensation (1889), industrial arbi­
tration and votes for women (1894), and the first Austra­
lian use of a referendum (1895). Primary education, which 
had become compulsory and secular in 1875, was made 
free in 1891. The depression years also hastened South 
Australia’s progress toward federation. The tentative be- 
ginnings of a Labor Party during the 1890s forced its 
opponents into closer alliances and more stable ministries. 
Leading politicians, perplexed by inland tariff barriers, 
Problems at Murray River irrigation, and annual deficits 
in the Northem Territory, were eager for intercolonial 
Cooperation. In the federal conventions South Australians 
played a leading part. Later, when the ablest leaders were 
drawn into the federal Parliament, local politics became 
more subdued. The Labor Party grew in strength and in 
1905 took office in a coalition government. Its main con­
cern was the reform of unequal electoral constituencies: 
Adelaide, with half the population, had only one-third 
of the seats in Parliament. Reform was resisted by the 
Legislative Council, whose abolition, though advocated by 
Labor, was not populär with electors. Nevertheless, the 
Labor Party did form occasional govemments, most of 
them ending in dissension.

The years following World War I brought the Organiza­
tion of the Farmers and Settlers’ League, the Progressive 
Country Party, the Nationalists, and the Liberal Union. 
From these emerged the Liberal Federation and Country 
Party Alliance, which by 1933 forced Labor into Opposi­
tion except in 1965-68.

ECONOMIC DEPRESSION
During the first decade of federation South Australia 
seemed to prosper. Its share of federal customs revenue 
paid the annual interest on the public debt, while bumper 
harvests and rising prices renewed enthusiasm for agricul­
ture. Aided by new railways and superphosphates, farmers 
opened fresh wheat beits on Eyre Peninsula and in the 
southeast. Assisted immigration was resumed. Valuable 
iron-ore deposits at Iron Knob were linked by rail with the 
new port of Whyalla. Port Adelaide was enlarged and an 
outer harbour added for mail Steamers. Electric trams and 
suburban railways revived land speculation, while govern­
ment high schools and free secondary education attracted 
families to the city.

The tide turned in 1910. Although the costly Northern 
Territory passed under commonwealth control, a new 
agreement for distributing federal revenue lowered South 
Australia’s income. From 1914 to 1926 the government 
had to budget for eight deficits. State taxation quadrupled 
and government borrowing increased the public debt to 
£A136 per head (compared with Victoria’s £A8 8 ). Large 
numbers of workers and some entire industries migrat­
ed each year to the eastern States where bigger markets, 
cheaper power, and lower taxes offered better opportuni- 
ties. After 1928, four dry years coincided with worldwide 
depression to reduce the state to a worse plight than any 
of its neighbours. In the winter of 1931 more than 70,000 
unemployed out of a population of 575,000 were depen­
dent on government relief. Thousands of the unemployed 
sought work in the country, enabling a record erop of
8,000,000 acres (3,237,600 hectares) to be sown, although 
depressed prices gave farmers an average of less than 2 0  

shillings per acre for their harvest.
Appeals for federal aid led to the establishment of a Com­

monwealth Grants Commission and brought substantial 
assistance earmarked for developmental works. However, 
most politicians still looked to the land for salvation. To 
the auditor-general, W. Wainwright, this dependence on 
rural output seemed disastrous. He advocated more sec-

Public debt
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ondary industry; by judicious government guarantees to 
suitable enterprises the state would attract overseas Invest­
ment and unlock its own private Capital tied up in land. 
The threatened departure of a large motor-body-building 
industry forced the government to support Wainwright’s 
plan. Certain wharf dues were abolished, and Company 
tax was halved. The first large project was the planting 
of pine forests in the southeast, for the state had always 
depended on imported building timber. Guarantees were 
made to the cement and Chemical industries at Port 
Adelaide. Elsewhere, industries were encouraged to make 
equipment for the expansion of roads, water supply, sew- 
erage, and building.

To Supplement private efforts the government built large 
reservoirs for Adelaide, expanded technical education, and 
created a trust for housing industrial workers.

WORLD WAR II AND AFTER
In 1938 Thomas Playford began his record term of 26 
years as premier, and his accession infused new life into 
industrial policy. Some of his plans had strategie impor­
tance and were implemented during World War II. The 
Broken Hill Proprietary’s new blast furnace and shipbuild- 
ing yard led to great expansion at Whyalla which had to 
be supplied with water by pipeline from the distant Mur­
ray River. Near Adelaide large munition works built by 
the commonwealth government were taken after World 
War II by overseas firms, some for new industries and 
others for the development of long-range weapons. The 
need for an isolated testing site for the weapons brought 
the town of Woomera into existence, its water piped from 
the Murray. In 1946 Playford’s government took over the 
private Adelaide Electric Supply Company, turning it into 
an electricity trust that cut prices and greatly expanded

consumption. To make the state less dependent on im­
ported fuels, the government opened a brown coal mine 
at Leigh Creek, and a large supplementary power station 
soon followed at Port Augusta. The postwar years also 
brought great rural expansion. Scientific testing of inferior 
soils revealed the absence of tracé elements, which, when 
restored, gave fertility to much unused scrubland. High re­
turns for wool and barley freed farmers from the vagaries 
of wheat markets, while road transport, diesel rail engines, 
and bulk handling of grain helped to produce new records 
in cultivation, pasture improvement, and sheep numbers. 
The most spectacular expansion, however, was in Ade­

laide. Its new and growing factories attracted a great 
influx of labour, which in turn demanded new homes 
and services. The city itself became independent on water 
from the Murray. As the Adelaide Plain rapidly filled 
with buildings, a new satellite town was created nearby at 
Elizabeth and other new Southern suburbs.

In 1973 the South Australian Parliament underwent a 
fundamental reform as the special voting franchise was 
abolished and replaced by an 18-years-of-age adult require- 
ment for all voters. Also under this reform, proportional 
representation was introduced for parliamentary elections. 
The first election held under these reforms occurred in 
1975.
The South Australian Land Commission was established 

in 1973 to stabilize the price of urban land and stimulate 
urban development through land acquisition and man­
agement. Financial assistance for land acquisition was 
provided through the Urban and Regional Development 
Act of 1974. In 1980 the name of the commission was 
changed to the South Australian Urban Land Trust and 
its role was altered, transforming it to an urban land bank.

(D.H.Pe./Ed.)

TASMANIA
The island state of the Commonwealth of Australia, Tas­
mania, lies about 150 miles (240 kilometres) south of 
the State of Victoria, from which it is separated by the 
relatively shallow Bass Strait. Physically, Tasmania forms 
part of the Great Dividing Range; culturally, it is part of 
Melboume’s metropolitan sphere of influence. The state 
comprises a main island called Tasmania; Bruny Island, 
nestling close to the southeast coast near Hobart, the 
Capital; King and Flinders islands in Bass Strait; numer- 
ous smaller islands off the coast of the main island; and 
sub-Antarctic Macquarie Island, some 1,000 miles to the 
southeast. The main island is roughly heart-shaped, and 
its latitude and climate are broadly comparable to those 
of northem California and northwestem Spain. Its 26,383 
square miles (68,332 square kilometres), although slightly 
larger than the area of Sri Lanka, comprise less than 1 
percent of Australia.

The state owes its name to the Dutch navigator-explorer 
Abel Tasman, the first European to discover the island, in 
1642, though until 1856 it was known as Van Diemen’s 
Land, after the govemor of the East Indies who had sent 
Tasman on his voyage of exploration. The island of Tas­
mania contains some of the most spectacular mountain, 
lake, and coastal scenery in the continent, has much of the 
country’s hydroelectric-power potentiality, and displays a 
great diversity of natural resources. Throughout much of 
its history, Tasmania has experienced a net out-migration 
that has deprived the state of a wealth of talent but has 
contributed, perhaps disproportionately, to the leadership 
of the nation. Although insularity renders much of the 
political, economie, and social life distinctive, proximity 
to Melbourne and modem air travel make the island less 
isolated and more progressive than is often assumed in 
other States.

Physical and human geography
THE LAND

Relief. Tasmania is essentially a mountainous island. In 
the west, where the highest peak on the island, Mt. Ossa,

reaches 5,305 feet (1,617 metres), the landscape comprises 
several parallel northwest-southeast ridges and valleys; 
eastward lies a series of plateaus at various altitudes, the 
highest point being Ben Lomond at 5,160 feet (1,573 
metres) in the northeast. But the dominant feature of Tas- 
manian geography is the glaciated, lake-studded Central 
Plateau, bounded on the north and east by a 2,000-foot 
fault searp and sloping gently southeastward from 3,500 
to 2,000 feet (1,100 to 600 metres). Much of the east is 
made up of a low, dissected plateau averaging about 1 , 2 0 0  

feet (365 metres). Extensive plains are confined to the 
far northwest, the lower South Esk River Valley, and the 
northeast. The Bass Strait islands represent outliers of the 
northern coastal platforms. In the southeast, postglacial 
submergence has produced one of the finest drownëd 
coastlines in the world.

Drainage. There are two major river Systems—the Der- 
went in the southeast and the South Esk in the northeast—  
many small Systems, especially westward flowing to the 
west coast, and innumerable lakes. The Central Plateau is 
studded with more than 4,000 lakes in a landscape similar 
to northern Canada and Finland; almost all, including 
Great Lake, are shallow. Lake St. Clair, the deepest lake in 
Australia (over 700 feet [215 metres]), is a piedmont lake 
similar to the lakes of northem Italy. Several lakes, notably 
Lake King William, have been created by hydroelectric- 
power development.

Soils. Most Tasmanian soils are leached, acidic, poorly 
drained, high in humus, and low in fertility. Least fertile 
and most extensive are the soils, especially the moor peats, 
of the west and northeast. Fertile areas occur extensively 
in the northwest and locally elsewhere, notably in the 
northeast. Brown earths occupy the drier areas east of the 
Central Plateau; black earths, the southeast; and alluvial 
soils, the narrow valley floors to the east. Other fertile soils 
are those of former swamns in the far northwest and the 
Bass Strait islands.

Climate. Tasmania, located in the mid-latitude westerly 
wind belt and dominated by southem maritime air mass- 
es, enjoys a moist, equable climate, with mild to warm

Postwar
rural
expansion

Major river 
Systems



Australia 461

Rainfall
and
tempera­
ture ranges

Mammals

summers, mild winters in most settled areas, and rain dur­
ing all seasons. Yet the occasional incursion, in summer, 
of tropical Continental air masses and, in spring and au- 
tumn, o f tropical Tasman air masses along the east coast, 
together with the mountainous surface, results in greater 
annual rainfall variability, seasonal moisture deficiencies, 
and temperature changes than are the norm in similar 
climates elsewhere. Climatic averages thus mask consider­
able variations. The average annual precipitation exceeds 
100 inches (2,500 millimetres) on the western ranges and 
declines eastward to under 2 0  inches in some places; along 
the north coast it exceeds 30 inches in all locations. The 
seasonal incidence in the north and west is greatest in 
winter, and in the south and east it is greatest in spring. 
Summer rainfall may vary markedly from year to year, 
especially in the drier, east. Mean January temperatures 
are higher in the north and east than elsewhere, reaching 
64° F (18° C) at Launceston; mean July temperatures are 
46° to 49° F ( 8  ° to 9° C) in all coastal stations, declining 
sharply with altitude. Almost everywhere, the mean daily 
range of temperature exceeds the mean annual range.

Plant and animal life. In general, the wettest areas have 
temperate rain forest, especially the beech or myrtle; areas 
having 30 to 60 inches of rain annually carry good-quality 
eucalypt forest; and the drier areas carry poor-quality eu­
calypt forest or savanna woodland. In certain areas, partic­
ularly in the forest of the south and Southwest, an almost 
impenetrable thicket known as horizontal scrub develops. 
This is caused by the growth of a remarkable small tree 
called the horizontal (Anodopetalum biglandulosum). The 
slender trunk of the tree falls over under its own weight, 
and from it branches arise that behave in the same way. 
On the mountain plateaus are found many plants hav­
ing subantarctic affinities. These include Tasmania’s only 
deciduous tree or shrub, myrtle beech, and certain cush- 
ion plants. Rain forest would be more widespread in the 
absence of fires. Other Vegetation includes the sedgeland 
along the west coast, the high moorlands, and the coastal 
heaths of the far northwest, the far northeast, and the Bass 
Strait islands.
Animal life is virtually absent from the true rain forest 

but abounds in the extensive eucalypt forest. The avian 
fauna includes the honey eaters, the black jay, black mag- 
pie, the black cockatoo, and various parrots. Among the 
mammals are the wallaby, brush and ringtail possum, and 
the marsupial carnivores-—the native cat, the tiger cat, the 
Tasmanian devil, and the rare thylacine. The sedgeland 
and moorland are distinctive for the wombat, and the 
coastal heath for the green rosella, the platypus, and the 
short-nosed echidna.

Settlement patterns. The inhospitable terrain of much 
of Tasmania naturally has had much influence on set­
tlement patterns. The nomadic original Tasmanians have 
left a few archaeological tracés, including geometrie de­
signs on exposed rock surfaces and evidence of cremations 
and corroborees, or ceremonial gatherings. The European 
settler has left his imprint according to economic activity, 
whether it be in the mining settlements of the west; the 
intensive cropping or dairying of the northern coastal beit, 
or of the southeast lowlands; the intensive beef fattening 
of the northwestem tip; or the dryland sheep farming of 
most of the eastern sector. The southwestern segment of 
the island is scarcely utilized by humans.

Traditional regions. A widely recognized regionalism 
bears witness to the diversity of the Tasmanian landscape. 
In the north the distinctive regions are the far northwest 
around Smithton; the northwest coast extending along 
the north coast west of Port Sorell; the Tamar Valley; 
the northeast around Scottsdale and Lilydale; and the far 
northeast from Ringarooma eastward. In central Tasmania 
the regions are the west coast, usually comprising only the 
Queenstown and Rosebery area; the Central Plateau and 
the Derwent Valley; the midlands, comprising the area east 
of the Central Plateau between Hobart and Launceston; 
and the east coast. Southern regions are the Southwest, the 
Huon Valley, and the southeast. Numerous subdivisions, 
such as the north midlands comprising the South Esk 
plains around Launceston and the lower midlands around 
Tunnack, are also recognized.

Rural and urban settlement. While the pattem of mral 
settlement differs strikingly by region, the basic contrasts 
stem from farm size and the length of settlement. In 
general, the older settled areas, including the midlands, 
the central north, the east coast, and the southeast, have 
larger properties, dispersed homesteads, buildings often of 
stone or brick, architecture that typically is early Georgian, 
and nucleated villages laid out on a grid. Higher rainfall 
areas settled since 1850, chiefly the northwest, the north­
east, and the Huon Valley, have generally small farms, 
buildings mainly of weatherboard, and houses and villages 
mainly aligned along roads. In all areas, villages normally 
contain a post office and store, but most villages also have 
a primary school, public hall, church, service station, and 
transport services.

Tasmania is less urbanized than other Australian States 
and exhibits a dispersed pattem of peripheral growth that 
falls into three urban regions. Hobart, located at the foot 
of Mt. Wellington on the Derwent estuary, is not only 
the Capital city, the premier port, and leading industrial 
centre but the metropolitan focus for the southeast, the 
upper Derwent, the Central Plateau, the midlands south 
of Woodbury, and the east coast south of Swansea. Laun­
ceston, at the head of the Tamar Valley, is a secondary 
administrative centre and hub ofthe state’s transport net- 
work, with important textile and engineering industries. Its 
sphere of influence extends westward to Elizabeth Town 
and incorporates the entire north and northeast. The third 
region centres on both Burnie and Devonport; it includes 
the northwest and the west coast. Significantly, the Hobart 
region contains only one full-fledged town; the Launces­
ton region, three; and the Burnie-Devonport region, five. 
Each, however, has six or seven minor towns.

THE PEOPLE
Ethnie and religious groups. The original Tasmanians 

were an anthropologically interesting Negritoid people, 
with the widest nasal index ever recorded and shorter and 
broader heads than the Aboriginal peoples of the Conti­
nental mainland. They may originally have drifted across 
from the mainland or arrived from as far as the New He- 
brides, several thousand miles to the northeast. Estimates 
of their numbers at the onset of European settlement 
vary considerably, some investigators claim a population 
of about 1,200, but most estimates range from 3,000 to
5,000 among several tribes.
The last full-blooded Tasmanian on the island died in 

1876. As a consequence of the “black war” and attacks 
from white outlaws, they were removed in the interim to 
Flinders Island, off the northeast tip of Tasmania, where 
the survivors languished and died. Within Australia as 
a whole, the population of Tasmania has a distinctive 
composition both by birthplace and by nationality. Of all 
the Australian States Tasmania has the highest proportion 
born in Australia, the lowest proportion born in the British 
Isles, the lowest proportion born in Continental Europe, 
and the lowest proportion born elsewhere in the world. 
Nationality is thus overwhelmingly British by descent, the 
proportion being higher than that of any other state.

The origins and nationality of the population are reflect­
ed in its religious affiliations. Of the four major denom- 
inations, Tasmania has, relative to its population, more 
Anglicans and Methodists but fewer Roman Catholics and 
Presbyterians than Australia as a whole. In the postwar 
years, the only major denomination to show a relative 
increase has been Roman Catholicism, partly because of 
immigration from Catholic countries and partly because 
of stringent religious beliefs regarding the use of modern 
birth-control methods.

Contemporary demography. Tasmania continues to dis­
play a higher birth rate than most other States, but, as in 
Australia generally, crude birth rates have tended to fall, 
average birth rates declining in the decades of the middle 
and late 20th Century. Birth rates are lower in the cities 
than in the smaller towns and rural areas. Death rates 
remain fairly constant; partly because the ratio of children 
to adults in the population is high, death rates tend to be 
among the lowest in Australia. Infant mortality rates are 
also among the lowest.
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After World War II Tasmania experienced a net in- 
migration of population from other States and overseas, 
but since 1959 there has been, in most years, a resump- 
tion of net out-migration to the mainland, particularly of 
young persons, chiefly men, entering the work force. This 
out-migration has been accompanied by a pronounced 
internal rural-to-urban migration, largely through the in­
creasing scale of farming and the Substitution of Capital for 
labour in the farming sector. As a result, Tasmania differs 
from the mainland in having the smallest proportion of 
population in the labour force and the lowest growth rate 
of any state.

Since more than two-fifths of the island—comprising ar­
eas in the west and the south—is too rugged and too wet 
for agriculture, the population is largely confined to the 
north and the southeast, with the sparsely settled midlands 
region connecting them with an isolated cluster on the 
west coast. Hobart has one-third of the state’s population 
in its metropolitan area and nearly one-half within its 
sphere of influence; the rest of the people are distributed 
more or less equally between the respective spheres of 
influence of Launceston and the Burnie-Devonport area. 
No other Australian state has so equitable a balance of 
population among the Capital city, other urban centres, 
and the rural areas, the nearest equivalent being Queens­
land. One-quarter of the population live in centres of less 
than 1 , 0 0 0  inhabitants and on farms.

THE ECONOMY
The Tasmanian economy enjoys many comparative ad- 
vantages, notably in its mineral, water, and tourist re­
sources, in the diversity of the economic activity, and in 
fairly stable labour relations. It suffers markedly, however, 
from the small scale of much of its resource base, from 
restricted local markets, and from problems of transport 
to extemal markets. About one-eighth of the work force 
is in the primary sector (the production of raw agricultur­
al and mineral resources), one-quarter in the secondary 
(manufacturing and processing), and the remainder in the 
tertiary (services).

Resources and primary industries. Resources are high­
ly diversified. Important mineral deposits include iron at 
Savage River, zinc, lead, and copper at Rosebery, copper 
at Queenstown, and tin and tungsten in the northeast; 
poor-quality coal abounds in the Fingal Valley but is of 
declining importance. The heavy, well-distributed rainfall 
and the rugged terrain in the centre and the west facili- 
tate hydroelectric-power development. The western forests 
furnish not only excellent hardwoods but also the raw ma­
terial for pulp-and-paper industries, while the drier eastern 

Agricul- forests yield wood chips. Dairying and mixed farming 
ture and characterize the wetter north; extensive sheep grazing, the 
fishing drier midlands and the east coast; and specialized horti- 

culture, notably for apples and hops, the southeast. Apples 
and pears are also locally important in the Tamar and 
Mersey valleys, potatoes and canning peas in the north­
west, and vegetables in the northeast. Fisheries occur in 
all coastal waters, the catch mainly comprising crayfish, 
abalone, shark, barracouta, and scallops. A tourist poten­
tial lies in variety of landscape.
The high degree of diversification in resource develop­

ment is reflected in the relative contribution of each 
primary industry to the net value of primary production: 
mining generally contributes about one-quarter, dairy­
ing one-fifth, wool growing one-sixth, fruit growing one- 
seventh, and forestry one-eighth. Iron ore mined by the 
opencut method at Savage River is converted to slurry, 
piped to Port Latta near Stanley, pelletized, and exported 
to Japan. Copper ore mined underground at Queenstown 
and Rosebery is shipped directly to Japan, Tasmania ac­
counting for nearly one-sixth of the total Australian copper 
output. Tin production fluctuates with market conditions. 
Butter, wool, and fruit are exported mainly to Great 
Britain. Tasmanian hops meet almost all of Australia’s 
requirements. In timber production, Tasmania furnishes 
about one-sixth of the Australian total; wood chips are 
exported to Japan. The fishing industry depends largely 
on exports, which are fairly evenly distributed between 
mainland and overseas markets.

Manufacturing. Secondary industries are twice as im­
portant in net value of production as are the primary 
industries. Foremost among them are the electrometallur- 
gical and electrochemical specialties dependent on cheap, 
bulk power provided by the Hydro-Electric Commission.
The resultant industries include the electrolytic refinery 
in Risdon, which treats zinc concentrates from Broken 
Hill (New South Wales) and Rosebery, the aluminum and 
ferro-manganese plants at Bell Bay, near George Town, 
pulp-and-paper mills in Burnie and Boyer near New Nor­
folk, a pulp mill in Port Huon, and a cement plant in 
Railton. Other important industries include the manufac- 
ture of chocolate near Hobart, titanium pigments (Burnie), 
textiles (Launceston and Devonport), carpets (Devonport), 
and alginate from sea kelp (Orford).

Administration of the economy. Government Interven­
tion in economic matters takes place largely at the federal 
level in the primary industries and at the state level in 
the secondary industries. The Directorate of Industrial 
Development seeks to foster manufacturing growth by the 
Provision of financial and other assistance. The state gov­
ernment also is active in promoting tourism and trade.
Tourist development is favoured by Tasmania’s highly 
diversified and spectacular scenery, its equable climate, 
its coastal, lake, and mountain recreation areas, and its 
colonial heritage of Georgian architecture. As a result,
Tasmania is visited by more than 100,000 tourists each 
year. The private sector supports well-established Cham­
bers of commerce, a chamber of manufacturers, a tourist 
council, and more than 1 0 0  trade unions.

Transportation. Given its island setting and dispersed 
pattern of development, transportation, both internal and 
external, is especially important to Tasmania. The Trans­
port Commission regulates and, where necessary, provides 
internal transport. Tasmania has the highest density of 
roads per square mile of any Australian state. The gov­
ernment railways comprise more than 500 miles (800 
kilometres) of line. Of the intrastate freight movement, 
the majority is by road, about one-third by rail, and about 
one-tenth by sea; virtually all passenger movement is by 
road. Almost all interstate and overseas freight moves by 
sea and almost all passengers by air. Of the major seaports,
Hobart has about one-third of the trade and Launceston,
Burnie, and Devonport each about one-fifth; port admin­
istration is decentralized. Minor ports are Stanley, Currie, 
and Strahan. Of the airports, Hobart handles the most 
passengers (with Launceston close behind) and Launce­
ston the most freight. Regularly scheduled air services 
also operate from Devonport, Wynyard, King Island, and 
Binders Island.

ADMINISTRATIVE AND SOCIAL CONDITIONS
Government and politics. The state parliament com­

prises a House of Assembly and a Legislative Council, the Legisla- 
latter by tradition a largely nonparty house. The System tive, exec- 
of elections for the House of Assembly is proportional utive, and 
representation by the single transferable vote; the System judicial 
for the Legislative Council is the preferential System, with insti- 
an Obligation to record preferences, used for the federal tutions 
House of Representatives. The main political parties ac­
tive in Tasmania are the Australian Labor Party and The 
Liberal Party of Australia; the Australian Centre Party 
affiliated with The Australian Country Party dates from 
1966. The Labor Party was in power from 1934 to 1969, 
when it was replaced by a Liberal-Centre party coalition; 
in May 1972 the Labor Party once more regained office.
Executive government is by the Cabinet System, the gov­
ernor representing the British monarch and the Executive 
Council of Ministers of State giving Cabinet decisions 
where necessary to legal form. Local government is ex­
ercised through cities and municipalities, which comprise 
the 49 divisions of the state.

Although the state now administers some of the lower 
courts, most are still administered by municipal author- 
ities, a feature unique to Tasmania; in other States the 
administration is vested in a state department. Courts of 
petty session have jurisdiction over all summary offenses 
and certain indictable offenses at the Option of the defen- 
dant. Minor civil proceedings are dealt with by courts of
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request in the cities and some municipalities or by courts 
of general sessions. The Supreme Court of Tasmania sits 
regularly in Hobart, Launceston, and Burnie; it has ju­
risdiction over all causes save those reserved to the high 
court of Australia under the commonwealth Constitution. 
The high court normally sits in Hobart each year, but 
Tasmanian cases are also heard in Melbourne and Sydney. 
Children’s courts have jurisdiction over persons under 
the age of 17.

Social welfare. Wages and working conditions of Tas­
manian employees are regulated either by awards of the 
Commonwealth Conciliation and Arbitration Commission 
or by state wages boards. Tasmania tends to have the low­
est average weekly eamings per employed male of all the 
States except Queensland and, usually, South Australia. 
That weekly eamings are not the lowest is in line with the 
cost of living, which is relatively high, partly because of 
freight charges on imported goods. Although the Standard 
of public health is good, there is a high incidence of hy- 
datids in some rural areas, and goiter is endemic locally. 
Social status, as in Australia generally, derives primarily 
from occüpation, but Tasmanians accord a lower ranking 
to professionals and a higher ranking to businessmen than 
do Australians as a whole. The standing and numerieal 
importance of small and medium property owners is re­
flected in the relatively conservative tendency of the two 
main political parties. There are no great extremes o f  
wealth or poverty.

Social-service benefits provided by the Commonwealth 
include matemity allowances; child-care payments; unem­
ployment, sickness, and special benefits; age, invalid, and 
widows’ pensions; and funeral benefits. The common­
wealth also provides paid employment for the disabled, 
a rehabilitation service, and subsidies for aged persons’ 
homes. The state Department of Social Welfare provides 
assistance to deserted wives or husbands with children, 
wives with husbands in prison, and neglected or deserted 
children. It also maintains homes for maladjusted and 
delinquent children and wards of the state.

Education. School attendance is compulsory for all 
children between the ages of six and 16. Govemment- 
supported schools include infant, primary (some with 
preschool facilities), area, district, and high schools (non- 
selective, comprehensive, mostly coeducational), together 
with matriculation colleges (a Tasmanian innovation) and 
special schools. Independent (nongovernment) schools, 
which enroll about one-sixth of the school population, are 
mostly controlled by religious denominations, the great 
majority being Roman Catholic; since 1967 independent 
schools have received state aid. Institutions of higher learn­
ing include technical colleges, teachers colleges at Hobart 
and Launceston, the University of Tasmania (founded 
1890) at Hobart, and the College of Advanced Education 
(opened 1972), providing technical, education, liberal arts, 
and professional courses.

Health. The state government Controls directly or 
through hospital boards the general hospitals at Hobart, 
Launceston, Latrobe, and Burnie-Wynyard; numerous 
district and district nursing hospitals; a mental hospital at 
New Norfolk; maternity hospitals at Hobart and Launces­
ton; a ehest hospital at New Town; and hospitals for the 
aged at Hobart, Launceston, and Wynyard. It also pro­
vides district medical officers for the more remote areas, a 
district nursing service, a school medical service, a school 
dental-health service for which it trains dental nurses, and 
a child-health service. Private institutions include seven 
hospitals and numerous nursing homes. Annual X-ray 
examinations for adults are compulsory by law. Public 
water supplies are fluoridated at Hobart, Launceston, and 
Beaconsfield.

Housing. Three-quarters of all Tasmanian houses are 
owner occupied, and two-thirds are built of weatherboard; 
apartments make up less than one-tenth of all dwellings. 
The Commonwealth Housing Commission administers 
the homes-savings-grant plan, which makes a gift to young 
persons with certain minimum savings for a first home, 
a housing-loans-insurance plan, and assistance to certain 
former members of the armed forces. The State Housing 
Commission caters to the lower income groups, providing

mainly three-bedroom timber units for families to rent 
or buy and apartments for elderly persons to rent. Ren­
tal rebates are allowed as necessary. Advances for home 
building are made available by the Agricultural Bank of 
Tasmania and cooperative building societies.

CULTURAL LIFE
The arts. For the smallness and dispersion of its popu­

lation, Tasmania has a remarkably vigorous cultural life. 
At the amateur level, there are numerous musical groups, 
ranging from the füll orchestra to the ensemble, as well as 
several choral societies and repertory Companies. The Col­
lege o f Advanced Education incorporates a conservatorium 
of music and a school of art. The Australian Broadcast­
ing Commission, with financial support from the Hobart 
and Launceston city councils, maintains the Tasmanian 
Symphony Orchestra, which gives regulär coneerts in the 
main centres, often with visiting artists from the mainland 
or overseas. The National Theatre and Fine Arts Society 
of Tasmania, in association with the Elizabethan Theatre 
Trust, is responsible for bringing drama and opera from 
the mainland to the Theatre Royal in Hobart, Austral­
ia’s oldest theatre (1834); and the National Theatre in 
Launceston. Both cities have museums and art galleries 
that exhibit paintings, pottery, and sculpture. Tasmania 
has well-established film festivals and eisteddfods (Welsh 
poetry festivals); in 1972 it also held its first arts festival. At 
Hobart’s Battery Point, Narryna, a Georgian town house 
dating from 1839, has been preserved as the Van Diemen’s 
Land Folk Museum, with fumiture and fumishings of the 
early 19th Century. Other Georgian houses that have been 
restored for public benefit include Franklin House and 
Entally House, both near Launceston, and Runnymede, 
at New Town, Hobart.

Library services. The state provides lending-library ser­
vices to adults and children, including a central service 
with film and recorded music in Hobart, regional services 
in Launceston and Burnie, and country services in almost 
all municipalities. Bookmobiles operating from Hobart, 
Launceston, and Burnie serve schools and other institu­
tions as well as rural areas that lack library facilities. A 
state reference library and the state archives are locat­
ed in Hobart.

The Communications media. Tasmania has daily news- 
papers published in Hobart, Launceston, and Burnie and 
receives national dailies from Sydney and Melbourne. 
Each of the smaller centres also publishes a weekend 
paper, and weeklies of regional interest are published in 
Queenstown, Smithton, George Town, Scottsdale, New 
Norfolk, and Huonville.

In Tasmania, as throughout Australia, broadcasting and 
television services are produced by both the Australian 
Broadcasting Commission and by commercial trans- 
mitters. National radio stations operate from Hobart, 
Launceston, and Queenstown, while commercial radio sta­
tions relay from Hobart, Launceston, Devonport, Burnie, 
Queenstown, and Scottsdale. There are both national and 
commercial television stations in Hobart and Launceston. 
Tasmania’s rugged relief necessitates the Provision of an 
elaborate network of translator stations to ensure adequate 
reception in all districts. The Australian Broadcasting 
Control Board exercises control in certain matters over 
the commercial private-enterprise services. The island is 
connected with the mainland by a broad-band radio link 
that makes it possible for television programs to be relayed 
directly from other States.

History
(P.Sc.)

EARLY EXPLORATION AND SETTLEMENT
The Aborigines of Tasmania, like the Aborigines of the 
Australian mainland, were hunter-gatherers when first 
contacted by Europeans during the late 18th Century. They 
grew no crops, raised no domesticated animals, had no 
metal tools, and possessed no system of writing. They had 
adapted for many years to the Tasmanian environment, 
prior to their confrontation with 19th-century Europeans 
and the metal-gunpowder technology. Radiocarbon dating 
from two sites in northwest Tasmania has shown that
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Aboriginal people occupied the region about 8,000 years 
ago.

Origin Two main theories of their origin are held: (1) They
of the formed the original population o f eastern coastal Australia;
Aborigines then, yielding to Australoid immigrants, they crossed into 

Tasmania. (This view implies a land corridor or shorter 
Stretches of ocean and also winds and currents in the op- 
posite direction to those now prevailing.) (2) They drifted 
to Tasmania in canoes or rafts from the New Hebrides 
region where there are similar Negritoid types; winds and 
currents favour such voyages as well as possible landings 
on the Queensland coast.
The most reliable assessment of Tasmanian population 

before European settlement in 1803 is 2,000 or less; the 
last full blood is recorded as having died in 1876. This 
peaceful people became fearful and resentful when faced 
with dispossession and with cruelty on the part of some 
European convicts and settlers. By 1826 the clash of 
cultures was officially recognized; by 1831 the remaining 
Aborigines were removed first to Gun Carriage Island and 
then to Binders Island, where, in spite of care, they lan- 
guished and died out.

The Tasmanians were organized as five tribes, each of 
which spoke its own dialect or language. They usually 
travelled in small groups, gathering food and hunting with 
sticks and clubs; unlike mainland people, they had neither 
spear-thrower nor boomerang. They held corroborees, cre- 
mated the dead, scarred and red-ochred their bodies, and 
engraved lines and circles on rocks.

After the initial exploration undertaken by Abel Tasman, 
Tasmania (then Van Diemen’s Land) was explored by the 
French and British navigators Marion Dufresne (1772), 
Tobias Fumeaux (1773), James Cook (1777), William 
Bligh (1788 and 1792), Bruni d’Entrecasteaux (1792-93), 
John Hayes (1793), George Bass (1798), Nicolas Baudin 
(1800 and 1802), and Matthew Binders (1798 and 1802). 
In 1803, a party of 49 persons, led by John Bowen, settled 
at Risdon Cove. The settlement was abandoned and relo- 
cated at the new settlement of Hobart in 1804. The British 
settlement at Hobart was followed by another that was to 
become Launceston (1806); most of the first settlers, both 
free and convict, were transferred from Norfolk Island. 
The settlement, under resident lieutenant govemors, was 
governed from New South Wales. Free immigrants were 
attracted by land grants and by the development of the 
sheep and whaling industries.

INDEPENDENT SETTLEMENT
Van Diemen’s Land was made a colony by order in council 
in 1825, and henceforward its government was practically 
separated from that of New South Wales and until 1850 
was exercised through nominated executive and legislative 
councils. Law and order and a sound administration were 
introduced by Lieutenant Governor William Sorell (1817— 
24) and were developed by Lieutenant Governor George 
Arthur (1824-36), with wider powers, into a detailed and 
efficiënt control.

In this period, despite the depredations of the outlaw 
“Black bushrangers and the “black war,” which virtually extin- 
war” guished the Aboriginal people, great material progress was

made. In 1828 the total white population was 17,000, 
of whom 7,500 were convicts under restraint, though a 
majority were assigned as servants to free settlers. Grain 
was exported regularly to New South Wales, while ris­
ing wool prices brought general prosperity and stirhulated 
much speculation in land. The adoption o f the proba- 
tion System for convicts in 1840 marked a change in 
British policy on transportation, depri ving free settlers 
of assigned servants and transforming the colony into 
a penal settlement. The influx of population was rapid 
until 1847, growing to 70,000, but the ratio of free to 
unfree was reversed. In the late 1840s the boom gave 
way to an economic depression, and the colonial gov­
ernment faced a deficit, which local opinion attributed 
to the cost of police and jails. Belatedly. the home au- 
thorities offered some relief but not before public opin­
ion was roused to demand representative institutions and 
the cessation of transportation of British convicts. Rep­
resentatives were first elected to the Legislative Coun­

cil in 1851, and the transportation policy ceased in 
1853.
The Constitution was settled more definitely in 1856 with 

the election of a two-chamber Parliament and with the 
appointment of the first responsible ministry. From 1856, 
the colony was known as Tasmania.

The gold discoveries in Victoria in 1851 caused inflation 
and labour shortage in Tasmania, and the economy was 
unable to support the strain. The whaling industry declined 
and with it shipbuilding. The adoption of a protectionist 
policy by Victoria further injured Tasmanian manufac- 
tures. After 1857 a prolonged depression, lasting 25 years, 
was marked by deficits, reduction in services, Opposition to 
all forms of taxation, political feuds, and frequent changes 
in ministries. Under pressure of competition from Conti­
nental Australia, wheat production declined to its present 
insignificance.

After 1880 economic conditions improved, largely be­
cause mining industries were opened up in the west and 
northeast. The hardwood forests were exploited, and fruit 
growing in the south became the basis of small manufac­
turing and export industries. Railways, roads, and harbour 
facilities were developed, while relative political stability 
was achieved, particularly during the Fysh ministry (1887—
92). After the recession following on the failure of the 
Bank of Van Diemen’s Land in 1891, there was from 
1894 to 1899 a slow recovery during Sir Edward Brad- 
don’s ministry. In the 1890s a majority of Tasmanians 
supported the movement that ended in 1901 with Austra­
lian federation. Economic development slowed down after 
1910 as the mining boom passed, and during the next 25 
years Tasmania was relatively dépressed, the worst years 
being 1922-26 and 1931-35. Population grew slowly, the 
birth rate feil, and the exodus of the young and more 
vigorous people was resumed.

State politics entered a new phase with the founding of the Labor 
Labor Party in 1903. Labor first took office in 1909 and Party 
was again returned to power in 1914. From that time both 
the Labor and the Liberal (Nationalist) parties sponsored 
social and industrial legislation. All the administrations 
faced financial difficulties, which were not resolved until 
in 1933 the commonwealth government set up the Grants 
Commission, through which special financial assistance is 
given to the state. This enabled Tasmania to bring the 
level of its social services up to the national average. Af­
ter 1942 uniform taxation throughout the commonwealth 
and virtual commonwealth control of the main sources 
of revenue, together with the Provision of reimbursement 
grants to the States, favoured Tasmania, which received 
more per capita in such grants than any other state. With 
increasing revenue, supported by loan funds backed by the 
commonwealth, Tasmania has invested since 1950 in a 
large Capital works program, especially in the development 
of hydroelectric power, which in turn has stimulated the 
growth of much secondary industry.

A Labor government was formed in 1934 and won eight 
successive elections, continuing without a break to govern 
the state until the 1969 election when it was replaced 
by a Liberal-Centre Party coalition. Liberal-Centre Party 
rule ceased in 1972, following Cabinet resignations, and 
the Labor Party returned to power in the elections of 
that year. The Labor Party has remained in power since 
1972, winning majorities in the House of Assembly in 
1976 and 1979.
During the mid-20th Century the Tasmanian economy 

went through a transformation. Secondary industry ex- 
panded because of increases in hydroelectric energy. Some 
ofthe major industrial operations established since 1945 
include the production of aluminum at Bell Bay in 1955, 
the discovery of uranium at Mt. Balfour and Royal George 
the same year, the Savage River mining operations along 
the west coast and the associated iron-ore pelletizing plant 
at Point Latta, and acid production for the processing of 
pyrites at Burnie in 1970.

In February 1980, the state government approved a new 
System of government by consensus in which the Opposi­
tion and the Legislative Council would be allowed a voice 
in the governmental decision-making process.

(A.P.E./W.A.T./Ed.)
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VICTORIA
Among the Australian States, Victoria is second to New 
South Wales in terms of population, production, and party 
strengths in federal politics, but, since 1945, as the tradi­
tional financial hub of Australia, has sustained the faster 
rate of economic advancement. Thousands of immigrants 
have arrived, and manufacturing industry has expanded 
to the point at which the economy is now broadly and 
soundly based. Two recent developments—-the exploita­
tion of the gas and oil fields of Bass Strait, which will 
provide both cheap fuel and state revenues, and an inte- 
grated steel plant—were, in the late 20th Century, further 
narrowing the economic gap between Victoria and New 
South Wales.

Victoria, which lies at the southeastern tip of the conti­
nent, was politically separated from New South Wales in 
1851, and responsible government was conferred in 1855, 
with power vested in a bicameral legislature. On January 
1, 1901, Victoria and the five other Australian colonies 
became States and formed the Commonwealth of Aus­
tralia. Only Tasmania is smaller than Victoria’s 87,884 
square miles (227,620 square kilometres), but only New 
South Wales has a population greater than that of Victo­
ria. Victoria is separated from New South Wales to the 
north by the River Murray (for a length of 1,065 miles) 
and also by a straight boundary ( 1 1 0  miles long), linking 
Cape Howe and the nearest source of the Murray. The 
meridian marking 1400 58' E forms the western boundary 
with South Australia for a distance of 280 miles. The 
coastline, which completes the land boundaries, Stretches 
for 980 miles. It includes the 164-mile shoreline of Port 
Phillip Bay, at whose head lies Melbourne, the Capital 
and major city. The maritime boundary with Tasmania is 
latitude 39° 08' S.

Physical and human geography
THE LAND
The rich variety of landscapes in Victoria includes both 
alpine plateaus in the northeast, around Bright, and san- 
dy deserts in the west, near Lake Hindmarsh. This wide 
range results from a complex geological history and from 
variations in the weather as it is experienced in particular 
areas. These dominant factors have created distinct re­
gions, which create different opportunities and problems. 
The main upland areas are a continuation of the Dividing 
Range o f eastern Australia. Starting with a width of 190 
miles on the New South Wales border, these uplands arc 
westward across the state, becoming narrower and lower 
for 400 miles before terminating in the Grampians and 
Dundas Highlands, 25 miles east of the South Australian 
boundary. Plains surround this upland core on the north, 
west, and south. The Southern plains are divided into 
smaller areas by the Otway Range, the South Gippsland 
Highlands (north öf Wilsons Promontory), and Port Phil­
lip Bay, which was formed by the invasion ofthe sea after 
a downward movement of the earth’s crust.

Climate. The easterly passage of anticyclones (high- 
pressure areas) and depressions is the main determinant 
of weather for most of Victoria. Their track lies overland 
during winter (generally the wettest season), and during 
summer a more southerly oceanic course reduces the fre- 
quency of rain days. East Gippsland is an exception, since 
most of its rain results from intense depressions centred 
east of Bass Strait in the summer. There is a close corre- 
lation between annual rainfall and elevation, and there is 
a clear decline in annual rainfall toward the northwest.

Relief. The central uplands. The upland core of Victoria 
is divided by the low, wide Kilmore Gap into two distinct 
sections. The Eastern Cordillera are more extensive and 
higher, with several peaks over 5,000 feet, culminating in 
Mt. Bogong (6,516 feet [1,986 metres]). There are also 
some high plateaus. The varied geological structure has 
been heavily cut into by perennial streams, fed in spring by 
melting snow and ice. The steeper slopes and longer win­
ter of the Eastern Cordillera have discouraged cultivation

except in sheltered valleys, where some hops and tobacco 
are grown. Beef-cattle breeding and fattening, the raising 
of prime lambs, and the production of crossbred wool are 
the main rural activities. This area also contains the most 
extensive forest in Victoria, the main species being snow 
gum, Alpine ash, and mountain ash. Its beautiful scenery 
makes it a populär year-round attraction for tourists.

The highest of the peaks in the Western Highlands is Mt. 
William (3,829 feet [1,166 metres]), in the Grampians. 
The low relief, gentler slopes, and milder winter makes 
the area suitable for farming, and much of the forest has 
been cleared. Most farmers rear sheep and beef cattle.

The northern plains. The plains north of the uplands 
can be divided into three distinct areas. Apart from a dis­
tinctive narrow strip adjoining the River Murray, where 
conditions for farming are more reliable, the entire north­
west area, bounded by 36° latitude and the Avoca River, 
is known as the Mallee. This name is derived from a 
type of eucalypt that sends up a number of slender trunks 
from a single large, underground source; the trunks rarely 
exceed 30 feet in height. The region has unreliable annual 
rainfall, generally less than 15 inches. The undulating 
surface of broad, low ridges and depressions reflects the 
faulting and folding of the underlying sedimentary rocks, 
which in turn have been overlain by windblown deposits 
that, except in the region known as the Big Desert, have 
been fixed by drought-resisting Vegetation. No streams rise 
in the Mallee, and those that enter from the south fail to 
reach the Murray, terminating instead in such salt lakes as 
Lake Tyrrell. Apart from the extreme northwest and the 
Big Desert, where lack of water and wind-erosion hazards 
make conditions too difficult for farming, the area has 
been only lightly settled. The light soils are easily cultivat- 
ed, and the development of suitable fertilizers has allowed 
better crop rotation and the production of improved pas­
ture. Wheat and fodder are the main crops, supplementing 
the production of prime lambs and wool.

The plains that lie between the Mallee and the uplands 
have a uniform rainfall, which varies from 15 inches (381 
millimetres) on the northern edge to 24 inches near the 
foothills. In the area west ofthe Loddon River, known as 
the Wimmera, the soils are mainly gray clays that swell 
when wet and crack open when dry. Wheat growing and 
the raising of prime lambs and Merino sheep form the 
basis of rural industries there, except in the Little Desert, 
where deep sands, deficiënt in zinc and copper, make the 
land unsuitable for settlement.

The plains east of the Loddon River, which narrow to­
ward Albury, are irrigated and support a wider range of 
farming activities. In recent geological periods the fore- 
runners of present rivers laid down the alluvial deposits, 
which reveal considerable diversity in sand and clay con­
tent. When irrigated, the differing soils allow the rearing 
of sheep and dairy cattle and the cultivation of wheat and 
fruit.

The southem plains. Port Phillip Bay di vides the South­
ern plains into two distinct regions. To the west, most of 
the surface is formed from ancient basaltic flows, above 
which stand some of the original volcanic cones. The flows 
covered 7,000 square miles and stretch 190 miles west 
of Melbourne. The uniform origin of this plain has not 
provided identical soils, as there are local differences in 
the colour, texture, and stone content of the soils. These 
variations were, however, masked by the grasslands that 
originally covered the area, and today there is a uniform 
land use. Livestock are preeminent here: fine-wool-sheep 
breeding and beef-cattle breeding and fattening are gener­
al, with dairying around the towns of Colac, Camperdown, 
and Koroit.

The Gippsland Plains are located east of Port Phillip Bay. 
The larger East Gippsland Plain experiences maximum 
rainfall during the summer. It has fairly mild winters. 
These conditions are excellent for dairy farming, which is 
the main rural activity, although the production of veal 
and pork Supplements the yields of milk and cheese. Inten-

Erosion
hazards
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sive settlement of this area has resulted in the destruction 
of most of the original forest cover.

THE PEOPLE
Before 1939 the majority of Victoria’s population had 
been born in Australia, and in 1947 only 8.7 percent 
of the population was foreign-born, most of it British. 
Since 1945, however, Australia in general and Victoria in 
particular have encouraged large-scale immigration from 
Europe in order to make the country stronger strategically, 
to assist many European refugees made homeless by the 

The role of war, and to reduce the economie problems caused by the 
immigra- low Australian birth rate during the interwar depression.
tion By the latter decades of the 20th Century more than one-

fifth of the Victorian population was foreign born. The 
main national groups, apart from Australians and British, 
were Italian, Greek, Dutch, and German. In some sections 
of Melbourne, Greek or Italian communities predominate, 
but the “new Australians” mix easily with the rest of the 
population, and national friction is at a minimum. The 
benefit of these groups to the state’s economy is incal- 
culable. European migrants have also made a distinctive 
contribution to the cultural life of Victoria—in architec- 
tural style and house decoration, in sport, with soccer 
growing in popularity, and in culinary variety. Estimates 
indicate that there are about 6,000 Aborigines in Victoria. 
By the Aborigine Land Act of 1970, title to a few thou­
sand acres was transferred to a Trust of Aborigines. Some 
Aborigines face problems of adjustment to a white society, 
and government policies are designed to reduce difficulties 
associated with housing, employment, and education.
The diverse origins of the population are reflected in the 

variety of religious faiths found in the state. These include, 
most importantly, the Anglican Church, followed by Ro­
man Catholic, Presbyterian, Methodist, Greek Orthodox, 
Baptist, Churches of Christ, Lutheran, and Jewish groups.

Almost three-quarters of the population live in the Mel­
bourne metropolitan area, about one-tenth live in six other 
urban areas (Geelong, Ballarat, Bendigo, Albury-Wadonga, 
Morwell, Shepparton-Mooroopna), and the rest of the 
population resides in towns of less than 2 0 , 0 0 0  and in ru­
ral areas. Population distribution outside the metropolitan 
area reflects the qualities of the landscape. Geelong is the 
second port of Victoria; Ballarat and Bendigo originally 
grew up around goldfields, now largely worked out, and 
Moe-Yallourn stands on brown-coal beds, used for electric­
ity production. The densest rural settlements are in fertile 
sections of the irrigated Murray Valley and the dairying 
areas of Gippsland, and the lowest are in the Alpine sec­
tions of the Eastern Cordillera and the dry Mallee.

THE ECONOMY
Victoria has a broadly based economy with well-developed 
primary, manufacturing, and service sectors. The lack of 
major mineral deposits was balanced by the discovery of 
huge natural-gas fields in East Gippsland waters in 1965 
and of major oil fields in eastern Bass Strait in 1967.

Most of the main farming areas are used for improved 
or natural pastures or cultivation, which involves mainly 
wheat and fodder crops. The main categories of produc­
tive holdings are dairy farms, sheep stations, mixed sheep 
and cereal farms, cereal farms, and beef cattle.

Resources and manufacturing. Prior to the discovery of 
oil and natural gas, the brown-coal deposits near Moe- 
Yallourn were the mineral deposits of greatest value to 
the state. The focus of attention has shifted to Barracouta, 
a gas and oil field in 150 feet of water, 14 miles off­
shore; Marlin, a gas field in 195 feet of water 32 miles 

Oil and gas offshore; and the Halibut and Kingfish oil fields in 250 
discoveries feet o f water 40 and 48 miles offshore, respectively. All 

these fields have been linked by pipelines to the Longford 
gas-processing and crude-stabilization plant in Gippsland 
and the Long Island Point fractionation and crude-storage 
plant on Western Port Bay.

Victoria’s factories employ several hundred thousand 
workers: the vast majority of the factories and workers 
are employed in Melbourne, and Geelong and the coal- 
field centres of the Latrobe Valley. The original industrial 
suburbs of Melbourne had a central location, but many

new factories are now being constructed in peripheral 
areas, such as Altona, Dandenong, Broadmeadows, and 
Moorabbin, where larger areas of cheaper land are avail­
able. Geelong, like Melbourne, produces a wide range of 
products, but other centres tend to be specialized. The 
Latrobe Valley is noted for the generation of power, and 
other centres are concerned mainly with food and clothing 
manufacture, using local materials. Although only about 
one-tenth of the factories employ more than 50 workers, 
such factories employ two-thirds of the total work force. In 
terms of numbers employed and value of wages, the most 
important industries produce metals, machines, vehicles, 
clothing, foodstuffs, and paper.

Transportation. The major port and the focus of the 
rail, air, and road Systems of Victoria is Melbourne.
Melbourne and Geelong ports between them handle al­
most all of the cargo entering and leaving the state, and 
Melbourne is the dominant passenger terminal, as well.
Victorian Railways serve all productive areas through the 
several thousands of miles of mainly single-track lines.
Since 1962, narrow gauge tracks have linked Melbourne 
with the Standard System of New South Wales at Albury.
The capital’s electrified metropolitan System carries thou­
sands of passengers each working day. Melbourne Airport 
was opened to international flights in 1970 and to domes­
tic flights in 1971. It stands on several thousand acres,
13 miles from the city, and includes an industrial estate 
served by taxiways. Through highways, with many divided 
sections, link all the major centres of the state.

ADMINISTRATIVE AND SOCIAL CONDITIONS
Government. The Parliament of Victoria consists of 

two houses: the Legislative Assembly and the Legislative 
Council. The leader of whichever party or alliance of 
parties forms a majority in the Legislative Assembly is 
requested to form a government by the governor, the tit- 
ular representative of the English monarch. The premier- 
elect submits names of proposed ministers to the govemor The role 
for appointment. These ministers become members of the of the 
Executive Council, which advises the governor. His posi- governor 
tion places him above party politics, and he is regarded 
as the trustee of the constitution. The governor summons 
and prorogues Parliament, outlines the government’s leg­
islative program at the beginning of each session, and 
gives assent to bills that do not have to be referred to 
the monarch.

The Victorian Parliament legislates for those subjects not 
exclusively granted to the commonwealth Parliament by 
the commonwealth constitution. If there is any incon- 
sistency between state and federal laws, the federal laws 
prevail, and the subjects granted to the commonwealth 
may be varied by an appropriate commonwealth act. The 
public service of Victoria is based on the departments of 
chief secretary, premier, and treasury, which serve a vari­
ety of purposes, and a number of other departments and 
ministries dealing with a single subject. There are also sev­
eral public corporations, of which the most important are 
the Country Roads Board, the Gas and Fuel Corporation,
State Electricity Commission, and State Rivers and Water 
Supply Commission.

The political process. The members of the Legislative 
Assembly are elected by universal adult suffrage in single- 
member electorates for a period of three years. Members 
of the Legislative Council are elected from two-member 
electoral provinces by universal adult suffrage for a six- 
year term. Elections to the council are arranged so that 
half the members, one from each province, retire every 
three years. Voting for both houses is compulsory.

In the late 20th Century there were three major political 
parties in Victoria—the Liberal Party, the National Party, 
and the Australian Labor Party. The Liberal Party, pre- 
dominant in recent decades, supports free enterprise and 
draws most of its support from middle- and upper-class 
voters in urban and some rural areas. The National Party 
represents rural interests and wins no urban seats. The 
Australian Labor Party finds its strongest support among 
the working classes and forms the official Opposition when 
not in office.

L o c a l  g o v e rn m e n t  a n d  th e  ju d ic ia l  S y s te m . Apart from
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some lakes and small islands, the total area of Victoria is 
incorporated into more than 2 0 0  municipal districts for 
local government. There are, in addition, shires, boroughs, 
towns, and cities, which are distinguished by population 
and the annual revenue derived from rates (taxes). The 
towns contain at least 5,000 citizens each. The cities in 
Victoria have at least 10,000 residents each. Councils are 
elected each August by ratepayers and derive their revenue 
from rates, government grants, and certain license fees. 
Some councils levy rates on net annual value, while the 
remainder employ unimproved Capital value.

Before 1973 local govemments received no financial as­
sistance from the commonwealth government. Financial 
assistance did exist, but it was filtered through the state 
govemments. Procedures have been established where- 
by local govemments can apply to the commonwealth 
for general purpose grants. Victoria local govemments 
received several million dollars in grants from the com­
monwealth during the initial years. Victoria and its local 
govemments also receive personal income tax funds that 
are redistributed by the commonwealth under the Local 
Government Personal Income Tax Sharing Act of 1976. 
The monies are distributed by the state of Victoria to the 
local govemments based on a fixed percentage of income 
taxes collected within the municipality the previous year.

The courts of justice in Victoria are graduated in status 
according to the gravity of cases that they consider. Petty 
sessions courts, found in metropolitan suburbs and about 
2 0 0  other towns, deal with less serious criminal offenses, 
hold initial inquiries into indictable criminal offenses, and 
adjudicate civil matters not involving more than A$ 1,000. 
A county court sits continuously in Melbourne, and visits 
18 other circuit towns. It deals with civil matters in which 
the amount does not exceed A$4,000, and all criminal of­
fenses except murder, treason, and other statutory excep- 
tions. It may also act as an appeals court for petty sessions 
courts. The Supreme Court sits in Melbourne and visits 
ten other cities. It may deal with all matters not excluded 
by Statute and act as appeal court for the county court.

Social welfare and education. Wages and working con­
ditions in Victoria are supervised by the Commonwealth 
Conciliation and Arbitration Commission, for industries 
that extend beyond the state, and by the Victorian Con­
ciliation and Arbitration Boards, for industries entirely 

The basic within the state. In 1981 the national basic minimum 
wage wage, based on fluctuations in the Consumer Price Index,

was abolished. Basic wages are now established according 
to specific industry or trade requirements. In 1982 a 38- 
hour workweek was implemented by numerous concilia­
tion and arbitration boards.

Since 1872 every child in Victoria has been entitled to 
secular, compulsory, and free education to the age of 15 
years. Both state and private schools operate. Primary 
schools offer seven years’ education and teach general 
academie skills. Secondary schools offer six years’ educa­
tion and should fit the student for any tertiary course. 
Technical schools operate on a five-year course and qual- 
ify students for training in technical colleges. In addition, 
there are certain special schools for handicapped children. 
There are three universities in Victoria. The Victoria In­
stitute of Colleges is an association of many technical 
colleges, which now awards degrees, as well as diplomas, 
in certain fields.

CULTURAL LIFE
The most important recent cultural development in Vic- 

The toria has been the creation of the Victorian Arts Centre,
Victorian on land near the centre of the city of Melbourne. The 
Arts Centre entire project includes art galleries, courtyards for theat- 

rical productions and displays of sculpture, underground 
theatres, a convention and concert hall, a display centre, 
and a hall for state receptions. There are several other 
art galleries at such centres as Ballarat, Bendigo, Geelong, 
Warrnambool, Hamilton, and Shepparton, and many of 
them award annual prizes to be won in competition. A 
folk museum of buildings, machinery, and paddle Steam­
ers has been built on a large site at Swan Hill. The Library 
Council of Victoria, created in 1966, manages the impor­
tant State Library of Victoria and advises the government

on the promotion of library services throughout the state.
During the last Century the State Library built up strong 
collections in a variety of fields, but more recently a 
shortage of funds and rising costs have limited the areas 
where collections are made in depth. Fields of current in­
terest include historical bibliography, fine arts, biography, 
military history, and British typography. The collection of 
Victoriana in the library and the state archives are valu­
able historical sources.
Melbourne’s orchestra has made successful overseas tours, 

and the city has many cinemas, theatres, and restaurants.
The National Trust of Australia (Victoria) plays an im­
portant part in stimulating the publie’s interest in old 
buildings and places of scenic beauty and with rare flora 
and fauna. A number of old buildings have been acquired 
and restored, and a schedule of other existing buildings 
has been prepared to avoid major cultural loss through 
demolition. Melbourne’s daily papers have a combined 
daily circulation exceeding 1,300,000. Most of the other 
urban centres throughout Victoria have their own local 
papers, and other daily papers circulate in the state. The 
Australian Broadcasting Commission, financed by the gov­
ernment, provides a comprehensive radio and television 
service to the entire state. There are also many commercial 
radio stations and several commercial television stations.
Victoria has numerous national parks with a total area o f 
several hundred thousand acres. (J.R.V.P.)

History
EXPLORATION AND SETTLEMENT
Victoria was founded by groups of pastoral pioneers who 
crossed Bass Strait from Launceston in the 1830s in search 
of fertile grazing land. The occupation of the area was 
made in defiance o f a British government edict forbidding 
settlement in the territory, which was then part of the 
colony of New South Wales.

In November 1834 Edward Henty and his father and 
brothers landed stock and stores at Portland, on the south 
coast, and established the first settlement. In 1835 John 
Batman, backed by a Launceston syndicate, landed at 
Port Phillip. Batman’s venture led the way to the pastoral 
occupation of Victoria. In the same year John Pascoe Early set- 
Fawkner established a small colony of settlers on the banks tlement of 
of the Yarra River. From Batman’s colony grew Victoria’s Melbourne 
Capital city, Melbourne.

Exploration by sea and land had preceded settlement.
George Bass, Matthew Flinders, and John Murray had 
established the coastline and the main harbours by the 
beginning of the 19th Century. In the 1820s and 1830s 
a series of overland expeditions from New South Wales 
had opened up the hinterland. Hamilton Hume and W.H.
Hovell struck south and reached the coast of Port Phillip 
in 1824; Charles Sturt plotted the full reach of the Murray 
in 1829; Maj. Thomas L. Mitchell crossed the central and 
western plains in 1836; and several parties had penetrated 
the mountainous Gippsland district to the east by 1840.
Early attempts to establish convict settlements on the 
south coast (near Sorrento in 1803 and on Western Port 
in 1826) failed. But the Port Phillip settlement developed 
rapidly. In 1836 the British government authorized the 
settlers but gave no title to their land. In December of 
that year Capt. William Lonsdale was appointed first resi­
dent magistrate.

During the 1840s and 1850s Victoria became a pros- 
perous pastoral community. The squatters extended their 
grazing runs to the boundaries of the territory. The popu­
lation rose rapidly as British migrants arrived and more 
settlers crossed from Van Diemen’s Land (renamed Tas­
mania in 1856) or drove their flocks and herds south from 
New South Wales. By 1850 Victoria had 76,000 people 
and 6,000,000 sheep. Melbourne (pop. 23,000), Geelong, 
and Portland were its main urban centres.

INDEPENDENT SETTLEMENT AND DISCOVERY OF GOLD
Dissatisfied with their limited representation on the Legis­
lative Council of New South Wales, the Port Phillip pas­
toralists agitated for Separation. In 1851 Victoria became 
a separate colony, with an Executive Council appointed
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by the crown and a Legislative Council, partly elected and 
partly nominated, effectively dominated by conservative 
landed interests.

Victoria’s establishment as a separate colony coincided 
with the discovery of gold. An early find at Warrandyte, 
16 miles from Melbourne, led to a dramatic rush. By the 
end of 1851 half the men of the colony were working on 
the goldfields. In 10 years, more than £105,000,000 worth 
of gold was won from fields of which Ballarat and Bendigo 
were the most important. More than 200,000 migrants ar­
rived there from Britain and 25,000 from China. By 1860 
the population of Victoria had passed the 500,000 mark 
and was 46 percent of the Australian total.

Gold transformed Victoria from a pastoral backwater 
into the most celebrated colony of the empire. The com- 
paratively well-educated and skilled artisans lured by gold 
produced a society renowned for its attachment to 19th- 
century middle-class values and institutions. Although ac­
tual opportunities soon contracted and a Melbourne Prole­
tariat rapidly emerged, Victoria was noted for its economic 
individualism and opportunism, its material progress and 
financial speculation, as well as its imperial loyalty and 
political pragmatism.

The gold rushes produced a spectacular, but short-lived, 
boom. By 1854 Melbourne was suffering from a severe 
depression. Financial stringency aggravated discontent on 
the goldfields. The miners strongly resented the fee de- 
manded for a mining license and the brutal fashion in 
which it was collected by the goldfields’ police. This dis­
content culminated in a minor rebellion at Eureka, near 
Ballarat. Mining licenses were bumed and a republican 
flag was hoisted. On December 3, 1854, police and troop- 
ers stormed the rebels’ stockade. Thirty miners and four 
soldiers were killed. But the incident hastened the redress 
of the miners’ grievances and gave colonial radicals Sym­
bols and martyrs.

Victoria attained self-government in 1855. The new con­
stitution set up two Houses of Parliament—a Legislative 
Council of 34 members, elected on a limited property 
franchise, and a Legislative Assembly, elected on a wider 
property and income franchise.

The Legislative Council remained the stronghold of the 
rich conservative landowners and the main obstacle to 
land reform. But in the 1860s a series of land acts, de- 
signed to encourage small freeholders and “unlock” the 
large grazing leases of the pastoralists, helped establish 
small wheat farmers in the Mallee and Wimmera. Victo­
ria, previously an importer of flour, became Australia’s 
largest wheat producer by the end of the Century.

In other districts, however, the wealthy pastoralists man- 
aged by guile and financial manipulation to evade the 
land acts, and very many of them acquired freeholds to 
large estates at low prices, especially in the fertile West­
ern District.

In 1871 the property qualification for the Council was 
reduced and the tenure of Council members shortened. 
In 1888 additional electoral reforms for both houses were 
passed. With a few exceptions, single-member constituen- 
cies became the rule for the Assembly. In 1899 plural 
voting for the Assembly was abolished and in 1900 postal 
voting introduced. A free, compulsory, and secular edu­
cational System was established in 1872. The introduction 
of an eight-hour working day in 1856 began a series of 
social and industrial reforms, which produced a minimum 
wage and Standard hours and conditions of employment 
in the 1890s.

By the end of the 1880s the state’s growing prosperity 
had expanded into a speculative boom. The crash came 
in 1891 and was considerably aggravated by a sharp fall 
in the prices of Victoria’s main exports, wool and wheat. 
In 1891-92, 21 finance societies and land banks collapsed 
and in 1893 all but three of the trading banks closed their 
doors. The depression that followed was marked by high 
unemployment and considerable industrial unrest; it did 
not completely end for almost 20 years. These disasters 
transformed Victorian politics and socioeeonomic atti­
tudes and behaviour. The confidence of the bourgeoisie 
was completely destroyed. Men of property rallied, but 
without intellectual or even spiritual convictions, to de-

fend the old order against those who proposed change. In 
this they were overwhelmingly successful. From Austra­
lia’s most radical and progressive colony, Victoria, almost 
overnight, became the bulwark of conservatism. In conse- 
quence, although all parties were forced in some measure 
to recognize the peculiar problems of the environment by 
introducing a form of state Socialism, Victorian politics in 
the 20th Century were generally characterized by greater 
ideological cleavages than usually appeared in the other 
States and by the monopoly of effective political power by 
interests committed to the preservation of 19th-century 
notions of property and social conformity.

FEDERATION AND THE STATE OF VICTORIA
In 1891 the first Australian National Convention met 
in Sydney to consider proposals for the creation of an 
Australian federation. On May 9, 1901, the first federal 
Parliament was opened in Melbourne. It was moved to 
Canberra in 1927.
Following federation, Victoria’s final legacy to the Aus­

tralian colonies, there was a need to rationalize the consti­
tutional structure of the States. In Victoria, the number of 
members was reduced in 1903, the Council franchise and 
property qualifications for membership were liberalized, 
and adult suffrage was introduced in 1908. In 1923 wom­
en candidates were admitted for election to both houses. 
Preferential voting was introduced for the Assembly in 
1923 and for the Council 10 years later, while voting was 
made compulsory for the Assembly in 1926, and for the 
Council in 1935. Full adult suffrage was not introduced 
for Council voting until 1950.

Political developments after federation were marked by 
the rise of the Labor and Country parties, leading, in the 
1920s, to the creation of a three-party pattem in place 
of the former Liberal-Conservative two-party System. The 
existence of three parties partly accounts for the apparent 
instability of Victorian government. Between 1901 and 
1955 there were 31, mostly composite, ministries. Labor 
first won office, as a minority government, in 1913 and 
formed coalition govemments on five subsequent occa­
sions. It succeeded in winning political power only in 
1952, when it gained a majority under John Cain. In 1914 
the Victorian Farmers’ Union was founded, sending four 
of its members to Parliament in 1917. In 1926 it changed 
its name to the United Country Party, and from 1935, 
led by Albert Dunstan, governed for eight years with the 
support of the Labor Party.

The Country Party’s influential role in Victorian pol­
itics was partly explained by the unequal size of rural 
and urban electoral districts. Between 1924 and 1945 the 
unequal size of electorates made each rural vote equal 
to more than two urban votes. In 1953-54 an electoral 
redistribution, planned by a section of the Liberal Par­
ty and carried through by a Labor government, restored 
comparative parity between mral and urban electorates. 
This destroyed the crucial influence of the Country Party 
in the Assembly. The rebel Liberal Party was annihilated 
at the 1955 election. But a breakaway Labor Party, known 
eventually as the Democratie Labor Party, while losing 
Parliamentary representation, survived with Roman Cath­
olic lay support and backing by the hierarchy. However, 
the Legislative Council, which retained its gerrymandered 
electorate despite the introduction of adult suffrage, con­
tinued to provide opportunities for political intrigue and 
remained the main divisive force in the Victorian political 
System, often vetoing bills originating in the Assembly. 

From 1955 to 1981 Victoria was governed by the Liberal 
Party under Sir Henry Bolte, a shrewd, earthy, and asser- 
tive leader, and the state’s most successful 2 0 th-century 
politician. His administration coincided with a lengthy 
period of general Australian prosperity. In the 1982 elec­
tions, the Labor Party won the majority, ending more 
than one-quarter of a Century of Liberal government.
The major concerns of the state government are the ad­

ministration of the police force and of justice, education, 
health services, agriculture (including marketing boards), 
transport, and the Utility and development services asso­
ciated with electricity, irrigation, water supply, ports and 
harbours, sewerage, forestry, and country roads. Govern-
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ment departments or agencies are also vested with respon­
sibility for the regulation of primary production, industry 
and commerce, labour, professional and occupational 
Standards, education, social welfare, and public health.

The development of Victoria during the 1950s and 1960s 
was marked by two main trends. First, an increasing 
proportion of the population became urbanized. At the 
beginning of the Century 58 percent of the people lived in 
urban areas. By the mid-1960s the proportion had risen to 
more than 85 percent. After the mid-1950s, however, “de­
velopment” and private economic opportunism, fostered 
by liberal concessions to business and industrial enterpris­
es, produced both crisis and expansion in Victorian affairs.

The discovery of natural gas and oil on the Gippsland 
Shelf in Bass Strait in February 1965, the increasing in- 
dustrialization of the state, the high rate and proportion 
of migration which resulted in 20 percent of all Victorians 
having been born overseas (many in Italy and Greece), 
and the creation of two new universities, Monash and La 
Trobe, have given Victoria the basic resources, people, and 
skills it requires to overcome the lengthy inertia following 
the depression of the 1890s. The opening of the Victorian 
Arts Centre in August 1968 partly remedied 50 years of 
official cultural indifference and neglect.

Nevertheless, although the electorate’s public devotion 
to mid-19th-century individualism and provincialism re­
mained unshaken, the problem of commonwealth-state 
financial relationships, the social demands of a predomi­
nantly urban community, and the general array of Prob­
lems that afflict federalism in Australia suggested that

Victoria’s individuality would become increasingly sub- 
merged beneath the general Australian suburban patterns 
of life, attitudes, culture, and thought.

In 1972 the Ministry of Conservation was created by an 
act of Parliament as an umbrella Organization to bring 
together other government agencies and departments re­
sponsible for Conservation and environmental protection. 
The ministry is responsible for achieving the aims of the 
Ministry of Conservation Act, the protection and preser- 
vation of the environment, and the proper management 
of Victoria’s land and water resources.

In 1975 the Victorian Parliament adopted the Consti­
tution Act, defining the basic laws governing the state, 
outlining the state’s relationship to the commonwealth, 
enumerating the powers of the state Parliament, the Su­
preme Court, and the executive. Prior to this, the Consti­
tution was contained within an act passed by the United 
Kingdom Parliament in 1855. This document served as 
Victoria’s constitution for some 120 years, although the 
state did have the power to adopt its own constitution 
during this period.

The National Parks Act of 1979 increased the acreage o f  
national parks in Victoria to almost three times the pre- 
vious area. Four new national parks were created under 
the act in 1979, and two existing parks were brought un­
der state control. In 1980 seven additional parks were de- 
clared under the jurisdiction of the National Parks Service, 
bringing the total amount of park land under government 
control to about 3 percent of the entire state’s area.

(D.B.Wa./Ed.)

WESTERN AUSTRALIA
Western Australia, by far the largest state of the Common­
wealth of Australia, comprising that part of the continent 
lying west of longitude 129° E, covers an area of 975,920 
square miles (2,527,621 square kilometres), or one-third 
of the total area of Australia, and about eight times the 
size of the British Isles. Most of the inhabitants are clus- 
tered around Perth, the Capital, which has been called the 
most isolated city in the world. Most of Western Australia 
is a low tableland called the Great Western Plateau and 
is bounded on the east by the Northern Territory and 
South Australia. It has a maximum northeast-to-southwest 
length of 1,480 miles (2,382 kilometres) and a long, some­
times jagged, coastline of 4,350 miles, which provides 
few good harbours except Albany. Broome, for instance— 
sometimes called the Port of Pearls—is the busiest port in 
the northern part of the state, but tides sometimes leave 
ships stranded beside the jetties. More serious is the almost 
complete lack of any large rivers that flow all year round. 
There are no large lakes, and the rainfall is insufficiënt ev- 
erywhere except in the Southwest corner, the warm, sunny 
climate of which is considered by some the best in Austra­
lia. Western Australia is correctly said to be separated by 
an “ocean of sand” from the more thickly populated east­
ern coastal belt, but the isolation has been diminished by 
rapidly improving Communications. The Continental shelf 
is very narrow in the south and very broad, sloping, and 
deeper than usual in the north. Subsidence is evidenced 
by numerous coral and limestone reefs in the north and 
west and by granite islands in the south.

Physical and human geography
THE LAND

Relief. The Kimberley Block (70,000 square miles) is 
the northemmost region, bounded by King Sound and 
the King Leopold Range (Mt. Broome, 3,040 feet [927 
metres]). It is a plateau incised by deep valleys and with a 
rugged coastline cut by drowned valleys. Tides are extreme 
(Hanover Bay, 38 feet [12 metres]).

The Canning Basin (150,000 square miles), immediately 
south of the Kimberley Block, has a low-lying and uni­
form coast known as the Eighty Mile Beach. There is 
artesian water; and most of the interior is covered with 
sand dunes.

Southward, the Nullagine Platform (200,000 square 
miles) is a plateau (1,000-1,400 feet) with hills, often flat- 
topped, giving way to dunes in the northeast. In the north 
is the Pilbara Block, with flat-topped hills. The Hamersley 
Plateau has been uplifted and dissected, residual moun­
tains rising to more than 3,000 feet (Mt. Bruce, 4,024 
feet [1,227 metres] is one of the highest peaks in Western 
Australia). Rocky headlands and coral islets line the shore.

The Camarvon Basin (50,000 square miles) has artesian 
water and rises gradually to 1 , 0 0 0  feet from the hills near 
Exmouth Gulf and the lowlands around Shark Bay.

Southward, the Yilgam Block (300,000 square miles) has 
very poor soils, and southwestward are small basins with 
coal deposits. To the south is the Stirling Range (Bluff 
Knoll, 3,640 feet). The southwestem edge of the plateau 
forms the Darling Range (Mt. Cooke, 1,910 feet), which 
rises above the great Darling Fault (600 miles north to 
south).

The Swan coastal belt covers about 16,000 square miles 
west of the Darling fault scarp. It is mainly lowland, form- 
ing an artesian basin.

Part of the Eucla Basin, which is artesian and underlies 
the enormous Nullarbor Plain, is in Western Australia; it 
slopes to the south from about 1 , 0 0 0  feet, ending in cliffs 
200-400 feet high.

Climate. An anticyclone approaches Western Australia 
from the Indian Ocean with cool, humid, southwesterly 
air, usually polar maritime in winter, modified in sum­
mer. Inland the air becomes drier, and the southwesterly 
wind is gradually replaced by a northeasterly, with all the 
characteristics o f tropical Continental air.

In summer (December-February) the anticyclones travel 
along their southernmost path and bring an altemation 
of cool southwesterlies (70°-75° F, 21°-24° C) and hot, 
dry northeasterlies (80°-100° F, 27°-38° C) to the south­
em parts o f the state. Occasional high temperatures reach 
110° F (43° C). Humidity is very low, and there is no 
rain except rare local thunderstorms. The heat over the 
northwest allows equatorial air to flow in, bringing heavy 
rains to the north and sultry days to large areas. Temper­
atures in the northwest vary from 75° F at night to 110° 
F in the aftemoon. Summer rains vary from one to three 
inches (25 to 76 millimetres) in the south to 20-30 inches 
in the north, with large dry areas in the interior.
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In February and March, disastrous hurricanes (“willy- 
willies”) sometimes hit the coast between Broome and 
Onslow and proceed southeastward, bringing torrential 
rains, perhaps two to three inches in one hour. Occasional 
hurricanes in the northwest occur during autumn (March- 
May), with the last rains in the north and the gradual 
northward migration of the anticyclones. Humidity varies 
at this time, and the far Southwest receives its first frontal 
rains (six to nine inches for the season). In winter (June- 
August), cool, dry air (trade winds) blows offshore in the 
north, whereas there are heavy frontal rains in the south, 
ranging from 15-20 inches on the coast to eight to 1 0  

inches in the interior. Temperatures are 30°-60° F (—1°- 
16° C) at night and 60°-75° F in the aftemoon in the 
south and about 10 degrees warmer in the north. Spring 
(September-November) brings the last frontal rains to the 
south (four to eight inches) and the highest temperatures 
to the parched north, before the first monsoonal rains fall 
in November.

The rainfall is very reliable in the far south and the far 
north, but in between it is variable and scarce, 58 percent 
of the state receiving less than 10 inches per year. Reliable 
rains of 30 inches or more a year fall over only 5.4 percent 
of the state, mostly in the Southwest.

Drainage. The rivers of the Kimberley Block flow only 
after the summer rains but have large permanent pools. 
The Ord (300 miles) has a large estuary, and the Fitzroy 
(325 miles) crosses the King Leopold Range. The north- 
western rivers flow occasionally but may be dry for several 
years. They include the De Grey-Oakover (370 miles), 
the Fortescue (340 miles), the Ashburton (400 miles), the 
Gascoyne (475 miles), and the Murchison (440 miles). A 
very large inland area has sporadic drainage at best.

The rivers that rise on the Yilgarn Block and flow west 
through the Swan coastal plain are short, such as the Swan- 
Avon (240 miles), which is dry in summer, the Murray 
(70 miles), and the Collie (60 miles). Farther south the 
flow is nearly perennial with a strong winter-spring max­
imum: the Blackwood (190 miles) and the Frankland (80 
miles); these rivers are more or less brackish. The rivers 
that flow to the south are short and intermittent and run 
mostly in winter.

Plant and animal life. Botanically, Western Australia 
may be divided into three provinces, each with its own 
distinctive Vegetation. In the northern province, the flora 
is rich in Malayan (Palaeotropical) forms, whereas the 
native element is strongly represented in the Eremean 
(desert) and in the southwestern provinces; in the latter 
there are also distinct Antarctic affinities. Long isolation 
without interference has resulted in the evolution of many 
forms and a high degree of endemism (confinement to a 
particular area).

There are approximately 6,800 species of plants, the 
carnivorous pitcher plant, the kangaroo paws, the feather 
flower, and the Christmas tree being of special interest. The 
northern province is characterized by monsoonal wood­
land and by rich grassland in the Kimberleys, whereas 
south of the Fitzroy River harsh grassland is dominant. 
By contrast, the southwestern province has relatively little 
grassland, whereas the trees and shrubs have developed 
strongly. There the sand-plain Vegetation shows exception- 
al diversity and floral brilliance. The Eremean, or desert 
province, covers a very large area of the state.

The main woodland is in the southwestern province. Jar- 
rah, a type of eucalyptus, grows on the sandy coastal plain, 
and another eucalyptus, karri, occurs in the deep south- 

ïucalyptus west. Of two other eucalyptuses, the tuart is restricted to 
ypes the coastal plain, whereas the wandoo grows throughout

the jarrah forest area. Yet another eucalyptus, the mar- 
ri, is found with the jarrah. Drought-resistant woodlands 
of mixed Eucalyptus species occur farther inland, being 
succeeded in drier areas by mallee shrubs (a low-growing 
eucalyptus).
Fauna are also grouped in three regions. Unique forms 

are the burrowing frog, found where there are termites, 
and a member of the butterfly and moth family, often 
found in the nests of the ant. The numbat (banded anteat­
er) is now restricted to the wandoo forests. The northern 
province has a fauna related to that of Queensland and

northern Australia. In the desert areas, among other ani­
mals, is found a grotesque lizard.

THE PEOPLE
Although Western Australia comprises almost one-third 
of the total area of Australia, it contains less than 8  per­
cent of the population. When the colony was founded in 
1829, the population was 1,003. Growth was slow until 
the latter part of the 19th Century; at the census of 1881, 
the population was 29,708, but, by 1901, it had increased 
sixfold to 184,124. In the 20th Century, the state’s average 
annual rate of increase was higher than that of any other 
Australian state. The population of 332,732 in 1921 more 
than quadrupled by the late 20th Century. Immigration 
in Western Australia comes largely from other parts of 
Australia. Of immigrants from abroad, by far the majority 
were of British origin. There is no state church, but there 
are several hundred thousand members of the Anglican 
Church and the Roman Catholic Church; other major 
religious denominations include Methodists and Presby- 
terians. Western Australia is a comparatively young state; 
in the late 20th Century about one-third of the population 
was under 15 years of age.

The vast majority of the population of Western Australia 
is urban. Much of the interior of the state is sparsely 
populated by white Europeans, despite its considerable 
pastoral capacity and the phenomenal northwest iron-ore 
and other mineral developments of the 1960s. Most of 
the increase in population occurs on and near the coasts, 
chiefly in the temperate southwestern corner. In this zone 
of settlement, Perth and its port, Fremantle, hold a key 
Position, strengthened by major industrial development 
in the neighbouring Kwinana-Cockbum Sound area from 
the mid-1950s onward. Other settlements of the Southwest 
are mainly small agricultural and railway centres, with 
the beginnings also of some industries processing primary 
products.

Major cities and towns are Perth Statistical Division, in­
cluding Fremantle, Rockingham, and Kwinana; Kalgoor- 
lie-Boulder; Bunbury; Geraldton; and Albany.

THE ECONOMY
Agriculture, pastoral activities, and land settlement. The

boom prices after World War II transformed Western 
Australia’s economic outlook.

Agriculture is specialized and commercial in character.
The farmer expects to produce sufficiënt supplies for sale 
to enable him to enjoy a Standard of living comparable 
to that of the town worker. Farm labour is scarce and 
expensive, and full advantage is taken of mechanization, 
particularly for the growing of grain.
On the basis of rainfall distribution, the state falls into The three 

three well-defined zones: (1) the Kimberley division in climatic 
the extreme north; (2 ) an area in the southwestern corner economic 
where the rainfall ranges from 50 inches on parts of the zones 
coastline down to 1 1  inches on its inland boundary; and
(3) the large area lying between these two, where the an­
nual rainfall is sparse ( 1 0  inches or less) and uncertain in 
its incidence.

In the Southern part of the northern region, sheep are 
raised, and sugarcane, safflower (a yellow herb), and rice 
have emerged as potential commercial crops. The cattle 
industry also benefitted greatly from “beef roads” con­
structed in the 1960s with commonwealth and state funds.
Pearling and the production of cultured pearls are other 
economic activities of note in this northem region.

The vast arid zone is bad for agriculture or grazing. A 
few hundred million acres, however, are occupied as pas­
toral leaseholds, and wool is produced under conditions 
of extensive grazing. In places, even pastoral activities are 
impossible, and the only agricultural settlement in the 
central and northwest region is at Carnarvon, on the coast, 
where bananas and vegetables are grown. Farther north, 
in the eastern Kimberleys, cotton growing was stimulated 
in the mid-1960s by plans for the construction of the Ord 
River Dam, which was completed in 1972.

In the Southwest, agriculture extends over nearly 100,000 
square miles. Most of the region has little value for grazing 
before it is cleared of timber and scrub and fertilized with
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Phosphates. By the late 20th Century millions of acres had 
been cleared with government support.

Wool is the most widespread of the state’s rural indus­
tries. The sheep population of Western Australia is several 
tens of millions, mostly Merinos. Nearly three-quarters of 
the sheep are in the agricultural districts in the Southwest, 
where grain and sheep can be raised well together. In 
the northwest, fewer sheep per acre can be raised, and, 
despite pastoral properties of between 1 0 0 , 0 0 0  and 1 ,0 0 0 ,- 
0 0 0  acres, the carrying capacity averages one sheep to 
20-30 acres.

Farms in the wheat and sheep districts vary considerably 
in size. Although when judged by European Standards 
the grain yields of Western Australian farms are low, 
a favourable combination of circumstances permits high 
output per person, and a large wheat and sheep property 
is usually a highly mechanized and efficiënt concern.

Meat production ranks second to wool in value. The 
only area in which it is a single specialized enterprise on a 
large scale is in the northern part of the state, where cattle 
raising is almost the sole occupation. Uncertain prospects 
handicap the production of high-quality beef. In most 
agricultural areas, meat production is mainly a sideline to 
wool production, wheat growing, and dairying.

Dairying is an important occupation in the more heavily 
timbered country of the extreme Southwest. Irrigation and 
drainage projects on the coastal plain south of Perth have 
considerably increased the productivity of the area. Sev­
eral thousand acres are irrigated each year as pasture for 
dairy cows, but physical conditions hinder expansion. 

Forest Almost two-thirds of the prime-forest belt has been desig-
products nated as state forest for the production of timber in per- 

petuity. Managed under the principle of sustained yield, 
these forests provide 80 percent of the state’s total timber 
output. The remainder comes from private property.
A stable and thriving sawmilling industry produces sawed 

timber, mainly jarrah and kam. Jarrah has a worldwide 
reputation for durability and general utility, and kam is 
equally renowned for strength and size.

The dry country savannah forests to the east of the 
southwestern province are slowly giving way to agriculture 
in the more favourable situations but still cover several 
million acres. Tens of thousands of acres of pines had 
been established by the late 20th Century. In a region that 
suffers from a long summer drought, protection from fire 
is essential for the preservation of the forest.

Orchards and vineyards occupy several thousand acres. 
The poultry industry produces a surplus of eggs, which 
are exported chiefly to the United Kingdom. Cereals are 
widespread, and flax is grown on a small scale.

Industry and trade. The state’s predominantly agricul­
tural and pastoral economy has twice been revolutionized 
by mineral discoveries—gold toward the end of the 19th 
Century (chiefly on the eastern fields of Coolgardie and 
Kalgoorlie) and, since the late 1950s, by the rapidly ex- 
panding exploitation of one of the world’s greatest iron 
ore deposits in the Ashburton and Pilbara districts in the 
northwest. Other minerals produced include manganese, 
ilmenite, monazite, rutile, leucoxene, and zircon. A large 
bauxite deposit has been developed in the hills south of 
Perth, and polar salt is produced in the northwestem area 
of the state.

In 1967, at Barrow Island, near Onslow, one of Aus­
tralia’s largest commercial oil fields began operations, and 
natural gas was discovered at Yardarino near Geraldton. 
Meanwhile, after 1971, a 225-mile pipeline carried natural 
gas from Yardarino to the Pinjarra alumina refinery in 
the Southwest. One of Australia’s largest nickel mines is at 
Kambalda near Kalgoorlie.

Manufacturing is confined mainly to the Perth met­
ropolitan area. Until mid-century, most industries were 
related to primary production: sawmilling, bacon curing, 
dairy products processing, superphosphates manufacture, 
and railway engineering. Thereafter, substantial industri­
al development in the Perth-Fremantle-Cockburn Sound 
(Kwinana) area included a large oil refinery and a steel 
mill, and these became the nucleus of an industrial com­
plex of allied industries. These were facilitated by new 
public works and services, including a deepwater sup­

plement to Fremantle harbour for oil tankers; freeways; 
an additional power station; and standard-gauge railway 
communication (opened 1968) with iron ore deposits at 
Koolyanobbing near Southern Cross en route to Kwinana 
on the coast south of Fremantle. The standard-gauge rail- 
road was eventually extended through Kalgoorlie to link 
with Sydney and Brisbane in eastern Australia.

Apart from its iron ore and other mineral exports to 
overseas countries, chiefly Japan, a large portion of the 
state’s trade is still with other Australian States.

The main sources of state revenue are grants from the 
Commonwealth government. Other income comes from 
land, probate, betting, and payroll taxes; license fees and 
stamp duties; mining royalties; and departmental and util­
ity charges including railways. State expenditure is chiefly 
on public Utilities, law and order, education, health (in­
cluding hospitals), and other social services, supplementing 
those of the Commonwealth government.

Transportation. Railways were first developed in the 
late 19th Century. Apart from certain privately owned 
mineral lines o f standard-gauge, all railways are state- 
owned and most are narrow gauge (3 feet 6  inches [107 
centimetres]) except for the standard-gauge transcontinen- 
tal line mentioned above, which is partially owned by the 
commonwealth government. Road transportation, now 
widespread, competes with the state government railways, 
and, in the northern pastoral and mineral areas, airplanes 
are used extensively. A network of flight schedules links 
Perth with these areas and with highly developed ports 
for mineral exports such as Dampier and Port Hedland.
Of particular importance is the Royal Flying Doctor Ser- Air services 
vice begun in 1935 to assure the isolated stations of the 
northwest o f regulär medical attention. Perth is on inter­
national air routes.
Shipping services include: (1) the main overseas lines, 

which make Fremantle their first and last port of call and 
help to make it the largest oil-bunkering port in Australia;
(2) services to other States; and (3) Western Australian 
coastal services, mainly northward, extending also to Java 
and Singapore, where a trade in fat sheep and fruit has 
been developed.

ADMINISTRATIVE AND SOCIAL CONDITIONS
Government. The state Parliament of Western Austra­

lia, representing each province, consists of two members 
per province who serve terms of six years. One-third of the 
Legislative Council is elected every two years, whereas the 
Legislative Assembly members are elected for three years.
Since 1963 a property qualification no longer restricts 
voting for the Council, but seat distribution ensures an 
anti-Labor majority there. Local government is conducted 
through city, town, and shire councils.

Education. Two Systems of primary and secondary ed­
ucation exist side-by-side. The state schools are under 
centralized administration; the private, or independent, 
schools, serving between one-quarter and one-fifth of the 
children, are controlled for the most part by church or­
ganizations, among which the Roman Catholic teaching 
orders predominate. Education is compulsory for children 
between the ages of six and 15 years who live within 
three miles o f an established school or within two miles 
of a school-bus route. In rural areas children attending 
schools at central points are taken there daily by bus at 
government expense. This System is supplemented by cor- 
respondence classes for more isolated children and by the 
use of itinerant teachers in the remote northwest.

The University of Western Australia (founded 1911) has 
several thousand students in the faculties o f arts, law, ed­
ucation, economics and commerce, Science, engineering, 
agriculture, architecture, dental Science, and medicine.
The state also possessed an autonomous institute of tech­
nology, established in 1967, and several technical colleges 
within the technical division of the state education depart­
ment, as well as technical schools and centres scattered 
through the state. It has secondary and primary teacher- 
training colleges, one agricultural college, and four residen- 
tial agricultural schools. A second metropolitan university,
Murdoch, was opened in 1974.

Health and welfare. Old-age, invalid, and widows’ pen-
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sions are generally provided by the federal government, 
which is also responsible for unemployment and sickness 
benefits, as well as matemity, child endowment, tuber- 
culosis, repatriation, and rehabilitation allowances. The 
state’s social services include those of municipalities and 
state government departments, such as education, public 
health, police, mental health, child welfare, and native 
welfare. The Western Australian Workers’ Compensation 
Act provides for compulsory insurance by employers to 
compensate for losses by industrial accident, including in­
dustrial diseases.

CULTURAL LIFE
Despite Western Australia’s isolation from the more so­
phisticated east, Perth, the Capital, has an annual five- 
week summer festival of the arts—drama, music, ballet, 
films, and art. Perth boasts theatres, concert halls, “art” 
cinemas, and many commercial cinemas.

The Australian Broadcasting Commission invites interna­
tional orchestras, soloists, and singers to Perth for celebrity 
concerts and youth concerts. It also sponsors the West 
Australian Symphony Orchestra, which also enjoys state- 
govemment assistance. Australian composers are included 
in the repertoire.

The University of Western Australia is also concerned 
with music, offering degree courses for which the Wigmore 
Music Library is indispensable. University music societies 
of various sorts flourish. Another service the university 
renders is the study of Aboriginal musical forms. Other 
musical organizations include a youth orchestra, music 
clubs, and choral groups. The professional Western Aus­
tralia Opera Company receives both federal and state 
subsidies.

The state has its own Ballet Company and the West­
ern Australian Ballet Workshop. Regular tours of country 
areas take place, and international troupes visit Western 
Australia.

Perth has an art gallery and museum, which displays 
works from abroad as well as Contemporary native art 
and Aboriginal bark paintings. There is a state library, 
and over half the population uses the Library Board of 
Western Australia’s services, through a steadily increasing 
number of local public libraries. (F.A.)

History
EXPLORATION AND SETTLEMENT
Prior to European exploration, Western Australia was in- 
habited by Aboriginal peoples, who migrated to this part 
of the continent from Southern Asia some 25,000 to 30,- 
000 years ago. These peoples were nomadic hunters and 
gatherers, holding undisputed possession to the region 
for several thousand years. Occasional Asian visitors may 
have reached the coast of Western Australia, but the im­
pact of such visitors was slight and was confined to the 
coastal regions.

The date of the first sighting by Europeans of the western 
shores of Australia is uncertain. It has been suggested that 
both the western and northern coasts of the state may be 
identified with the “Java le Grande” of maps said to date 
from around 1550. It is possible that Portuguese navi­
gators sighted the northwestem coast on the way to the 
Spiee Islands, as early as 1527. The first landing o f which 

Dutch definite records exist is that of the Dutch captain Dirck 
exploration Hartog in October 1616. To commemorate his discovery, 

Hartog left a pewter dinner plate, with an inscription 
scratched into it, on the island now bearing his name. 
Subsequent Dutch navigators, including Abel Janszoon 
Tasman, charted the coast as far east as Nuyts Land, 
between 1618 and 1644. Later corners included William 
Dampier (1688 and 1699) who visited the northwest coast 
but reported unenthusiastically on colonization and trade. 
Other early adventurers and explorers were William de 
Vlamingh (1697-99), George Vancouver (1791), and An­
toine Bruni d’Entrecasteaux (1792). None of these early 
explorers ventured beyond the waterless and barren Coast­
al hills, as the insects and heat discouraged excursions 
inland and prospects for trade looked slim.

The colony of New South Wales, established by the En­

glish in 1788, included only the eastern half of Australia.
The remainder of the continent continued to be known 
as New Holland, the name given to the region by Abel 
Tasman in 1644. The western boundary of New South 
Wales was extended to longitude 129° E, leaving the area 
of Western Australian unclaimed.

The earliest settlement was made from Sydney, then a 
British possession, in December 1826. Because of suspi- 
cions that the French might establish a base on the west 
coast of Australia, Maj. Edmund Lockyer was dispatched 
to take formal possession of King George Sound with 
a party of convicts and soldiers. This establishment re­
mained under the control o f the government in Sydney 
until 1831. Meanwhile, in March 1827 Capt. James Stir- 
ling had made a survey of the Swan River and offered to 
lead an expedition to establish a settlement on the coast.
His offer was at first rejected, but in 1828 the British 
government, uncertain o f French intentions in the area 
and encouraged by the interest o f a number of potential 
investors and colonists, sent Capt. C.H. Fremantle to take 
possession of the unoccupied part of Australia west of 129°
E. In June 1829 Stirling arrived, as lieutenant govemor, 
and shortly afterward founded the towns of Perth and Fre­
mantle on the Swan. Several parties of migrants followed, 
including those brought out by Thomas Peel, the largest 
single investor. They were ill-prepared for pioneering; the 
coastal land was poor and labour to work the large and 
scattered land grants was unobtainable. Many left for the 
eastern colonies, but the discovery o f better land beyond 
the Darling Range led to the extension and consolidation 
of settlement by 1835.
Despite Peel’s failure, a second syndieate, the Western Western 

Australian Company, was formed in 1840 to acquire the Australian 
Lautour estate, 90 miles south of Perth, and to establish Company 
a settlement there. Between 1841 and 1843, several par­
ties were sent out to this new settlement, Australind, but 
loss of confidence among those financing the scheme con­
tributed to its failure. The explorations of George Grey 
(1838) and the Gregory brothers (1845-46 and 1848) led 
to the settlement of the Champion Bay district, north of 
Perth, centred on the town of Geraldton.
The continued labour shortage in the colony led to a 

demand that convicts be imported from the United King­
dom for employment on public works and private farms. 
Consequently, an order-in-council authorizing the trans­
portation of convicts to the colony was issued in 1849.
The cheap convict labour, combined with grants-in-aid 
from the United Kingdom, gave an impetus to expansion 
before convict transportation ceased in 1868. The north- 
western pastoral country was opened in 1863 after further 
explorations by the Gregory brothers. After the abolition 
of transportation, a partly elective Legislative Council was 
appointed in 1870, during the administration of Gov. F.A.
Weid. Between 1870 and 1890 valuable work in opening 
up more land for pastoral and agricultural settlement was 
performed by the officers of the Survey Department, un­
der Malcolm Fraser and John Forrest. The brothers John 
and Alexander Forrest crossed the continent between Es- 
perance and Adelaide in 1870 and between Geraldton and 
the overland telegraph line in 1874. Other transcontinen- 
tal crossings were made by P.E. Warburton in 1873 and 
E. Giles in 1875. Such explorations enlarged the area of 
pastoral settlement but demonstrated the desert nature of 
much of the interior.

Alexander Forrest opened up the Kimberley district in 
1879 and there, in 1885, the government geologist reported 
indications of the presence of gold. A gold rush to Halfs 
Creek followed (1885-87), but this field had been largely 
abandoned by the time of the proclamation of goldfields 
in the Pilbara district in the north in 1888, and in the 
Yilgarin, 200 miles to the east of Perth, in 1887. With­
in five years, richer finds followed at Murchison (1891),
Coolgardie (1892), and Kalgoorlie (1892-94).

Progress in other directions included the construction of 
a railway from Perth to Albany, completed in 1889, and 
the beginning of another to Geraldton. The improving 
prospects of the colony induced a demand for responsible 
government. A bill enabling Queen Victoria to grant a 
constitution to Western Australia received the royal as-
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sent on August 15, 1890. This provided for a governor, 
a nominated Legislative Council, and an elected Legis­
lative Assembly. The Legislative Council was to become 
elective when the population reached 60,000—a change 
effected in 1893.

FEDERATION AND THE STATE OF WESTERN AUSTRALIA
Sir John (later Lord) Forrest, prime minister from 1890 
until his entry into federal politics on the establishment 
of the Commonwealth of Australia in 1901, led a legis- 
lature at first dominated by primary producing interests. 
The advent of thousands of gold miners accelerated the 
progress of Western Australia and led to the Provision 
of such public works as the Fremantle harbour and the 
Perth-Kalgoorlie railway. Forrest also sponsored the con­
struction o f a pipeline through which water was pumped 
more than 300 miles from Mundaring (new Perth) to 
the arid Coolgardie goldfields. During Forrest’s later years 
of office, however, an Opposition party arose among the 
goldfields men—many of them from Victoria and New 
South Wales—who strongly supported the movement to 
have Western Australia join in an Australian federation.

The agricultural interests hesitated to join the new Com­
monwealth of Australia without receiving a pledge for the 
retention of their own customs dues for five years, but 
after Forrest had made an unsuccessful attempt early in 
1900 to secure this concession from the other colonies, 
a referendum in July of that year showed that a major­
ity of more than 25,000 in Western Australia favoured 
federation. The Constitution Act ultimately provided that 
Western Australia should have the right to enact its own 
tariff as against the sister States for five years, decreasing 
annually at the rate of one-fifth of the amount of the orig­
inal duty until it disappeared. A gentlemen’s agreement 
among the prime ministers also provided for the construc­
tion of a transcontinental railway.

With the decline of alluvial mining, a policy of agricul­
tural expansion was pursued and, between 1906 and 1914, 
the wheat lands were extended into the 1 0 -inch rainfall 
area. The growth of the new wheat beit was the greatest 
achievement of the first 30 years of the 20th Century. The 
federal govemment’s policy of protecting secondary indus­
tries tended to react unfavourably on Western Australia, 
which emphasized primary production, so that during the 
Depression at the end of the 1920s a movement arose 
for secession from the federation. A referendum held in

1933 favoured secession, by 138,653 votes to 70,706, but 
in 1935 a joint committee of the British Houses of Par­
liament declared itself incompetent to consider the state’s 
Petition to give effect to this move. With the revival of 
prosperity and the coming of World War II, during which 
Western Australia faced a threat of invasion by Japan, 
the secession movement lost force. Good wheat and wool 
prices and a rapidly rising population, mainly the result 
of federally aided immigration from the United Kingdom 
and other European countries, ensured postwar prosperity. 
The potentialities of the northem part of the state were 
emphasized in the 1960s by iron-ore sales to Japan and by 
cotton growing, which was made possible by the damming 
of the Ord River.

Western Australia thus entered the second half of the 
20th Century with an awareness of impending economic 
and social changes. The material progress o f the 1950s 
and 1960s in fact proved comparable with that which had 
followed the gold discoveries.

In 1959 a Labor administration (1953-59) was succeeded 
by a Liberal-Country coalition government under the lead­
ership of David Brand. Both govemments were active in 
promoting housing programs and industrial development 
with overseas Capital, but the Brand administration and 
its minister for industrial development and for the north­
west, Charles Court, were particularly identified with the 
Northwest mineral and Ord River schemes noted below. 
Confirmed in office in 1962 and 1965, the Brand admin­
istration faced a strong challenge from a Labor Party led 
by John Tonkin on the retirement of A.R.G. Hawke in 
1968, but was returned to power, with a reduced majority, 
in elections in March of that year. The Liberal-Country 
party remained the dominant political force in the later 
20th Century.
Technological advances, further agricultural mechaniza- 

tion, and irrigation from the Ord River have opened new 
areas for agricultural development in the southeast.

Since the end of World War II, Western Australia has 
attempted to attract outside Capital for industrial devel­
opment. These efforts created increased volume in man­
ufacturing beginning in the 1950s. The opening of an oil 
refinery and steel mill in Kwinana (1955-56) was one of 
the early rewards. Emphasis shifted to mineral exploita­
tion during the 1960s with the discovery of a commercial 
oil field on Barrow Island, vast iron-ore deposits, and ex- 
traction of bauxite and nickel. (F.A./Ed.)

AUSTRALIAN EXTERNAL TERRITORIES
Apart from claims in Antarctica, the external territories 
of the Commonwealth of Australia are made up entirely 
of islands. They comprise innumerable small reefs, cays, 
and atolls between the Great Barrier Reef of Queensland 
and longitude 157° 10' E, and several remote and diverse 
islands in the Pacific and Indian oceans. These latter 
oceanic outposts represent the tips of submerged moun­
tain ranges, many of volcanic origin. Those in the tropics 
often support fringing coral reefs, or atolls, where the sea 
level has risen sufficiently relative to the basic rock. Each 
of the Australian external territories was uninhabited when 
it was first annexed by Great Britain.

The composition of the Australian external territories 
is as follows: Norfolk Island, in latitude 29°02' S, lon­
gitude 167°57' E, a fertile and beautiful island famous 
for its indigenous pine (Araucaria excelsa). Also in the 
Pacific is the Coral Sea Islands Territory (created by act 
of the commonwealth on September 30, 1969), scattered 
over 400,000 square miles (1,000,000 square kilometres) 
of tropical waters and uninhabited except by observers at 
the commonwealth meteorological station on Willis Island 
(established 1921) at latitude 16° S, longitude 150° E.

The Cocos (Keeling) Islands, consisting of two atolls 
totalling 27 islands, are located in the Indian Ocean in 
latitude 12° 10' S, longitude 96°55' E. By their transfer 
from Britain to the Commonwealth of Australia under the 
Cocos (Keeling) Act (1955), they ceased to be part of the 
then British colony of Singapore.

Christmas Island, in latitude 10°30' S and longitude 
105° 40' E, is a source of high-grade rock phosphate. It was 
transferred to Australia by Britain, under the Christmas 
Island Act (1958). The minute, uninhabited Ashmore and 
Cartier Islands, also in the Indian Ocean, are defined by 
the Ashmore and Cartier Islands Acceptance Act, 1933. 
Cartier is in latitude 12°32' S, longitude 123°32' E, and 
the Ashmore group of three small exposures lie about 30 
miles (48 kilometres) northwest of Cartier.

The claim comprising Australian Antarctic Territory 
consists of all islands and territories, other than Adélie 
Land, situated south of the 60th parallel of south lati­
tude and between the 45th and 160th eastern meridians. 
This territory, over which the British government former­
ly asserted the crown’s sovereign rights, was transferred 
to Australia under the Australian Antarctic Territory Ac­
ceptance Act (1933). Heard Island, in latitude 53°06' S, 
longitude 73° 30' E, is perpetually ice-capped; with the 
nearby McDonald Islands, it was transferred from Britain 
to Australia in 1947. The Heard and McDonald Islands 
Act (1953) defines Australia’s claim.

A radio network provides channels for administrative 
and commercial interests and for an extensive exchange 
of meteorological and other scientific information. Physi­
cal contact between the commonwealth and its territories 
varies from periodic air services from the appropriate Aus­
tralian capitals to the annual relief of Antarctic stations 
by vessels strengthened for ice.

Liberal-
Country
coalition
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The commonwealth Department of Home Affairs pro- 
Adminis- vides administrative services for Norfolk Island, the Cocos 
trative (Keeling) Islands, Christmas Island, the Coral Sea Islands, 
responsi- and the Ashmore and Cartier group, except in matters of 
bilities defense and civil aviation, for which other departments 

are responsible. The Department of Administrative Ser­
vices provides policy advice with regard to the phosphate 
enterprise of Christmas Island, and, in general, the Depart­
ment of Primary Industry is concerned with fishing rights 
in the Australian 200-mile zones surrounding the terri­
tories, which effectively increase their areas of economic 
interest very considerably. For the inhabited territories, an 
administrator or official representative is appointed by the 
governor general of Australia to assist the government of 
the territory on behalf o f the commonwealth. By act of 
self-determination the Cocos (Keeling) Islands voted for 
Integration with Australia in 1984. In 1968 and 1975, 
respectively, the independence of the former external ter­
ritories of Nauru and Papua (as Papua New Guinea) 
was attained.

The commonwealth Department of Science and the En­
vironment is responsible for the administration of Aus­
tralia’s Antarctic interests and the enactments defined by 
the Antarctic Treaty Act (1959), the Australian Antarctic 
Treaty Acceptance Act (1933), and the acts relating to 
Heard and the McDonald Islands. The Department of 
Science and the Environment, through its Antarctic Divi­
sion, oversees the logistics of the annual relief operations 
of Australia’s scientific bases in Antarctica (for which 
such departments as that of national development supply 
certain scientific and technical personnel) and for their 
general function and administration.

Norfolk Island
PHYSICAL AND HUMAN GEOGRAPHY
Norfolk Island, with a total area of about 13.3 square miles 
(34.5 square kilometres), is volcanic in origin and rises 
precipitously from an extensive submarine ridge connect- 
ing the North Island of New Zealand with New Caledonia 
and thence, in general, with Melanesia and New Guinea. 
It has a mean altitude of 360 feet (110 metres), with two 
high points, Mt. Pitt and Mt. Bates, just exceeding 1,000 
feet (300 metres). To the south, and close inshore, are two 
small, uninhabited islands—Nepean, of limestone, and 
Phillip, which is volcanic, eroded, and almost denuded of 
Vegetation by introduced animals. Norfolk Island is 1,041 
miles (1,676 kilometres) east-northeast of Sydney and 660 
miles (1,063 kilometres) north of Auckland, N.Z., in lat­
itude 29°02' S and longitude 167°57' E. The climate is 
pleasant and equable, with a mean rainfall of 53 inches 
(1,350 millimetres), and temperatures ranging between 
81° F (26.7° C) and 50° F (10.3° C). Although most of 
the island has been cleared for cropping and pasture, the 
once dominant Norfolk Island pines (Araucaria excelsa, 
or heterophylla) are still a notable feature of the land­
scape. Kingston, in the south, is the main settlement and 
administrative centre. Norfolk Island possesses a consid­
erable flora and fauna. To 173 species of native vascular 
plants have been added some 250 introduced species. Fifty 
plants are endemic to the island. Apart from 55 indige- 
nous species of birds (14 endemic) the fauna includes one 
species each of gecko, bat, and turtle; plentiful fishes; and 
numerous invertebrates. For some decades whaling was a 
hazardous island industry.

Tourism is the dominant economic activity on Norfolk 
Island. A large segment of the population derives its in­
come from various aspects of the tourist industry, such 
as hotels and duty-free goods. Sea and air services are 
available on a regulär basis. The soil is fertile and allows 
a variety of tropical and semitropical cultivation. There 
are, however, only a few crops exported from the island, 
and most foodstuffs must be imported from the mainland. 
Fish are plentiful, but the lack o f a sheltered harbour has 
prevented any exploitation of this resource.

Imports to Norfolk Island have risen since World War 
II. The majority of the imports come from Australia, New 
Zealand, and the Pacific Islands. Goods manufactured and 
produced on Norfolk Island can be exported to Australia

duty free. Passenger service and airfreight are available 
between Sydney and Norfolk Island while oceangoing 
shipping services operate at monthly intervals between the 
island, the mainland, and New Zealand.

Norfolk Island has a Legislative Assembly and Executive Local gov- 
Council, which have ministerial duties and run many of emment 
the affairs of the island. The Supreme Court is the island’s 
highest judicial authority and the original jurisdiction for 
criminal and many civil cases. The Court of Petty Sessions 
is the lower court for criminal and civil jurisdiction.

Like the other States and territories o f the commonwealth, 
education is free and compulsory for children between six 
and 15 years of age. Island schools cover the kindergarten 
years through grade 10. Higher education must be sought 
at mainland colleges and universities. A limited number 
of vocational apprenticeships are also available.

HISTORY
Following his discovery of the island, which he found 
uninhabited, Capt. James Cook, in 1774, wrote enthusias- 
tically on the indigenous “spruce pines,” which he believed 
to be of great potential value as ships’ masts, and on the 
local flax (Phormium tenax). Within a few weeks of the 
settlement of New South Wales by Gov. Arthur Phillip, 
in February 1788, Norfolk Island was also settled by a 
small party, including 15 convicts, under the command 
of Lieut. Philip Gidley King. Its purpose was to forestall 
any possible French occupation, to propagate the native 
flax, and to exploit the timber. After 26 years as a British 
convict colony, with a maximum of 1 , 1 0 0  convicts and 
free settlers, the island was abandoned. The population 
was withdrawn, mainly to Van Diemen’s Land, renamed 
Tasmania in 1856.

The next phase of Norfolk Island history lasted from June 
1825 to June 1856. Reestablished as a penitentiary for the 
reception of the most desperate criminals from the Brit­
ish convict settlements in Australia, it became a place of 
merciless discipline and punishment. Fear possessed both 
prisoners and jailers, and in the three decades of convict 
occupation and human misery there were few redeeming 
aspects of settlement or administration. A number of sub­
stantial mins and a few colonial buildings intact in stone 
remain, giving a poignant and picturesque note to the 
gentle landscapes.

Although the reasons for again evacuating all convicts 
to Tasmania resulted from difficulties of supervising the 
administration as much as that of the convicts, the Con­
temporary need for better accommodation of the Pitcaim 
islanders contributed reasons for the change. Norfolk Is­
land seemed a most suitable place for resettling the de- 
scendants of the mutineers of the “Bounty.”

In April 1789, when Capt. William Bligh of hms “Boun­
ty” and a number o f loyal officers had been set adrift, 
ultimately to reach Timor, the Pitcaimers’ history began.
While most of the mutineers stayed on Tahiti, nine, with 
a number of Tahitians, both men and women, sailed 
on, by way of Tonga and Fiji, and eventually reached 
Pitcaim Island, latitude 25°04' S, longitude 130°06' W, 
a desert island discovered by Philip Carteret in 1767. In 
the early years violence, bloodshed, and illness ultimately 
left one European male, Alexander Smith, with a num­
ber of Tahitian women and half-caste children surviving 
in a strangely tranquil and pious community. Smith had 
changed his name to John Adams. The descendants of the 
mutineers, with a few adventurous newcomers, comprised 
194 persons when, after 67 years and many vicissitudes, 
they were transported to Norfolk Island, arriving there in 
the “Morayshire” on June 8 , 1856.

Not all of the islanders settled happily on Norfolk; two 
small parties returned to Pitcaim. Strong Polynesian char- 
acteristics and residual traits and customs persisted and 
are considered to be an influence among some island peo­
ple to this day. A distinctive society developed, based on 
neighbourliness, self-help, harter, and respect for author­
ity. Specific ethnic and religious festivals continue to be 
celebrated. Of the total population, perhaps one-third may 
claim lineal descent from the Pitcaimers. Immigration is 
now strictly controlled.

Norfolk Island was originally made “a distinct and sep-
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arate settlement” from the mainland colonies on June 
24, 1856. Rapidly the islanders established their own Sys­
tems of land tenure and society generally. In 1897 Britain 
conferred administrative status on the governor of New 
South Wales, though the island still remained a separate 
British colony.

lorfolk In 1913, under the Norfolk Island Act (effective 1914),
»land Act the colony became a territory of the commonwealth, but

the precise constitutional relationship with Australia was 
never the subject of complete agreement. The independent 
nature of the original Pitcaimers has often seemed domi­
nant in island aspirations. An airfield constructed on the 
island during World War II gave Norfolk a close, reliable 
link with the outside world and the means to support 
steady growth of facilities to match its potential attraction 
for tourists. There was inevitable trading in ideas: Norfolk 
became aware of modern amenities. Australian enterprise 
rapidly moved into tax-free Norfolk Island, and many 
hundreds of new Companies were registered there. Aus­
tralia also discovered that its Norfolk territory required 
the fuller application of certain conventions of the Inter­
national Labour Organisation.
With such emphases and with visitors to this beautiful 

tax-free island reaching 20,000 or more annually (a third 
of them from New Zealand), a royal commission was 
appointed in 1975, under Sir John Nimmo, to report on 
the future status of Norfolk Island. His report (1976), 
concerned with the territory’s constitution, its relationship 
to Australia, and the most appropriate forms of admin­
istration, was exhaustive. It revealed two opposing views: 
that Norfolk Island should be virtually absorbed into the 
mainland social and political System as a detached piece 
of Australia, a new electorate with all the privileges and 
duties of such; and that it should move at least some 
distance toward self-government. After long negotiations, 
a government of the second type for Norfolk Island, 
becoming operative in August 1979, was established by 
Australian commonwealth legislation. The Norfolk Island 
Act, 1979, provided for a nine-member Legislative Assem­
bly elected triennially, an administrator, and an executive 
council holding ministerial portfolios. The duly elected 
assembly has the formal right to legislate on the raising 
of revenue and on other island functions, such as supply, 
commerce, immigration, and tourism; it may not act in 
matters of defense, coinage, or certain property transac- 
tions. The bill also reserves commonwealth powers of veto 
and of delaying the implementation of Norfolk Island 
acts. The recommendations for absorption were set aside, 
and the course of the territory headed toward internal 
self-government as a territory under the authority of the 
commonwealth.

The elections of 1979 were held under a proportional rep­
resentation System. The legal System includes a Supreme 
Court, held on the mainland or with visiting mainland 
judges, and a Court of Petty Sessions under the jurisdic­
tion of local magistrates.

Various Australian government departments are con­
cerned with Norfolk Island as a commonwealth territory. 
In general, the responsible authority is vested in the De­
partment of Home Affairs. The Department of Primary 
Industry Controls the Australian Fisheries Council, being 
the advisory body on all aspects of administration and 
management of Australian fisheries, including those of 
Norfolk Island. The declaration of Norfolk’s 200-mile 
economic zone, extending its fishing grounds to 124,000 
square miles (320,000 square kilometres), is of consider­
able commercial interest not only to Australia but to its 
Pacific neighbours.

From the mid-1960s the economy of Norfolk Island 
changed from one based on subsistence farming, seed 
production, grazing, and local fishing, with a small tourist 
industry, to one principally dependent upon and catering 
to an annual influx of upwards of 20,000 visitors. Island 
agricultural produce cannot sustain demand, and most 
food must therefore be imported. There is considerable 
island revenue from liquor sales (a government monopo­
ly), from sales of postage stamps to collectors around the 
world, and from customs duty and Company fees. Aus­
tralian currency is legal tender.

Christmas Island
PHYSICAL AND HUMAN GEOGRAPHY
At several points exceeding 1,100 feet (335 metres) in 
altitude, Christmas Island, with an area of 52 square miles 
(135 square kilometres), is situated in the Indian Ocean, 
the summit of an oceanic mountain surrounded by depths 
of 6,000 feet (1,800 metres). The abyssal Java Trench Java 
(24,440 feet, or 7,450 metres, at its deepest) is to the Trench 
northeast. Abrupt cliffs comprise much of the coastline, 
but there are sand and coral beaches. The rock is mainly 
limestone stratified with old volcanic flows, with valuable 
deposits of lime near the chief port at Flying Fish Cove, 
below the northern Headridge Hill, and on the South­
ern Plateau. The island is 815 miles (1,312 kilometres) 
from Singapore, 220 miles (360 kilometres) from Java 
Head, and 1,630 miles (2,623 kilometres) from Freman­
tle, Western Australia. Its climate is salubrious and warm 
(64°-86° F, or 18°-30° C), with little seasonal Variation 
but with a tropical rainy season between November and 
April. Rich forest clothes the island, and both flora and 
fauna are varied and numerous. The latter includes birds, 
small reptiles, crustaceans, insects, Spiders, scorpions, and 
centipedes. The birdlife, with several endemic species, in­
cludes a large number of seabirds nesting on the island.
About one-seventh of the flora, numbering 200 species of 
flowering plants, is endemic. Freshwater is available from 
springs and wells. Subsistence cropping and fishing are 
undertaken on a small scale, but virtually all food is im­
ported. Charter flights link Christmas Island with several 
cities. Radioteletype and the usual overseas radiotelephone 
services are available. There are several major roads on 
the island, which has about 800 privately owned vehi- 
cles. A 20-kilometre railway transports phosphate from 
the Southern plateau to the port and settlement on Flying 
Fish Cove. A spur line serves the western part of the 
island. The economy of the island is based entirely on 
phosphate mining.

An administrator of Christmas Island is appointed by 
the Australian governor general, with a staff for secretar- 
iat, education, police, radio, and harbour duties. There 
is also a full-time Conservation officer. The judiciary 
consists of a Supreme Court, District Court, Magistrate^
Court, and Children’s Court. The Christmas Island Area 
School provides preschool, primary, and secondary edu­
cation while trade instruction is available in the Island 
Technical School.

HISTORY
First sighted in 1615, the island was named on Christmas 
Day 1643 by Capt. William Mynors of the British East In­
dia Company. The British “Challenger” Expedition (1872—
76) collected phosphate specimens from Javanese islands, 
and the expedition naturalist, John Murray, predicted 
massive deposits of guano on nearby Christmas Island. It 
was annexed by Great Britain on June 6, 1888. A 99-year 
lease, granted in 1891 to George Clunies-Ross of Cocos 
and John Murray, to mine phosphate and cut timber, was 
transferred six years later to the Christmas Island Phos­
phate Company Ltd., largely owned by the former lessees. 
Christmas Island was incorporated in the British crown 
colony of the Straits Settlements (capital, Singapore) in 
1900. In 1942 many residents were evacuated, and the 
island was subsequently occupied by the Japanese, though 
phosphate was not mined by them. After the war (1948) 
the interests of the Christmas Island Phosphate Company 
were acquired by the govemments of Australia and New 
Zealand. In 1958, when the island became an Australian 
territory, a new agreement ratified the existing legislature, 
and it was arranged that the Christmas Island Phosphate 
Commission (established 1949), on behalf of both gov- 
ernments, should quarry and ship the valuable deposits.
Reserves of phosphate of various grades have been esti­
mated at a few hundred million metric tons, but first- 
grade material is much less plentiful.

The population is mainly Chinese and Malay labourers 
recruited from Malaysia, Singapore, and the Cocos (Keel­
ing) Islands, working for the commission, with Australian 
and British management personnel, and the island admin-
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Migration istration. About one-third o f the population arrivés or de- 
of workers parts each year. For long-term Asian residents, legislation 

has provided opportunities o f resettlement in countries as 
chosen, provided the emigrants conform to immigration 
requirements. Most have chosen resettlement in Western 
Australia. Between December 1976 and June 1978, 578 
Christmas islanders were permanently resettled under the 
scheme.

Cocos (Keeling) Islands
PHYSICAL AND HUMAN GEOGRAPHY
The two low coral atolls known together as the Territory 
of Cocos (Keeling) Islands, lie in the Indian Ocean in 
latitude 12° 10' S and longitude 96°55' E, approximately 
1,720 miles (2,768 kilometres) northwest of Perth and 
2,290 miles (3,685 kilometres) almost due west of Darwin. 
They comprise 27 small coral islands totalling about 5 .V2 

square miles (14 square kilometres) in area. One atoll, 
North Keeling, is a single island standing about 15 miles 
(24 kilometres) north o f the main lagoon, which is sur- 
rounded by the numerous exposures of the South Keeling 
Islands. Of these, West Island is the largest, measuring 6 V 4  

miles (10 kilometres) long and one-third of a mile (0.5 
kilometre) wide. The other principal islands of the South 
Keelings are South, Home, Direction, and Horsburgh. 
Coral sand or clinker raises the larger islands to heights 
of 10 to 20 feet (three to six metres). They shelve steeply 
to the surrounding sea and to the reef that protects and, 
from its debris, nourishes them.

Vegetation is extensive on all islands, with valuable co- 
conut palms predominating over scrubby jungle along the 
outer, seaward margins. On North Keeling and Horsburgh 
islands there are areas of coarse grass. Large numbers 
of seabirds—terns, gannets, and petrels—thrive on the 
islands. Some land birds, white-eyes, Java sparrows, and 
thrushes, have reached Cocos (Keeling) from Indonesia. 

Climate The climate is equable, the range of temperatures through­
out the year varying between 72° and 90° F (22° and 32° 
C). Rainfall, over five years, averaged 91 inches (2,312 
millimetres) a year; relative humidity averages about 75 
percent. In 1968 severe damage was caused by a tropical 
cyclone. No streams or surface water occur, but on the 
larger islands ample water may be obtained from wells 
sunk to depths of three to five metres.
The Cocos Islands Council is responsible for a wide range 

of functions in the Home Island village area. It also advises 
the administrator on matters conceming the islands and 
comments upon proposed legislation. The islands operate 
their own postal service with the revenues used for the 
benefit of the citizens.

HISTORY
Capt. William Keeling is credited with the discovery of 
the northem island in 1609, but the group remained unin­
habited until 1826 when the Englishman Alexander Hare 
settled. A year later he was joined by John Clunies-Ross, 
who brought a number of Malays to assist in harvesting 
the coconuts for copra. Hare departed in 1831, and Clu­
nies-Ross increased his holding and his labour force and 
commenced a powerful association which, in changing 
circumstances, has since been maintained. Descendants 
of the original workers, who, though often called Cocos 
Malays, included natives o f several Asian countries and 
some East Africans, are still living in the islands. In the 
years 1948-51 more than 1,600 of the population, which 
had grown beyond the capacity of the islands to sustain, 
were assisted to migrate. The majority were resettled on 
estates in what is now Sabah, Malaysia. Some went to 
Singapore or Christmas Island.

Urged by Clunies-Ross, Britain annexed the islands in 
1857, when John George Clunies-Ross had succeeded his 
father. A formal declaration to this effect was made by 
Capt. Stephen Fremantle o f h m s  “Juno.” Subsequently, 
supervisory roles were bestowed successively on Ceylon 
(1878) and the Straits Settlements (1886). In 1886 also, 
Queen Victoria made her historie grant in perpetuity to 
George Clunies-Ross o f all land above high-water mark, 
subject to a formal right of repossession by the crown. So

began the benign but authoritarian rule, lasting more than 
90 years, o f the “kings of the Cocos.”

The islands, as a site of a vital cable station and as a 
military base, proved to be of strategie importance and 
saw enemy action in both world wars. In 1945, during 
the allied military occupation, an airstrip was constructed 
on West Island. In 1951 the purchase o f land on West 
Island by the Australian commonwealth was negotiated, 
the airstrip was reconstructed for civilian use, and until 
1967 Cocos (Keeling) was used as a Staging point on flights 
between Australia and Africa.

From the then British colony of Singapore, Australia ac­
cepted territorial rights over Cocos (Keeling) on November 
23, 1955, effected by an order in council made by Queen 
Elizabeth II and under reciprocal rights o f the United 
Kingdom and Australia. With the Cocos (Keeling) Islands 
Act, 1955-75, o f Australia, all Cocos Malays born after 
November 23, 1955, are Australian citizens and entitled 
to residence on the mainland; former British subjects also 
had the Option o f Australian citizenship. Numbers of Co­
cos islanders have accordingly settled in Australia, mainly 
in Western Australia. The Cocos Malay group live on 
Home Island; the remainder of the population are main- 
land-recruited employees of the territory administration, 
and their families, living on West Island.
Until 1984 the Territory of Cocos (Keeling) Islands was 

a non-self-goveming territory to which Chapter XI of the 
United Nations Charter applied. In September 1978, after 
considerable negotiation, the Australian commonwealth 
purchased all of the Clunies-Ross commercial plantation 
and island enterprises; it first leased the property to the 
Cocos Islands Co-operative Society Limited at a nominal 
rental and subsequently transferred the ownership of most 
of the land to the Cocos Islands Council. A high security 
animal quarantine station has been established to safe- 
guard Australian herds while allowing the entry of geneti- 
cally superior animals. With plantation palms numbering 
some 350,000, copra is the sole cash crop and thus the 
territory’s mainstay. The Local Government Ordinance 
of 1979 established the Cocos (Keeling) Islands Coun­
cil, which provides local government. In 1984, following 
an act of self-determination by the Cocos Malay people 
witnessed by a UN Mission, the Cocos (Keeling) Islands 
became integrated with Australia.

Coral Sea Islands Territory

Australia’s Coral Sea Islands include the Flinders Reefs, 
Herald Cays, Holmes Reefs, Moore Reefs, Bougainville 
Reef, Osprey Reef, Willis Group, and others in the north­
west of the Coral Sea, and a southeasterly group embracing 
Frederick Reefs, Saumarez Reefs, and Cato Island. All 
except Willis Group are uninhabited, but they are occa- 
sionally visited by scientists, fishermen, and prospectors 
for oil or minerals.

British naval vessels— h m s  “Cato” (1803), “Frederick” 
(1812), and “Herald” (1854-60)—discovered and sur­
veyed these low coral islands, all of which are either the 
tops of volcanic foundations or the dissected remnants 
of submarine plateaus. Spread over 400,000 square miles 
(1,000,000 square kilometres) between the Great Barrier 
Reef and longitude 157° 10' E, and south of latitude 12° 
S, the islands were declared a Territory of Australia by 
the Coral Sea Islands Act, 1969, with amendments, 1973. 
The territory is administered by the Department of Home 
Affairs. Several automatic weather stations supplement 
information from the manned Australian Bureau of Me- 
teorology station (1921) on Willis Group, some 300 miles 
(500 kilometres) east of Caims, Queensland.

Ashmore and Cartier Islands

Similarly administered by the Department of Home Af­
fairs are the remote, uninhabited Ashmore and Cartier 
Islands, the Australian territory nearest to Indonesia. Car­
tier Island was discovered by Captain Nash, and named 
after his vessel, in 1799 or 1800. It is about four feet (one 
metre) above sea level and little more than an acre (0.4 
hectare) in extent. On Ashmore Reef there are three small
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coral islands—West, Middle, and East—totalling about 
230 acres (93 hectares). Turtles are plentiful, and at one 
time guano was dug, though supplies were soon exhausted. 
Ashmore Reef, rising from the broad, shallow sea covering 
the Sahul Shelf, was annexed by Britain in 1878, Cartier 
in 1909. Australia officially agreed to accept sovereignty 
in 1933 and an amendment of 1938 annexed the islands 
to the Northem Territory. There is an automatic weather 
Station on West Island.

Heard and McDonald Islands

Heard Island was occupied continuously from 1947 to 
1955 by the Australian National Antarctic Research Expe­
ditions ( a n a r e ), the scientific program then being trans­
ferred to stations on the Antarctic mainland. The deserted 
Station on Heard, latitude 53°06' S, longitude 73°30' E, 
is visited occasionally by relief expeditions bound for the 
more southerly bases and has been used by U.S. scientists 
and technicians concerned with satellite tracking and oth­
er space programs. The island was first sighted in 1833 
but was lost and rediscovered once or twice before being 
named, in 1855, after an American captain. After 1855 
many teams exploited the island’s elephant seals and pen- 
guins for their oil. The island is about 180 square miles 
(466 square kilometres) in area, and its dormant volcano, 
Big Ben, rises to 9,005 feet (2,745 metres). The island 
has been extensively explored by Australian expeditions. 
The nearby McDonald Islands have not been occupied. 
Like the lower parts of Heard Island, they are sparsely 
covered with cushion plants, rough tussock grass, mosses, 
and lichens, and they are visited by large numbers of ele­
phant seals, leopard seals, and penguins. Several kinds of 
petrels, albatrosses, and skuas that breed on Heard Island 
probably also inhabit the McDonalds.

Australian Antarctic Territory

Under the terms of the Antarctic Treaty (1959), until vir­
tually the end of the 20th Century, territorial claims and 
ambitions in the Antarctic were to be held in abeyance. 
The concept of a United Nations or other international 
control of the whole continent in perpetuity has been ad­
vanced from time to time. Scientific cooperation between 
the treaty nations has proved successful, and the b io m a s s  
(Biological Investigation of Marine Antarctic Systems and 
Stocks) program has engaged the research of the Antarctic 
Treaty signatory nations. Any real or potential exploitation 
of Antarctic resources, or of exclusive economie zones, 
however, has revived consideration of national territorial 
claims and fishing rights. The focus of world interest 
on the possible exploitation of hydrocarbon deposits and 
(though whaling has declined) on the marine wealth of 
the Antarctic seas in krill trawling and fisheries also has 
retarded activities pertaining to international control.

Australia has maintained continuous Antarctic scientific 
Australian research and an extensive program of physical exploration 
Antarctic by sea, land, and air since 1954. Before that Australian ex-
research plorers had been associated with most of the major British

expeditions and played a leading role in some. Apart from 
the long-established sub-Antarctic base on Macquarie Is­
land (administratively part of the state of Tasmania), in 
latitude 54°28' S, longitude 158°57' E, Australia main- 
tains three Continental bases: Mawson station (1954) on 
MacRobertson Land in latitude 67°36' S, longitude 62°53' 
E; Davis station (1957) on Ingrid Christensen Coast in 
latitude 68°35' S, longitude 77°58' E; and Casey station 
(1969) in Wilkes Land in latitude 66° 17' S, longitude 
110°32' E. Casey replaced the U.S. base at Wilkes station, 
built for the International Geophysical Year in 1957 and 
occupied by Australia during 1959-69.

(J.M.B./Ed.)

BIBLIOGRAPHY
Fhysical geography: australia . Departm ent of national 

developm ent, Atlas of Australian Resources (Ist series 1953— 
60, 2nd series 1962-75, 3rd series 1980- ), an official com­
pendium o f separate maps on geology, geography (physical and 
human), and resources (natural and industrial) o f  Australia, 
with commentaries; g .w. leeper (ed.), The Australian Environ­

ment, 4th ed. rev. (1970), a brief outline, mainly on land forms, 
climates, soils, water and irrigation Vegetation, crops and pas­
tures, and animal production; r .o . slatyer and r .a . perry  
(eds.), Arid Lands of Australia (1969), symposium papers on 
many aspects o f arid Australia and particularly on land and re­
sources management; v. serventy , Australia’s National Parks
(1969) , a beautifully iilustrated book on the more important 
national parks, arranged geographically and dealing with fauna, 
flora, and geography.

d .a . brown, k .s.w . Campbell, and K .A .w . crook, The Ge- 
ological Evolution of Australia and New Zealand (1968); d . 
hill and a .k . denm ead  (eds.), “The Geology o f Queensland,” 
J. Geol Soc. Aust., vol. 7 (1960); g .h . packham  (ed.), “The 
Geology o f New South Wales,” J. Geol. Soc. Aust., vol. 16, 
pt. 1 (1969); l.w . parkin  (ed.), Handbook of South Australian 
Geology (1969); a . spry and m .r . banks (eds.), “The Geology 
o f Tasmania,” J. Geol. Soc. Aust., vol. 9, pt. 2 (1962). The 
first o f these is a general text for students, on regional and 
historical geology, divided into chapters on Systems from the 
Precambrian to the Quaternary. The others are compilations 
o f known geological data for four o f  the six Australian States. 
Further information may be obtained from periodical publica- 
tions o f  the Bureau o f  Mineral Resources (Canberra), the State 
Geological Surveys, and the Geological Society o f Australia.

c.f . laseron, The Face of Australia, 2nd ed. (1957), a read- 
able account o f the evolution o f  Australia’s scenery, although 
unsound in some areas and now outdated; d .n . jeans (ed.), 
Australia: A Geography (1977), a more recent overview o f Aus­
tralian geography; c.r . tw idale, Geomorphology, with Special 
Reference to Australia (1968), a general and fairly elementary 
text, containing numerous references to Australian features 
and examples o f well-known forms. Perhaps the best technical 
accounts are contained in the series o f  texts published by the 
ANU Press, Canberra: e .c .f . bird , Coasts (1969); j .l. da vies, 
Landforms of Cold Climates (1969), and, with m .a . Williams, 
Landform Evolution in Australasia (1978); c .d . ollier, Vol- 
canoes (1969); c .r . tw idale , Structural Landforms (1971); 
j .n . jennings, Karst (1971); j .a . mabbutt, Desert Landforms 
(1977); and i. douglas, Humid Landforms (1977).

George bentham , Flora Australiensis, 1 vol. (1863-78); s.f . 
blake and a .c . atw ood , “Geographical Guide to the Floras 
of the World,” pt. 1, Misc. Pubis. U.S. Dep. Agric. 401 (1942); 
w.e . blackwell and B.j. grieve, How to Know Western 
Australian Wildflowers, 3 pt. (1954-65); n .t . burbidge, “The 
Phytogeography o f  the Australian Region,” Aust. J. Bot., 8:75- 
211 (1960); d .w. goodall (comp.), “Bibliography o f Statistical 
Plant Sociology,” Excerpta Bot., sect. B., 4:253-316 (1962). 

a . keast, r .l. crocker , and c.s. Christian  (eds.), Biogeog- 
raphy and Ecology in Australia (1959); w .d .l . ride, A Guide 
to the Native Mammals of Australia (1970); s. breeden and k . 
breeden, The Life of the Kangaroo (1966); n .w. cayley, What 
Bird Is That: A Guide to the Birds of Australia, 6th ed. rev. 
and enl. by a .h . chisholm  et al. (1973); e. worrell, Reptiles 
of Australia, 2nd ed. (1970); w .r . Eastman  and a .c. h u n t , The 
Parrots of Australia (1966); t .c . roughley , Fish and Fisheries 
in Australia, rev. ed. (1966); i.m . mackerras (ed.), The Insects 
of Australia: A Textbook for Students and Research Workers
(1970) .

John mcandrew (ed.), Geology of Australian Ore Deposits, 
2nd ed. (1965); i.r . mcleod (ed.), Australian Mineral Industry: 
The Mineral Deposits, Bureau o f Mineral Resources, Geology 
and Geophysics, Buil. No. 72 (1965); z. kalix , l.m . fraser, 
and r .l rawson (eds.), Australian Mineral Industry: Production 
and Trade, 1842-1964, Bureau o f Mineral Resources, Geology 
and Geophysics, Buil. No. 81 (1961); h .g . raggatt (ed.), Fuel 
and Power in Australia (1969).
Human geography: william  k . Hancock , Australia (1930); 

j .d . pringle, Australian Accent (1958, reissued 1978); donald  
horne, The Lucky Country (1964, reissued 1978); geoffrey  
blainey, The Tyranny of Distance (1966, reissued 1975); The 
Australian Encyclopaedia, 4th ed. rev. (1983).

John quick and robert r . garran , The Annotated Con­
stitution of the Australian Commonwealth (1901, reprinted 
1976); percy e. joske , Australian Federal Government, 3rd ed. 
(1976). LESLIE F. CRisp, The Parliamentary Government of the 
Commonwealth of Australia, 3rd ed. (1961); john  d .b. m iller , 
Australian Government and Politics (1954, reissued 1971); ge­
offrey sawer, Australian Government Today, 12th ed. (1977); 
James ju pp , Party Politics: Australia 1966-1981 (1982). 

ernest a. boehm , Twentieth Century Economie Development 
in Australia (1979); ja'mes o .n . perkins, Australia and the 
World Economy, 3rd ed. (1979); robert catley and bruce 
mcfarlane, Australian Capitalism in Boom and Depression
(1981) ; l.r . webb and  r .h . allan (eds.), Industrial Economics
(1982) .

Alan s. w a t t , The Evolution of Australian Foreign Policy: 
1938 to 1965 (1967); Australia in World Affairs (quinquenni- 
al). geoffrey blainey, Triumph of the Nomads: A History of



Australia 479

Ancient Australia (1975); henry  Reynolds, The Other Side of 
the Frontier (1981); Charles d . rowley, A Matter of Justice
(1978). Official Year Book of Australia and Australia Handbook 
(both annual).

(J.D.Pr.)

History: The best general accounts o f traditional Aboriginal 
life are a .p . elkin , The Australian Aborigines (1964); r .m . and 
c .H . BERNDT, The World of the First Australians, 3rd ed. (1969); 
F.D. McCa rthy , Australia’s Aborigines: Their Life and Culture 
(1957); r .m . and c.h . berndt (eds.), Aboriginal Man in Aus­
tralia (1965); and r .m . berndt (ed.), Australian Aboriginal An­
thropology (1970). H. SHEILS (ed.), Australian Aboriginal Studies 
(1963), also gives a general coverage focussed on research Prob­
lems. Most o f  these volumes include sections on change; but 
see especially m . reay (ed.), Aborigines Now (1964); lg . sharp 
and c.M. TATZ (eds.), Aborigines in the Economy (1966); w.e.h . 
stanner , After the Dreaming (1969); d .e . hutchinson (ed.), 
Aboriginal Progress: A New Era? (1969); g . blainey, Triumph 
of the Nomads: A History of Aboriginal Australia (1976); and, 
related to Aboriginal policy and practice, c.d . rowley, The 
Destruction of Aboriginal Society (1970), Outcasts in White Aus­
tralia (1971), and The Remote Aborigines (1971). A large series 
o f monographs on various aspects o f Aboriginal life has been 
produced by the Australian Institute o f Aboriginal Studies. 

Separate and detailed studies o f  Aboriginal societies are by 
w .L . Wa rner , A Black Civilization (1937); c .w.m . hart and
A. R. Pilling , The Tiwi of North Australia (1960); m .j . meggitt, 
Desert People: A Study of the Walbiri Aborigines of Central 
Australia (1962); l .r . h ia tt , Kinship and Conflict: A Study of 
an Aboriginal Community in Northern Arnhem Land (1965); 
and r .m . and c .h . berndt , Man, Land and Myth in North 
Australia: The Gunwinggu People (1970).

Among the classic studies o f  the pre-anthropological era are 
those by r .b. sm yth , The Aborigines of Victoria, 2 vol. (1878); 
j.D. woods (ed.), The Native Tribes of South Australia, Com­
prising the Narrinyeri (1879); e .m . curr , The Australian Race, 
4 vol. (1886-87); w.b. spencer and f .j . gillen , The Native 
Tribes of Central Australia (1899, reprinted 1938); a .w. howitt, 
The Native Tribes of South-East Australia (1904); w .b. spencer, 
The Native Tribes of the Northern Territory of Australia (1914);
B. malinowski, The Family Among the Australian Aborigines 
(1913); and h . Basedow , The Australian Aboriginal (1925).

The basis o f professional anthropological work was established 
by A.R. RADCLiFFE-BROWN— see his Social Organization of Aus­
tralian Tribes (1931) and Structure and Function in Primitive 
Society (1952); and a .p . elkin , Studies in Australian Totemism 
(1933) and Aboriginal Men of High Degree (1946); in the con­
tact sphere, a .p . elkin’s article on “Reaction and Interaction: 
A Food Gathering People and European Settlement in Austra­
lia,” Tm. Anthrop., 53:164-186 (1951), is significant. In regard 
to studies on Aboriginal women, see p .m . kaberry, Aborig­
inal Woman, Sacred and Profane (1939); and c .h . berndt, 
Women’s Changing Ceremonies in Northern Australia (1950); 
also f . GALE (ed.), Women’s Role in Aboriginal Society (1971). 
On Aboriginal art, see f .d . mccarthy, Australian Aboriginal 
Decorative Art, 5th ed. (1958) and Australian Aboriginal Rock 
Art (1958); c .p . m ountford , The Tiwi: Their Art, Myth, and 
Ceremony (1958), and (ed.), Art, Myth and Symbolism (1956); 
and r .m . berndt (ed.), Australian Aboriginal Art (1964).

Controversies have stimulated discussion on certain aspects 
of traditional Aboriginal life. One arose from w.L. warner’s 
and A.R. radcliffe-broWn ’s interpretation of the so-called 
“Murngin” kinship System. See also j .a . barnes, Inquest on 
the Murngin (1967); and r .m . berndt in f .l.k . hsu (ed.), 
Kinship and Culture (1971). The concept o f the local group 
vis-a-vis the horde, also arising from Radcliffe-Brown’s earlier 
contentions, has been discussed by r.m . berndt in Ocea- 
nia, 30:81-107 (1959-60); w .e .h . stanner, Oceania, 37:1-26 
(1965); and l.r . h ia tt , Oceania, 32:267-286 (1962), and 37:81 — 
92 (1966); as well as by j .b. birdsell, with a commentary by 
students o f Aboriginal affairs, in Cur. Anthrop., 11:115-131, 
138-142 (1970). The issues o f law and order in the absence 
of clearly defined political authority, the relevance of kinship 
in this respect, and the place o f tribal elders are the subject 
of conflicting views. r .l . sharp in Systems of Political Control 
and Bureaucracy in Human Societies, ed. by v.f . ray (1958); 
m .j . m eg g itt , Indigenous Forms of Government Among the 
Australian Aborigines (1962); and l . hiatt , “Social Control 
in Central Arnhem Land,” South Pacific, 10:182-192 (1959), 
have taken one approach against a .p . elkin and r.m . berndt 
in Aboriginal Man in Australia (1965); and t .g .h . strehlow 
in Australian Aboriginal Anthropology (1970). However, the 
most long-standing controversy, deriving from Dürkheim, has 
centred on totemism and has recently been revived by c. levi- 
strauss in Le Totémisme aujourd’hui (1962; Eng. trans., 1963). 

c.m .h . clark , A Short History of Australia, rev. ed. (1969); 
f .k. crowley (ed.), A New History of Australia (1974, reissued 
1981); Australian Dictionary of Biography (1966- ); R. cov-

ell , Australia’s Music (1967); h .m . green , A History of Aus­
tralian Literature, Pure and Applied, 2 vol. (1961); r . hughes, 
The Art of Australia, rev. ed. (1970).

c .m .h . clark , A History of Australia, 5 vol. (1962-78); j . 
griffin  (ed.), Essays in Economie History of Australia (1969); 
t .b. m illar , Australia in Peace and War: Exterior Relations, 
1788-1977 (1978); a .g .l. shaw and h .d . nicolson, Growth and 
Development in Australia (1964).

e .m . o’brien , The Foundation of Australia, 1786-1800, 2nd 
ed. (1952); c .a . sharp, The Discovery of Australia (1963); a .g .l. 
shaw , Convicts and the Colonies (1966); p . burroughs, Britain 
and Australia, 1831-1855 (1967); a .c .v . Melbourne, Early 
Constitutional Development in Australia, 2nd ed. by r .b. joyce
(1963) ; g .h . Na d el , Australia’s Colonial Culture (1957); s.h . 
roberts, The Squatting Age in Australia, 1835-1847 (1964); 
a .g . serle, The Golden Age: A History of the Colony of Victoria, 
1851-1861 (1963), and Rush to Be R ich :... Victoria, 1883- 
1889 (1971); n .g . butlin , Investment in Australian Economie 
Development, 1861-1900 (1964); g .l . buxton , The Riverina, 
1861-1891 (1967); r . ely, Unto God and Caesar: Religious 
Issues in the Emerging Commonwealth, 1891-1906 (1976); 
r .a . gollan , Radical and Working Class Politics. . .  1850- 
1910 (1960); j .a . la n auze , Alfred Deakin, 2 vol. (1965); j .m . 
tregenza , Professor of Democracy. . .  C.H. Pearson, 1830- 
1894 (1968); F. Alex ander , Australia Since Federation (1967); 
c .h . Förster , Industrial Development in Australia, 1920-1930
(1964) ; b.d . Graham , The Formation of the Australian Country 
Parties (1966); n . m eaney , A History of Australian Defence 
and Foreign Policy, 1901-23 (1976- ); g . sa w er , Australian 
Federal Politics and Law, 2 vol. (1956-63); i.a .h . turn er , 
Industrial Labour and Politics, 1900-1921 (1965); t .b. mil­
lar , Australia’s Defence Policies, 1945-65 (1967); r . m urray , 
The Split: Australian Labor in the Fifties (1970); k . tennant , 
Evatt: Politics and Justice (1970); k . west, Power in the Liberal 
Party {1966).
New South Wales: The best source for up-to-date facts and 

statistics on New South Wales is the Official Year Book, issued 
annually by the government o f  New South Wales in conjunc­
tion with the Commonwealth Bureau o f  Census and Statistics. 
Historical, as well as other, information on New South Wales 
may be found in books on Australia, such as g . greenwood 
(ed.), Australia: A Social and Political History (1955 and 1966); 
and a .g .l . shaw , The Story of Australia (1955).
Northern Territory: Accounts o f  investigations o f  dry-land 

and irrigation farming, establishment o f pastures, and hus- 
bandry are published in the commonwealth scientific and 
industrial research  Organization  (csiRo), Division of Land 
Research and Regional Survey (annual). Other references are 
csiRO, Katherine Research Station Report 1946-56 (1959); the 
Departm ent of territories, Prospects of Agriculture in the 
Northern Territory (1960); b.r . davidson , The Northern Myth: 
A Study of the Physical and Economie Limits to Agricultural 
and Pastoral Development in Tropical Australia (1965); j .h . 
kelly , Struggle for the North (1966); and the annual Official 
Year Book of the Commonwealth of Australia and Northern 
Territory Statistical Summary.
Queensland: Government statistician , Queensland Year- 

book (annual) and current bulletins; prem ier’s Departm ent, 
The Queensland Scene (1971), a pictorial account, with brief 
text; Departm ent  of industrial developm ent, Investment 
Queensland, Australia (1969); r .h . greenw ood , Regions of 
Queensland (1971); r .w . cilento  (ed.), Triumph in the Tropics 
(1959), a historical study; Stanley  and kay breeden , Tropical 
Queensland (1970), on the flora, fauna, and landscape; george 
farw ell, The Sun Country (1970).
South Australia: The best general sources o f information are 

the annual South Australian Year Book and the Official Year 
Book of the Commonwealth of Australia, both published by the 
Commonwealth Bureau o f  Census and Statistics. More detailed 
Statistical information is contained in the Statistical Register 
of South Australia (South Australian Parliamentary Paper, an­
nual). For geographical aspects, see r .j . best (ed.), Introducing 
South Australia, pt. 2 (1958); and m . Williams (ed.), South Aus­
tralia from the Air (1969). A populär survey o f the economy is 
Business Guide to South Australia, published by the Premier’s 
Department (1969).

For a comprehensive study o f  education see Education in 
South Australia (1971), the report o f  an official enquiry pub­
lished by the Government o f South Australia.

Tasmania: j .l . da  vies (ed.), Atlas of Tasmania (1965), 
comprehensive topical and topographical map coverage with 
detailed commentary; hobart, commonwealth bureau of 
census and  statistics, Tasmanian Year Book (published an­
nually since 1967), the most comprehensive and important sin­
gle reference on Tasmania; w inifred  m . curtis, The Endemic 
Flora of Tasmania, 3 pt. (1967-71), a definitive study, beauti- 
fully illustrated; Michael sharland , Tasmanian Birds, 3rd ed.
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rev. (1958), a field guide; e.r . g u iler , Marsupials of Tasmania 
(1960), an illustrated handbook of diagnostic features; hunter 
valley research Fo undation , Tasmania in the Seventies 
(1970), an analysis of economic growth and growth potential; 
p.G. pak poy and  Associates, Study of the Transport of Goods 
for Tasmania, 5 reports (1971), an economic evaluation of Tas­
manian transportation commissioned by the state government, 
including (no. 4) an economic growth study; r .l . w ettenhall, 
A Guide to Tasmanian Government Administration (1968), a 
descriptive Classification.

Victoria: The Melbourne, comm onw ealth  bureau of cen­
sus and statistics, Victorian Year Book (annual), is the out­
standing reference on all aspects of Victoria, including articles 
on a wide range of topics, well illustrated by maps and pho- 
tographs, and bibliography.

Western A ustralia: Michael k . morcombe and osmar  white, 
Western Australia in Colour (1971), has excellent illustrations. 
Other illustrated books with general texts are osmar white, 
Under the Iron Rainbow: Northwest Australia Today (1969); 
t .a .g . hungerford  and Richard  WOLDENDORP, A Million 
Square: Western Australia (1969); and ivan o’riley , Giant in 
the Sun (1968). james s. battye, Western Australia (1924), 
was the first substantial historical work, now largely supplanted 
by frank  K. CROWLEY, Australia’s Western Third (1960); and 
frank  K. crowley and brian de garis, A Short History of 
Western Australia, 2nd ed. (1969). See also frederick  Alexan­
d er , frank  K. crow ley , and J.D. leg g e , The Origins of the 
Eastern Goldfelds Water Scheme in Western Australia (1954); 
and Alexander  M. KERR, Australia’s Northwest (1967) and The 
South-west Region of Western Australia, 2nd ed. (1965), for 
regional economic studies. Caroline g ye , The Cockney and 
the Crocodile (1962); and cynthia  nolan , Outback (1962), 
are personal accounts dealing with the Aborigines. The Official 
Year Book of Western Australia contains political, social, and 
economic explanatory and summary data in addition to Statis­
tical information.
Australian External Territories: australian  bureau of 

statistics, Year Book Australia (annual); australian Gov­
ernm ent Publishing Service, Commonwealth Government Di­
rectory (annual); r . rose, Australia’s Island Territories (1967);
DEPARTMENT OF EXTERNAL AFFAIRS, COMMONWEALTH OF AUS­
TRALIA, External Territories (1970). See also the annual reports 
of the Australian Commonwealth Departments of Home Af­
fairs, Administrative Services, Science and the Environment, 
and National Development. Current events are recorded in 
the Commonwealth Parliamentary Debates (Hansard) and the 
Australian national newspapers.
Norfolk Island: australian  Governm ent Publishing ser­

vice, Norfolk Island (annual reports); j .j . spruson , Norfolk 
Island: Outline of Its History from 1788 to 1884 (1885); a.s.c. 
ross et ai, The Pitcairnese Language (1964); j .s. turn er , c.n . 
smithers, and r .d . hoogland , The Conservation of Norfolk 
Island (1968, for the Australian Conservation Foundation); 
australian Government Publishing  Service, Report of the 
Royal Commission into Matters Relating to Norfolk Island 
(1976); Philip grundy  and roger  w ettenhall , “Norfolk

Island Versus The Nimmo Report,” Current Affairs Bulletin 
(Oct. 1977); stuart In d er , “Islanders or Australians?”, Pacific 
Islands Monthly (Feb. 1979); merval h oare , Norfolk Island, 
An Outline of Its History, 1774-1977 (1979); Norfolk Island, a 
History Through Illustration, 1774-1974 (1979). Hoare’s vol­
umes contain an extensive bibliography of primary and sec­
ondary sources.

Cocos (Keeling) Islands: australian  Government Publish­
ing service, Territory of Cocos (Keeling) Islands (annual 
reports); j .s. hughes, Kings of the Cocos (1950); Charles 
Darwin, The Structure and Distribution of Coral Reefs (1842); 
HUGH CLiFFORD, Heroes of Exile (1906); n . tarling , “The 
Annexation of the Cocos-Keeling Islands,” Historical Studies, 
vol. 8 (May 1959); and t .e . sm ith , “The Cocos-Keeling Is­
lands: A Demographie Laboratory,” Population Studies, vol. 14 
(Nov. 1960).

Christmas Island: australian  Government Publishing 
service, Territory of Christmas Island (annual reports); c.w. 
Andrews, A Monograph of Christmas Island (1900); a .c . 
gibson-hill, “The Early History of Christmas Island,” Aus­
tralian Territories, vol. 3 (May 1963); peter  hastings, “A 
Tale of Two Islands: The Cocos/Christmas Story,” NG & Aust., 
Pacific & S.E. Asia, vol. 9 (Sept.-Oct. 1974).

Coral Sea Islands: Government prin tin g  office (Canber­
ra), External Territories of Australia (March 1970); australian  
bureau of statistics, Year Book Australia (annual).
Ashmore and Cartier Islands: australian  bureau of statis­

tics, Year Book Australia (annual); robert langdon , “Our 
Far Flung Empire,” NG & Aust., Pacific & S.E. Asia, vol. 1 
(June-July 1966).
Heard Island and the McDonald Islands: p .g . law and t . 

burstall, Heard Island (1953); m .c . downes et ai, The Birds 
of Heard Island (1959); g .m . budd , “The Anare 1963 Expedi­
tion to Heard Island,” ANARE Reports, series A, vol. 1 (1964); 
p. tem ple, The Sea and the Snow: The South Indian Ocean 
Expedition to Heard Island (1966).
Australian Antarctic Territory: d . mawson, The Home of the 

Blizzard: Being the Story of the Australasian Antarctic Expedi­
tion, 1911-1914 (1915); p .g . law and j .m . bechervaise, Anare: 
Australia’s Antarctic Outposts (1957); r .a . swan, Australia in 
the Antarctic (1961); a .g . price, The Winning of Australian 
Antarctica (1962); j .k . davis, High Latitude (1962), and With 
the ‘Aurora’’ in the Antarctic, 1911-1914 (1919); Department 
of foreign  affairs, “Antarctica and the Question of the Ex­
ploitation of Its Resources,” Australian Foreign Affairs Record, 
vol. 48, no 12 (Dec. 1977); Departm ent of Science and  the  
environment (Report by the Minister, Hon. j .j . webster), 
Antarctica, an Information Paper (1977); lennard  bickel, 
This Accursed Land (1977). Current affairs in Antarctica are 
recorded in the quarterly journals Aurora, ANARE Club Jour­
nal, and Antarctic (New Zealand Antarctic Society). Other 
works of a more general nature published in Australia include: 
J.F. LOVERiNG and j.R.v. prescott, Last of Lands, Antarctica
(1979); and j .m . bechervaise, Men on Ice in Antarctica (1978), 
and Antarctica, the Last Horizon (1979).
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Although derived in part from the English literary 
heritage and influenced by its traditions, the lit­
eratures of Australia and New Zealand developed, 

from beginnings in the late 18th and early 19th centuries, 
their own characteristic themes, styles, and idioms. More­
over, they are quite distinct from one another, since they 
evolved at different rates and were affected by different 
historical and environmental circumstances; for exam­
ple, the first settlers in Australia included many convicts 
transported from Britain, whereas in New Zealand they 
were largely traders and organized colonizers. Differences 
in geography, strength of indigenous Opposition, pace of 
settlement, and degree of contact with Great Britain and 
other countries also contributed to divergences in literary 
expression. (Ed.)
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AUSTRALIAN LITERATURE
Three main periods may be distinguished in the history 
of Australian literature. In the first (1788-1880) descrip­
tive and documentary writings predominated. The second 
(1880-1940) was a time in Australia of expansion and 
consolidation and growing national feeling, and the diver- 
sification of Australian society was mirrored in a greater 
variety in its literature. In the third (from 1940) an increase 
in literary activity matched and reflected the country’s in­
crease in immigration, expansion of industrialization, and 
growth of large suburban areas. During this period the 
“cultural cringe,” a feeling of many Australian writers that 
they worked under the shadow of English literature, was 
largely replaced by a growing confidence in Australia’s 
nationhood and separate cultural identity.

The first hundred years. The life of the convicts, ad­
ministrators, and soldiers who arrived in New South Wales 
in 1788 and of the free settlers who followed them was a 
constant struggle, allowing little time for the arts. Most of 
those with literary talent employed it in describing their 
new world. Memoirs and eyewitness accounts of convict 
life and, later, of conditions in the goldfields abounded 
and provided inspiration and material for later writers.

The first Australian novel is generally agreed to be Henry 
Savery’s Quintus Servinton (1830-31), the prototype of 
the convict novel through which Australians have con­
tinued to examine their relationship with Britain and the 
terms on which they came into existence as a nation. The 
most famous novel of convict life is Marcus Clarke’s For 
the Term o f His Natural Life (1874); a less documentary 
work than Savery’s, it angrily indicted the transportation 
of prisoners and the brutal conditions of penal servitude 
in Tasmania. An outstanding early novelist was James 
Tucker, the probable author of Ralph Rashleigh; or, The 
Life o f an Exile (written in 1844; published in 1952), 
who brought together the four comerstones of Australian 
preoccupation: Britain, the convicts, the bushrangers, and 
the Aborigines. Rolf Boldrewood (pseudonym of Thomas 
Alexander Browne) enjoyed a huge populär following with 
his adventure novels, of which only Robbery Under Arms 
(1888) achieved classic status. The prolific English novelist 
Henry Kingsley (the brother of Charles Kingsley) is now 
chiefly remembered for his two Australian novels, The

Recollections o f Geojfry Hamlyn (1859) and The Hillyärs 
and the Burtons (1865), both conceming the successful 
immigration of a British family; in the former novel the 
family retums to Britain, while in the latter the family 
achieves a social status in Australia that it could never 
have attained back home. Catherine Helen Spence’s Clara 
Morison (1854) offered an ironie view o f Adelaide in 
the period, and Mrs. Campbell Praed’s Policy and Pas­
sion (1881) examined the personal life o f an Australian 
politician.

Poetry in the first hundred years developed less steadily 
than did prose, with poets struggling to adapt the English 
Romantic tradition of landscape and reflective poetry 
to Australian subjects. Adam Lindsay Gordon, however, 
composed his Bush Ballads and Galloping Rhymes (1870) 
in a distinctly Australian idiom.

Nationalism and expansion. The last 20 years of the 
19th Century saw a growth o f nationalism and movement 
toward federation of the separate States. National pride, 
the values of country life, and sympathy for the strug- 
gles of small landholders were common literary themes, 
particularly in stories by Henry Lawson and Steele Rudd 
(pseudonym of Arthur Hoey Davis). Another theme was 
that o f early convict days; four volumes o f tales by Price 
Warung (William Astley) exemplified this concem. Joseph 
Furphy’s large novel Such Is Life (1903), describing the 
rural world of the 1880s, was full of details o f station life, 
conversations of bullock drivers, nationalistic sentiments, 
and philosophizings about chance and determinism. A 
tradition o f bailad verse that had long flourished was kept 
alive by Lawson and A.B. “Banjo” Paterson.

Federation (1901) was greeted with patriotic fervour in 
prose and in verse. In the early 1900s generally, however, 
nationalistic themes diminished in a growing awareness 
of the complexity of Australian life, and attention was 
drawn to the plight of ordinary people and the need for 
social reform. There was a new emphasis on realism in 
fiction. Its masterpiece was probably the trilogy of Henry 
Handel Richardson (Ethel Florence Lindesay Robertson), 
The Fortunes o f Richard Mahony (1917-29), a study o f 
fluctuating fortunes among the immigrants who were es- 
tablishing the new urban Australia in the late 19th Century. 
The last volume, Ultima Thule, graphically described con­
ditions in the goldfields and brought its character studies 
of the temperamentally opposite Richard and Mary to a 
profoundly moving climax.

Richardson’s skill in evoking the birth o f Australia’s ur­
ban society was matched by writers such as Louis Stone 
and Edward Dyson with their stories o f inner-city life. 
Katherine Susannah Prichard was to take up their themes 
in a more radical vein in her novels, notably in The Roar- 
ing Nineties (1946); Kylie Tennant also made statements 
on behalf o f the underdog in her fiction of the 1930s. 
Some of the most memorable works of the early part o f 
the Century emphasized the heroic nature of the pioneer 
instinct at the root of Australian society; one greatly popu­
lär example was Miles Franklin’s fictitious autobiography 
M y Brilliant Career (1901). Mrs. Aeneas Gunn’s We o f  
the Never-Never (1908) examined the relationship of the 
white inhabitants to the Aborigines, a theme taken up by 
Prichard in Coonardoo (1929) and by Xavier Herbert in 
Capricornia (1938). Vance Palmer, a prolific writer, made 
a particular contribution to the public discussion of an 
Australian cultural identity.

The success of poets was slighter but showed diversity o f 
aims and interests. John Shaw Neilson wrote fine, delicate 
lyrics; Victor Daley produced romantic poems and some 
sharp satires; C.J. Dennis continued the ballad tradition 
with populär verse; Christopher Brennan, in his Symbolist 
poems, owed much to European tradition; and Kenneth 
Slessor created powerful, dramatic lyrics.

New
realism
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The modern period. During and after World War II, lit­
erary magazines proliferated, and the reading public grew. 
Though factual and descriptive writing remained promi­
nent, from the 1950s onward Australian writers became 
increasingly speculative and searching. The most influ- 
ential of mid-20th-century novelists was Patrick White, 
whose major novels were distinctively Australian but 
whose treatment had a largeness of vision surpassing na­
tionalistic limitations. The Australia depicted in The Tree 
of Man (1955), Voss (1957), Riders in the Chariot (1961), 
The Solid Mandala (1966), and A Fringe o f Leaves { 1976), 
as well as in White’s short stories, gave evidence of a 
critical, poetic imagination. White was awarded the Nobel 
Prize for Literature in 1973. He was drawn particularly to 
the underlying formative elements in Australian history.

The other dominant novelist of the mid-20th Century 
was Christina Stead, with her interest in disrupted lives 
and financial pressures. Her most widely admired novels 
are House of All Nations (1938) and The Man Who Loved 
Children (1940); but only one, Seven Poor Men of Syd­
ney (1934), was set entirely in Australia. Other novelists 
included Martin Boyd, Randolph Stow, and Thomas Ke- 
neally, who was drawn to a variety of historical subjects, 
including Joan of Are, the Holocaust, the convict settle­
ments, and World War I. Among novelists of importance 
in the 1970s and ’80s were Thea Astley, Shirley Hazzard, 
Roger McDonald, and C.J. Koch, whose Year of Living 
Dangerously (1978) helped open up for Australian litera­
ture the subject of the Far East.

Aboriginal writing in English was uncommon, but Colin 
Johnson made a mark with Wild Cat Falling (1965). 
Literature on Australian themes began to be written in 
European languages other than English, particularly by 
members of Greek, Italian, and Maltese minorities during 
the 1960s. Also of interest were the autobiographical short 
stories of Hai Porter, which revealed the changes in Aus­
tralian society from the 1930s to the 1960s.

A tradition of descriptive poetry remained, but mid- 
century poets ranged more widely than their predecessors. 
Robert D. FitzGerald was noted for strenuously argued 
poems; A.D. Hope for searching, allusive, witty verse; 
Douglas Stewart for forthright, vigorous works; Judith 
Wright for sensitive lyrics; and James McAuley for med­
itative lyrical poetry. Bruce Dawe evinced the Australian 
voice in his Contemporary, journalistic poetry. Among the 
leading poets of the 1980s were Les Murray, allusive and 
humane, and Chris Wallace-Crabbe, with his precisely de­
picted States of mental and physical being. Kath Walker 
was the first Aboriginal poet who wrote in English.

Australian literature was long deficiënt in drama; not 
until the late 1950s and ’60s did any plays achieve real 
success. Best known were Douglas Stewart’s Ned Kelly 
(published 1943) and Fire on the Snow (performed 1941); 
Ray Lawler’s Summer of the Seventeenth Doll (1955); 
Alan Seymour’s One Day o f the Year (1961); and Patrick 
White’s Four Plays (published 1965). Several playwrights 
came into prominence during the next two decades, 
among them David Williamson, Jack Hibberd, Alexander 
Buzo, Jim McNeil, and Peter Kenna. (L.J.K./A.N.R.N.)

NEW ZEALAND LITERATURE
In organized settlement New Zealand was 50 years behind 
Australia, and for most of the Century from 1840 to 1940 
a similar gap in national consciousness seemed to prevail. 
Yet from about 1930 there was a flowering of literature.

Early writings. Up to the 1920s most writers aimed at 
British readers and often exploited and distorted exotic 
and indigenous elements of their surroundings. There did 
emerge some worthwhile chronicles and autobiographical 
narratives, such as A First Year in Canterbury Settlement 
(1863) by Samuel Butler (author o f Erewhon), Frederick 
Maning’s Old New Zealand (1863), and Lady (Mary Anne) 
Barker’s Station Life in New Zealand (1870). Among colo­
nial versifiers the most notable were Alfred Domett and 
the Scots dialect poet John Barr.

Katherine Mansfield was one of the great names in short- 
story writing. She did not expect to find a readership in 
her own country and emigrated to England to establish

her career. But her debt to New Zealand pioneer society 
was clearly evident in her most admired stories, such as 
“At the Bay,” “The Voyage,” and “The Stranger” (in The 
Garden Party, and Other Stories, 1922). Two other writers 
achieved works of distinction during this period: William 
Satchell, in The Land o f the Lost (1902); and Jane Man­
der, in The Story o f a New Zealand River (1920). 

Outstanding in the 1920s and ’30s were the short- 
story writer Frank Sargeson (pseudonym of Norris Frank 
Davey) and the poets A.R.D. Fairburn, R.A.K. Mason, 
Allen Curnow, and Denis Glover; what distinguished their 
work was that they assumed a readership of fellow coun- 
trymen. The yarn spinner had always been characteristic 
of New World writing, and Sargeson used this to great 
effect in tales of the Depression years. Two novelists to 
emerge during this time were John Mulgan, whose Man 
Alone (1939) attained the status of a New Zealand clas­
sic, and John A. Lee, with his harrowing Children o f the 
Poor (1934). Robin Hyde (pseudonym of Iris Wilkinson) 
wrote in The Godwits Fly (1938) a perceptive study of a 
Wellington family in the early part of the Century.

World War II and after. In the years from 1940 most 
literary genres flourished, especially the short story, whose 
best writers included Roderick Finlayson, Maurice Dug- 
gan, O.E. Middleton, and Phillip Wilson. The poet James
K. Baxter was perhaps the most considerable figure of 
the postwar period. Among the best known prose writers 
were Sylvia Ashton-Warner {Spinster [1958], Greenstone 
[1966]); Janet Frame {Faces in the Water [1961], A State 
of Siege [1966], The Rainbirds [1968]); Ian Cross {The 
God Boy [1957], After Anzac Day [1961]); Maurice Shad- 
bolt {Among the Cinders [1965], Strangers and Journeys 
[1972]); Maurice Gee (A Special Flower [1965], In M y  
Father''s Den [1972]); Dan Davin {No Remittance [1959]); 
and David Ballantyne {The Cunninghams [1949]).
The growth of New Zealand writing and a rapid expan­

sion of theme reflected an accelerating national conscious­
ness. The international recognition of Keri Hulme’s partly 
Maori-based novel The Bone People (1984) finally dis- 
posed of the image of New Zealand as exclusively genteel 
and concerned only with farming and a sentimental view 
of Britain. Janet Frame’s three-volume autobiography also 
helped to show a more socially troubled and psycholog- 
ically stressful side of New Zealand. New poets with a 
distinctive national voice emerged, among them Fleur Ad- 
cock, Lauris Edmond, Michael Jackson, C.K. Stead, and 
Ian Wedde. Maori writers included Hone Tuwhare, Witi 
Ihimaera, and Patricia Grace. (M.F.R.S./A.N.R.N.)
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Austria

Located in the centre of Europe, Austria is a fed­
eral republic with a scenic and largely mountainous 
terrain o f 32,375 square miles (83,850 square kilo­

metres). In the decades following the collapse, in 1918, of 
the multinational Austro-Hungarian Empire of which it 
had been the heart, this small landlocked country experi- 
enced more than a quarter-century of social and economic 
turbulence and a Nazi dictatorship. Yet the establishment 
of permanent neutrality in 1955, associated with the with- 
drawal of the four-power troops that had occupied the 
country for a decade, enabled Austria to develop into a 
stable and socially progressive nation, with a flourishing 
cultural life that was reminiscent of its earlier days of 
international musical glory. Its social and economic insti­
tutions, too, have been characterized by new forms and 
a spirit of Cooperation, and, although political and social

P ro b le m s remain, they have not erupted with the intensity 
evidenced in other countries o f the Continent.

A great part o f Austria’s status in the late 20th Century 
can be attributed to its geographical position: it is at the 
centre of European traffic between east and west along 
the great Danubian trade route and between north and 
south through the magnificent Alpine passes. Austria is 
bordered on the west by Switzerland, and together these 
countries form what has been characterized as the neutral 
core of Europe. The tiny principality o f Liechtenstein also 
forms a small enclave on the west. Hungary on the east, 
Germany and Czechoslovakia on the north, and Italy and 
Yugoslavia on the south illustrate the variety of political 
and economic Systems within which Austria is embedded 
(see EUROPEAN HISTORY AND CULTURE and VIENNA).
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Physical and human geography
THE LAND

Relief. Mountains and forests give the Austrian land­
scape its character, although in the northeastem part of 
the country the Danube winds between the eastern edge 
of the Alps and the hills o f Bohemia and Moravia, in its 
journey toward the Hungarian Plain. Vienna, the Capital 
of Austria and long one of the great cities of Europe, lies 
in the area where the Danube emerges from between the 
mountains into the drier plains.

The landscape o f the eastern Alps offers a complex 
geological and topographical pattern, with the highest ele- 
vation—the Grossglockner (12,457 feet [3,797 metres])— 
rising toward the west. The Austrian Alps may be sub-

divided into a northem and a southem limestone range, 
each of which is composed of rugged mountains. These 
two ranges are separated by a central range that is softer 
in form and outline and composed o f crystalline rocks. 
North o f this massive Alpine spur, which forms the phys­
ical backbone of the country, lies a hilly subalpine region, 
Stretching between the northem Alps and the Danube, 
while to the north o f that river lies a richly wooded foothill 
area. The lowland area east o f Vienna may be regarded as 
a western extension of the great Hungarian Plain.

Drainage. Austria is a land of lakes, many of them 
a legacy of Ice Age erosion, which scooped out moun­
tain lakes in the central Alpine district, notably around 
Salzkammergut. The largest lakes—lying partly in the ter­
ritory o f neighbouring countries—are the Bodensee (Lake
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r i v e r ......................47*29n 9-39e
Salza, r i v e r ____ .47-40n 14-43e
Salzkammergut, 
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m o u n t a in .............47*25n 10-59e
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486 Austria

Alpine
scenery

of Constance) in the west and the marshy Neusiedlersee 
(Neusiedler Lake) to the east.

Ninety-six percent of Austrian territory drains to the 
Danube River System. The main watershed between the 
Black Sea and the North Sea runs across northern Austria, 
in some places lying only 22 miles (35 kilometres) from 
the Danube, while to the west the watershed between the 
Danube and the river Systems emptying into the Atlantic 
and the Mediterranean coincides with the western polit­
ical boundary of Austria. In the south the Julian and 
Karnische Alps, and, farther to the west, the main Alpine 
range, mark the watershed of the region draining into the 
Po River of northern Italy.

Climate. The wooded slopes of the Alps and the small 
portion of the plains of southeastern Europe are char­
acterized by differing climatic zones: the wetter western 
regions of Austria have an Atlantic climate with a yearly 
rainfall of about 40 inches (1,000 millimetres), whereas 
the eastern regions, in particular those under the influence 
of the drier, more Continental type of climate, have less 
precipitation.

In the lowlands and the hilly eastern regions, the median 
temperature ranges from 30.4° F (—0.9° C) in January to 
68.6° F (20.3° C) in July. In those regions above 10,000 
feet, by contrast, the temperature range is between 11.8° 
F (—11.3° C), with a snow cover of about 10 feet in Jan­
uary, and 35.8° F (2.1° C) in July, with about five feet of 
snow cover.

The prevailing wind is from the west, and the humidity, 
therefore, is highest in the west, diminishing toward the 
east.

Plant and animal life. Two-thirds of the total area of 
Austria is covered by woods and meadows, and the coun­
try is the most densely forested nation in central Europe. 
Spruce dominates the forests, with larch, beech, and oak 
also making a significant contribution. In the Alpine and 
foothill regions coniferous trees predominate, while leaf- 
bearing deciduous trees are more frequent in the warmer 
zones.

Wild animals, now protected by Conservation laws, in­
clude the brown bear, the eagle, and all buzzard species, 
as well as falcons, owls, cranes, swans, and storks. Game 
hunting is restricted to certain periods of the year, with 
deer and rabbits the most frequent quarry. Austrian riv­
ers nurture river and rainbow trout, grayling, hake, pike, 
perch, and carp.

Traditional regions. Western Austria, comprising the 
Bundesländer (states) of Vorarlberg, Tirol, and Salzburg, is 
characterized by high Alpine regions with majestic moun­
tains and magnificent scenery. This high Alpine character 
also extends to the western part of Kärnten (Carinthia), 
the Salzkammergut of central Austria, to the Alpine blocks 
of Steiermark (Styria), and to the eastern rim of the Alps.
The outer fringes of the Alps dominate the northern 

portion of Oberösterreich (Upper Austria) with their sub­
alpine characteristics, while the richly wooded Bohemian 
massif extends across the Czechoslovak border. This part 
of Austria is furrowed by many valleys that, for centuries, 
served as passageways leading to the east and southeast 
of Europe and even, in the case of medieval pilgrims and 
crusaders, to the Holy Land.

A hilly vineyard district extends into the Bundesland of 
Burgenland. This region, together with the eastern part 
of the state of Steiermark, lies at the gateway to the 
Hungarian Plain. Burgenland, Steiermark, Kärnten, and 
Niederösterreich (Lower Austria) form a region, through­
out which agriculture abounds. The city of Vienna and its 
peripheral suburbs and industrial settlements border both 
Alpine and lowland regions.

Settlement patterns. The pattern of rural settlement in 
Austria was shaped centuries ago by the exigencies of 
the Alpine environment, and new rural building is still 
influenced by these ancient traditions, especially in the 
west and in the centre of the country. By contrast, rural 
housing in the eastern parts of the nation, especially in the 
lowlands, is dominated more by agricultural needs than 
by harsh weather conditions.

Austria is not only a mountainous but also a highly 
urbanized country. In the late 20th Century, roughly half

of the Austrian population lived in cities and towns with 
more than 10,000 residents, and about one-fifth of the Major 
total Austrian population lived in Vienna. The state cap- Austrian 
itals have, as a consequence of national economic and cities 
social development, grown somewhat in population since 
the end of World War II. Graz, Austria’s second largest 
city, is the gateway to the Balkans; Innsbruck is the rail 
and road centre through which the north-south traffic 
of western Austria passes; Salzburg is one of the best 
known European centres of musical culture and Baroque 
architecture; Linz is an important industrial centre; and 
Klagenfurt lies astride routes that provide access to both 
Italy and Yugoslavia.

THE PEOPLE
Ethnie and linguistic heritage. Virtually all Austrians 

are German-speaking. The tiny minority belonging to 
other nationalities consists of Croats and Magyars living 
in Burgenland; Slovenes living in the southem part of 
Kärnten; and Czechs living in Vienna. The population is 
predominantly Roman Catholic, with Protestant churches, 
the so-called Old Catholic church, and Judaism constitut- 
ing the largest remaining afliliations.

The westernmost States, and Vorarlberg in particular, 
are inhabited by Alemannic groups whose dialect is sim­
ilar to the Swiss-German dialect, while the dialect of the 
people in Salzburg and Oberösterreich and the eastern 
States resembles that which is spoken in Bavaria. People 
in Steiermark and Kärnten speak a dialect that is clearly 
distinguishable from that o f the people in the west. In 
general, the German spoken in Austria has a softer, more 
drawling, and melodious sound than that which is spoken 
in Germany.

Demography. Throughout the second half of the 20th 
Century, the birth rate and life expectancy in Austria rose 
steadily; concurrently, the expanding population became 
increasingly urban as, particularly in the western States, Population 
agriculture gave way to industry. Birth rates varied from shifts 
state to state, being generally highest in the strongly Ro­
man Catholic western States and rural areas and lowest 
in the urban centres. The almost complete destruction of 
Vienna’s Jewish population (about 200,000 in 1938) dur­
ing the Nazi era was only partly compensated by an influx 
from rural areas and by refugees after World War II.

Population density of Austria.

Emigration resulted in some losses in national population 
during the disastrous post-World War II years, although 
a stream of refugees from eastern European countries 
helped to make up some of the deficit. Most of these 
refugees were soon integrated into Austrian society. As a 
result of the turmoil in Hungary in 1956, some 180,000 
Hungarians crossed the frontiers into Austria, creating a 
new refugee problem. By the end of the following decade, 
however, most had migrated to other countries.

THE ECONOMY
The Austrian economy has been shaped by two factors: 
first, the nation occupies a mountainous area, only half 
of which is even potentially usable for the production of 
food; second, and as a result, the success of industrial



Austria 4 8 7

production, exports, and trade is basic to the econo­
my. The natural resources available within the country 
for industrial exploitations are, therefore, of considerable 
significance.

Resources. Austria is the world’s leading producer of 
natural magnesite, a magnesium carbonate that is used ex- 
tensively in the Chemical and other industries, with Kärn­
ten being the main centre of magnesite production. In the 
late 20th Century, new methods of smelting and processing 
magnesite fostered a significant increase in production.

Iron-ore deposits are found in the Erzberg in Steier­
mark—which accounts for the major portion of Austria’s 
total iron production—and in the Hüttenberg region in 
Kärnten. The large oil refinery at Schwechat provides 

Developing roughly three-fourths of the nation’s consumption of oil 
oil and oil products, the balance in crude and refined oils
production being met by imports. Reserves of oil and natural gas 

are a steadily diminishing asset. Austria has made several 
agreements with the Soviet Union to ensure the delivery 
of increasing quantities of natural gas. Deposits have been 
explored in the Vienna and Graz basins and in Oberöster­
reich near Linz and Wels. Goal, which is found only in 
small quantities and is mostly ofthe soft variety, is mined 
chiefly in Upper Austria and in Styria.

Since World War II, Austria has become one of Europe’s 
foremost producers of hydroelectric power. The issue of 
nuclear power met with public controversy in the late 
20th Century.

Agriculture and forestry. Since barely half of Austria’s 
territory can be used for food production, an intense 
program of agricultural modernization was introduced af­
ter World War II. The number of tractors, for example, 
rose from 1,800 in 1939 to 300,000 40 years later. The 
rural economy is dominated by small holdings, although 
some large forest estates still remain. As a result of the 
modernization program, the yield of the most important 
agricultural products has risen considerably.

In the lowland regions of the country, the abundance 
of pasture land and the production of animal feed has 
promoted cattle breeding. Dairy products are plentiful, 
resulting in a surplus. With the exception of horses, Aus­
tria’s livestock has grown in numbers during the modem- 
ization period.

Timber from Austria’s vast national forests is only partly 
processed in the country, and untreated lumber makes up 
a large percentage of the nation’s exports. More than half 
of the forests are part of small holdings; the rest are on 
large, old estates or are govemment-owned.

Industry. Industry and trade form the most important 
sources of national income. Iron and steel production, in 

The iron particular, increased greatly after World War II: both pig 
and steel iron and raw steel production, for example, rose more
industry than threefold during the first three decades after mid-

century. Despite an abundance of domestic iron ore, scrap 
iron and iron ore must be imported, due to increased 
steel production. An oxygen blast fumace, based on the 
so-called L.D.-process (named after the cities of Linz and 
Donawitz [now Leoben], where it was developed), reduced 
the need for imported scrap iron and is now used in many 
countries under license agreements.

Aluminum became one of the more important Austrian 
manufacturing industries during the 1960s and ’70s. Other 
manufacturing includes paper production, based on the 
nation’s extensive forest reserves, and the Chemicals and 
plastics industries.

Trade. Austria’s main trading partners are its neigh­
bours, Germany and Switzerland, who together account 
for almost half of Austria’s imports and more than one- 
third of its exports. Trade with the European Economic 
Community (e e c , or Common Mafket) as a whole is 
also important. Significantly lesser proportions of Aus­
tria’s trade are conducted with countries of the European 
Free Trade Association (e f t a ) and with eastern Euro­
pean countries. Although manufactured goods accounted 
for about two-thirds o f Austria’s exports in the late 20th 
Century, timber, iron, and steel continued to be very im­
portant export items.

The e e c ’s important role in Austria’s foreign trade has 
prompted the government to establish a free-trade agree­

ment with the Organization (full membership would not be 
compatible with Austria’s policy of neutrality). Since July 
1977 trade in industrial goods, with the exclusion of cer­
tain products, such as paper and steel, has been duty free.

The tourist trade is Austria’s outstanding invisible export.
The number of nights spent by foreign tourists in Austria 
rose almost 20-fold in the first three decades after mid- 
century. Expenditures by tourists at the end of that period 
largely met Austria’s balance-of-payments deficits.

Finance. Monetary policy is jointly determined by the 
Ministry of Finance and the Austrian National Bank. The 
bank operates under a law passed in 1955 and amended 
in 1969 that States that in its policy decisions the bank 
must pay “due regard to the economic policy of the 
government.” Half of the shares of the bank are held by 
the government, and the other half are held by various 
economic institutions. A majority ofthe members ofthe  
board of govemors, including the president and two vice 
presidents, are appointed by the government. The bank is 
also charged with the administration of foreign-exchange 
Controls. There is virtually complete freedom for current 
account transactions and a very liberal regime governing 
Capital account transactions with foreign countries.

Financial services are handled by a wide range of other 
institutions, including joint-stock commercial banks, pri­
vate commercial banks, savings banks, provincial mort- 
gage organizations, agricultural credit cooperatives, indus­
trial credit cooperatives, building societies, and specialized 
banks. Vienna’s geographic location has made it an im­
portant financial centre for East-West trade.

Administration of the economy. The private sector, 
comprising roughly three-quarters of Austria’s mixed econ­
omy, is concentrated in agriculture and food processing, 
forestry and timber, paper mills, textile and clothing, food 
and beverages, and retail and Wholesale trade. Private 
enterprise has a relatively low degree of monopolistic con- 
centration, although ties among the guildlike cooperatives 
(Berufsgenossenschaften und Innungen) are not without 
influence.

In 1946 the Austrian parliament nationalized a large seg- National­
ment of Austrian industry, which, at that time, was being ization of 
held under Soviet control as alleged former German prop- industry 
erty. After the State Treaty of 1955 established Austrian 
neutrality and brought the end o f Soviet authority, these 
enterprises passed into exclusive Austrian control. The 
1946 nationalization covered the three biggest banks and 
some 70 larger industrial enterprises, chiefly in the fields 
of iron and steel, aluminum, and machinery. Subsequent 
reorganization reduced the number of nationalized enter­
prises to 19. By the fourth quarter ofthe Century, the net 
value of the output of nationalized concerns amounted to 
about one-fifth of the total industrial production.

Most of the nationalized industries are organized as joint- 
stock corporations, and their central direction by the gov­
ernment has undergone several changes, for both political 
and managerial reasons. Until 1966, for example, a Cab­
inet member supervised the nationalized industries, but 
after that date they were handed over to the govemment- 
owned Austrian Industrial Administration (Österreichis­
che Industrie-Aktien-Gesellschaft [o ia g ]). The Admin­
istration^ board of directors, although representing the 
government, is independent as far as managerial decisions 
are concerned.

The most important source of federal tax revenue is the 
income tax. In 1973 the sales tax was replaced by a value- 
added tax on all sales and transactions, with necessities 
and luxury items assigned special lower and higher rates, 
respectively.

Transportation. Austria’s location in the centre of Eu­
rope determines its role in European road, rail, air, and 
river traffic, whether the flow is from north to south or 
from east to west. Austria consequently is not only a 
tourist country but in many aspects is also a freight clear­
inghouse, servicing the great trade routes mnning across 
the Alps and along the Danube River.

Roads. The road System, which sustained heavy dam­
age during World War II, was subsequently adapted to 
vastly increased traffic requirements. Much of the Aus­
trian road network leads over spectacular Alpine passes.
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A federally built east-west highway was in Operation be­
tween Vienna and Salzburg by the early 1960s. It also 
connects Salzburg with Munich, Germany. The Trans- 
European North-South Motorway project will eventually 
connect Austria with nine other countries. The total num­
ber of motor vehicles rose more than 10-fold during the 
first three decades after mid-century.

Railroads. Forty-one percent of the Austrian railroad 
network and 381 bridges were destroyed during World War 
II and had to be repaired as well as modernized in sub­
sequent years. More than half of the federal rail network, 
carrying two-thirds of the traffic, has been converted to 
electric traction. Passenger and freight traffic have shown 
a proportionate increase. The Austrian railroads are state- 
owned; by a law of 1969, however, the railroad admin­
istration—formerly part of the Transportation Ministry— 
became an independent commercial enterprise.

Water transport. The Danube is the most important 
river connection between Germany and the Black Sea, and 
the federally owned Danube Steamship Company plays an 
important role in both freight and passenger traffic along 
this waterway. Although Austria is landlocked, its federally 
owned shipyards build vessels not only for Austria but 
also for the Soviet Union and for other countries.

Air transport. Austrian Airlines, which began operations 
in March 1958, has since established service throughout 
Europe and to several countries abroad. Austria’s main 
airport is at Wien-Schwechat, southeast of Vienna.

ADMINISTRATIVE AND SOCIAL CONDITIONS
Government. Constitutional framework. Under the con­

stitution of 1920—with minor changes made in 1929— 
Austria is a “democratie republic: its power derives from 
the people.” A federal state, Austria consists of nine self- 
goveming States: Burgenland, Kärnten, Niederösterreich, 
Oberösterreich, Salzburg, Steiermark, Tirol, Vorarlberg, 
and Wien (Vienna).

In 1934 the Austrian constitution was replaced by an 
authoritarian regime under chancellors Engelbert Dollfuss 
and Kurt von Schuschnigg. This, in tum, was eliminated 
by Hitler after Nazi Germany annexed Austria in 1938. 
With the liberation o f Austria in 1945, the constitution 
of 1929 was revived and subsequently became the foun­
dation stone of constitutional and political life in the 
“Second Republic.”

The federal president and the Cabinet share the executive 
authority. The president is elected by populär vote for a 
term of six years. He acts as head of state, appoints the 
Cabinet, and calls Parliament into session. He can dissolve 
Parliament during the four-year legislative period, unless 
it dissolves itself by law, and can order new elections. He 
also acts as commander-in-chief of the armed forces.

The president appoints the federal chancellor and, at his 
Suggestion, the other Cabinet members. The Cabinet can- 
not remain in office if it and its members do not enjoy 
the confidence of the majority of the National Council.

The Parliament consists o f  two houses: the National 
Council (Nationalrat), wielding the primary legislative 
power; and the Federal Council (Bundesrat), representing 
the States. The National Council, which had had 165 
members since 1920, was expanded to 183 members un­
der a law passed in 1970 that took effect at a national 
election in 1971. The National Council is elected by all 
citizens over the age of 19, and every citizen over the 
age of 26 is eligible to run for office. The distribution o f  
parliamentary seats is based on a System of proportional 
representation.

The members of the Federal Council represent the States, 
and the state assemblies, or diets, elect the members by a 
proportional System based on the population of the state.

The legislative process originates in the National Council. 
Each bill— except for the budget, which is the sole pre- 
rogative o f  the National Council—must be approved by 
the Federal Council. The National Council, however, can 
override a Federal Council veto by a simple majority vote.

Each o f the nine States is administered by a government 
headed by a govemor; the govemor is elected by the 
legislative diet, which in tum is elected by general and 
equal ballot.

The local municipalities each elect a mayor and a city 
council. Vienna is a unique case: as both municipality and 
state, its mayor also functions as the govemor.

The political process. The first populär election of a 
president, although provided for by the 1929 amendment 
to the constitution, did not take place until after the death 
of the first post-World War II president, Karl Renner 
(1870-1950), who had been unanimously elected by the 
National Assembly after the liberation of 1945 and the 
ensuing unsettled political circumstances. A succession of 
presidents, belonging to, or nominated by, the Socialist 
Party have occupied the post since then.

In the eight elections held from the immediate post- 
World War II period to the early 1970s, the stability 
of the two main Austrian political parties—the People’s 
Party and the Socialist Party—is shown by their respective 
shares of the vote, which has been in each case, approxi- 
mately 45 percent of the total votes cast. The Liberal Party 
has polled an average of only 5 percent of the votes, and 
the Communist Party has polled an even smaller share. 
From 1945 to 1966 the two principal parties maintained 
coalition govemments with the chancellorships held by 
the People’s Party. In 1966 the People’s Party, with a slim 
majority of parliamentary seats, formed the government 
alone, but after the 1970 elections, in which it lost its 
majority, the Socialists, as the strongest party, formed a 
minority government. Its first budget was passed with the 
help of the votes of the Freedom Party. In the parliamen­
tary election that was held in October 1971 the Socialist 
Party won more than 50 percent o f the populär vote, the 
first party to do so in Austrian history, and it retained this 
Position until the election o f 1983, when it won a plurality 
of the votes and formed a coalition government with the 
Freedom Party.

The People’s Party is the successor of the Christian Social 
Party, founded in the 1890s. It represents a combination 
of conservative forces and various social and economic 
groups forming semi-independent federations within the 
overall party. The divergencies of economic and social in­
terests of these groups—farmers, businessmen, and blue- 
and white-collar workers— necessitate policy compromises, 
which are not always easy to implement.

The Socialist Party, which followed a democratie Marxist 
program during the 1918-34 period, has adopted a more 
pragmatic approach since 1945. The party program, in its 
1958 and 1978 versions, stressed these new tendencies. 
Emphasis is placed on social problems, on government 
influence on an expanding and socially oriented economy, 
on full employment, and on a rising Standard o f living, 
with a more equal distribution of wealth. The Austrian 
Socialists are no longer an exclusive party of the working 
dass: by the 1970s they had a much wider appeal.

The Liberal Party has undergone several changes in em­
phasis since it was admitted into politics by the occupying 
powers in 1949, at which point it was a third party with 
nationalistic tendencies. The initially prominent influence 
of former Nazis has diminished.

The Communist Party, always negligible in Austrian pol­
itics, reached its high point during the Soviet occupation 
of the eastern zone o f the country, when it attained 5 
percent ofthe populär vote. By 1959 it had lost represen­
tation in Parliament, and by 1970 in all of the provincial 
diets and in most municipal councils.

The participation o f the citizens. The Austrian consti­
tution provides for two kinds o f populär initiatives: one is 
the so-called populär demand {Volksbegehren), by which
400,000 vote-eligible citizens can petition Parliament for 
approval of any bill; it can also be initiated, in the case of 
any bill or proposal, by a majority of the National Coun­
cil. A total revision of the constitution must be approved 
by plebiscite.

Justice. The administration of justice is independent of 
Austrian legislative and administrative authorities. Judges 
are not subject to any government influence: they are 
appointed by the Cabinet upon nömination by judicial 
panels and can neither be dismissed nor transferred with­
out their agreement.
Austria has three high courts: one sitting as the highest 

body of appeal in civil and criminal matters; a top ad-

The major 
parties
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ministrative court to which citizens aggrieved by admin­
istrative decisions can appeal; and a constitutional court 
that decides on all constitutional matters, civil rights, and 
election disputes.

Armed forces. Under the State Treaty of 1955 Austria 
is permitted armed forces of 50,000 men for the defense 
of its territory. The armaments permitted Austria specif- 
ically exclude nuclear or other major offensive weapons. 
Only the four signatory powers—the United States, Great 
Britain, the Soviet Union, and France—can permit such 
armaments, and they must do so by a unanimous decision.

All male citizens between the ages of 18 and 50 are 
liable to military Service, and conscripts are called up for 
six months, followed by 60 days of reserve training, with 
an additional 30 to 90 days of training for reservists in 
special functions. Austria’s armed forces total 38,000; in 
addition there are some 70,000 reservists called up for 
short training periods each year. The total mobilizable 
strength is 155,000.

Education. Austria’s educational System is based on 
obligatory school attendance between the ages of six and 
15. A major reform of the school administrative structure, 
providing for a unitary school System with access to high­
er education and experimentation with various types of 
schools, has been in progress since 1970.

Austrian Intermediate schools include those preparing students for 
universities university and other higher studies, for teachers’ and com­

mercial colleges, and for other specialized institutions.
Austrian universities are among the oldest German- 

speaking universities of Europe: the University of Vien­
na, for example, was founded in 1365. Austria has more 
than 15 universities, including two technical universities, 
a university specializing in economics and another in agri­
culture, as well as academies for fine arts, music, drama, 
and design. Austria also has an extensive adult-education 
System.

Health and welfare. Public health. Public health in 
Austria is the responsibility of the Ministry of Health 
and Environment. It supervises 14 subsidiary institutes 
responsible for the prevention of infectious diseases and 
inspection of drugs and food. The provincial govemments 
also have public-health centres, and each municipality and 
rural district must employ a public-health physician.

National health insurance covers expenses of medical 
and hospital treatment: blue- and white-collar workers 
and salaried employees are protected in cases of sickness, 
disability, unemployment, and matemity and in their old 
age. There are also survivors’ pensions. Pension Systems 
for self-employed persons and farmers have also been 
established.

Coopera- Wages and cost o f living. Government, management, 
tive wage- and labour follow a wage-price policy that attempts to 
price policy avoid social cleavages and strikes through cooperative par- 

ticipation in a joint wage-price commission. The represen­
tatives o f the various segments o f the economy, together 
with the chambers of commerce, agriculture, and labour 
and the federation of trade unions, have tried, with the 
active Cooperation of the government, to coordinate wage 
and price movements. It is within this framework that 
collective bargaining takes place, and agricultural prices 
are also negotiated by the wage-price commission without 
infringement of the market economy.

Social and economic divisions. The three important 
economic groups in Austria—labour, management, and 
farmers— have similar structures: each has its own inde­
pendent Organization: the trade unions, the management 
association, and the farmers’ federation. At the same time, 
laws provide for semi-official “chambers” for each group. 
This type of guild Organization promotes Cooperation in 
the governmental wage-price commission. Despite the 
divergent interests of the various groups, their Cooperation 
has resulted in relative economic stability, and labour- 
management relations have remained unmarked by major 
crises.

CULTURAL LIFE
The cultural milieu. The cultural milieu of Austria has 

a rich heritage: in architecture and poetry it dates to the 
Middle Ages, and in medicine and Science it can be traced

to the 18th and 19th centuries. Similarly, Vienna’s art 
galleries are among the most highly esteemed in Europe 
because of their wealth of old Dutch masters. Austria’s 
most highly recognized cultural contribution has been in 
the field of music, and this tradition still dominates its 
present cultural achievements. Austrian cultural life has 
exerted attraction beyond its borders. Such great musicians 
as Beethoven (a native of Bonn), Brahms (from Hamburg), Musical 
Mahler (from Bohemia) and, to a certain extent, Richard tradition 
Strauss (from Munich) are considered as much a part of 
Austria’s musical life as the celebrated native Austrians 
Haydn, Mozart, and Schubert. The Vienna waltzes em- 
anating from the Johann Strauss dynasty, as well as the 
Vienna operetta, whose presiding genius was Franz Léhar, 
round out the rich traditions of Viennese musical life.
Austria has also been the birthplace o f modern, especially 
12-tone, music, centred in the work of Arnold Schoenberg 
and known as the Second Viennese School.

Although in literature Austria has often been considered 
ä segment of German culture, writers such as Franz Grill­
parzer, Johann Nestroy, and Ferdinand Raimund in the 
postclassic era, and Hugo von Hofmannsthal and Arthur 
Schnitzler in the 20th Century, all developed special Aus­
trian traits. Austrian culture was also strongly influenced 
by the various cultural elements of the multinational 
Austro-Hungarian Empire, with its Slavic and Magyar 
tracés. They still exist, making Austria a bridge between 
various parts of Europe and attracting performing artists 
from East and West.

Austrian cultural and scientific life had to recover from 
the severe wounds inflicted by Nazi domination and the 
loss of intellectuals and artists through emigration and per- 
secution after 1938. A 10-year occupation by four world 
powers promoted recovery of an independent cultural life 
only to a small degree. Austria has, nevertheless, man- 
aged—particularly since the late 1950s—to regain some- 
thing of its past cultural posture.

The state of the various arts. Austrian expressionism in 
literature has gained world renown through the visionary 
novelist Franz Kafka, a native of Prague who died near 
Vienna in 1924. As part of a general Kafka revival, one 
of his haunting novels, Der Prozess {The Trial), was made 
into an opera by Austria’s best known Contemporary com­
poser, Gottfried von Einem.

Georg Trakl, a promising Expressionist who was killed in 
World War I; Franz Werfel, an Expressionist novelist and 
playwright; Karl Kraus, a critical lyricist and essayist; and 
Robert Musil, who wrote along Expressionist lines, have 
all played a considerable role in Contemporary Austria.
Hermann Broch, a novelist with symbolic tendencies, is 
recognized beyond Austria. Heimito von Doderer is con­
sidered the most remarkable post-World War II novelist.
Modern playwrights who are well known include Alexan­
der Lernet-Holenia and Fritz Hochwälder, who has created 
historical dramas that have been produced throughout the 
world.
The Austrian theatre and opera recovered quickly after Austrian 

the war. The Vienna Burgtheater, considered to be the theatre and 
best German-speaking theatre in the 19th Century, may opera 
again be counted among the foremost German stages. It 
presents the classics, as well as modern English, American, 
and occasionally Russian and Czech plays. A new trend 
in the Vienna theatre has developed in so-called cellar- 
theatres (“off-Broadway” stages), which favour the theatre 
of the grotesque.
The Vienna Staatsoper (State Opera), which was com­

pletely rebuilt after World War II, ranks today with La 
Scala in Milan and the Hamburg and Munich operas, 
while the Vienna Philharmonie Orchestra has played in al­
most all the musical capitals of the world. Austrian theatre 
life is intense, with large and enthusiastic audiences and a 
bewildering succession of shows. The theatre has spread to 
small stages in the Vienna suburbs, while the various state 
capitals have also become theatre and light-opera centres, 
developing their own identities. Special performances for 
students aid an early participation in cultural life.

Modern music was born in Vienna, and Arnold Schoen­
berg, Alban Berg, and Anton von Webern are considered 
among its major Creative founders.
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Clemens Holzmeister, the best known modern Austrian 
architect, was responsible for the two festival theatres in 
Salzburg, which combine classical and modern theatre 
styles. Artur Perotto, of Linz, designed several striking 
skyscrapers in western Austria, while in Vienna public 
apart ment building has had a strong overall influence on 
architecture.

In sculpture Fritz Wotruba became internationally recog­
nized. His style has often been compared with that of the 
modern English sculptor Henry Moore.

Austria’s most famous modern painter is Oskar Kokosch­
ka, truly a world figure: he and Alfred Kubin are regarded 
as two of the foremost creators of modern painting in 
Austria. In addition, a young group of Surrealists has 
shown its works in international exhibitions.

Folk art and folk traditions, supported by provincial gov- 
ernments, have survived in western Austria, especially in 
Tirol.

The oldest Austrian academie research institution is the 
Academy of Science, whose traditions date to the end of 
the Middle Ages. More modern scientific foundations, not­
ably the Körner Foundation and the Renner Foundation, 
support scientific research and other cultural endeavours: 
their main support comes from government sources. A 
federal Ministry of Science and Research was established 
in 1970; it is responsible for university institutions and 
for the advancement of scientific activities. For Statistical 
data, see the “Britannica World Data” section in the cur­
rent Britannica Book of the Year.

(O.L./K.R.St./Ed.)

History
PREHISTORY AND ROMAN TIMES
In the territories of the Austrian Republic the first tracés of 
human settlement date back to the Early Paleolithic Peri­
od. The archaeological material becomes richer and more 
varied for subsequent periods, giving evidence of several 
distinct cultures succeeding one another or coexisting. The 
Austrian site of Hallstatt gave its name to the principal 
culture of the Early Iron Age (<c. 800-450 bc). Celtic tribes 
invaded the eastern Alps around 400 bc and eventually 
founded the kingdom of Noricum, the first “state” on 
Austrian territory known by name. In the west, however, 
the ancient race of Raetians was able to maintain its seat. 
Then, attracted by the rich iron resources and the strategie 
importance o f  the region, the Romans began to assert 
themselves. After an initially peaceful Penetration during 
the last two centuries bc, Roman troops finally occupied 

Occupation the country c. 15 bc, and the lands as far as the Danube 
by Roman became part o f the Roman Empire, being allotted to the 
forces Roman provinces of Raetia, Noricum, and Pannonia.

The Romans opened up the country by an extensive 
System of roads. Among the Roman towns along the 
Danube, Carnuntum (near Hainburg) took precedence 
over Vindobona (Vienna), while Lauriacum (Lorch, near 
the confluence of the Enns and the Danube) belonged to a 
later period. Roman municipalities (municipia) also grew 
up at Brigantium (Bregenz), Juvavum (Salzburg), Ovilava 
(Wels), Virunum (near Klagenfurt), Teurnia (near Spittal 
an der Drau), and Flavia Solva (near Leibnitz). North of 
the Danube the Germanic tribes of the Naristi, Marco- 
manni, and Quadi settled. Their invasions in ad 166-180 
arrested the peaceful development of the provinces, and 
even after their repulse by the emperor Marcus Aurelius 
the country could not regain its former prosperity. In the 
3rd Century the Roman frontier defenses began to be hard 
pressed by invasions from the Alemanni. Finally, in the 
5th Century, heavy attacks by the Huns and eastern Ger­
mans put an end to the Roman provincial defense System 
on the Danube.

There is archaeological evidence of a Christian cult in 
this area from the 4th Century, and the biography of 
St. Severinus by Eugippius constitutes a unique literary 
source for the dramatic events of the second half of the 
5th Century. At that time several Germanic tribes (Rugii, 
Goths, Heruli, and later Langobardi) settled on Austrian 
territory. In 488 part of the harassed Norican population 
withdrew to Italy.

EARLY MIDDLE AGES
Germanic and Slavic settlement. Following the depar­

ture of the Langobardi to Italy (568), further development 
was determined by the Bavarians in a struggle with the 
Slavs, who were invading from the east, and by the Ale­
manni, who settled in what is now Vorarlberg. The Ba­
varians were under the political influence of the Franks, 
whereas the Slavs had Avar rulers. At the time of their 
greatest expansion the Slavs had penetrated as far as Styr­
ia, Carinthia, and eastern Tirol. After 624 the western 
Slavs rose against the Avars under the leadership of the 
Frankish merchant Samo, whose short-lived rule may also 
have extended over the territories of the eastern Alps.
Around 700 the Bavarian lands again bordered on Avar 
territory, with the lower course of the Enns forming the 
approximate frontier. On the death of the Frankish king 
Dagobert I (639) the Bavarian dukes from the house of 
Agilolfing became virtually independent.

Christianity had survived only here and there among the 
remnants of the Roman population, when around 600 
and then again around 700 Christian missionaries from 
the west became active, with the support of the Bavarian 
dukes. At the end of the 7th Century St. Rupert, who came 
from the Rhine, founded the church of Salzburg. When 
they were threatened once more by the Avars, the Alpine 
Slavs (Karantaner) placed themselves (before 750) under 
the protection of the Bavarians, whose mission was extend- Frankish 
ed to them. At the same time, Bavarian settlers penetrated domina- 
into the valleys of Carinthia and Styria. Charlemagne, tion in 
emperor of the neighbouring Franks, however, defeated the 8th 
the Bavarian duke Tassilo III, wiping out the Bavarian and 9th 
dukedom for a Century. During the following years (791- centuries 
796) Charlemagne also led a number of attacks against 
the Avars and destroyed their dominion. Surviving Avars 
were made to settle in the eastern part of Lower Austria 
between the rivers of Fischa and Leitha, where they soon 
disappeared from history, most probably mixing with the 
native population.
As was the usual Frankish practice, border provinces 

(Marken, or marches) were instituted in the newly won 
southeastern territories. The Avar March on the Danube 
and Lower and Upper Pannonia and Karantania were to 
form a border fortification; but this arrangement soon 
became less effective because of frequent disagreements 
among the nobility. To that unrest was added a threat 
from the Bulgarians and from the rulers of “Great Mo- 
ravia.” Nevertheless, the process of Germanization and 
Christianization continued, during the course of which 
the churches of Salzburg and Passau came into conflict 
with the eastern mission which was led by the Slav apos- 
tles Cyril and Methodius. The Frankish kingdom richly 
endowed the church and nobility with new lands, which 
came to be settled by Bavarian and Frankish farmers.

In 881 the beginning of incursions by the Magyars led 
to a first clash near Vienna. By 906, they had destroyed 
greater Moravia, and, in 907, near Pressburg (Bratislava), 
the Magyars defeated a large Bavarian army that had tried 
to win back lost territory. Liutpold of Bavaria and Theot- 
mar, the archbishop of Salzburg, were killed in battle.
The Lower Austrian territories as far as the Enns River 
and Styria as far as the Koralpe feil under Magyar domi- 
nation. Nevertheless, a certain continuity of German-Slav 
settlement was maintained, so that, after the victory of the 
German king Otto I (955) and the further repulse of the 
Magyars in the 960s, a fresh start could be made.
The Babenberg period. The first mention of a ruler in 

the regained territories east of the Enns is of Burchard, 
who probably was count (burgrave) of Regensburg. It ap- 
pears that he lost his office as a result of his championship 
of Henry II the Quarrelsome, duke of Bavaria. In 976 
his successor, Leopold I of the House o f Babenberg, was 
installed in office. Under Leopold’s rule the eastern fron­
tier was extended to the Vienna Woods after a war with 
the Magyars. Under his successor, Henry I, the country 
around Vienna itself must have come into German hands.
New marches were also created in what was later known 
as Camiola and Styria. Wars against Hungarians and 
Moravians took up the reign (1018-55) of Margrave (a 
count who mied over a march) Adalbert. Parts of Lower
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Austria on both sides of the Danube were lost tempo- 
rarily; after they were retaken, they became the so-called 
Neumark (New March), which for some time enjoyed in­
dependence—as did the Bohemian march to the north of 
the Babenberg territories The position of the Babenbergs 
was at that time still a modest one; their territorial rights 
were no greater than those of other leading noble families. 
Their power within their own official sphere was further 
diminished by ecclesiastical immunities (Passau in partic­
ular, but also Salzburg, Regensburg, and Freising), with 
numerous monasteries owning large territories as well.

Austria was repeatedly drawn into the disputes of the 
investiture controversy in which the Pope and the Holy 
Roman Emperor fought for control of the church in Ger­
many. In 1075 Margrave Emest, who had regained the 
Neumark and the Bohemian March for his family, was 
killed in the Battle of the Unstrut, fighting on the side of 
the king (later emperor) Henry IV against the rebellious 
Saxons. Altmann, bishop of Passau, a leader of church 
reform and a Champion of Pope Gregory VII, influenced 
the next Babenberg margrave, Leopold II, to abandon the 
cause of Henry IV. As a result, Henry roused the Bohe­
mian duke Vratislav II against him, and in 1082 Leopold 
II was defeated near Mailberg and his territories north of 
the Danube devastated. The Babenbergs, however, man- 
aged to survive these setbacks. Meanwhile, the cause of 
church reform gained ground, with its centres in the newly 
founded monasteries of Göttweig, Lambach, and, in Styr­
ia, Admont.

Under Leopold III (1095-1136) the history of the Baben­
bergs reached its first culmination point. In the struggle 
between emperor and pope, Leopold avoided taking sides 
until a consensus had built up among the German princes 
that it was Emperor Henry IV who stood in the way of 
a final settlement. Then Leopold did not hesitate to side 
with Henry’s rebellious son, Henry V (1106). For this he 
was rewarded with the hand of Henry V V  sister Agnes, 
who had formerly been married to the Hohenstaufen 
Frederick I of Swabia. The intermarriage with the reigning 
dynasty not only increased Leopold’s reputation but no 
doubt also brought him additional power. Leopold was 
even proposed as a candidate to the royal throne, but he 
declined. It was apparently his intention to concentrate 
on consolidating his position in Austria. He was the first 
Austrian margrave to describe himself as the holder of 
territorial principality (principatus terrae), and during his 
time Austrian common law is mentioned for the first time, 
another proof of the developing national consciousness.

Leopold’s reputation with the clergy was high, and he 
was eventually canonized (1485). He gave generous en- 
dowments to religious communities, establishing the Cis- 
tercians at Heiligenkreuz, and he founded, or at least 
restored, the monastery of Klosterneuburg, which he gave 
to Augustinian canons. It was in Klosterneuburg as well 
that he built a residence in which he stayed even after he 
had acquired Vienna.
On the death of Leopold III, the Babenbergs were drawn 

into a conflict between the two leading dynasties of Ger­
many, the Hohenstaufen and the Welfs—on the side of 
the Hohenstaufen because of their family ties. In 1139 
the German king Conrad III bestowed Bavaria, which he 
had wrested from the Welfs, on his half-brother, Leopold 
IV. After the latter’s untimely death, Henry II Jasomirgott 
succeeded to the rule of Austria and Bavaria.

Emperor Frederick I Barbarossa tried to put an end to 
the quarrel between the Welfs and the Hohenstaufen, and 
in the autumn of 1156 at Regensburg he arranged a com- 
promise. Bavaria was restored to the Welf, Henry the Lion, 
duke of Saxony, while the Babenbergs were confirmed in 
their rule of Austria, which was made a duchy, and were 
given the “three countships,” the actual location of which 
is disputed. Also, the obligations of the dukes of Austria 
toward the empire were reduced. Their attendence at royal 
court days was only called for when court was held in 
Bavaria, and they were compelled to participate only in 
campaigns of the empire that were directed against Aus­
tria’s neighbour; that is, Hungary. Henry II Jasomirgott 
and his wife, Theodora, a Byzantine princess, were granted 
succession through the female line and the right, in the

event of the premature death of their children, to appoint 
a candidate for the succession. The Babenbergs also were 
given the right of approving the exercise of jurisdiction by 
other powers within the new duchy, permitting Henry to 
exert pressure against such rival internal powers, secular 
as well as ecclesiastical. The rights of the duke were laid 
down by imperial charter {Privilegium Minus). For cen­
turies, however, Austria continued to contain territorial 
dominions not subject to the duke. Henry moved his resi­
dence to Vienna, where he also founded the monastery of 
the “Scottish” (actually Irish) monks.
In 1192 the Babenbergs’ territory was greatly extended 

when they won the duchy of Styria. In Styria the mar- 
graves of the family of the Otakars o f Steyr had gradually 
asserted themselves— under conditions similar to those of 
the Babenbergs—over their rivals, the noble families of 
the Eppensteiner, Formbacher, and Aribonen. The most 
successful among the Styrian margraves had been Otakar 
III (reigned 1130-63). Then, in 1180, Emperor Frederick 
I, in the course of a renewed anti-Welf policy, raised 
Styria to the status of a duchy and granted it complete 
independence from Bavaria. A few years later, a treaty of 
inheritance (Georgenberg; 1186) was concluded between 
the dukes Leopold V of Austria (reigned 1177-94), a son 
of Henry Jasomirgott, and Otakar IV of Styria, the ailing 
last Otakar ruler. When Otakar died in 1192, Leopold 
succeeded him, and thus the Babenbergs came into the 
inheritance.
With the exception of a short intermission (1194-98), the 

reigning Babenberg henceforth mied both duchies, Austria 
and Styria. Styria then included parts of the Traungau, 
which eventually was to become part of Upper Austria, 
and the province of Pitten, north of the Semmering, af­
terward assigned to Lower Austria. In logical continuation 
of the Babenberg policy, Leopold VI the Glorious and his 
successor, Frederick II the Warlike, the last representa­
tive of the dynasty, extended their domains farther south, 
gaining fiefs in Carniola.

Before he had inherited the duchy of Styria, Leopold V 
had taken part in the Third Cmsade, during which, on the 
ramparts of Acre, he had become involved in a quarrel 
with the English king, Richard I the Lion-Heart. Later, on 
his return journey to England, Richard tried to make his 
way through Austria in disguise but was recognized near 
Vienna, taken prisoner, and later handed over to Emperor 
Henry VI. England had to pay a heavy ransom, a share 
of which Leopold obtained and invested in the founda­
tion, extension, and fortification of towns as well as in 
the stamping of a new coin, the so-called Wiener Pfennig. 
The road connecting Vienna and Styria was improved, 
and the new town of Wiener Neustadt was established on 
its course to protect the newly opened route across the 
Semmering Pass.

On Leopold V’s death the Babenberg domains were di­
vided between his sons for four years, until the death of 
one of them, Frederick I, in 1198. His brother Leopold 
VI, the most outstanding member of the family, then took 
over as sole ruler (1198-1230). This was a time of great 
prosperity for the Babenberg countries. In imperial poli­
tics Leopold VI again took sides with the Hohenstaufen, 
backing Philip of Swabia. In church matters the Duke was 
a great supporter of the monasteries, founding a Cistercian 
monastery at Lilienfeld {c. 1206). He tried to concentrate 
patronage rights over ecclesiastical property in his own 
hands and took rigorous action against the heretics (Cath- 
ari and Waldenses). He participated in several crusades in 
Palestine, Egypt, southem France (against the Albigenses), 
and Spain (against the Saracens). Leopold VI’s efforts to 
emancipate Austria ecclesiastically by creating a separate 
Austrian bishopric in Vienna came to naught because of 
the Opposition of the church in Passau and especially 
Salzburg; nor did his son Frederick II succeed in the same 
matter. Leopold VI played some role in imperial politics, 
bringing about the peace Treaty of San Germano between 
Emperor Frederick II and Pope Gregory IX (1230). He 
met his death in San Germano, and his body was trans- 
ported to Lilienfeld to be buried there.

A change came about under the last representative of the 
dynasty, Frederick II the Warlike, Leopold’s son. His harsh
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internal policy and military excursions against neighbour- 
ing lands, together with his Opposition to the emperor 
Frederick II, led in 1237 to the temporary loss of both 
Austria and Styria. The crisis, however, was overcome, 
and fresh opportunities were about to open for the Duke 
when, on June 15, 1246, he was killed in battle against 
the Hungarians on the Leitha River. With him the male 
line of the family came to an end.

The political history o f Austria from the end of the 10th 
to the middle of the 13th Century is marked by the es­
tablishment and consolidation of territories. This process 
was most advanced in the Babenberg domains but was not 
confmed to them. Dukes Herman (1144-61) and Bern­
hard (1202-56) of Carinthia achieved a comparable status, 
and Count Albert of Tirol (died 1253) moved in the same 
direction. The archbishops of Salzburg strove to eliminate 
all secular powers and patrons of their see, but in the other 
territories, secular princes strengthened their rule.

Another milestone of this period was the completion of 
the colonization of the Austrian territories. New settle­
ments were now established by clearing the woods and 
advancing to more remote mountain areas. Several old 
and new settlements grew into market centres and towns 
and were eventually granted charters. The colonization 
movement also affected the ratio of German to non- 
German population. Except for some places in the Alpine 
regions, the Slavs were gradually assimilated, and the same 
holds true of the remnants of the Roman population in 
Salzburg and northem Tirol.

The intellectual life of the period deserves mention, too. 
The Babenberg court was famous enough to attract some 
of the leading German poets. At the beginning of the 
13th Century the Nibelung saga was written down by an 
unknown Austrian. Historical writing flourished in the 
monasteries. The era also produced first-rate Romanesque 
and early Gothic architecture.

LATE MIDDLE AGES
The contest for the Babenberg heritage. Upon the 

death of Frederick II the Warlike, the Babenberg domains 
became the political objects of aspiring neighbours. The 
Emperor and the Pope also tried to intervene. Two female 
descendants of the Babenbergs, Frederick’s niece Gertrude 
and his sister Margaret, were considered to embody the 
claims to the heritage. Gertrude married first the Bohemi­
an prince Vladislav and afterward the Margrave Hermann 
of Baden, who died in 1250. After Hermann’s death, 

lise of Otakar II (Pfemysl Otakar II), prince of Bohemia (from 
’femysl 1253 king), married the widowed Margaret. Thereupon 
Jtakar of Hungarian forces intervened. Under the Treaty of Ofen 
iohemia (1254) Otakar was to mle Austria, while King Béla IV of 

Hungary received Styria. Troubles in Salzburg, stemming 
from a conflict between Bohemia and Hungary, inspired a 
rising among the Styrian nobles. Otakar intervened and in 
the Treaty of Vienna (1260) took over Styria as well. The 
state of anarchy that prevailed in Germany during this 
period proved advantageous to Otakar, who was grant­
ed both Austria and Styria in fief from Richard, earl of 
Cornwall, the titular German king. The grant, however, 
was only by writ and was invalid according to German 
law. During the following years Otakar’s energetic mle 
met with growing Opposition among the Austrian nobility. 
He introduced foreigners into important official positions, 
broke fortresses that had been erected without his consent, 
and dissolved his Childless marriage with Margaret. Otakar 
had two of the Opposition leaders, Otto of Meissau and 
Seifried of Mahrenberg, executed. The inhabitants of the 
cities, on the other hand, and the gentry, as well, gener­
ally favoured Otakar, who supported the churches and 
the monasteries. To complete his success, Ulrich of Span­
heim, duke of Carinthia, willed Carinthia and Carniola to 
Otakar in 1269.

Reverses came only when Count Rudolf IV of Habsburg 
was elected German king as Rudolf I on September 29, 
1273. Cautiously but nevertheless energetically, Rudolf set 
about to undermine the powerful position Otakar had 
created for himself. He challenged the legitimacy of Ota­
kar’s acquisitions and finally placed the Bohemian king 
under the ban of the empire. In 1276 Rudolf and his

allies invaded Austria, forcing Otakar to do homage and 
to renounce his claims to Austria. Two years later, while 
trying to recover what he had lost, Otakar was defeated by 
the united forces of Rudolf and the Hungarians and was 
killed on the battlefield near Dürnkrut (August 26, 1278).

The accession of the Habsburgs. As the German princes 
had not cared to give Rudolf adequate support against 
Otakar, he did not feel bound to them and set about to 
acquire the former Babenberg lands for his own house. In 
1281 he made his eldest son. Albert (later Albert I, king of 
Germany), governor of Austria and Styria; on Christmas, 
1282, he invested his two sons, Albert and Rudolf II, with 
Austria, Styria, and Camiola, which they were to mle 
jointly and undivided. As the Austrians were not used to 
being governed by two sovereigns at the same time, the 
Treaty of Rheinfelden (June 1, 1283) provided that Duke 
Albert should be the sole ruler. In 1282 Camiola had al­
ready been pawned to Meinhard II o f Tirol (of the counts 
of Gorizia), one of the most reliable allies of Rudolf who, 
in 1286, was also invested with Carinthia.

At first the Habsburg miers were far from populär in 
Austria. Albert’s energetic and relentless mle roused bad 
feeling, and the Swabian entourage that had arrived with 
the new dynasty to occupy key positions was despised 
by native nobles. There were cohflicts with Bavaria, Salz­
burg, and Hungarian nobles who violated the Austrian 
frontier. After the death of King Rudolf (1291), all the 
neighbours and rivals of the Habsburgs and the counts of 
Gorizia united. Albert, however, succeeded in negotiating 
a peace with his most dangerous foes, the Hungarians and 
the Bohemians, and he broke the fortresses of the rebel 
nobility. Meanwhile, Meinhard II had stifled the uprising 
in Carinthia.
In 1292 Albert had been passed Over in the German 

election, and Adolf of Nassau was called to the throne. 
When Adolf feil out with the electoral princes, however, 
they went over to Albert, who had just subdued another 
rebellion in Austria. After Adolf was defeated and killed 
near Göllheim (1298), Albert had himself elected a second 
time. In his Austrian lands Albert’s main concern was to 
provide for an effective administration, in which he was 
assisted by his privy councillors, most of whom were for­
eign. Records were set up to codify the prerogatives and 
returns of the ducal property. Eventually Albert did not 
spare the church, either. When the Pfemysl family died 
out in 1306, Albert aspired to the Bohemian throne. He 
had his eldest son, Rudolf III, elected Bohemian king, but 
Rudolf died the following year. Albert was preparing for 
a new campaign when he was murdered by his nephew, 
John, and some accomplices (1308).

On Albert’s death the anti-Habsburg movement flared 
up again in Austria, but his sons, Frederick I the Fair 
and Leopold I, managed to maintain control. Frederick 
stood for election as German king (as Frederick III), and 
for the next years the Habsburg countries had to support 
the cost of the war with his rival, Louis IV of Bavaria, 
until 1322, when Frederick was defeated near Mühldorf. 
Earlier, another more decisive battle had been lost by the 
Habsburgs to the Swiss at Morgarten in 1315. From that 
time on, the Habsburg domains in the territory south of 
the Rhine and the Bodensee (Lake Constance) began to 
crumble away. Frederick the Fair spent his last years in 
Austria and was buried in the Carthusian monastery of 
Mauerbach (1330). He seems to have been the first ofthe  
Habsburgs for whom Austria meant home. From his time 
on, Habsburg rule and Habsburg territories were known 
as the Austrian domains {dominium Austriae), a term that 
was replaced, in the course of the 14th and 15th centuries, 
by the new concept of the House of Austria.

After Frederick’s death the Habsburgs were for some time 
mied out as possible candidates for the German throne; 
but, under the brothers Albert II and Otto, Habsburg Aus­
tria received its first important accession of territory. In 
1335 Carinthia and Carniola were acquired after the death 
of Henry of Gorizia; while, with the help o f Luxembourg 
troops, Henry’s daughter Margaret (sumamed Maultasch) 
managed to retain the Tirol. Albert and his brother Otto 
had not gotten on too well, but when Albert came to 
rule on his own, he proved to be of sound judgment and
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keen on preserving the peace. It was a time of severe ca- 
tastrophes: bad harvests, floods, and earthquakes, and in 
1348-49 the plague, which brought a persecution of the 
Jews that was suppressed, however, by the Duke. Albert 
arranged several tours around his domains to establish 
contacts with the populace and improve jurisdiction. Two 
campaigns against the Swiss failed to yield any spectacu­
lar results, but they helped once more to consolidate the 
weakened Habsburg position. At his death in 1358, Albert 
left four sons Though in 1355 a family ordinance had 
decreed that all the male members of the family were to 
rule jointly over the undivided domains, only the eldest 
among them, Rudolf, was then fit to rule. Throughout 
his short reign (1358—65), Rudolf IV showed himself ex­
tremely energetic and ambitious. He started to rebuild St. 
Stephen’s Cathedral in the Gothic style, and he founded 
the University of Vienna (1365). With these two projects 
he imitated and rivalled his father-in-law, the emperor 
Charles IV, at Prague.

In 1359 Rudolfs forged charter, the Privilegium Majus, 
by which he claimed immense privileges for Austria and 
its dynasty, as well as the title of archduke, caused a breach 
between him and the emperor Charles IV. Charles was 
not prepared to accept the Privilegium Majus to its full 
extent (although it later was sanctioned by the Habsburg 
emperor Frederick III in 1442 and again in 1453). Upon 
news of the death of Duke Meinhard in 1363, Rudolf pre- 
vailed upon the Duke’s mother, Margaret, to make over 
the Tirol to him. On this occasion thé Emperor backed 
the Habsburgs against the Wittelbachs, and the Tirol thus 
passed to the House of Austria.

The division of the Habsburg lands. Rudolf was suc­
ceeded in 1365 by his two brothers, Albert III and Leopold
III. After some years of joint rule, however, they quar- 
relled and in 1379, by the Treaty of Neuberg, partitioned 
the family lands. Albert, as the elder brother, received 
the more prosperous countries on the Danube (Upper 
and Lower Austria). The rest of the widespread domains 
feil to Leopold (including Styria, Carinthia, Tirol, the old 
Habsburg countries in the west, and central Istria). The 
treaty also contained several points on mutual wardship, 
preemption rights, and common titles, by which some 
connection between the two lines was to be preserved.

In 1381 the resourceful Duke Leopold took advantage 
of the weak position of Venice in its war with Genoa 
and seized Trieste, which had broken away from Venice. 
His efforts to expand his rule in the west, however, were 
less successful, though he seemed lucky enough at first. 
Envisaging a connection between the original Habsburg 
territories in the west and the new domains in the Tirol, 
the Habsburgs looked for a foothold in the region west of 
the Arlberg (modern Vorarlberg). Neuberg on the Rhine 
was won in 1363 and Feldkirch in 1375. Another impor­
tant acquisition was the city of Freiburg in the Breisgau. 
But then Leopold came into conflict with the Swiss, which 
led to defeat and his death at Sempach in 1386. An army 
of his brother, Albert III, was likewise defeated near Näfels 
in 1388, and the Habsburgs suffered heavy territorial loss­
es. Leopold’s sons recognized the wardship of Albert, who 
acquired Bludenz and the Mantafon Valley west of the 
Arlberg in 1394. In his own domains Albert was forced 
to check the dynasty of the Schaunbergs (in Upper Aus­
tria), who tried to create an independent domain around 
Wilhering and Eferding. Albert III especially favoured the 
city of Vienna as his Capital, and it was because of his 
reorganization that the university Rudolf IV had founded 
there was able to survive.

After Albert’s death in 1395, new Habsburg family trou- 
bles arose, differences that the treaties of Hollenburg 
(1395) and Vienna (1396) tried to settle. Under the Vien­
na treaty, the line of Leopold III split into Styrian and 
Tirolian branches, resulting in three complexes of Austri­
an territories—a state of affairs that was to reappear in 
the 16th Century. The individual parts came to be known 
by the names of Niederösterreich (comprising modern 
Lower and Upper Austria), Innerösterreich (comprising 
Styria, Carinthia, Carniola, and the Adriatic possessions), 
and Oberösterreich (comprising the Tirol and the western 
domains, known as the Vorlande, or Vorderösterreich).

In 1396 the Austrian estates, or diets, were first assembled 
to consider the Turkish threat and henceforth were to play 
an important political role in Austria. In them the nobility 
usually took the lead, but they also included representa­
tives of the monasteries, the towns, and the marketplaces. 
In the Tirol, in Vorarlberg, and, at times, in Salzburg, the 
peasants also sent their representatives to attend the diets. 
Because of the Habsburg partitions and frequent regendes, 
the estates were able to gain in importance. They did not 
obtain the right to pass laws, but they obstinately insisted 
on the privilege to grant taxes and duties.
After the short rule of Albert IV (1395-1404) and a trou- 

blesome tutelary regime (1404-11), Albert V came into his 
own, and with him the Danube countries again enjoyed a 
strong and energetic rule (1411-39). Albert, however, had 
married the daughter of the emperor Sigismund and was 
thus drawn into the Hussite religious wars, in the course 
of which the Austrian lands north o fth e  Danube were 
ravaged. In the Austrian west, Duke Frederick IV of the 
Tirolian branch lost the Aargau to the Swiss but was able 
to assert himself in Tirol against a rebellion o f his nobles. 

When Sigismund died, Albert inherited his positions. In 
1438 he was first elected Hungarian king, with the Ger­
man (as Albert II) and the Bohemian crowns to follow 
later. Albert no doubt had many o f the qualities of a born 
ruler, but he died prematurely in 1439 on an unsuccessful 
campaign against the Turks. Soon thereafter, his widow 
gave birth to a son and heir, Ladislas Posthumus, to whom 
Frederick V of Styria, as the senior member of the house, 
became guardian Frederick also had Sigismund, the son 
of Frederick IV of Tirol, under his tutelage.

Thus began the long reign of Frederick V (as Roman 
emperor he was to become Frederick III). His reign was 
marked by almost ceaseless strife with the estates, with his 
neighbours, and with his jealous family. When he tried 
unsuccessfully to take advantage of a conflict among the 
Swiss Confederates, the Tirolians made Frederick release 
Duke Sigismund from tutelage (1446). A few years later, 
on his return from Rome, where he had been crowned 
emperor, his enemies at home and abroad in 1452 forced 
him also to give up Ladislas, who was then the recognized 
king of Hungary and Bohemia. The boy king’s policies 
were made by Count Ulrich of Cilli. Ulrich was murdered 
at Beigrade in 1456, however, and a year later King Ladis­
las died. In Bohemia and Hungary national kings came to 
power. Frederick now won himself a foothold in the Aus­
trian domains on the Danube and succeeded in acquiring 
the rich estates and fiefs of Ulrich.

The Burgundian and Spanish marriages. Maximilian I, 
the son of the emperor Frederick III, was married to 
the Burgundian heiress, Mary, at Ghent (1477). By that 
tie to Burgundy the Habsburgs became involved in long 
struggles with France. After Mary’s death (1482), Maxi­
milian, moreover, met with increasing difficulties in the 
Burgundian countries themselves. In the meantime, an­
other crisis had arisen in the eastern Habsburg domains. 
Disagreement about the Bohemian succession and a polit­
ical error of Frederick III, who tried to install the former 
archbishop of Gran (Esztergom) at Salzburg, led King 
Matthias I Corvinus of Hungary to march against Austria. 
Vienna was besieged and finally taken by the Hungari­
ans (1485), as was Wiener Neustadt (1487). The harried 
Maximilian came into even greater distress in the Low 
Countries, where the rebellious citizens of Bruges put him 
under arrest (1488). Sigismund, the Habsburg ruler of the 
Tirol, who was heavily encumbered by debts, planned to 
seil his country to the Bavarians. A complete breakdown 
of the House of Habsburg threatened, but Maximilian 
was ultimately released. He prevailed upon Sigismund to 
abdicate in his favour. In 1490 the Habsburgs were able 
to take over Lower Austria. Maximilian even attacked 
Hungary but in the Treaty of Pressburg (1491) renounced 
claims to Hungary, though reserving the succession rights 
of his family.
After the death of his father, Emperor Frederick III, 

Maximilian came into a heritage that surpassed the en- 
dowments of all his predecessors. Furthermore, his son, 
Philip I the Handsome, who governed the Low Countries, 
was betrothed to the Spanish infanta, Juana (later Joan
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the Mad), and through the unexpected death of male 
members of the Spanish dynasty this marriage was to 
raise the Habsburgs to the throne of Spain. In the Ger­
man Empire as well äs in Austria, Maximilian introduced 
sweeping administrative reforms that were the first steps 
toward a centralized administration. In 1508 Maximilian 
assumed the title of elected emperor as he was unable to 
pass through hostile Venetian territory to go to Rome for 
his coronation, and henceforth Rome and the pope had 
no more say in the creation of new emperors.

During Maximilian’s last years, Eastern politics again 
came to the fore. The great crusade he planned against 
the Turks, however, never materialized. In 1515 Maximil­
ian arranged a double marriage between his family and 
the Jagiellon line that ruled Bohemia and Hungary, thus 
reviving earlier Habsburg claims to these countries. Max­
imilian’s energetic reign added greatly to the prestige of 
the Habsburgs. Thus, his grandson Charles (V) was able 
to prevail against French intrigue to inherit the imperial 
crown. Charles’s younger brother, Ferdinand I, took over 
the rule of the Austrian countries but encountered the 
Opposition of the estates, which he cruelly suppressed. 
In the agreements of Worms (1521) and Brussels (1522) 
Charles V formally handed Over the Austrian lands to his 
brother. The subsequent years of Ferdinand’s reign were 
troubled by peasant risings in the Tirol and Salzburg and 
were followed by similar upheavals in Innerösterreich.

In the late medieval period the Alpine lands were assem- 
bled by the Habsburgs into a monarchical union compris­
ing about the extent of the present Austrian state. The 
process of union was at times intercepted and hindered 
by the partitions among the dynasty. When the process 
was finished, however, the territories still preserved their 
individuality and their own legal codes. During this period 
the towns developed and prospered, but in the rural settle­
ments a backward tendency had set in. Many settlements 
were abandoned, especially in Lower Austria. The lead­
ing classes lost their interest in rural colonization as they 
found other and more lucrative sources of income. Mining 
developed, but trade was impaired by political instability. 
Until about 1450 the University of Vienna enjöyed some 
fame in the fields of theology and Science. The literary 
culture of Austria was characterized by remarkable works, 
among them the rhyming chronicle of the Styrian Otakar 
aus der Geul, the work of the Carinthian abbot John of 
Viktring, the poetry of Oswald of Wolkenstein, and the 
works of the theologian and historian Thomas Ebendor- 
fer. From the middle of the 15th Century onward Austria 
came under the influence of Italian Humanism.

REFORMATION AND COUNTER-REFORMATION
The acquisition of Bohemia. The year 1526 saw the 

defeat and death of the Jagiellon king of Hungary and 
Bohemia, Louis II, who feil in the Battle of Mohäcs against 
the Turks. In view of the treaties of 1491 and 1515, 
Ferdinand I and the Vienna court envisaged Hungary and 
Bohemia plus the adjoining countries falling to the Habs­
burgs. Thus, the union of Austria, Bohemia, and Hungary 
became the leading concept of Habsburg politics. After 
clever diplomatic overtures, Ferdinand was elected king of 
Bohemia (October 23, 1526). In Hungary, however, there 
was a split election; Jänos (John) Zäpolya, voivode (gover­
nor) of Transylvania, was chosen by an Opposition party, 
whereupon war broke out between the two candidates.

Ferdinand’s troops in Hungary would have been in a 
stronger position had Zäpolya not been assisted by the 
Turks under Süleyman I. In 1529 the Turks advanced as 
far as Vienna, which they besieged in vain. Another Turk- 
ish offensive came to a halt at Güns in western Hungary in 
1532. Ferdinand, on the other hand, failed in his attempt 
to take Ofen (Hungarian Buda), where the Turks had en- 
trenched themselves. By around the middle of the Century 
the frontiers had become fixed. Hungary happened to be 
divided into three parts: the west and the north remained 
with the Habsburgs, the central part came under Turkish 
rule, and Transylvania and adjoining territory were kept 
by Zäpolya and his successors. This Situation was antici- 
pated in the truce of 1547 and became formalized in the 
Peace of Constantinople (1562).

During a short truce in the fighting against Zäpolya and 
the Turks, Ferdinand started to reorganize Austrian ad­
ministration. In 1527 he created new central organs: the 
Privy Council (Geheimer Rat) for foreign affairs and dy­
nastie matters; the Court Council (Hofrat) as the supreme 
legal authority; the Court Chancery (Hofkanzlei), which 
served as the central office and only later on was to deal 
with internal affairs; and the Court Treasury (Hofkammer) 
for finance and budgeting. As the Court Treasury proved 
inefficiënt in the financing of the Turkish war, the Court 
Council of War (Hofkriegsrat) was established in 1556 to 
take care of the pay, equipment, and supplies of the troops, 
acquiring some influence on military operations as well.

The advance of Protestantism. The Protestant move­
ment gained ground in Austria very fast. The nobility 
especially turned toward the Lutheran creed. For genera- 
tions eminent families provided the protagonists of Protes­
tantism in the Lower and Inner Austrian territories. The 
sons of the nobility were often sent to the north German 
universities to expose them more fully to Protestant in­
fluence. From 1521 Protestant pamphlets were produced 
by Austrian printers. Bans on them, issued from 1523 
onward, remained ineffective, however.

Among the peasant population the Anabaptists had a 
stronger appeal than the Lutherans. As they had no sup­
port from the estates and because öf their radicalism, 
however, the Anabaptists were persecuted from the start. 
In 1528 Balthasar Hubmaier, their leader in the Danube 
countries and Southern Moravia, was bumed at the stäke 
in Vienna, and in 1536 another Anabaptist, the Tiroli­
an Jakob Hutter, was put to death in the same way in 
Innsbruck after he had led many of his followers into 
Moravia. Ferdinand, for his part, advocated religious rec- 
onciliation and looked for means to achieve it; but the 
dogmatic viewpoints proved irreconcilable. The Peace of 
Augsburg (1555) finally brought some respite in the reli­
gious struggles.

When Charles V abdicated, Ferdinand I became em­
peror (1558), and thus the leadership of the empire was 
taken over by the Austrian (German) line of the Habs­
burgs. Maximilian II, the eldest son, followed his father in 
Bohemia, Hungary, and the Austrian Danube territories 
(1564). The next son, Ferdinand, was endowed with Tirol 
and the Vorlande; Charles, the youngest of the brothers, 
received the Inner Austrian lands and took up residence in 
Graz. Maximilian was known for his Protestant leanings 
but was bound by a promise he had given his father to 
remain true to the Catholic religion. The Protestants were 
therefore granted fewer concessions from him than they 
might have expected.
Meanwhile, Catholic counteractivity began, with the Je- 

suits particularly prominent in Vienna, Graz, and Inns­
bruck. A new generation of energetic bishops took part 
and proved a great asset to the cause. It was also of 
some importance that the monasteries, though they had 
been deserted by many of their members and were strug- 
gling for existence, had not been secularized. On the 
Protestant side, it proved impossible to reconcile the 
various reforming movements. Social differences between 
them, especially between the nobility and the peasants, 
also stood in the way of a united Protestant front. The 
Counter-Reformation scored its first successes in Gorizia 
and Carniola, where Protestantism had remained insignif- 
icant. And in other parts, official religious commissions 
started to replace the Protestant preachers with Catholic 
clergymen.

Rudolf II and Matthias. Maximilian’s successor, Ru­
dolf II (reigned 1576-1612), had been educated in Spain 
strictly in the Catholic faith. He had all Protestants dis­
missed from court service. The conversion of the cities 
and market centres of Lower Austria to Catholicism was 
conducted by Melchior Klesl, at that time administrator 
of the Vienna see but later to become bishop and Car­
dinal. In Upper Austria, where the Protestants had their 
strongest hold, the Situation remained undecided, with the 
Catholic govemor, Hans Jakob Löbl of Greinburg, and 
the Calvinist Georg Erasmus o f  Tschemembl leading the 
opposing religious parties. When Charles’s son, Ferdinand 
II, took over in Styria, he proved to be the most reso-
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lute advocate of the Counter-Reformation. It was he who 
eventually succeeded in uprooting Protestantism, first in 
Inner Austria and then in the other Habsburg countries, 
with the exception of Hungary and Silesia.

From local skirmishes along the frontier, a long, drawn- 
out war with the Turks developed (1592-1606). In 1598 
Raab (Hungarian Györ), which served as a bastion of Vien­
na, was temporarily lost; Gran, Veszprém, and Stuhlweis- 
senburg (Hungarian Székes-fehérvar) passed several times 
from one side to the other. The introduction of the 
Counter-Reformation in Hungary, moreover, resulted in 
a rising of Protestant elements under Istvän Bocskay. But 
in 1606 at Vienna a peace was concluded between Austria 
and the Hungarian estates. At Zsitvatorok another peace 
was negotiated with the Turks, who for the first time 
recognized Austria and the emperor as an equal partner.

Political disagreements between Emperor Rudolf, who to 
an increasing degree showed signs of mental derangement, 
and the rest of the family led to the “Habsburg Broth­
ers Conflict.” Cardinal Klesl in 1607 brought about an 
agreement among the younger relatives of the Emperor to 
recognize the Emperor’s brother Matthias as the head of 
the family. As the conflicts with Rudolf persisted, Matthias 
strove also to come to an understanding with the estates, 
which were mainly Protestant. The formation of opposing 
religious leagues in Germany, the Protestant Union and 
the Catholic League, also added to the general confusion. 

Matthias advanced into Bohemia, and, in the Treaty of 
Lieben (1608), Rudolf conceded to him the rule of Hun­
gary, the Austrian Danube countries, and Moravia, while 
Matthias had to give up the Tirol and the Vorlande to 
the Emperor. In 1609 the estates received a confirmation 
of the concessions Maximilian II had made to them. The 
cities were guaranteed only in general terms that their old 
privileges should not be interfered with. At the same time, 
Rudolf II was forced to grant to Bohemia the so-called 
Letter of Majesty, which contained far-reaching conces­
sions to the Protestants. After a final defeat of Rudolf in 
Bohemia in 1611, Matthias was crowned king of Bohemia. 
Rudolfs death in 1612 finally ended the conflict.

After Matthias had been elected emperor, his principal 
councillor, Cardinal Klesl, tried in vain to arrange an 
agreement with the Protestants in Germany. The ensuing 
years were filled with wars in Transylvania, where Gäbor 
Bethlen came to power. In the Peace of Tymau (1615) 
the Emperor had to recognize Bethlen as prince of Tran­
sylvania, and in the same year he extended the truce with 
the Turks for another 25 years. In the meantime, war had 
broken out with Venice (1615—17) because of the pirating 
activities of the Serb refugees (Uskoken) established on 
the Croatian coast. A settlement was reached in the Peace 
of Madrid. The Situation in Bohemia then reached a crit- 
ical point, the religious tensions in the country finding a 
vent in the “Defenestration of Prague” (May 23, 1618), in 
which two of the Emperor’s regents were thrown from the 
Windows of the Hradöany Palace.

The Bohemian rising and the victory of the Counter- 
Reformation. War became inevitable when Emperor 
Matthias died in 1619. Not that he had been master of the 
Situation, but his death brought Ferdinand II, the most 
uncompromising Counter-Reformer, to the head of the 
House of Habsburg. Ferdinand was hard pressed at first, as 
Bohemian and Moravian troops invaded Austria. A dep- 
utation of the estates of Lower Austria tried to make him 
renounce Bohemia in a peace treaty and demanded reli­
gious concessions for themselves, unsuccessfully, however. 
The Bohemians were forced to retreat, and imperial troops 
advanced into their country. The Bohemians deposed Fer­
dinand from the throne of Bohemia and elected Frederick 
V in his stead. But two days later Ferdinand II was elected 
German emperor at Frankfurt (August 28, 1619).
War was the only means of resolving the issue. The con­

flict for the Bohemian crown developed into a European 
war when Spain, the Bavarian duke Maximilian I, and the 
Protestant elector of Saxony entered the struggle on the 
side of the Emperor. The Upper Austrian estates rashly 
joined Frederick, with the result that their country was oc­
cupied by the army of the Catholic League and afterward 
pledged to Bavaria. At the Battle of the White Mountain,

Ferdinand became master of Bohemia, Moravia, and Sile­
sia, while Lusatia was pledged to Saxony. King Frederick 
fled to the Netherlands. The leaders of the Bohemian rising 
were executed, and other nobles who had compromised 
themselves lost their property. Many Protestants left the 
country. In the new constitution of 1627 Bohemia and its 
associated lands became a hereditary kingdom. The diets 
were not dissolved entirely, as the government wanted to 
make use of their administration, but their influence was 
restricted to financial matters.
After the death of Matthias, Ferdinand had also inherited 

the Danubian territories. Tirol, however, retained a special 
status under a new Habsburg secundogeniture (inheritance 
by a second branch of the house). Upper Austria, pledged 
to Bavaria, was disturbed by a great peasant rising. The 
Protestant peasants were defeated after heavy fighting, and 
in 1628 the country passed into the hands of the Em­
peror again.

The Counter-Reformation was vigorously enforced in 
the Austrian domains. This led to the mass emigration 
of Protestants, including many members of the nobility. 
Most went to the Protestant States and to the imperial 
cities of southem Germany. After the Bohemian victory 
the war went favourably for the Emperor, and the Peace 
of Lübeck (1629) seemed to secure the hegemony in Ger­
many for the Habsburgs. But in 1629 Ferdinand’s attempt 
in the Edict of Restitution (Restitutionsedikt) to establish 
religious unity by force throughout the empire provoked 
the violent Opposition of the Protestants.

The struggle with Sweden and France. July 1630 saw 
Intervention in Germany’s religious strife from a different 
quarter—Sweden. In that month the Protestant Swedish 
king, Gustavus II Adolphus, landed on the Baltic coast 
of Pomerania. His purpose was to defend the Protestants 
against further oppression, to restore the dukes of Meck­
lenburg, his relatives, who had been driven from their 
lands by Ferdinand’s forces, and perhaps to strengthen 
Sweden’s strategie position in the Baltic. In the ensuing 
conflict the city of Magdeburg was destroyed by fire after 
it had been taken by the troops o f the Emperor under 
Gen. Johann Tserclaes, Graf von Tilly (1631). The north 
German Protestants, who had so far remained undecid- 
ed, consequently went over to the Swedes. After victories 
near Breitenfeld and on the Lech, the Swedish troops en­
tered Bavaria.

During the subsequent period of the Thirty Years’ War, 
Ferdinand adopted a rigorous and often unrelenting atti­
tude, though he yielded a little when the Peace of Prague 
was being negotiated (1635). His successor, Ferdinand III 
(1637-57), was as loyal to Catholicism as the father had 
been but showed himself more of a realist. He was not 
able, however, to prevent the war from again dragging 
into Habsburg territory, so that in 1645 even Vienna was 
threatened. The extremist party that had rejected all con­
cessions lost its influence at the Vienna court, and two 
able diplomats, Maximilian, Graf von Trauttmansdorf, 
and Isaac Volmar, were entrusted with the representation 
of a weakened Austria at Münster and Osnabrück, where 
extended negotiations were conducted until acceptable 
terms could be settled for Austria. In the Peace o f West- 
phalia (1648) Austria lost its possessions in Alsace, and 
Lusatia had to be ceded for good to Saxony. The peace 
in many respects marked the beginning of a new epoch. 
The Holy Roman Empire from then on was reduced to 
a loose union of otherwise independent States, and Habs­
burg politics shifted its emphasis, falling back entirely 
on the political, military, and financial resources o f the 
hereditary Habsburg lands, now including also Bohemia. 
The new central Organs and the administrative bodies of 
the territories took on much greater importance than the 
remaining institutions of the Holy Roman Empire. The 
Emperor came to rely on a standing army rather than 
upon troops provided by the German princes.

The heavy drain the religious wars had made on the 
population of the Austrian territories was compensated for 
by immigrants from the Catholic parts of the empire and 
by Croatian refugees from the southeast. The economic 
Position of the peasants on the whole deteriorated. Many 
members of the nobility, as well as the church, acquired
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new property. In mining, boom and depression followed 
quickly upon each other. The loss of many experienced 
miners during the Counter-Reformation resulted in dif­
ficulties, but the government took several steps toward 
improving and extending the salt mines. In 1625 it found­
ed the Innerberg Union, under which the Styrian iron 
industry was reorganized. The Emperor also tried to in- 
terfere with the trade organizations of the towns, though 
without much success. Trade and finance in the Austrian 
territories was dominated by foreign Capital.

The cultural life of the period was also dominated by the 
religious struggle. In the field of education the schools of 
the denominational parties rivalled each other. In 1585 a 
Jesuit university was founded at Graz, while at Salzburg 
a Benedictine university was established (1623). Austrian 
humanists produced some outstanding works of poetry 
and historical writings, and the sovereigns were great pa- 
trons of the arts, but on the whole this was an epoch 
dominated by Italian and Western influences.

AUSTRIA AS A GREAT POWER
After the Thirty Years’ War, Austrian politicians were 
understandably reluctant to enter into another military 
conflict. In 1654 Ferdinand IV, the eldest son of the 
Emperor, died. His brother Leopold, who had been des- 
tined for a church career, then was considered as heir 
to the throne and was recognized as such by Austria, 
Bohemia, and Hungary. In Germany, however, difficulties 
arose when France declared itself against Leopold. Nev­
ertheless, after the death of Emperor Ferdinand, Leopold 
was finally elected (1658), after having conceded consti­
tutional limitations that restricted his liberty of action 
in foreign politics. West German princes under Johann 
Philipp von Schönbom, archbishop of Mainz, formed the 
French-oriented League of the Rhine. At the same time, 
Austria was engaged in the northeast, when it intervened 
in the war between Sweden and Poland (1658) in order to 
prevent the collapse of Poland. There were some military 
successes, but the Treaty of Oliva (1660) brought no terri­
torial gains for Austria, though it stopped the advance of 
the Swedes in Germany.

During the Thirty Years’ War the Turkish front had 
been quiet, but in the 1660s a new war broke out with the 
Turks (1663-64) because of a conflict over Transylvania, 
where a successor had to be appointed for György II Rä- 
kóczi, who had been killed fighting against the Turks. The 
Turks conquered the fortress of Neuhäusel in Slovakia, 
but the imperial troops succeeded in throwing them back. 
The Austrian military success was not, however, reflected 
in the terms of the Treaty of Vasvär: Transylvania was 
given to Mihäly Apafi, a ruler of pro-Turkish sympathies. 
A minor territorial concession was also made to the Turks. 
The year after the Turkish peace, Tirol and the Vorlande 
reverted to Leopold I (1665), and the second period of the 
Habsburg partition (1564-1665) came to an end.

In Hungary dissatisfaction with the results of the Turkish 
war spread. Not only the Protestants, who were threatened 
by the Counter-Reformation, but also many Catholic no­
bles were alarmed by Habsburg absolutism. A group of 
Hungarian nobles and the Styrian count Hans Erasmus 
of Tattenbach entered into a conspiracy. The Austrian 
government, informed of their activities, had four of the 
ringleaders executed—an action that led to a rising by 
rebels known as Kuruzen (Crusaders).

In the meantime, the position of the Habsburgs in the 
west had again deteriorated. At first Leopold I’s leading 
statesmen, Johann Weikhard, Fürst Auersperg (dismissed 
in 1669), and the president of the Court Council of War, 
Wenzel Eusebius, Fürst von Lobkowitz, remained rather 
passive in view of the expansionist policies of Louis XIV 
of France. They also stayed outside the Triple Alliance 
of Holland, England, and Sweden that was concluded in 
order to ward off the attacks of Louis against the Span­
ish Netherlands. When Louis actually invaded Holland, 
the Emperor finally entered the war, but in the ensuing 

The threat Treaty of Nijmegen (1679) he had to cede Freiburg im 
:o Vienna Breisgau to France.
jy  the Another and still more menacing danger appeared in
Turks the southeast. After some deliberation, the leader of the

Hungarian rebels, Imre Thököli, had asked the Turks for 
help, whereupon the grand vizier Kara Mustafa organized 
a large Turkish army and marched it toward Vienna.
Habsburg diplomats succeeded in concluding an alliance 
between Austria and Poland. Meanwhile, imperial troops 
under Duke Charles o f Lorraine tried to hold the enemy 
but had to retreat. From July 17 to September 12, 1683,
Vienna was besieged by the Turks. Deciding against a 
direct assault, the Turks began to drill tunnels undemeath 
the bastions of the city, when relief columns arrived from 
Bavaria, Saxony, Franconia, and Poland. King John III 
of Poland took over the command of the relieving army, 
which descended upon the Turks and dispersed them. The 
Emperor concluded a pact with Poland and the Venetian 
republic—the Holy League. In 1685 Neuhäusel was won 
back, and in September of 1686 Ofen was captured, de­
spite fierce Turkish resistance.

In 1687 the Hungarian diet recognized the hereditary 
rights of the male line of the Habsburgs to the Hungarian 
throne. In 1688 Beigrade was conquered and Transylvania 
was secured by imperial troops. In the meantime, Louis 
XIV had begun an offensive against the German Palati- 
nate. This meant that no further troops could be spared 
for the Turkish war, and in 1690 all recent conquests in 
the south, including Beigrade, were lost again. A victory 
of the imperial and the allied German troops under Mar­
grave Louis of Baden near Slankamen (1691) prevented 
the Turks from advancing farther, but then the Margrave 
was ordered to the Rhine front. Eventually Prince Eugene 
of Savoy took over the command and gained a decisive 
victory over the Turks near Zenta (1697). After another 
offensive against Bosnia, the Turks finally decided to nego- 
tiate a peace. In the Treaty of Carlowitz (1699), Hungary, 
Transylvania, and large parts o f Slavonia feil to the Hab­
sburg emperor. In the meantime, the war in the west had 
come to an end (Treaty of Rijswijk, 1697), overshadowed 
already by the question of the Spanish succession.

The War of the Spanish Succession. From 1701 to 
1714 Austria was involved in hostilities with France over 
the issue of the Spanish succession. The childless King 
Charles II of Spain, a Habsburg, had willed his entire pos- 
sessions to a Bourbon prince—a grandson of Louis XIV of 
France. All those who disliked the idea of a French hege- 
mony in Europe consequently united against the French.
The Emperor declared war (1701) and was immediately 
supported by Brandenburg-Prussia and Hanover. In the 
spring of 1702 England and Holland entered the war in 
the Grand Alliance against France. Louis XIV, on the oth­
er hand, was able to win the electoral princes of Bavaria 
and Cologne as his allies. At this critical juncture another 
Hungarian rising, led by Ferenc II Räkoczi, occurred. The 
rebels were prepared to join forces with the enemies of 
Austria and for years engaged Austrian troops. The rebels 
even threatened Vienna, whose suburbs had to be fortified.
In the war with France, imperial troops fought on four Scale of 
fronts: in Italy, on the Rhine, in the Spanish Netherlands, the Span- 
and in Spain. Much larger forces were mobilized than had ish war 
been customary during the 17th Century, with the result 
that the financial drain on the imperial treasury was so 
heavy that the Emperor had to resort to Dutch and En­
glish loans. When Bavaria entered the war on the side of 
the French, Austria was in further danger, until the Battle 
of Bienheim (1704), in which a joint English and Austrian 
army under the Duke of Marlborough and Prince Eugene 
defeated the French and Bavarian forces.

After a reign of 48 years filled with almost endless trou- 
bles, Emperor Leopold died in 1705. He was succeeded 
by his son, Joseph I (1705-11). In the religious quarrels 
the new emperor, an ally o f Protestant States, showed 
great restraint and allowed himself to be guided mainly by 
political motives.

In 1703 the Duke of Savoy, who had left the French 
to go over to the Habsburgs, found himself in a critical 
Situation; his Capital, Turin, had come under French siege.
An imperial army under Prince Eugene and reinforced by 
a Prussian contingent was sent to his aid and succeeded in 
uniting with the SaVoyan forces and relieving Turin after a 
victorious battle (1706). At the beginning of the next year 
an agreement was reached under which the French eva-
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cuated northem Italy. The same year a smaller imperial 
army under Wirich, Graf von Daun, conquered Spanish- 
ruled southem Italy; but an invasion of southem France, 
which the sea powers had instigated, failed. A quick suc­
cess, however, feil to the Austrians in a campaign against 
the Vatican state over a conflict between the Emperor and 
the Curia conceming mutual feudal rights and because of 
Pope Clement XFs rather pro-French leanings.

The allies were victorious in the Netherlands, winning 
the Battle of Oudenaarde and conquering Lille (1708). 
Paris seemed within easy reach. The Battle o f Malplaquet 
(1709) was another victory for the allies, but they had to 
pay dearly for it. In the meantime, peace negotiations had 
foundered. After re verses in Spain and a political change 
in England, the alliance itself was in danger of falling 
apart. The Situation was further aggravated by the death 
(1711) of Emperor Joseph I, who left daughters only.

At this juncture, liquidation of the Hungarian rising be­
came possible. Räkoczi, who in 1707 had declared the 
deposition o f the Habsburgs, began to meet with growing 
Opposition among his followers. Imperial troops forced 
Räköczi to flee to Poland; and the rebels, who had been 
promised an amnesty and who were guaranteed religious 
liberty, made their peace in 1711. From then on the Vien­
na government tried to be more considerate of Hungary 
and its aristocracy.

The Peace The election of Charles VI as emperor was effected 
of Utrecht without any difficulties. The English left the coalition, 

and after a military reverse most of the Habsburgs’ allies 
joined the Treaty of Utrecht (1713). In the peace nego­
tiations between Austria and France that were begun at 
Rastatt, Prince Eugene showed himself an unyielding and 
successful agent of Habsburg interests. Austria gained the 
Spanish Netherlands, a territory corresponding approxi- 
mately to modem Belgium and Luxembourg. These gains 
were somewhat impaired, however, by the Dutch privilege 
of stationing garrisons in a number of fortresses. In Italy, 
Austria received Milan, Mantua, Mirandola, the Continen­
tal part of the kingdom of Naples, and the isle of Sardinia. 
The Wittelsbachs of Bavaria regained their country, but 
the treaty contained an appendix that provided for the 
eventuality of Bavaria’s being exchanged for the Spanish 
Netherlands. Of its gains, the north Italian territories were 
of the greatest value to Austria; the possession of Naples 
and the Netherlands, on the other hand, posed consider­
able military and political risks.

The problem of the Austrian succession. The extinc- 
tion of the Spanish line of the Habsburgs and the fact 
that the emperor Charles VI was the last male member 
of that house posed serious problems for the Habsburg 
territories, which at the beginning of the 18th Century 
were held together mainly by the person of the sovereign, 
notwithstanding the fact that there were some institutions 
of central administration. A settlement was made in the 

The form of a family ordinance. On April 19, 1713, Charles
Pragmatic VI issued a decree according to which the Habsburg lands 
Sanction of should remain an integral, undivided whole. In the event 
Charles VI of the Habsburgs’ becoming extinct in the male line, the 

daughters of Charles or their descendants and, in default 
of any descendants of Charles, the daughters of Joseph 
I and their descendants and, after them, all other female 
members o fth e  house should be eligible for the succes­
sion. As the son that was bom to the Emperor in 1716 
died after a few months, and only daughters were born to 
him after that (Maria Theresa, 1717; Maria Anna, 1718; 
Maria Amalia, 1724), this Pragmatic Sanction (a term 
used to characterize a pronouncement by a sovereign on a 
matter of prime importance) became of great significance. 
Austrian diplomacy in the last decades of Charles’s reign 
was directed toward securing acceptance of the Pragmatic 
Sanction from all the European powers. It was published 
in 1720 and by 1722 had been recognized by the estates of 
all the Habsburg countries. Even the unanimous consent 
of the Hungarian diet was eventually obtained.

New conflicts with Turkey and the Bourbons. During 
the War o f the Spanish Succession, Turkey had remained 
neutral toward Austria. But the Turks had attacked the 
possessions of the Venetians on the Pelopónnisos and the 
Ionian Isles. Austria tried to intervene and finally declared

war. Prince Eugene defeated the Turks near the fortress 
of Peterwardein and conquered the strong bastion of Te- 
mesvär (1716). In the summer campaign of 1717 Beigrade 
again came into the hands of the imperial troops after a 
battle had been won against a Turkish relief army. In the 
Treaty of Passarowitz (1718) a frontier line was ägreed 
upon that corresponded to the de facto Situation. The 
Turks had to cede to the Austrians the Banat, the Turk­
ish part of Syrmia, Walachia Minor as far as the Aluta, 
northern Serbia, Beigrade, and a strip of land along the 
frontier in northern Bosnia. A favourable trade agreement 
was also concluded.

During the Turkish war another crisis emerged. The 
Spanish minister Giulio Alberoni tried to initiate a policy 
of expansion in Italy. When Spanish troops landed in 
Sardinia and Sicily, the Emperor formed an alliance with 
Great Britain and France, later joined by the Netherlands 
(the Quadruple Alliance). After the English defeated the 
Spanish fleet, Madrid recalled its troops from the disputed 
territories. Austria received the more prosperous Sicily in 
exchange for Sardinia, which feil to Savoy. Charles then 
agreed to recognize the Spanish Bourbons. The gains from 
the Quadruple Alliance plus those of the Treaty of Passa­
rowitz gave the Habsburgs the largest territory they were 
ever to rule. Their domains were far from unified, howev­
er, with the individual provinces showing a wide national, 
economic, cultural, and constitutional diversity.

Trading interests soon interfered with the alliance with 
the maritime powers. At first the attempts of the Ostend 
Company, which was backed by Charles VI, to enter 
into trade with India were quite successful. Because of 
the antipathy of the maritime powers, however, it seemed 
advisable to find an alternative to trade with Dutch and 
English colonial markets in the vast transatlantic empire of 
Spain. In 1725 Charles entered into an alliance with Spain, 
whereupon France, Great Britain, and Prussia formed a 
rival alliance. But soon after Russia was won over to the 
Habsburg cause, Prussia changed sides. As the outbreak of 
a European war seemed imminent, attempts were made at 
the Congress of Soissons to relax political tensions. Spain 
abruptly changed its alliances and concluded a treaty 
(1729) with England and France, the Netherlands joining 
in later. When Russia also began to waver, Prince Eugene 
tried to fall back on the traditional alliance with the mar­
itime powers. After prolonged and difficult negotiations,
England in 1731 accepted the Pragmatic Sanction, the 
Emperor in retum giving a promise not to marry off* his 
daughter Maria Theresa, the Habsburg heiress, to a prince 
who was himself heir to important domains. Austria finally 
dissolved the Ostend Company, having already suspended 
its charter in 1727. Charles VI then invested a great deal 
of energy in his endeavours to secure the recognition and 
the guarantee of the Pragmatic Sanction in the German 
diet. In this he was opposed by Bavaria and the elector of 
Saxony, but Austria finally obtained the guarantee of the 
Pragmatic Sanction at the Regensburg Diet (1732).
The question of the Polish succession led to a revival of The 

the Austrian conflict with the Bourbon countries. Austria, question of 
with Prussia and Russia, favoured Augustus III of Saxony, the Polish 
the son of the deceased king, whereas France backed Stan- succession 
islaw I (Stanislaw Leszczynski). On the military interven- 
tion of Russia in Poland, the Bourbons attacked Austria.
The issue came to be mixed up with the problem of Lor­
raine, France dreading that on the impending marriage 
of Maria Theresa to Francis Stephen, duke of Lorraine, 
the latter’s domains would be united with Austria’s, so 
that French plans for the acquisition of Lorraine would 
be thwarted. France, Sardinia, and Spain simultaneously 
opened the war against Austria (1733). Prince Eugene, 
who was now aged, was able only to prevent a major 
success of the enemy on the Rhine. On the Italian front 
the Habsburgs fared even worse. The Battle of Parma end- 
ed undecided, but the Austrians were finally beaten near 
Guastalla. The small Austrian force that was stationed in 
Southern Italy was unable to resist the Spanish attack, and 
Sicily and Naples were occupied by the Spaniards. In 1735 
a Russian relieving corps reinforced the Habsburg front 
on the Rhine, and in northern Italy also there were a few 
successful operations of some local importance.
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Direct contacts between Austria and France eventually 
led to the preliminary Peace of Vienna (October 3, 1735). 
Austria lost Naples and Sicily, which feil to a secondary 
branch of the Bourbons, and had to cede a tract of Lom­
bard territory to Sardinia. As some compensation, Austria 
received Parma and Piacenza. Francis Stephen of Lorraine 
was promised Tuscany but had to renounce his hereditary 
duchy. On these conditions, France agreed to recognize 
the Pragmatic Sanction. The final peace was then con­
cluded at Vienna in 1738.

Prince Eugene had died during the War of the Polish 
Succession. It soon proved disastrous that a successor of 
similar capacity of the prince was not found. During the 
second Turkish war of Charles VI (1737-39), Austria had 
joined in the Turkish-Russian conflict but without coordi- 
nation of military operations. The Austrians, furthermore, 
underrated the Turkish forces and were themselves re­
duced by epidemics. The fortress of NiS was taken but 
was lost again soon thereafter. Peace negotiations con- 
ducted at Nemirov were broken off, and the war went on. 
The Austrians lost another battle at Grocka. Again peace 
negotiations were launched, in the course of which the 
larger part of the gains of the Peace of Passarowitz were 
lost. More disquieting even than the territorial losses was 
the loss in prestige. The epoch that had been the rise of 
Austria to a great power thus ended with reverses.

Social, economic, and cultural trends in the Baroque 
age. The Thirty Years’ War and the Turkish wars had 
resulted in the devastation of large parts of the country 
and in great losses among the population, which suffered 
further reduction during the plague years of 1679 and 
1713. The territories that had been wrested from the 
Turks had to be resettled systematically by German and 
other immigrants. The initiative for resettlement projects 
came from the official bureaucracy, the settlements being 
concentrated mainly in the south of Hungary. During the 
period of religious conflicts many Protestants had been ex- 
iled, but in the 18th Century transportation to the various 
underpopulated parts o f the empire was often resorted to.

In the industrial and commercial field, mercantilist ideas, 
encouraged by the government, were prominent from the 
1660s. The Situation of the peasantry was thoroughly un- 
favourable. Tentative measures in the reigns of Leopold 
I and Charles VI to protect the peasants had little effect. 
Certain “model industries” (mostly textile factories) were 
established but were only partly successful. The economic 
policy of the absolutist state also resulted in strong interfer- 
ence with trade organizations. The guilds were suppressed 
or at least debarred from the new manufactures.
Trade was encouraged but yielded only small gains for 

the state. Industrial and commercial undertakings were 
managed in part directly by the state but largely through 
privileged corporations or private persons. Of some im­
portance were the first (1667) and the second (1719) 
Oriental trading Companies and the Ostend Company 
(1722). Trade in the Mediterranean was also intensified. 
Promising colonial ventures in India were discontinued 
for political reasons, however, in the middle of the 18th 
Century. Under Charles VI new roads came to be planned 
and built on a large scale.

The state was in permanent want of money. This was a 
period of perpetual war as well as great economic invest- 
ments, both entailing an excessive strain on state finances. 
At first the government resorted to the rich bankers such 
as Samuel Oppenheimer and his successor Samson Wert­
heimer for funds. Soon, however, it attempted to establish 
banking firms that were state controlled. The Banco del 
Giro, founded in Vienna in 1703, quickly failed, but the 
Vienna Stadtbanco o f 1705 managed to survive; the Uni- 
versalbancalität of 1715 was liquidated after a short period 
of Operation.

After the victory of the Counter-Reformation, educa­
tion was almost exclusively in the hands o f the Catholic 
Church. The grammar schools o f the religious Orders, 
especially of the Jesuits and the Benedictines, set a very 
high Standard for the most part. In 1677 another univer­
sity was established at Innsbruck, the theological school 
of which was to acquire some fame. Historical writing 
flourished, the most outstanding works being those of two

Benedictine brothers, Bernard and Hieronymus Pez; Gott­
fried Bessel, abbot of Göttweig; and Leopold Ts official 
historiographer, the Jesuit Franz Wagner. The Austrian 
Jesuits were famous for their scientific and geographic 
researches, most notably the exploration of China.

Among the achievements of Baroque poetry, mention 
should be made of Wolf Helmhart of Hohberg, whose 
works offer interesting insights into the life of the nobil­
ity, and of Katharina of Greiffenberg. The theatre of the 
Baroque was of great appeal, being remarkable for the 
splendour of its decorations and the ingenuity of stage 
machinery. The plays produced ranked from the elaborate 
Italian opera to the blunt humour of the populär play. 
Music attained an especially high Standard, encouraged 
by three emperors who were composers themselves (Fer­
dinand III, Leopold I, and Joseph I). Charles VI was also 
a skillful musician, and he engaged the services of Johann 
Joseph Fux, who came from eastern Styria and developed 
into an important composer and teacher.
Austrian Baroque culture is, however, most clearly re­

vealed by the splendours of its architecture. At first the 
field was dominated by the Italians, but soon native ar- 
chitects stepped forth. Preeminent was Johann Bernhard 
Fischer von Erlach (first plan of Schönbrunn Palace, Kar­
lskirche in Vienna, Kollegienkirche in Salzburg) and his 
son Josef Emanuel (Hofbibliothek). They were rivalled 
by Jakob Prandtauer (Herzogenburg, Melk, and part of 
Sankt Florian monasteries) and especially by Johann Lu­
cas von Hildebrandt (Schwarzenberg Palace, Belvedere, 
Peterskirche in Vienna, monastery of Göttweig). Among 
native sculptors Georg Raphael Donner was the first in 
rank and quality of work. Fresco painting was represented 
by Johann Michael Rottmayr from Salzburg, Daniel Gran 
from Vienna, and Paul Troger from the Tirolian Pustertal.

(E.Zö.)

FROM THE ACCESSION OF MARIA THERESA 
TO THE CONGRESS OF VIENNA

The war period, 1740-63. In October 1740 the Holy 
Roman emperor Charles VI, the last male Habsburg ruler, 
died and was succeeded by his daughter Maria Theresa, 
the wife of the grand duke of Tuscany, Francis Stephen 
of Lorraine. Until the election of her husband as emperor 
in 1745, Maria Theresa was referred to only as queen of 
Hungary and Bohemia. Her descendants represented the 
House of Habsburg-Lorraine.

Charles VI had established a reasonably unified order 
of succession for all the lands under the Habsburg scep- 
tre (the so-called Pragmatic Sanction). By making broad 
concessions to foreign powers, he had secured their recog- 
nition of this act, and he died expecting a smooth suc­
cession for Maria Theresa. It was her misfortune that the 
poor state of Austria’s military defenses during the last 
years of Charles’s reign had vitiated his careful diplomatic 
manoeuvres, and it was of particular importance that four 
months prior to the Emperor’s death another young ruler, 
Frederick II the Great, had succeeded to the throne of 
Prussia, which he wanted to raise to great power status. 
Thus it was that a major German state, which previously 
had been consistently loyal to the Austrian and imperial 
cause, became throughout Maria Theresa’s entire reign the 
most determined foe of the Habsburg Empire. The specific 
issue in the conflict over supremacy in the German orbit 
was Frederick’s intent to wrest the rich province of Silesia 
from the Habsburgs. The kings of Spain and of Piedmont- 
Sardinia and the electors of Bavaria and Saxony in full or 
in part challenged Maria Theresa’s claims to succession, 
despite the fact that they had previously all acknowledged 
the Austrian heiress’ right to rule. Frederick, on the other 
hand, cared less about the succession than about Silesia.

By October of 1741 Frederick’s army, then the best 
trained in Europe, had occupied Lower Silesia, and Ma­
ria Theresa in that month concluded a treaty in which 
she ceded this majof and richest part o f the province 
to Prussia under threats from other quarters. France, the 
hereditary foe o f Austria and main inspiration of the anti- 
Habsburg coalition, had, in an alliance of Nymphenburg 
(May 1741), pledged to support Spanish and Bavarian 
claims on Maria Theresa’s inheritance. Charles Albert, the
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elector of Bavaria, was promised part of the Alpine Hered­
itary Lands and Bohemia, and, with French support, was 
elected emperor as Charles VII. On the day of his corona- 
tion, Austrian forces occupied his own Capital, Munich.

Maria Theresa was helped by the fact that two major Eu­
ropean powers, Great Britain and Russia, did not wish to 
see the Habsburg Empire dismembered. The British and 
the Dutch soon gave Austria active support, and Saxony 
and Sardinia dropped out of the anti-Habsburg coalition 
to support Maria Theresa, whose chances of consolidating 
herseif on the throne thus became more promising.

But the Situation remained serious. Habsburg forces still 
had to face Spanish troops in northem Italy, and in the 
spring of 1744 France declared war on Austria. One year 
later, in May, French troops defeated British and Dutch 
forces at Fontenoy in the Austrian Netherlands (the major 
part of present-day Belgium).

Frederick II of Prussia, who had watched developments 
closely after the definitive peace with Austria (Treaty of 
Berlin, July 1742), was afraid that the Austro-British- 
Dutch coalition might eventually be victorious and that 
Maria Theresa might be able to turn her main forces 
against him and regain Silesia. Stealing a march on the 
Habsburgs, he invaded Bohemia in August 1744. This 
time Austrian resistance was more determined, and though 
Frederick failed in his designs on Bohemian territory, he 
succeeded in confirming the victory of his first campaign 
by a new peace treaty, the Treaty of Dresden, December 
1745. Having thus secured his Silesian spoils, he could 
afford to support the election of Francis Stephen of Lor­
raine as Holy Roman emperor in succession to Charles 
VII (died January 1745).
The war over the Austrian succession continued. As far 

as the Habsburg power was concerned, the results of the 
fighting in Italy, Belgium, and Holland were on the whole 
indecisive. A defensive alliance with Russia (1746) pro­
tected Austria from the danger of a new Prussian attack.

During these latter stages of the conflict, the question of 
the preservation of the Habsburg Empire was no longer 
an issue. The problem was merely the price that had to 
be paid for survival. In the long, drawn-out peace negotia­
tions of Aix-la-Chapelle, Wenzel Anton, Graf von Kaunitz 
(subsequently Prince von Kaunitz-Rietberg, from 1753 to 
1792 Austria’s state chancellor) showed for the first time 
his mettle as a diplomat of consummate skill. Austria 
had to return some minor principalities in Italy to Span­
ish Bourbons until such time as the Bourbon lines there 
became extinct. A small frontier rectification in favour 
of Piedmont-Sardinia also had to be made, but neither 
of these adjustments was of great consequence. Far more 
important and painful was, of course, the loss of the major 
part of Silesia to Prussia, which opened the way to the rise 
of a new European great power as the most serious rival of 
the Habsburgs in Germany. It also meant a considerable 
drop in the number of Germans living within Habsburg 
lands, with important consequences in the rise of the 
national problem in the following Century. On the other 
hand, Maria Theresa, a determined woman of courage, 
moderation, and charm, had managed to establish good 
relations with the frequently rebellious Magyars and had 
secured at least their nominal support at the height of the 
succession crisis.

The Habsburg Empire was not dismembered. Nor did it 
become a satellite state under the tutelage of other great 
powers. The outcome of the War of the Austrian Succes­
sion, except for the loss of Silesia, was a genuine defensive 
victory and proved to the world that Austria represented 
more than an agglomeration of lands under the same rule, 
acquired by wars and marriage contracts. In the two cen­
turies since Ferdinand I, regent in the so-called Hereditary 
Lands, had become king in Bohemia, Hungary, and Cro- 
atia, a certain cohesion between the major historie units 
of the empire had clearly, after all, been established.

As far as the worldwide colonial aspects of the struggle 
were concerned, the results of the war were indecisive; 
certainly they were not to the advantage of Austria’s tra­
ditional ally, Great Britain. A more permanent settlement 
of the conflict was reached only at the Treaty of Paris 
between Britain, France, Spain, and Portugal in February

1763—by and large to the disadvantage of the French, by 
then Austria’s nominal ally.

During the brief era of peace—the eight years (1748-56) 
between the end of the War of the Austrian Succession 
and the Seven Years’ War—Austrian military Organiza­
tion was revamped, and a state-wide system of conscrip­
tion was introduced. The artillery in particular was greatly 
improved, and at the end of the period the Empress was 
ready once more to take up the struggle with Prussia. The 
new state chancellor, Kaunitz, had set an entirely new dip­
lomatic stage for this difficult enterprise. The diplomatic 
actions taken at that time are generally referred to as the 
“reversal of alliances,” actually a treaty system intended to 
isolate Prussia. It was in the interests o f both Austria and 
France, hereditary enemies for two centuries, to become 
allies, since both were concerned about the rapid rise of an 
aggressive and unpredictable Prussia in the north. In the 
event of an Austrian reconquest o f Silesia, the Austrian 
Netherlands were to be ceded to France. Russia, worried 
about Prussia’s future designs in the east in regard to Po­
land, joined the coalition in January 1757, as did Sweden.

Prussia forestalled the Austrian diplomatic and military 
preparations by means of a surprise preventive attack in 
1756. But it was able to counterbälance the weight of the 
formidable coalition rallied against it only by a subsidy 
treaty agreement with Britain, the former traditional ally 
of the Habsburg Empire. The tremendous superiority of 
the great coalition in territory and population figures was, 
however, in part offset by divisions among its members, 
in whose success Austria had by far the major stake. In a 
purely military sense, Frederick II had the füll advantage 
of an inner line of defense. His brilliance as a military 
leader compared to that of the careful but too cautious 
Austrian commander in chief, Leopold Joseph, Graf von 
Daun, also counted heavily in his favour. The French 
army was in full decline, and the forces from the Holy 
Roman Empire outside of Austria, convoked by the em­
peror Francis of Lorraine against the Prussian aggressor, 
failed lamentably.

Though Austrian and Russian victories were sparse com­
pared to a string of Prussian successes, the superior power 
of the coalition would have inevitably resulted in victory 
if the new tsar, Peter III, a great admirer of the Prussian 
King, had not withdrawn in 1762 from the war. Further 
designs to reverse Russia’s position and to side openly with 
Frederick were foiled by Peter’s overthrow a few weeks 
later. The initiator of the plot, his former consort and now 
ruling empress, Catherine II, did, however, sign a separate 
peace with Prussia on the basis of the status quo. Only a 
few weeks later the French withdrew from the war as well, 
since the obvious inability of the Austrian troops to regain 
Silesia killed France’s hope for the acquisition of Belgium. 
In consequence of this, Maria Theresa, in the hardest 
decision of her reign, was forced to give in. Thus it was 
that the Treaty of Hubertusberg, concluded with Prussia 
in February of 1763, merely confirmed the outcome of 
the two previous Silesian wars. The only minor concession 
made by Frederick was a pledge to cast the electoral vote 
of Brandenburg (Prussia) in the next imperial election in 
favour of Maria Theresa’s oldest son, Joseph.

The most decisive result of the Austro-Prussian Seven 
Years’ War was the rise of Prussia to great power sta­
tus. Austria, though weakened, remained a great power, 
and compensatory acquisitions for the loss of Silesia were 
impending. But, taking a long-range view, the Prussian 
victory represented a decision in the first round of the 
struggle for supremacy in Germany between the Habsburg 
Empire and Prussia, a conflict that the Habsburg Empire 
was to lose decisively within a Century.

Foreign policy, 1763-92. In 1772 Austria participated 
in the first partition of Poland and acquired Galicia. The 
initiative for the partition came from Frederick II. Cather­
ine II the Great of Russia would have preferred to have 
an undivided satellite Poland as her neighbour, but Maria 
Theresa, anxious to prevent a further shift of the balance 
of power to Austria’s disadvantage, participated in the 
partition, though she regretted the breach of all traditions 
of international order. In 1774 the Habsburg Empire was 
given the Bukovina to the southeast of Galicia from the
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Ottoman Empire as reward for Austrian mediation in a 
Russo-Turkish conflict. These enterprises were due in part 
to the influence of the young Joseph II, who, after the 
death of his father, Francis, in 1765, succeeded as shadow 
emperor of the Holy Roman Empire and became co- 
regent with his mother in the Habsburg lands.
Joseph’s ambitions went much further. In 1778, after the 

older line of the House of Wittelsbach had expired, he 
came to an understanding with the head of the younger 
Palatine line, according to which the Habsburgs would 
become heirs to the rule of Bavaria. Frederick II quite nat- 
urally opposed this agreement, which would much more 
than offset the loss of Silesia and would have given the 
Habsburgs renewed predominance in Germany. Joseph 
refused to yield, even though he was only lamely sup­
ported by his mother, and a new confrontation became 
inevitable. Military operations initiated in Bohemia in the 
summer of 1778 remained indecisive, however, and in 
May 1779 the Treaty of Teschen was negotiated between 
Maria Theresa and Frederick, both then in their old age 
and reluctant to fight another major war. Thus, Joseph 
had to put off his ambitious scheme, and the cession of the 
Innviertel by Bavaria, now incorporated into Upper Aus­
tria, had to serve as meagre consolation. Though Joseph’s 
original plan would, in fact, never have been tolerated 
by the European great powers, in 1785, five years after 
the death of the great Empress, her intemperate son and 
successor reverted to his old scheme, this time proposing 
the exchange of Bavaria against the Austrian Netherlands. 
Again Frederick thwarted the plan, and Joseph’s designs 
to undo the balance established by the Silesian wars were 
put to rest.

Joseph’s foreign policy lacked success in other respects, 
too. His eagemess to harter the noncontiguous Austrian 
Netherlands for Bavaria resulted in part from the fact that 
he was frustrated in his understandable designs to undo 
the restrictions imposed on the Austrian rule there by the 
peace treaties of Utrecht and Rastatt of 1713 and 1714. 
These restrictions included the closing of the Scheidt River 
by the Dutch and Dutch rights to garrison the Austrian 
border fortresses against France at Austrian expense. But 
Dutch and French objections blocked Joseph’s plan.

Failing thus in the west, Joseph hoped, as Russia’s ally, 
to make at least some gains in a new Austrian war against

the Turks. This struggle, started in 1788, ended the year 
after Joseph’s death (1791), again in a meagre compro- 
mise. Thus the Emperor, whose great gifts included skill 
neither in diplomacy nor in military strategy, was in his 
conduct of foreign affairs far more unfortunate than most 
of his predecessors, who were not in other respects his 
intellectual peers.
His brother and immediate successor, Leopold II, here- 

tofore Grand Duke of Tuscany, certainly was Joseph’s 
intellectual peer, particularly in his ability as diplomat. He 
inherited from his brother a domestic Situation in which 
Hungary and Belgium were in full revolt. In international 
relations he had to carry the mortgage of the sterile Turk­
ish War begun by his brother, and he was faced as well by 
the possibility of a new partition of Poland, which might 
exclude Austria as beneficiary. But above all he had to 
deal with the spectre of an ever more serious revolutionary 
Situation in France, which might well involve Austria in a 
long war of unpredictable outcome.

In domestic matters, Leopold, an enlightened ruler in 
Tuscany, had to retreat cautiously and regretfully from 
some of the reform legislation in the Habsburg Empire. 
In foreign affairs he had to end the Turkish War by 
the best possible compromise. As to the Polish question, 
encouraged by the spirit of reform in truncated Poland, 
he wanted to avoid a new partition altogether, but at 
the same time he wished to keep relations with Russia 
and Prussia on an even keel. This included, of course, 
an understanding in regard to the foremost international 
problem of his reign—the relationship to revolutionary 
France. Though naturally opposed to the revolutionary 
spirit, Leopold’s course was remarkably free from consid- 
erations arising from close family ties, specifically the fate 
of his brother-in-law, King Louis XVI, and sister, Queen 
Marie-Antoinette. Leopold approved of the concept of a 
French constitutional monarchy, but to be prepared for all 
contingencies, in July 1790, he secured an understanding 
with Frederick William II, the new king of Prussia, con- 
ceming common interests o f both countries in the east. 
At this time relations with France were aggravated further 
by the French seizure of the estates o f great nobles in the 
Alsace, since they could be considered subjects of the Holy 
Roman Empire as well. The establishment of the head- 
quarters of anti-revolutionary French political refugees in
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the German Rhineland created additional tension. In a 
second meeting with Frederick William II at Pillnitz in 
Saxony in August 1791, the two rulers publicly expressed 
their concem with the French Situation. But joint inter- 
vention would depend on British and Russian support. In 
February 1792 the Emperor considered it opportune to go 
one step further and concluded a defensive alliance with 
Prussia. Whether he would eventually have taken the final 
step and gone to war with France is conjectural; on March
I, 1792, he died unexpectedly. Less than two months later 
Austria did find itself at war, and while the declaration to 
that effect was made by France, the new emperor, Francis
II, Leopold’s son, a young man of modest abilities, had 
done little to prevent it.

The struggle with France, 1792-1815. In the ensuing 
era of almost continuous warfare that lasted for nearly a 
quarter of a Century, the Habsburg Empire was involved 
more heavily than any other Continental European power. 
This was partly because of its geographic location in the 
centre of Europe, partly because of Francis’ position as 
Holy Roman emperor until 1806. The gradual transition 
from enlightened regimes of Joseph II and Leopold II to 
an increasingly conservative spirit under his rule was of 
additional significance. At the beginning of the war period 
Austria fought the spirit of the French Revolution. Sup­
ported by Spain, Portugal, and, above all, Prussia, it was 
engaged in the War of the First Coalition from beginning 
to end (1792-97). Yet Prussia dropped out of the war in 
1795 to prepare for the third partition of Poland, after 
Prussia and Russia had jointly excluded Austria from the 
second partition. The Austrians fought against the French 
revolutionary armies in Belgium, Holland, and the Rhine- 
lands with indifferent success. While the emperor Francis’ 
far abler younger brother Archduke Charles checked the 
French in southem Germany, the young Bonaparte rout- 
ed the Austrians in Italy, crossed the Alps, and invaded 
Carinthia and Styria. In April 1797 Austria had to agree 
to the armistice and Preliminary Peace of Leoben and in 
October of the same year to the permanent one of Cam­
po Formio. The Habsburg Empire was let off relatively 
lightly. While the Austrian Netherlands (an indefensible 
province anyway) and Lombardy had to be ceded, terri­
tories of the Republic of Venice to the east of the Adige 
were gained. This forced participation in the destruction 
of the ancient Venetian republic put Austria in no better 
light than Prussia and Russia in the second partition of 
Poland. On behalf of the Holy Roman Empire, Francis 
also had to cede the left bank of the Rhine to France 
and accept a scheme by which the German ecclesiastical 
princes were deprived of their secular powers (Congress of 
Rastatt, 1797-99). This action further weakened Francis 
as Holy Roman emperor, although his position as ruler 
of the Austrian lands was strengthened somewhat by the 
third and final partition of Poland in 1795, in which Aus­
tria gained West Galicia as far as the Bug River.

In the War of the Second Coalition (1798-1802), three 
major European powers— Prussia, England, and Austria— 
supported by Portugal, Naples, and the Ottoman Empire, 
represented the anti-French alliance. The theatres of war 
were again southem Germany and Italy, and, this time, 
Switzerland. When, in 1800, the Russian armies withdrew, 
the Austrian position became precarious. French advances 
in northem Italy and Southern Germany were followed 
by the Armistice of Steyr in December 1800 and by the 
Treaty of Lunéville in February 1801. According to the 
terms of the latter, the provisions of the Treaty of Campo 
Formio of 1797 and the cession of the left bank of the 
Rhine to France were confirmed. The System of French 
satellite republics in Holland and Italy had to be recog­
nized. Thus the main Habsburg territories were left intact, 
but Austria’s position in Germany was further weakened.

Austria’s chances in the War of the Third Coalition 
(1805-07) at first seemed promising. There was genuine 
military Cooperation with Russia, and the coalition was 
able to count on the naval and financial support of Britain. 
Pmssia, however, delayed a decision concerning its par­
ticipation. The Austrians were defeated in Germany and 
the critical Situation thus created forced their retreat from 
Italy as well. In November 1805 French troops occupied

Vienna for the first time. On December 2 the Austrians 
and Russians were badly defeated by Napoleon at Aus­
terlitz in Moravia, and the harsh Treaty of Pressburg was 
imposed on Austria hardly three weeks later. According 
to its principal provisions the Venetian territories gained 
in 1797 had to be ceded together with Tirol, Vorarlberg, 
Brixen, and the Trentino. The confirmation of Austria’s 
incorporation of Salzburg and Berchtesgaden (1803) could 
not serve as adequate compensation for these severe losses. 
The Habsburg Empire had ceased to be a great power, and 
the Holy Roman Empire, in the face of French advances 
toward the east, was doomed.

It had not been difficult to foresee these developments 
when Bonaparte proclaimed himself emperor of the French 
in 1804. To maintain Austria’s position as best he could, 
and anxious to preserve the imperial title for his house, 
Emperor Francis proclaimed himself emperor of Austria 
on August 14, 1804. This purely declaratory manifesto, 
never submitted for the consent of the Estates of his 
lands as the Pragmatic Sanction had been a Century be­
fore, pertained to all the Habsburg realms and might well 
therefore have been challenged, above all by Hungary. Yet 
this was not a major issue in the turmoil of the times. 
A month after Napoleon established the Confederation of 
the Rhine, Francis accordingly abdicated the empty title of 
Holy Roman emperor (August 1806). Invested only with 
an imperial title devoid of a great historical tradition, he 
ruled henceforward as Emperor Francis I of Austria.

The period from 1805 to 1809, when Austria was com- 
pelled to join the French Continental blockade system, was 
one that saw the rise of feelings that were truly national, 
even though they were largely confined to the Austro- 
German orbit. A new, energetic, and idealistic foreign 
minister—Johann Philipp, Graf von Stadion—attempted 
to prepare the diplomatic ground for a renewed struggle 
against French expansion, and the archduke Charles or- 
ganized a national militia. Encouraged by continued Brit­
ish resistance and by the guerrilla warfare of the Spanish 
people against the French occupation, Austria, on April 9, 
1809, declared war on France. In contrast to a prostrate 
Prussia and to the German princes who catered to the 
whims of the foreign conqueror, the Habsburg Empire— 
bravely and vainly—tried to redress the balance in Europe. 
By mid-May 1809 Vienna was in French hands, though 
this time only after an artillery bombardment. The Aus­
trians fought on, and a week later, at Aspern, on the left 
bank of the Danube opposite Vienna, Archduke Charles 
administered the first defeat to a French army command- 
ed personally by Napoleon. He failed, however, to take 
advantage of this victory, and six weeks later the Austrians 
were decisively defeated at Wagram. Peace was dictated 
by the Victors at the imperial castle of Schönbrunn in 
October 1809. This time Salzburg, a part of Upper Aus­
tria, and northern Tirol became parts of Bavaria; southem 
Tirol became part of the satellite kingdom of Italy, and 
West Galicia part of a new puppet Grand Duchy of 
Warsaw. The western parts of the Austrian southem Slav 
territories were ceded to France, and a heavy indemnity 
had to be paid.

A by-product of the defeat was the emshing of the heroic 
rising of the Tirolean peasants and the execution of their 
brave leader, Andreas Hofer. A far-reaching economic 
consequence of the war period was the state bankruptey 
of 1811, which reduced the Austrian currency to one-fifth 
of its previous value.

Now a remarkable change in Austrian foreign policy 
took place. Shortly before the conclusion of the Treaty 
of Schönbrunn, Count (later Prince) Clemens Metternich, 
formerly ambassador to Napoleon’s court, was appointed 
minister of foreign affairs in place of Stadion, whose anti- 
French policy had failed. Metternich conducted foreign 
policy for almost 40 years, until the outbreak of the Rev­
olution of 1848. His first task was to shift from an anti- 
French policy, based partly on ideological grounds, to one 
of expedient Cooperation until the day when new oppor­
tunities to restore Austria to its former rank as a great 
power would present themselves. He pursued this policy 
with great skill. One of his first moves was to persuade 
his imperial master to agree to Napoleon’s request for
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the hand of Francis’ eldest daughter, Marie-Louise (1810). 
Humiliating as acceptance of this demand by an upstart 
ruler was to an ancient dynasty, Metternich considered it 
conducive to Austrian interests.

In the War of 1812, Austria—France’s new ally by mar­
riage—was forced to put up an auxiliary corps under 
Karl Philipp, Prince zu Schwarzenberg, but Metternich’s 
instructions were that any significant encounter with the 
Russian forces should be avoided. After the annihilation 
of the great French army in Russia and the continuation 
of the war in Germany by Russia and Prussia with the 
support of England and Sweden, the Habsburg Empire 
managed to stay neutral, thus raising the price for its sub­
sequent intervention. It was clear that such Intervention 
could only be on the side of the anti-French alliance, 
but Austria first offered Napoleon its “armed mediation,” 
provided Napoleon would give up his overlordship of the 
German territories on the right bank of the Rhine and 
dissolve the Grand Duchy of Warsaw. The demand for 
the retum of all Austrian territories ceded to France in the 
Treaty of Schönbrunn was raised. Napoleon, as expected, 
rejected the offer, and in August 1813 Austria became a 
partner in the War of Liberation, although the national 
issues previously raised by Stadion were played down by 
the conservative Metternich.

By its belated entry into the grand coalition, Austria had 
secured particularly favourable terms. Even though the 
Habsburg forces were smaller in number than those of 
Russia and Prussia, Prince zu Schwarzenberg was appoint­
ed commander in chief of the allied armies. Although a 
strategist of no better than average ability, he proved to 
be a skillful moderator among the ambitious generals of 
the coalition. His much abler chief of staff, Joseph, Graf 
Radetzky, must be credited with drawing up the plans for 
the great Battle of Leipzig (October 16—19), which broke 
the back of the French operations in Germany. Napoleon 
rejected an offer on the part of the allies that would have 
conceded the Rhine and Alp frontiers including Belgium 
and Holland to France. It is probable that Metternich at 
this time would have liked to keep a greatly weakened 
Napoleon in power as the best bulwark against the danger 
of a new French revolution.

On New Year’s Eve, 1813, the war was carried into 
France. Had it not been for the tremendous superiority 
of the allies and the exhaustion of the French people, 
Schwarzenberg’s indifferent strategy would hardly have se­
cured victory. As it was, the allies were able to take Paris 
by the end of March 1814, force Napoleon’s abdication, 
and secure the restoration of the Bourbons. The Treaty of 
Paris of May 30, 1814, gave France the relatively favour­
able frontiers of 1792. The reorganization of Europe was 
to be arranged at a congress that was to meet in Vienna 
in September 1814 under Metternich’s chairmanship.

In the negotiations, which lasted until June 1815, Austria 
sided in general with Bourbon France and with England. 
Austria regained most of the territories that it had lost in 
the Treaty of Schönbrunn. Its former rule in the Austrian 
Netherlands and in Southwest Germany was not restored, 
since Metternich saw little advantage in the control of 
noncontiguous areas. The Habsburg Empire was compen- 
sated in Italy: not only were Lombardy and the Vene- 
tia recovered; Tuscany, Modena, and—for the lifetime 
of Marie-Louise— Parma and Piacenza, also, were estab­
lished as Habsburg semi-independent appendages in Italy. 
Napoleon’s consort, now separated from him, was to rule 
in these two last-mentioned principalities. It is question- 
able whether the restoration of the Holy Roman Empire 
might not have served Austria’s interests better than the 
establishment of the German Gonfederation (June 1815) 
under Austria’s presidency.
In line with Emperor Francis’ and Mettemich’s wishes, 

the confederation gave Austria, though only jointly with 
Prussia, far-reaching control over German affairs. This 
control was aimed in particular at preventing the es­
tablishment of representative constitutional govemments 
and liberal institutions in any of the 50 German States. 
Reestablishment of the Holy Roman Empire would have 
struck a strong chord in the heart of the Austro-German 
peoples but this was precisely what Metternich, fearful of

any expression of the populär will, did not want. Following 
the same line of thought, he believed that the dismember- 
ment of Italy would prevent the future unification of the 
country under liberal national banners.

Metternich’s skill restored Austria to great power status 
and even resulted in his diplomatic leadership as the so- 
called coachman of Europe. But the two major issues that 
were to severely weaken the position of the Habsburg Em­
pire within the next half-century—the German and the 
Italian problems—were accentuated rather than solved by 
the settlement of 1815.

Reforms and their reversal, 1740-1815. The enlight- 
ened era in the Habsburg Empire comprises the reigns of 
Maria Theresa (1740-80) and those of her two brilliant 
sons, Joseph II (as co-regent from 1765 to 1780 and in his 
own right from 1780 to 1790) and Leopold II (1790-92). 
Maria Theresa, much better adjusted to reality than her 
immediate successor, drew chiefly on pragmatic experi- 
ence. She wanted to secure the well-being of her subjects 
and to affirm the control of the state as far as compat­
ible with traditions and customs. Joseph II intended to 
move faster and more in line with abstract, enlightened 
principles. He had little patience with references to tra­
dition and was in some respects less prejudiced than his 
mother. Leopold II was, in his basic views, closer to his 
brother than to his mother, whom he resembled in his 
judicial temperament. While he would presumably have 
liked to expand Joseph’s reforms, it was the main task of 
his all-too-short reign to quell the revolts in Hungary and 
the Austrian Netherlands and to settle the unrest in the 
Hereditary Lands and Bohemia. Thus he was forced to 
retreat in essence from the reforms of Joseph II to those 
of Maria Theresa. Under his son, Francis (1792-1835), 
the trend gradually became one of extreme conservatism 
and outright reaction, in part because of the preferences of 
this mediocre ruler but largely as a result of the counter- 
revolutionary spirit of the times.

The basic idea of the administrative reforms was to 
transform the estates System into a partially bureaucratie 
administration based on civil service rules, although Ma­
ria Theresa considered it expedient to preserve at least the 
external, but by then rather hollow, Shell of the estates 
structure. Thus, on the provincial level, the speakers of the 
crownland Estates presided over most of the agenda of the 
provincial administration. On the top level of administra­
tion for the whole empire, the state chancellery of old was 
divided into a court chancellery entrusted with domestic 
agenda and a state chancellery proper for foreign affairs. 
An advisory state council was composed in part of great 
nobles and in part of high bureaucratie officials. A direc­
tory on public affairs for the Bohemian and Hereditary 
Lands was subsequently converted into the United Aus­
trian and Bohemian Court Chancellery. A new commerce 
directory for the whole empire was established.

Maria Theresa introduced restrictions on the largely ar- 
bitrary patrimonial jurisdiction of the lords on their es­
tates and transferred venue in matters of capita! offenses 
to fewer and better courts. She steadfastly opposed the 
abolition of torture, though not on account of any basic 
cruelty of her character. She simply could not imagine 
how sufficiënt evidence could be gathered without forced 
confession. It was not until 1776 that she was finally 
persuaded to abolish torture. In this respect, Austria had 
lagged behind France, Prussia, and even Russia.

Joseph, who had much more understanding of judicial 
questions than did his mother, did much to improve civil 
and criminal procedure. He provided free legal counsel for 
peasants in litigation with lords. Although criminal justice 
administered on the basis of the strictly utilitarian phi- 
losophy of the Emperor was still extremely harsh, Joseph 
did much to improve civil law. The superb code of civil 
law of 1811, initiated in substance under Joseph, came to 
fruition only under Emperor Francis.

As to public finance, both the nobles and the church lost 
various privileges in regard to exemption from taxation. 
Craft guild restrictions, particularly those conceming the 
admission of apprentices, were loosened. Much was done 
to help the peasants in the newly gained trans-Carpathian 
territories (Galicia and Bukovina) by direct and indirect
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government assistance, the abolition of customs duties 
for exports to other crownlands, and by the granting of 
various privileges for new settlers. The basically mercan- 
tilist economic policy of Charles VTs reign was somewhat 
changed in line with the influence of physiocratic and so- 
called populationist theories. Henceforth, skilled human 
labour, and not precious metal, was gradually to become 
the yardstick of national wealth. This led, on the one 
hand, to restrictions on emigration, and, on the other, to 
improvements in vocational training. Severe import re­
strictions on so-called luxury goods, which frequently had 
killed demand rather than encouraged the rise of competi- 
tive domestic industries, were somewhat modified. Joseph 
II went further. In regard to industrial and commercial 
enterprise, he was, much in contrast to his overall political 
philosophy, a strong supporter of private initiative.

Maria Theresa went a long way toward alleviating the 
lot of the unfree peasants. For the first time in Austrian 
history, the service obligations of the peasants were strictly 
defined. Above all, the ambiguous double role of the lord 
as landowner and official of local government was put 
under government supervision.

Joseph expanded the reforms of Maria Theresa. He fur­
ther reduced the governmental functions of the lord and 
by legislation of 1781 abolished serfdom altogether outside 
of Hungary. Similar legislation was introduced in Hun­
gary between 1784 and 1786. The mistaken belief of the 
Hungarian peasants that abolition of serfdom made them 
free owners of the land was, however, a major cause of the 
revolutionary Situation at the time of the Emperor’s death. 
The full conversion o f the peasant’s personal services out­
side of Hungary into obligations to be paid off in cash was 
somewhat precipitate, for money, in an agricultural econ­
omy still largely based on harter, was lacking. Leopold II 
reversed Joseph’s peasant legislation so that things stood 
much as they had been at the time ofthe death of Maria 
Theresa. There was little further change until 1848.

The greatest single achievement of Maria Theresa’s reign 
was her educational reform at the elementary and inter- 
mediate levels. Three types of schools were introduced: 
(1) elementary schools in all but the smallest villages, in 
which reading, writing, and arithmetic were taught, with 
attendance being compulsory; (2) district schools in every 
administrative district, in which history, more advanced 
study of the vemacular language, geometry, drawing, 
and some vocational training were offered; and (3) so- 
called normal schools, established in the crownland cap­
itals. Meant to be terminal schools for the urban middle 
dass, they served also as teacher-training institutions. As 
for higher education, reforms under Maria Theresa were 
handicapped by her mistrust of—as she perceived them— 
radical enlightened ideas. She was, however, persuaded 
to transfer censorship from Jesuit control to a new and 
somewhat more liberal state agency. Some new chairs in 
the natural Sciences and law were established at the Uni­
versity of Vienna, but progress in this respect was limited, 
and non-Catholics were altogether barred from graduat- 
ing. Maria Theresa also founded some outstanding special 
schools, One of them was meant to train young nobles for 
public service, another, officers for the armed forces.
Joseph’s reign proved to be disappointing as far as ed­

ucation was concerned. Censorship, it is true, was elimi- 
nated—at least as far as criticism of the government was 
concerned. But the Emperor’s utilitarian objectives pre- 
cluded practically any purpose in higher education other 
than the training of civil servants. The publication of liter­
ature that could not serve as a textbook for disciplines of 
immediate practical use was not encouraged. Under Em­
peror Francis, censorship was reintroduced in full force.

Radical church reforms are usually associated with Jo­
seph’s reign, but here also Joseph followed in the footsteps 
of his mother. Both rulers were devoutly religious, but 
both believed in firm state control of ecclesiastical matters 
outside of the strictly religious sphere. Following popu­
lationist doctrines, the Empress ordered restrictions of 
religious holidays and the Prohibition of ecclesiastic vows 
prior to the 24th birthday. She insisted that clerics were 
subject to the jurisdiction of the state in nonecclesiastical 
matters. The acquisition of land by the church was to be

controlled by the government. She took action against the 
Society of Jesus (Jesuits), but only in 1774, after the Pope 
had ordered its suppression.

Joseph’s most radical measures were the issue of the 
Edict of Tolerance of 1781 and his monastic reforms. The 
edict and the legislation attached to it gave Protestants 
near equality and gave Jews the right to enter various 
trades, as well as permission to study at universities. In 
this respect the difference between the Emperor and his 
mother was fundamental. While Maria Theresa viewed 
Protestants as heretics and Jews as the embodiment of 
the Antichrist, Joseph fully respected other Christian de- 
nominations and entertained secret plans to establish an 
Austrian state church independent of Rome.

As to the monasteries, Joseph held that institutions not 
engaged in useful work for the community, above all 
agriculture, care of the sick, and education, should be 
dissolved. Consequently, about a third of the Austrian 
monasteries ceased to exist, their former members being 
ordered to learn skills adapted to secular life. The prop­
erty of the dissolved institutions was used to pay for the 
upkeep of parishes and to finance the establishment of 
new parishes.

Control of church discipline and church property were 
further tightened by Joseph; seminaries for the training 
of the clergy were secularized. He even tried, without 
success, to simplify radically the Catholic liturgy. Many 
of his religious policies were discontinued in the reaction 
that followed, but the Edict o f Tolerance and the monastic 
reform were maintained.

Joseph was unsuccessful in his efforts to achieve empire- 
wide administrative centralization. In particular, his at- 
tempt to enforce the use of German as the language of 
administration in Hungary was a failure and certainly 
accelerated the growth of Magyar nationalism and anti- 
German feeling there. On his accession, Leopold II was 
forced once more to recognize Hungary as a separate unit 
of the Habsburg lands.

THE AGE OF METTERNICH, 1815-48
Austria’s leading diplomatic position after the conclusion 
of the second peace treaty of Paris in November 1815 
was never anchored primarily in the power potential of 
the Habsburg Empire but in the skill of Metternich and 
his adviser, Friedrich von Gentz, in establishing a com­
mon conservative platform acceptable to east and west. Its 
ideological foundation was meant to be the Holy Alliance 
of the European powers of September 1815, as proposed 
by Tsar Alexander Land as opposed by the British gov­
ernment. It was meant to organize Europe on the basis of 
Christian authoritarian principles, implying the possibility 
of intervention by foreign powers in revolutionary or even 
merely liberal movements abroad.

In the ensuing period of the Concert of Europe (an at- 
tempt to establish a directorate of the great powers over 
European affairs), which saw limited Cooperation among 
the great powers at the conferences of Aix-la-Chapelle 
(1818), Troppau (1820), Laibach (1821), and Verona 
(1822), France was commissioned to put down a revolu­
tionary rising in Spain and Austria was to suppress a revolt 
against the brutal oppression by the Bourbon regime in the 
Kingdom of the Two Sicilies. These actions caused Britain 
to withdraw from the concert of the five great powers. 
The shattering blow to Metternich’s concept of the anti- 
revolutionary unity of the European powers, however, was 
Russia’s support of the Greek independence movement 
between 1821 and 1830. Therewith his system in interna­
tional relations had for all practical purposes broken down 
and could not be restored but merely patched up.

Two immediate problems for Metternich were the mainte­
nance of Austria’s hold in Italy and the struggle with 
Prussia for supremacy in Germany. As to Italy, the secret 
Carbonari Movement and the liberal Young Italy promot- 
ed by Giuseppe Mazzini were in full swing throughout the 
whole Restoration period. The French July Revolution of 
1830, another defeat of the Metternich system, encour­
aged open revolt in the Austrian appendages of Parma 
and Piacenza and in the Papal States. Austrian troops had 
to restore the old order by force of arms.
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The handling of the Italian question, while it did not re- 
ally undermine Austria’s power, gave Austria the image of 
a tyrannical oppressor of a freedom-loving, highly cultured 
people. That the Austrian administration in Lombardy- 
Venetia was neither corrupt nor by Contemporary Stan­
dards particularly inefficiënt counted little in its favour.

Even more serious was the German problem, which 
involved issues of real power for the whole Habsburg 
Empire. Such issues had great emotional impact on the 
Austro-Germans in general and in particular on the liberal 
intelligentsia. In their rejection of liberal, potentially revo­
lutionary trends as dangerous to their rule, the German 
princes saw eye to eye, but the Emperor óf Austria and 
the King of Prussia were deeply divided as regards the 
issue of supremacy in Germany.

The Wartburg Festival (1817) of German academie youth 
celebrating the tercentenary of the beginning of the Refor­
mation had worried the princes deeply. The assassination 
of the playwright August von Kotzebue as an alleged 
Russian spy by a radical German student gave the con­
servative powers the opportunity for which they had been 
waiting. Under the leadership of Metternich and with the 
active Cooperation of the increasingly reactionary Tsar 
Alexander, the Carlsbad Decrees were passed in August 
1819. These put the German and Austrian universities un­
der strict government control. Student associations were 
forbidden, censorship was strengthened. An investigatory 
commission was set up in Mainz, and teachers, writers, 
and students suspected of liberal views were blacklisted 
throughout Germany and Austria. In 1824 the German 
Confederal Assembly in Frankfurt renewed these provi­
sions at the instigation of Metternich for an indefinite peri­
od. New oppressive measures on an even larger scale were 
again introduced at Mettemich’s behest by the German 
Confederation as answer to republican demonstrations at 
Hambach (Palatinate) in 1832 and at Frankfurt in 1833. 
The restrictions were in essence still in force at the time 
of the outbreak of the Revolution of 1848.
In the conflict between the two leading powers in the 

confederation, Prussia took the lead first in the economic 
field. In 1819 Prussia and its largely noncontiguous do­
mains were merged into one customs association. Treaties 
of adherence by small neighbour States followed. By 1829 
most German States had joined the association. There 
were some major exceptions—most notably Austria. The 
whole plan was indeed directed primarily against Austria. 
Counter movements such as a south German customs 
union and a more limited central German one collapsed. 
When, on January 1, 1834, the German customs union 
(the Zollverein) was completed, Frankfurt, Baden, and the 
Hansa cities stayed outside with Austria. Prussia had how­
ever won an important political as well as economic vic­
tory. It made the German north and west (the Rhineland) 
the centres of gravity of further industrial development.
At this time Mettemich’s power was not only external- 

ly but also internally in decline. In 1824 Franz Anton, 
Graf von Kolowrat, a great noble of Czech origin, was 
appointed minister of state. Somewhat more enlightened 
than Metternich, particularly in regard to the Austrian 
Slavs, he carried great weight in matters of domestic ad­
ministration. The Situation changed further when in 1835 
the emperor Francis died and was succeeded by his eldest 
son, the feeble-minded crown prince Ferdinand. Metter­
nich believed that even a feeble-minded prince could not 
be bypassed, but the actual power of the government 
was transferred to a state conference consisting of two 
archdukes (both of limited intelligence) and Kolowrat and 
Metternich as permanent members.
Mettemich’s last success occurred in 1846 when a revolt, 

initiated by Polish nobles in Galicia, was suppressed after 
the peasants, indirectly supported by the government, had 
tumed against their oppressive masters. Because the revo­
lutionary ferment had been fed from the city republic of 
Cracow, Russia and Prussia agreed that Austria should in- 
corporate the ancient Polish coronation city into Galicia.

REVOLUTION AND COUNTERREVOLUTION, 1848-59
The revolutions of 1848-49. Mettemich’s victory was 

short-lived. Early in March 1848 a revolution began in

Austria as soon as news about the success of the revolution 
in France had spread. In Vienna, crowds of people led by 
students and young academicians asked for liberalization 
of the regime. A clash with the military led to bloodshed. 
The riots, in which workers participated, thereupon spread 
further. The demand for the aged Metternich’s resignation 
was met by the crown at once, for it was expected that 
after this symbol o f reactión was overthrown, order would 
quickly be restored. But encouraged by this first and un- 
expected quick success, the revolution spread across the 
empire.

Three main aspects of the Austrian Revolution may be 
distinguished: social, democratie liberal, and national or 
multi-national.
As to the social revolution, the Habsburg Empire was 

less industrialized than any major European state west of 
Russia. Thus, while workers participated courageously in 
the uprisings in Vienna, the impact of their intervention 
was relatively small and had little effect on governmental 
policies. There existed a far stronger movement for the full 
emancipation of the peasants, which meant giving them 
clear title to the lands without any further Obligation of 
service to the lords. The newly elected constituent assem­
bly in Vienna, in September 1849, passed legislation to 
this effect. This legislation was sanctioned by the Emperor, 
but the actual enforcement of this sweeping reform, in 
particular in regard to the financial indemnity to be paid 
by the peasants, was left to the postrevolutionary regime. 
Still, the influence of peasant emancipation on the revo­
lution was a powerful one. The largest and basically most 
conservative social dass appeared to be satisfied, and by 
the autumn of 1848 it was no longer a major factor in 
the revolution.

Concerning the liberal democratie revolution, a moder- 
ately conservative new cabinet had by April 1848 drawn 
up a new constitution usually referred to as the Piliersdorf 
Constitution, after the name of the minister of the interior. 
This document was, on the whole, fairly democratie. At 
about the same time, a liberal government under Count 
Lajos Batthyäny was formed in Hungary, in which some of 
the great leaders of the nation and the dominant figure of 
the more radical reform policy, Lajos Kossuth, participat­
ed. These men drew up a new constitution for Hungary. 
It provided far-reaching home rule for the country and, 
except for two provisions, was agreed to by the Emperor. 
The unresolved provisions were a demand for a separate 
budget and a more important demand that Hungarian 
troops not be called to action without the approval of the 
Hungarian government.
In the meantime FrantiSek Palacky, the great Czech his- 

torian and recognized intellectual leader of his people, 
had in a public letter rejected the participation of Czech 
representatives in the first freely elected German national 
assembly, which was to convene in May 1848 in Frank­
furt. While the lands of the Bohemian crown were legally 
a portion of the territory of the Habsburg Empire that 
belonged to the German Confederation, Palacky held that 
the Czechs, who strongly affirmed the existence of a multi­
national Austria as a bulwark against Russian advances to 
the west, could never be part of Germany.

German Austrian liberals and enlightened conservatives 
participated gladly in the National Assembly in Frankfurt. 
One of the few enlightened, though not liberal, members of 
the imperial house, Archduke John, was elected temporary 
regent of the new Germany, while a moderate Austrian 
liberal, Anton Ritter von Schmerling, was appointed prime 
minister in September 1848. Inasmuch as the Frankfurt 
assembly had no executive power, these positions meant 
little in practical terms. The assembly immediately began 
to work on the draft of a constitution, and here the Aus­
trian question represented one of the foremost divisive 
issues. The Grossdeutsch (Large German) faction wanted 
to include the Austrian Germans but was opposed to 
any overall association with the non-German majority of 
the Habsburg Empire. The Kleindeutsch (Small German) 
faction thought the only way to avoid this difficulty was 
to exclude Austria altogether. The solution adopted in the 
German federal constitution in May 1849 affirmed the in- 
cofporation of the German Austrian lands as long as they
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had a constitution and administration separated from that 
of the non-Germanic parts of the Habsburg Empire. But 
the practical effect of these provisions was nil, because 
by the time the constitution was adopted the counter- 
revolution was in full swing. Hardly a month later the 
Austrian deputies at Frankfurt were recalled. The Prussian 
government followed suit and about a month later the 
remainder of the parliament, which had been transferred 
to Stuttgart, was dissolved by simple police action. In 
essence this meant the end of the revolution in Germany, 
but not the end of the Austro-Prussian conflict as it had 
developed during the revolution.

The Prussian government wanted to exclude Austria in a 
roundabout way from the confederation. A union scheme 
was therefore proposed by Prussia and put before a new, 
no longer revolutionary, assembly at Erfurt. Austria did 
not participate in these proceedings. According to the Er- 

Provisions furt plan, supported for a time by Saxony and Hanover, 
ofthe the German Confederation should be divided into two
Erfurt plan sections, an inner German section under the leadership of 

Prussia and a second, purely nominal, section consisting 
only of Austria in alliance with the inner section. The 
Austrian government, under its energetic prime minister, 
Felix, prince zu Schwarzenberg, rejected this plan and 
forced the States that supported Prussia to withdraw from 
the scheme. Finally, the old confederation was again called 
into session at Frankfurt. Schwarzenberg would in fact 
have liked to create a central European union including 
the whole o f the Habsburg Empire. But this goal, which 
would have made Austria supreme in the whole of central 
Europe, was unobtainable.
In deciding to take his stand on a relatively minor issue, 

the question of the right of Prussia or Austria to intervene 
in a revolutionary Situation in Electoral Hesse, Schwar­
zenberg forced Prussia to withdraw and hence to recognize 
the restoration o f the Confederation of 1815 under Aus­
tria’s presidency (the Punctatiön of Olmütz, November 
1850). This was the last, and a merely diplomatic, victory 
of Austria over Prussia. It was achieved only because Tsar 
Nicholas I backed the Habsburg Empire, which seemed to 
him the more reliable conservative power. The Austrian 
triumph proved to be short-lived. It merely strengthened 
the Prussian resolve to undo the humiliation as soon as 
an opportunity offered itself.

Such an opportunity was not long in coming, since 
the lack of cohesion within the Habsburg Empire had 
become painfully obvious during the course of the revo­
lution. While riots in Prague, Lwów, and Cracow could 
be quelled, events in Hungary took a collision course. 
The new government there, though eagerly introducing 
educational and social reforms, was at the same time 
set on a policy of rapid Magyarization. The result was 
risings among non-Magyar Hungarian national groups— 
Croats, Serbs, Slovaks, and Romanians. The conflict with 
the government in Vienna stiffened when the diplomatic 
Batthyäny was replaced by the far more radical Kossuth, 
in September 1848.

A further aspect to be considered was Austria’s involve- 
ment in a war with Piedmont-Sardinia, whose king, Charles 
Albert, intended to drive the Austrians out of northern 
Italy. His army invaded Lombardy in March 1848. By 
August, however, the Sardinians were decisively defeated 
in the Battle of Custoza. An armistice was concluded in 
late summer of 1848, but the war, because of violation of 
its provisions, was resumed by Sardinia in March 1849. 
After the new attack was repelled, peace was restored on 
the basis of the status quo in August 1849. Although the 
Sardinians were no match for the Austrian army, the Ital­
ian campaigns made it impossible for Austria to deal with 
the Hungarian revolution effectively.

The Slav In the meantime, the Slavic question had become a 
problem major issue in the western part of the empire as well. In 

June 1848 a Slav congress was convoked in Prague, in 
which Czechs, Croats, Poles, Ruthenians, Serbs, Slovaks, 
and Slovenes were represented. Before the congress could 
terminate its deliberations, Street riots offered the govern­
ment a pretext to terminate the proceedings. Even though 
a final program of action could not be agreed upon, the 
results of the Prague Congress were of great importance

in the history of Pan-Slavism. Beyond this, various plans 
for federalization and local autonomy within the empire 
were discussed.
By September 1848 the Hungarian Situation had deterio- 

rated further. Troops led by the ban (viceroy) of Croatia,
Josip von Jelacic, entered the country under orders to 
restore royal authority. The action created general indig­
nationin Magyar Hungary, and the imperial commander 
in Budapest was lynched during a riot. Thereupon the 
Hungarian Reichstag was dissolved by royal decree.

The Situation in Hungary encouraged a new revolution­
ary rising in Vienna, in early October 1848. It was the 
last major attempt in the German-speaking orbit to regain 
the revolutionary initiative. The imperial minister of war,
Theodor, Graf Latour, was lynched by a mob, and an im­
perial army under the command of the arch-reactionary 
Prince Alfred Windischgrätz occupied Vienna, meting out 
harsh retribution to thé revolutionary leaders.

A momentous change took place on December 2, 1848.
The feeble-minded Emperor Ferdinand, dubbed by official 
historiography “the Benign,” abdicated in favour of his 
18-year-old nephew, Francis Joseph, from whom a more 
energetic stand against the revolution could be expect- 
ed. The first prime minister of the young Emperor was 
Schwarzenberg, a gifted conservative and an utterly ruth- 
less and shrewd statesman, whose advice Francis Joseph 
accepted more indiscriminately than he did that of any 
other of his ministers.

Schwarzenberg was even less inclined to compromise in 
the internal affairs of the Habsburg Empire than in those 
conceming the German Confederation. Thus, an open 
break with Hungary occurred in mid-December 1848, and 
Windischgrätz’s army marched into the country on a full 
wartime footing. Under this mediocre commander, the 
Austrians did poorly against the effective tactics of the 
insurgents. The Hungarian Reichstag, encouraged by this 
turn of events, in April 1849 declared that the Habsburgs 
had forfeited their right to rule. Hungary was accordingly 
proclaimed a republic under the presidency of Kossuth.

One factor in the Hungarian decision was the changed 
Situation in Austria. By early March of 1849 the con­
stitutional committee of the Reichstag, after prolonged 
and thorough discussion on a high intellectual level, had 
adopted the draft of an Austrian constitution (the Krem- 
sier draft, after the Moravian town in which the Reichstag The 
was reconvened). The draft provided for a constitutional Kremsier 
monarchy, giving the sovereign only a suspensive veto constitu- 
against parliamentary legislation. Administrative organiza- tion 
tion along national lines was provided on the district level, 
yet crownland administration, the old historie boundaries, 
and the essence of the centralistic structure of the em­
pire remained intact. A weakness of the draft was that it 
did not deal with the Hungarian problem. But, all things 
considered, the bill represented a reasonable compromise 
between the federalist and centralistic concepts, the former 
promoted mostly by Slavs, the latter primarily by Ger­
man liberals.
The Kremsier constitution was the first reform plan 

drawn up by genuine representatives of the Austrian peo­
ples, and it was precisely for this reason that the cunning 
Schwarzenberg decided to foil it. He had the Reichstag 
dissolved by police and warrants issued for the arrest of 
some of the reformers. At the same time he had the 
minister of the interior, Stadion, issue by decree a new, 
strictly ünitary and centralistic constitution for the empire 
as a whole, including Hungary. The Stadion constitution 
was more conservative than the Kremsier draft, but it still 
subscribed to representative government. Enactment was, 
however, held in abeyance. Thus not only the Austrian 
peoples feit deceived but Stadion and other members of 
the Cabinet as well, since the constitution was never put 
into force and was even formally rescinded in December 
1851. In the long history of Austrian government, the 
dissolution of the Reichstag of Kremsier was one of the 
most fatal governmental mistakes.

In March 1849 Piedmont-Sardinia had resumed military 
operations against Austria. This fact and the tense political 
Situation in Germany caused Hungary’s military Situation 
to deteriorate rapidly. In April 1848 Windischgrätz was
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replaced as commander, and after an interim the cruel 
and ruthless Julius, Freiherr von Haynau, was appointed 
as his successor. By mid-May 1849 the Hungarian rev­
olutionary army had reconquered Budapest, presenting 
the young Francis Joseph with the painful alternative of 
risking his throne or asking the Tsar for help. Nicholas 
I, afraid of the possibility of the spread of the revolution 
to Russian Poland, complied with the Austrian Emperor’s 
request. Russian armies entered Hungary and cooperated 
with Austrian forces. Budapest was reconquered by mid- 
July, and on August 13, 1849, the Hungarian troops capit- 
ulated. Kossuth and some of his followers managed to flee 
to Turkey. Even Tsar Nicholas recommended mercy for 
the gallant Hungarian military Commanders. The answer 
of the Schwarzenberg-Haynau regime was the execution of 
14 Hungarian generals—those who had surrendered to the 
Russians rather than to the Austrians—by hanging. About 
a hundred other executions, including that of Kossuth’s 
moderate predecessor, Count Lajos Batthyäny, followed. 
These actions as well as many long prison sentences and 
property confiscations imposed on minor rebels had only 
a limited deterrent effect, but they revolted public opinion 
across Europe. Hungary was dismembered and Transyl­
vania, Croatia, and other areas were organized as separate 
crownlands under strictly authoritarian rule. The prostrate 
country was divided into five military districts and put 
under the administration of the stern Archduke Albrecht, 
whose intervention in the March 1848 Revolution in Vi­
enna had made him hated by all liberals.
All things considered, the revolution across the empire 

had not accomplished very much. Absolutism was seem- 
ingly more firmly entrenched than before, and the politi­
cal clock had been put back beyond the regime of Maria 
Theresa. And yet a regime so badly shaken as Austria’s 
could not hope to rule unchallenged in the future. The un- 
resolved social, constitutional, and national issues became 
more intense, and new changes were soon in the offing.

The neoabsolutist era, 1849-60. The neoabsolutist era 
in Austria from the breakdown of the revolution in 1849 
to 1860 must be judged from the point of view of the 
domestic policies of the regime—which were controversial 
but not entirely negative—and of a foreign policy that 
proved to be of disastrous consequence.

Positive domestic achievements were the establishment of 
a unified customs territory for the whole empire, distinct 
progress in industrialization, the promulgation of a code 
for trades and crafts, and some rudimentary beginnings 
of social legislation. Enactment of the full emancipation 
of the peasants, initiated by the revolutionary legislation, 
worked well. One-third of the cost was to be carried by 
the former owners of the land, one-third by the peasants 
themselves, and one-third by the government. This was, on 
the whole, a solution more equitable than that adopted in 
Prussia, and in Russia in the 1860s. Some improvements 
in Standards were made in the universities and in the 
curricula o fth e  Gymnasia. Overall credit for the reform 
policies belonged largely to Alexander Bach, the successor 
of Schwarzenberg, who had died in April 1852, lamented 
by few but the young Emperor.
The regime’s policies on other matters were more typical- 

ly reactionary. Freedom of the press and jury and public 
trials were abandoned; corporal punishment by police or­
ders was reintroduced. Informers flourished: the Observa­
tion ofthe liberal reformier Adolf Fischhof that the regime 
rested on the support of a standing army of soldiers, a 
kneeling army of worshippers, and a crawling army of in- 
formers was exaggerated but not entirely unfounded. One 
of the most unwholesome developments was the conclu- 
sion in 1855 of a concordat with the Holy See that gave 
the church more power than it had possessed since the 
middle of the 18th Century. Jurisdiction in marriage ques­
tions was handed over to the church, as well as control 
of censorship and elementary education. Church control 
extended indirectly to secondary education, also, because 
the priests, who were entrusted with compulsory religious 
education, had the right to see to it that instruction in any 
other field, be it physics or history, did not conflict with 
their teachings. In the second half of the 19th Century, a 
regime of this type could possibly have stayed in power

if it had been successful in the conduct of foreign affairs. 
But this was not to be the case.

Exclusion from Germany and Italy. In the protracted 
Crimean War crisis (1853-56) the Habsburg Empire took 
a stand against the Russian occupation of the Danube 
principalities (Moldavia and Walachia). By threatening 
military intervention on the side of the Western allies, 
Austria forced their evacuätion by Russian troops and 
from 1854 occupied the territories itself for the duration 
of the war. In December 1854, Austria joined the Western 
alliance but refrained from a declaration of war on Russia 
and from active military participation. The continuing 
threat of such action forced Russia to accept the humiliat- 
ing Treaty of Paris in March 1856.
The consequences for the Habsburg monarchy were grave. 
Russia, Austria’s ally for well over a Century, moved into 
the camp of its enemies. The tsars, Nicholas I and his son 
Alexander II, never forgave the alleged ingratitüde for the 
Russian intervention in Hungary in 1849. The Western 
powers, on the other hand, were highly dissatisfied that the 
Habsburg Empire had refused to take the last decisive step 
and become a combatant in the war. In retaliation, and 
in payment of political debts, they supported the cause of 
Italian unification, skillfully engineered by the Sardinian 
prime minister, Count Cavour.
Though Karl Ferdinand, Graf von Buol-Schauenstein, 

Mettemich’s successor as minister of foreign affairs, was 
blamed for allowing Austria to fall between two chairs, 
the fact is that the Habsburg Empire simply had been 
caught in an insoluble dilemma. By the nature of its own 
absolutist regime, it was drawn to tsarist despotism; but in 
justified fear of encirclement and of the effect of Russian- 
inspired Pan-Slavism on Austria’s Slav population, the 
empire had to look for the support of the West with its 
alien political values. This was the basic contradiction in 
the policy of the Habsburg power.

Napoleon III, largely to distract attention from his own 
semidictatorial regime and to assuage the Liberals, deemed 
it advisable to support the cause of Italian independence. 
In the secret agreement o f Plombières of July 1858, he 
pledged French military support for the liberation of Lom- 
bardy and Venetia. This was technically a defensive pact, 
but in face of a political Situation in which three major 
European powers— France, Great Britain, and Russia— 
sided with the Italian cause, the Austrians would have been 
well advised to ignore any Piedmontese provocations. But 
Buol blundered Austria into an ultimatum by which in 
April 1859 it demanded Piedmont-Sardinia’s demobiliza- 
tion within three days. This was all the justification Cavour 
and Napoleon III needed to start the Austro-French Pied­
montese War. French and Italian military leadership and 
preparations were far from satisfactory, and conditions on
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the Austrian side were even worse. Under an inferior Com­
mander, Franz, Graf von Gyulai, the Austrians hesitated 
to take the offensive. In the Battle of Magenta on June 4, 
they were defeated and Milan had to be evacuated. Gyu­
lai was discharged and the inexperienced emperor Francis 
Joseph took over the supreme command. On June 24, 
1859, the Austrians were decisively beaten in the Battle of 
Solferino, and two weeks later Napoleon III and Francis 
Joseph, who was deeply shocked by the camage of the en- 
counter, concluded the preliminary Peace of Villafranca, 
followed in November 1859 by the permanent Peace of 
Zürich. According to its terms Austria had to cede Lom- 
bardy—except for Mantua and Peschiera—to Napoleon 
III, who in tum would give it to Piedmont-Sardinia. The 
miers in the Austrian appendages, Modena and Tuscany, 
who had been driven out by their subjects in the course 
of the war, were to be restored. These terms represented 
a kind of compromise. Napoleon III was not anxious to 
continue a war that might have brought about Pmssian 
intervention on the side of Austria.
The underlying conflict between Austria and Prussia over 

supremacy in Germany erupted into a crisis as a result 
ofth e  involvement of the two powers in Danish affairs. 
When in 1863 the King of Denmark decreed a union of 
Schleswig and Holstein under one constitution and finally 
incorporated Schleswig into Denmark, he thereby violäted 
international agreements and the charter of the German 
Confederation, to which Holstein belonged. Protests by 
Austria and Prussia on behalf of the Confederation were 
of no avail, nor were they meant to be. Consequently 
the two major German powers and Denmark went to 
war in 1864.

The Habsburg Empire’s interest in this conflict was not 
as peripheral as it seemed, for the government was afraid 
that if action was left to Prussia alone the war would end 
with unilateral Pmssian aggrandizement. Secondly, and 
perhaps equally important, the issue of Schleswig-Holstein 
was of major concern to German nationalists. After a 
brief war, Denmark was forced, by the Peace of Vienna 
of October 1864, to cede Schleswig, Holstein, and the 
small duchy of Lauenburg to the Austrian and Pmssian 
sovereigns. But it became increasingly clear that Bismarck 
did not want to establish the principalities as States within 
the German Confederation under a sovereign prince. He 
worked instead in an underhand way for annexation by 
Prussia. A temporary arrangement was, however, reached 
at the Convention of Gastein (August 1865), according to 
which Holstein was put under Austrian military adminis­
tration and Schleswig under Pmssian. Lauenburg was sold 
outright to Pmssia.

The real reason behind this temporary arrangement was 
the desire of both sides to gain time to make military 
preparations for the showdown that Bismarck considered 
inevitable and the Austrian government likely. Further 
efforts to settle the status of the duchies on a permanent 
basis by compromise failed, chiefly because this issue 
served Bismarck with a useful pretext for war. In further 
preparation Bismarck in April 1866 concluded an alliance 
treaty with Italy, which promised Italy Prussia’s support 
for the conquest of the Austrian-held Venetian province. 
The treaty was to lapse if Italy did not open hostilities 
against Austria within three months. Thus a time limit 
was set for the beginning of the war.

The pretext for the openings of hostilities was a minor 
one. When Austria convoked the Estates of Holstein in 
early June 1866, Pmssia declared the Convention of Ga­
stein violäted and occupied the duchy by military force. 
Thereupon Austria asked for mobilization of the confeder- 
al armies against the aggressor, Pmssia. All member States 
agreed. Pmssia in turn declared the charter of the confed­
eration void and invaded Saxony, Hanover, and Electoral 
Hesse. The great war for supremacy in Germany, some­
times also referred to as the war between brethren or the 
Seven Weeks’ War, began on June 16, 1866. Four days 
later Italy joined in the hostilities.

Francis Joseph’s initial and grave error was his selection 
of the commander in the northern theatre of war. Gen. 
Ludwig August, Ritter von Benedek, a subcommander 
with many years of experience in the Italian theatre, was

against his will put in charge of the main forces against 
Pmssia. Archduke Albrecht, cousin of the Emperor, was 
given the far less risky command in the south against 
Italy, so that a member of the dynasty would not be com- 
promised in case of defeat.

The Pmssian forces, in accordance with the superior 
strategy of the chief of staff, Helmuth von Moltke, started 
a three-pronged attack on Bohemia. Austrian army units 
were defeated in most of the preliminary engagements in 
Bohemia. Benedek wanted to withdraw to Moravia, but 
when the Emperor appealed by implication to his sense of 
honour, he accepted battle on July 3 at Sadowa (König- 
grätz) against three converging Pmssian armies. The Aus­
trians, their brave resistance notwithstanding, were defeat­
ed and withdrew in disarray. Before the Pmssian offensive 
could be carried to the gates of Vienna, a temporary tmce 
was arranged at Nikolsburg, followed by the preliminary 
peace that was concluded there on July 26. Bismarck, 
concerned with the possibility of immediate French in­
tervention and with löng-range plans for future friendly 
relations with Austria, wanted to avoid unnecessary hu- 
miliation o f the Habsburg power. The terms that were 
confirmed by the permanent Treaty of Prague of August 
23 were therefore moderate. Austria would have to rec­
ognize the dissolution of the German Confederation and 
the reorganization of Germany without its participation. 
Austria’s rights in Schleswig-Holstein were transferred to 
Pmssia and it had to pay a relatively minor indemnity. 
Yet no territorial cessions were demanded, and as a point 
of honour it was allowed to secure the preservation of the 
territorial integrity of its most faithful ally, Saxony.

Before evaluating the peace, the outcome of the war 
against Italy must be considered. By 1866 the Emperor 
and most Austrian statesmen had belatedly realized that 
Austrian mle in Venetia in the face of the Opposition of 
the overwhelming majority of the population there made 
little sense. Nonetheless, a secret semi-official Italian offer 
to buy the province was rejected as dishonourable. A con- 
ditional offer to cede Venetia outright to Italy came too 
late in view of the Pmsso-Itälian alliance. Instead Emper­
or Francis Joseph concluded on June 12, 1866, a stränge 
agreement with Napoleon Hl. According to its main pro­
visions in regard to Italy, Austria would cede Venetia, win 
or lose, to Napoleon, who in tum would give the province 
to the new Italian kingdom. This meant in effect that the 
Habsburg power would fight a regulär war for the sake 
of prestige and medieval chivalry, although the outcome 
was settled before the fighting started. The Italians in turn 
refused to accept a gift from Napoleon and preferred to 
fight. The Austrians defeated the Italians at Custoza in 
Lombardy as well as in the naval Battle of Lissa (Vis) 
off the Dalmatian coast. But this was of no consequence 
because of Itäly’s partnership with Pmssia and the latter’s 
victory at Sadowa. By the Peace of Vienna with Italy on 
October 3, 1866, the cession of Venice, this time tö Italy 
directly, was confirmed.

Of all the wars in the long history of the Habsburg 
monärchy prior to World War I, the brief Seven Weeks’ 
War of 1866 had probably the möst far-reaching effect. Its 
outcome banished Austria from the rank of the genuine 
first-rate powers. Beleaguered German nationalism within 
the empire increasingly assumed a belligerent tone, quite 
different from the moderate German-directed centralism 
that had been dominant for many generations. This spirit 
was challenged not only by a proud Magyarism but also 
by the combined force of the empire’s Slavs—about half 
the population. This in tum made the Habsburg power 
increasingly vulnerable to Russian pressure from the east 
and within 13 years forced it into a German alliance, not 
as an equal but as a junior partner. Equally important 
were the internal changes brought by military defeat in 
two wars within seven years.

THE TRANSITION TO CONSTITUTIONAL 
GOVERNMENT, 1860-66
In March 1860 Francis Joseph ordered that the Reichsrat, 
a kind of empire-wide, purely advisory council of state, 
should be enlarged by the addition of 38 members pro- 
posed by the diets and selected by the crown itself. Only
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in matters of public finance was this body given a share in 
legislation, yet it was entrusted with the formidable task 
of advising the emperor conceming the promulgation of a 
new imperial constitution. No agreement, however, could 
be reached. The moderately liberal centralists, represented 
largely by the Germans, demanded a strong empire-wide 
legislature and restriction of the agenda of the old Es­
tates diets. They were faced by conservative federalists, 
largely Magyar, Czech, and Polish nobles, who wanted to 
strengthen the diets’ position. Magyar influence was again 
on the rise. The Emperor himself sided naturally enough 
with the conservative forces, which were federalist mainly 
on the strength of historie and not ethnic claims. The 

Zbnstitu- result was the October Diploma o f 1860, a constitution 
tional proclaimed by decree. It enlarged the diet to 100 repre-
:hanges sentatives and broadened the legislative functions of the

Reichsrat in matters of finance, commerce, and indus­
try. Foreign and military agenda remained the exclusive 
domain of the emperor. Hungary’s constitutional status 
within the empire was restored as it had existed prior to 
the revolution of 1848, but the concessions agreed to in 
March 1848 were not recognized. The federalists, partic­
ularly the Magyars, objected because their demands had 
been met only halfway. The centralists rejected the con­
stitution just as strongly, as fully at variance with their 
claims. In effect, the whole unfortunate legislation had to 
be abandoned, and on the advice of the new German 
centralist cabinet, a new one, technically a revision of 
the October Diploma, was decreed (the so-called February 
Patent of February 26, 1861).
The October Diploma was really no constitution at all in 

the representative sense; the February Patent was at least 
an inadequate one. It provided for a bicameral system, an 
empire-wide house of representatives composed of dietal 
delegates, and a house of lords, consisting partly of hered­
itary members and partly of men of special distinction 
appointed for life. Furthermore, a parliamentary body for 
the Habsburg lands exclusive of Hungary was established. 
Opposition of the national groups rendered the constitu­
tion unworkable, and in 1865 it had to be suspended. 
Absolutism was, for all practical purposes, restored un­
der a new prime minister, Richard, Graf Belcredi. The 
crown could hardly expect that this renewed elimination 
of constitutional government would be permanent, and 
the outcome of the war of 1866 made this assumption a 
certainty. In the meantime, negotiations with the Magyars, 
who were under the leadership of the highly respected 
moderate liberal Ferenc Deak and Count Gyula Andrassy, 
continued. (R.A.Ka.)

AUSTRIA-HUNGARY, 1867-1918
The liberal ascendancy. The Ausgleich o f 1867. The 

economic consequences resulting from the defeat in the 
war of 1866 (Seven Weeks’ War) made it imperative that 
the constitutional reorganization of the Habsburg monar- 
chy, under discussion since 1859, be brought to an early 
and successful conclusion. Personnel changes facilitated 
the solution of the Hungarian crisis. Friedrich Ferdinand, 

leust Freiherr (later Graf) von Beust, who had been prime min-
>ecomes ister of Saxony, took charge of Habsburg affairs, first as 
:hancellor foreign minister (from October 1866) and then as Chan­

cellor (from February 1867). By abandoning the claim 
that Hungary be simply an Austrian province, he induced 
Francis Joseph I to recognize the negotiations with the 
Hungarian politicians (Deak and Andrassy) as a purely 
dynastie affair, excluding non-Hungarians from the dis­
cussion. On February 17, 1867, Francis Joseph I restored 
the Hungarian constitution; a ministry responsible to the 
Hungarian parliament was formed under Count Gyula 
Andrassy; and in May 1867 Law XII was approved by par­
liament, legalizing what became known as the Ausgleich 
(“compromise”). This agreement was a compromise be­
tween the Hungarian nation and the dynasty, not between 
Hungary and the rest of the empire; and it is symptomatic 
of the Hungarian attitude that Hungarians referred to 
Francis Joseph and his successor as their king and never 
called him emperor.

In addition to regulating the constitutional relations be­
tween the king and the nation, Law XII accepted the

unity of the Habsburg lands for purposes of conducting 
certain economic and foreign affairs in common. The 
compromise was thus the logical result of an attempt to 
blend traditional constitutional rights with the demands 
of modern administration. In December 1867, the engerer 
Reichsrat, the section o f parliament representing the non- 
Hungarian lands of the Habsburg monarchy, approved the 
compromise. Though, after 1867, the Habsburg monarchy 
was popularly referred to as the Dual Monarchy, the con­
stitutional framework actually was tripartite, comprising 
the common agencies for economics and foreign affairs, 
the agencies of the kingdom of Hungary, and the agen­
cies of the rest of the Habsburg lands—commonly but 
incorrectly called “Austria.” (The official title for these 
provinces remained “the kingdoms and lands represented 
in the Reichsrat” until 1915, when the term “Austria” was 
officially adopted for them.)

Under the Compromise of 1867, both parts of the Habs­
burg monarchy were constitutionally autonomous, each 
having its government and its parliament composed of an 
appointed upper and an elected lower house. The “com­
mon monarchy” consisted of the emperor and his court, 
the minister for foreign affairs, and the minister of war.
There was no common prime minister and no common 
cabinet. The common affairs were to be considered at 
the “delegations,” annual meetings composed of repre­
sentatives from the two parliaments. For economic and 
financial Cooperation, there was to be a customs union 
and a sharing of accounts, which was to be revised every 
ten years. (This decennial discussion of financial quo- 
tas became one of the main sources of conflict between 
the Hungarian and Austrian govemments.) There would 
be no common citizenship, but such matters as weights, 
measures, coinage, and postal service were to be uniform 
in both areas.

Although there was no common prime minister or cabi­
net, there soon developed the so-called gemeinsamer Min­
isterrat, a kind of crown council in which the common 
ministers of foreign affairs and war and the prime minis­
ters of both govemments met under the presidency of the 
monarch. The common ministers were responsible to the 
crown only, but they reported annually to the delegations 
representing both parliaments.
The Compromise of 1867 for all practical purposes set The 

up a personal union between the lands of the Hungar- December 
ian crown and the western lands of the Habsburgs. The constitu- 
Hungarian success inspired similar movements for the tion 
restoration of States’ rights in Bohemia and Galicia. But 
the monarch who only reluctantly had given in to Hun­
garian demands was unwilling to discontinue the central­
ist policy in the rest o f his empire. Public opinion and 
parliament in Austria were dominated by German bour­
geois liberals who opposed federalization of Austria. As 
a prize for their Cooperation in compromising with the 
Hungarians, the German liberals were allowed to amend 
the February constitution of 1861; the Fundamental Laws, 
which were subsequently adopted in December 1867 and 
became known as the December constitution, lasted until 
1918. They granted equality before the law and freedom 
of press, speech, and assembly and protected the interests 
of the various nationalities, stating that 
all nationalities in the state enjoy equal rights, and each one 
has an Inalienable right to the preservation and cultivation of 
its nationality and language. The equal rights of all languages 
in local use are guaranteed by the state in schools, adminis­
tration, and public life.

The authority of parliament was also recognized. Such 
provisions, however, were more a promise than a reality.
Although parliament, for instance, did theoretically have 
the power to deal with all varieties of matters, it was, in 
any case, not a fully representative parliament (suffrage 
was restricted, and it was tied to property provisions until 
1907); and the king was authorized to govem without 
parliament in the event that the assembly should prove 
unable to work. Austrian affairs from 1867 to 1918 were, 
in fact, determined more by bureaucratie measures than by 
political initiative; Josephine traditions (see above Foreign 
policy, 1763-92) rather than capitalist interests character­
ized the Austrian liberals.



Austria 509

Czech de­
mands for 
autonomy

Failure 
to satisfy 
Czech 
demands

Domestic affairs. After the December constitution had 
been sanctioned, Emperor Francis Joseph appointed a new 
Cabinet, named the “bourgeois ministry” by the press, be­
cause most of its members came from the German middle 
dass (though the prime minister belonged to the Austrian 
high aristocracy). In 1868 and 1869, this ministry was able 
to enact several liberal reforms, undoing parts ofthe Con- 
cordat of 1855. Civil marriage was restored; compulsory 
secular education was established; and interconfessional 
relations were regulated, in spite of a strong protest from 
the Catholic Church. In 1870, the Austrian government 
used the promulgation of the dogma of papal infallibility 
as pretext for the total abrogation of the concordat.

The progressive legislation of the bourgeois Cabinet stood 
in sharp contrast to its inability to cope with the demands 
of the non-German nationalities. In 1868 the Czechs and 
the Poles issued declarations demanding a constitutional 
status analogous to that of the Hungarians. The govern­
ment in Vienna did give the Poles in Galicia a consid­
erable amount of self-government, which was later used 
to Polonize the Ruthenian minority. In 1871 a ministry 
for Galician affairs was set up, and the Poles remained 
the staunchest supporters of the Austrian government well 
into World War I.
The bourgeois ministry was split into a liberal-centralist 

and a conservative-federalist faction; its members could 
not reach an agreement among themselves on policies to 
be adopted. The liberal members of the Cabinet opposed 
Czech demands; the conservatives showed themselves will- 
ing to consider them. Francis Joseph, indignant because 
of the anti-clerical policy of the liberals, dismissed the 
prime minister, Fürst Carlos Auersperg, in 1868, replacing 
him with the conservative Eduard, Graf von Taaffe, his 
boyhood friend. A period of indecision nevertheless per­
sisted. The Emperor wavered between the liberals, whose 
anti-clericalism and parliamentarianism he disliked but 
with whom he sympathized in their centralist, German- 
oriented policy, and the conservatives, who had his fa­
vour in political legislation but aroused his fears by their 
demands for federalization. Neither Taaffe nor his succes- 
sors, Leopold Hasner (from December 1868) and Potocki 
(from April 1870), could solve the Czech problem. The 
Franco-German War of 1870-71 temporarily diverted 
public attention from the Czech demands, though public 
opinion was divided strictly along lines of nationality: 
Austro-Germans celebrated the victories of the Prussian 
army, whereas the Slavs were decidedly pro-French. The 
Austrian government remained neutral because conflict- 
ing international interests had blocked the Austro-French 
negotiations that had culminated in a meeting of Francis 
Joseph and Napoleon III at Salzburg in 1867. The victory 
of Chancellor Otto von Bismarck and the establishment 
of the Second German Empire under the leadership of 
the Prussian king gave finality to the military decision of 
1866. Austria was definitely excluded from the German 
scene, and a reorientation of dynastie interests seemed a 
logical consequence. Francis Joseph decided to explore the 
possibilities of satisfying the Czechs with some measure of 
federalism. On February 5, 1871, he appointed as prime 
minister Karl Siegmund, Graf von Hohenwart, a staunch 
clericalist. The driving mind in Hohenwart’s Cabinet, 
however, was the minister of commerce, Albert Schäffle, 
an economist whose socialism may not have appealed to 
the Emperor but whose federalism did.
As a first step toward conciliation with the Czechs, the Ho­
henwart Cabinet dissolved parliament and the provincial 
diets. When the Bohemian elections improved the feder­
alist position, Hohenwart proceeded to deal directly with 
the Czechs, copying in certain measure the method used 
to conclüde the compromise with Hungary. Secret talks 
with Czech leaders FrantiSek Ladislav Rieger and Fran- 
tiSek Palacky led to the issuance of an imperial rescript 
by Francis Joseph on September 12, 1871, promising the 
Czechs recognition of their ancient rights and showing 
his willingness to take the coronation oath. The Czechs 
answered this rescript on October 10, 1871, by submitting 
a constitutional program of 18 articles, called the Fun­
damental Articles. According to this program, Bohemian 
affairs should be regulated along the principles of the Hun­

garian compromise, raising Bohemia to a status equal to 
Hungary. With this, Hohenwart, who had been up against 
violent German Opposition from the very first day of his 
appointment, aroused Hungarian resistance, too. Andras­
sy, fearing that the Czech program could incite minor­
ity groups in Hungary, succeeded in convincing Francis 
Joseph that the stability of the Habsburg monarchy was 
endangered by the Czech program. On October 27, 1871, 
Hohenwart was dismissed and Francis Joseph returned 
the government to the hands of the German liberals.
The new prime minister, Prince Adolf Auersperg, en­

trusted the key ministries of his Cabinet to university 
professors and lawyers. The “ministry of doctors,” as 
it was nicknamed by the people, concentrated on legal 
and administrative reform and endeavoured to strengthen 
the German control in parliament. After the dismissal 
of Hohenwart, the Czechs tumed to passive resistance, 
withdrawing from the Bohemian diet and again abstain- 
ing from attendance at the parliament in Vienna. This 
attitude gave the government the chance to weaken the 
federalist position by introducing a bill for electoral re­
form. Instead of the existing modus, whereby the diets 
selected the deputies that were sent to parliament, the new 
bill set up electoral districts, each of which was to elect 
one deputy directly to the Reichsrat. The new system, 
however, preserved the old division of the electorate into 
curiae (socioeeonomic classes), making parliament in this 
way a representation of German bourgeois interests.
By a stränge coincidence, the political victory of German 

capitalism took place at the very moment of a severe 
economic crisis. In April 1873, the opening of the Vienna 
International Exhibition had been thought of as a manifes- 
tatiön of the material progress and economic achievements 
of the Habsburg monarchy. The so-called Gründerjahre, or 
years of expansive commercial enterprise during the late 
1860s and early 1870s, however, were characterized not 
only by railroad and industrial expansion and the growth 
of the Capital cities of Vienna and Budapest but also by 
reckless speculation. Warning signs of an imminent crisis 
were disregarded, and in May, soon after the opening of 
the exhibition, the stock market collapsed.
The ensuing depression forced the government to aban­

don liberal bourgeois principles. The state took over the 
railroads and instituted public-works projects in an attempt 
to alleviate populär distress; A far-reaching consequence 
of the stock-market crash of 1873 was the permeation of 
anti-Semitism into Austrian politics. Jews were accused of 
being responsible for the speculative stock-market activi­
ties, even though official investigations proved that many 
elements of the population, including some ministers and 
high aristocracy, had participated in the Gründungsfieber, 
or “speculative fever,” and the attendant scandals. The 
government survived the crisis, however, and German lib­
eral political rule continued for five more years. German 
liberalism passed into eclipse not because of economic or 
domestic crisis but as a consequence of its Opposition tö 
foreign expansion.
International relations: the Balkan Orientation. After 

his appointment as foreign minister, on November 14, 
1871, Count Gyula Andrassy conducted the foreign affairs 
of Austria-Hungary with the intention of preserving the 
status quo. Discarding the anti-Bismarck bias of his pre- 
decessor, Beust, he sought the friendship of the German 
Reich with the intention of strengthening his position in 
the unavoidable confrontation with Russia over Balkan 
Problems. The Three Emperors’ League (:Dreikaiserbund) 
of 1873, by which Francis Joseph and the German and 
Russian emperors agreed to work together for peace, gave 
expression to this policy. It also represented Andrässy’s 
intention to strengthen Austria’s position in a possible 
confrontation with Russia over Balkan problems, because 
the league made a change of the status quo in the Balkans 
dependent on German consent.
The continuing decline of Ottoman power encouraged 

the Balkan nations in their Opposition to Turkish rule, 
and in 1875 there were revolts and upheavals. Andrassy 
failed to induce the Turkish government to adopt a reform 
program, and by 1876 Russian intervention seemed to be 
imminent. Russia offered to join with Austria-Hungary in
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partitioning the Balkans between them, but Andrässy was 
convinced that Austria-Hungary was a “saturated state” 
unable to cope with more nationalities and lands, and thus 
he temporarily resisted the offer. He was aware, however, 
that Russia could not be restrained altogether; and thus, 
through Bismarck’s mediation, there were concluded two 
secret agreements, at Reichstadt (Zäkupy) in July 1876 
and at Budapest in January 1877, whereby Russia gave 
up its plans for a “great partition” and settled for the ter­
ritory of Bessarabia and, in retum, acquiesced in Austria- 
Hungary’s acquiring Bosnia and Hercegovina. Austria- 
Hungary and Russia further agreed, however, to refrain 
from intervention for the time being, and it was only when 
great-power mediation proved unable to settle the conflict 
between Serbia and Turkey that Russia declared war on 
Turkey, in April of 1877, after having once more secured 
Austro-Hungarian neutrality. In February 1878, with the 
war won, the Russians did not content themselves with 
Bessarabia, but, in the Treaty of San Stefano, violäted 
Austria-Hungary’s Balkan interests by creating a Great 
Bulgaria. Having Great Britain as an ally in his Opposi­
tion to the Russian advance in southeastern Europe and 
Bismarck as an “honest broker,” Andrässy managed at the 
Congress of Berlin in July 1878 to force Russia into re- 
treating from its excessive demands. Bulgaria was broken 
up again, Serbian independence was guaranteed, Russia 
retained Bessarabia, and Austria-Hungary was allowed to 
occupy Bosnia and Hercegovina. Military occupation of 
the two provinces tumed out to be more than the ex- 
pected mere formality. It took 150,000 Habsburg troops 
and several weeks of fighting before the lands were under 
Habsburg authority. Since no agreement could be reached 
on whether the newly acquired lands should aggrandize 
the Hungarian or the Austrian part of the monarchy, an 
ingenious solution placed them under the jurisdiction of 
the common Habsburg ministry of finance.

National conflict and reform. Taaffe’s ministry. The 
German liberals had opposed the Balkan policy of An­
drässy; and, out of fear that the Slav element in the 
monarchy would be strengthened by the addition of new 
Slav population, they voted against the occupation of 
Bosnia and Hercegovina, in this way withdrawing support 
from the government. When Prime Minister Auersperg 
resigned, the era of German liberal predominance came 
to an end. In 1879, the same year in which the Dual 
Alliance with the German Reich bound the Habsburg 
monarchy to Germany’s foreign policy, the appointment 
of Taaffe as prime minister signified a reorientation in 
domestic affairs. From 1879 onward, the German element 
in the Habsburg monarchy was on the defensive, fighting 
stubbom and senseless rearguard actions against the Slav 
drive for political and national equality.

For the elections of 1879, a coalition had formed, con- 
sisting of clericals, German aristocrats, and Slavs, which 
gave itself the name of the Iron Ring. Taaffe had first tried 
to form a cabinet above parties. It was to include even 
the liberal Karl, Edler von Stremayr, who had presided 
over a caretaker government after Auersperg’s resignation. 
The Situation in parliament had decisively changed when 
the Czechs were persuaded by Taaffe, in 1879, to give up 
their boycott. In April 1880, as a first step, language or- 
dinances were issued that made Czech and German equal 
languages in the “outer [public] services” in Bohemia and 
Moravia. In 1882 the University of Prague was divided, 
giving to the Czechs a national university. In the same 
year, an electoral reform reduced the tax requirement for 
the right to vote from ten to five florins, thus enfranchising 
the more prosperous Czech peasants and weakening the 
hold of the German middle dass. The Taaffe government 
is also remembered for social-reform legislation; the laws 
of 1884 fixed the maximum working day (at 11 hours), 
outlawed the employment of children under 12, required 
a Sunday rest day for workers, and set up compulsory 
insurance against accidents and sickness.
Despite the conservative character of the government, 

political life in the Habsburg monarchy underwent a de- 
cisive change during the Taaffe period. In the 1880s, the 
traditional party lineup decomposed, and new alignments 
and parties formed that were essentially radical and ag­

gressive. The Slav Orientation of the Taaffe Cabinet did 
not satisfy the Czechs but rather encouraged a mood 
of belligerence; because the moderate Old Czechs failed 
to live up to radical demands, the nationalistic Young 
Czechs were able to gain support from the electorate. Sim­
ilarly, in German Austria and, especially, in Vienna, the 
moderate liberals were increasingly challenged by extrem­
ist groups—notably, German nationalists. In 1882 their 
“Linz program” proposed the restoration of German dom- 
inance in Austrian affairs by detaching Galicia, Bukovina, 
and Dalmatia from the monarchy, reducing relations with 
Hungary to a purely personal union under the monarch, 
and establishing a customs union and other close ties with 
the German Reich. This Pan-Germanic program found its 
chief protagonist in Georg, Ritter von Schönerer, a deputy 
to the Reichsrat, who also introduced, for the first time, a 
note of anti-Semitism into German nationalism. Although 
his version of extreme chauvinism and racialism never at­
tracted more than a small number of followers, in a modi­
fied and moderate way Pan-Germanism and anti-Semitism 
became the ideological support of the bureaucracy and 
officer corps; though these elements did not favour union 
with Germany, they did feel that the Habsburg monarchy 
had the task of bringing German culture to the “inferior” 
non-German nationalities. The period also witnessed the 
founding of parties for the masses. While Schönerer and 
Pan-Germanism appealed to the educated classes, Karl 
Lueger transformed the Christian Socialism of Karl, Frei­
herr von Voegelsang, into a political Organization which 
appealed to small shopkeepers, artisans, tradesmen, and 
lower bourgeois circles of Vienna and the surrounding 
countryside. The 1880s finally saw the transition of the 
workers’ movement from the welfare and adult education 
societies into a political party. Although workers’ move­
ments had been weakened in Austria by personal rivalries 
and government persecution, Victor Adler in 1889, at a 
conference in Hainfeld, managed to unite the competing 
Marxist groups into the Social Democratie Party. Polit­
ical life in Austria from 1890 well into the 1920s was 
dominated by these three movements originating in the 
1880s: Pan-Germanism, Christian Socialism, and Demo­
cratie Socialism.
Taaffe continued to probe for compromises between na­

tionalities that were becoming increasingly radical in their 
demands. In 1890 he tried to negotiate an agreement be­
tween the Old Czechs and the German liberals whereby 
Bohemia would have been divided for administrative and 
judicial purposes along lines of nationality, but he was 
balked by the more chauvinistic Young Czechs and Ger­
man nationalists, and his efforts led to riots in Prague 
in 1893. When Emil Steinbach joined Taaffe’s Cabinet as 
minister of finance in 1891, he encouraged Taaffe and the 
Emperor to try electoral reform as an instrument of break- 
ing nationalist Opposition. It was hoped that, by extending 
the franchise, nationalistic antagonism could be allayed 
and the growing unrest among urban workers could be 
placated. On October 10, 1893, a suffrage bill was in­
troduced, giving the vote to virtually every literate adult 
male (though preserving the traditional system of voting in 
curiae). The conservative groups of all nationalities joined 
forces against this bill, and, under pressure from the Hun­
garian government, Taaffe had to resign on November 11, 
1893. Though failing in political matters, the Cabinet had 
been successful in introducing some economic and social 
reforms: between 1888 and 1892 a system of cooperative 
banks for farmers was organized; the taxation System was 
revised; Austrian currency was stabilized by a return to the 
gold Standard; and the florin was replaced by the crown, 
which remained the Austrian currency until 1924.

Badeni ’s ministry. The franchise question continued to 
dominate Austrian domestic affairs and became closely 
welded to the nationality conflicts. Alfred, Fürst zu Win­
dischgrätz, sought to win the support of parliament by 
forming a cabinet in which the clerical conservatives, the 
Poles, and the German liberals were represented. They 
were united, however, only in Opposition to universal suf­
frage. Each minister defended his national cause, and the 
ministry was torn by ceaseless conflict. The end came in 
June 1895, when the government fulfilled an old promise
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and introduced Slovene classes into the grammar school 
at Cilli (Celje), in Styria. Because the school had been 
exclusively German, this was regarded as a grave blow 
to the German cause, and the German liberals resigned, 
forcing Windischgrätz himself to resign.

Deeply embittered by the conduct of the German lib­
erals, Francis Joseph on October 2 entrusted the task of 
solving the country’s problems to a Polish aristocrat, Ka- 
zimierz Felix, Graf Badeni, known as a “strong man” for 
the high-handed way in which he had acted as governor 
of Galicia. Little noticed at the time, the appointment of 
Badeni symbolized the breakdown of German control over 
the Habsburg monarchy. For the first time in Habsburg 
history, the Germans controlled none of the key positions 
of government. Not only the Prime Minister (Badeni) but 
also the Finance Minister (Leo, Ritter von Bilifiski) and 
the Foreign Minister (Goluchowski, who had succeeded 
Count Gusztäv Kälnoky von Köröspatak the year before) 
came from the Polish part of the empire. Badeni managed 
to induce parliament to accept a compromise franchise 
bill that introduced qualified universal male suffrage but 
preserved the System of dass voting (a fifth curia was 
even added).
The shortcomings of the new system enraged the parties 

representing the masses of the population. In the 1870s 
and 1880s, decisive economic changes with far-reaching 
social consequences had occurred in the Habsburg lands. 
Though remaining primarily agrarian, the Habsburg lands 
had undergone an industrialization that had resulted in 
an unprecedented growth of urban centres. Vienna, which 
had about 430,000 inhabitants in 1851, found itself a me­
tropolis of 1,800,000 at the turn of the Century; and this 
phenomenon was paralleled in other areas, especially in 
Bohemia, which had become the industrial centre of the 
western part of the Habsburg lands. The socioeeonomic 
development naturally began to affect politics. From 1890 
on, the advance of the Social Democrats and Christian 
Socialists caused considerable tension in Vienna. In Oc­
tober 1894, the Social Democrats were able to organize 
their first impressive, orderly mass demonstration in the 
Capital, and the communal elections of 1895 had made 
the Christian Socialists the strongest party in Vienna, end- 
ing the long liberal rule. When the Emperor refused to 
confirm Karl Lueger, the populär leader of the Christian 
Socialists, as mayor of Vienna, there were demonstrations 
and Protests. Not until Lueger was elected mayor the fifth 
time did Francis Joseph agree to confirm him, in April
1897. Furthermore, a few weeks earlier, the elections held 
on the basis of the new suffrage had strengthened the 
radical elements in the Reichsrat; the Young Czechs, for 
instance, had completely overwhelmed the conservative 
Old Czechs.
Counting on support from the Slav and conservative par­

ties in parliament, Badeni dared to take up the Bohemian 
language question again. In April 1897, he issued a famous 
language ordinance that introduced Czech as a language 
equal to German even in the “inner service”—that is, for 
Communications within government departments. This 
decision would have meant that civil servants in Bohemia 
and Moravia would have to be able to speak and write 
Czech as well as German. Since the Germans refused to 
leam Czech, this would have put them in a definite dis- 
advantage in Bohemia’s administration. The publication 
of the ordinance thus provoked violent German reac- 
tions: university professors signed resolutions of protest; 
mass meetings incited the public; and German deputies 
in the Reichsrat began to obstruct all legislative activities. 
The protest reached its climax in November 1897, when 
parliamentary sessions turned into bedlam, and populär 
Protests against Badeni led to Street demonstrations. The 
mass protest was not restricted to Vienna; it was even 
worse in some German towns in Bohemia; in Graz, clash- 
es between soldiers and the masses ended in the death of 
one demonstrator. For a moment it seemed as if 1848 
was about to return. To pacify the public, Francis Joseph 
gave in; on November 28, 1897, he dismissed Badeni, and 
asked Paul, Freiherr Gautsch von Frankenthurn, a former 
minister of education, to form a government out of the 
German parties of parliament. Gautsch’s attempts to ap-

pease the Germans ran into obstruction from the Czechs. 
The stage of violence was shifted from Vienna to Prague 
and fróm the Reichsrat to the Bohemian diet. In March 
1898 Gautsch was replaced by the former govemor of 
Bohemia, Franz Anton, Fürst von Thun und Hohenstein, 
who in tum  failed within a year. neither Manfred, Graf 
Clary und Aldringen, who formally revoked the Badeni 
language ordinance, nor his successor, Wittek, who head- 
ed a short-lived cabinet of a few weeks, managed to solve 
the nationality problem.

Koerber’s ministry. Finally, on January 18, 1900, Fran­
cis Joseph asked Emst von Koerber, a former minister 
of the interior, to form a new Cabinet. Koerber was the 
first and only commoner to be appointed prime minister 
by Francis Joseph; as a leading bureaucrat, he formed 
his ministry from the ranks of other bureaucrats, concen- 
trating, in the subsequent years, on the administration of 
public affairs and economic programs rather than trying to 
deal with political problems. First by imperial decree and 
then, after some political bargaining, by consent of par­
liament, Koerber carried through a program of economic 
expansion, social legislation, and administrative reform, 
liberating the press from government and police control. 
By devious politicking, Koerber managed to keep govem- 
ment activities free from national strife, but he could not 
prevent national emotions from becoming more and more 
extremist. The national conflict came to be fought over 
educational matters, and in the final years of Koerber’s 
government the desire for national universities aroused the 
sentiment of the Italians, Slovenes, and Ruthenians, tum- 
ing the traditional Czech-German conflict into a multi­
national one. In December 1904, Koerber’s various ma- 
noeuvrings faltered, and he was driven from office by a 
combination of parties.

Nationalism and electoral reform. The political climate 
in Austria was further complicated by the worsening of 
relations between the Emperor and the Hungarian govem- 
ment. Magyar separatists had agitated for the Separation 
of the Habsburg army, and when Francis Joseph used an 
address to the troops at Chlopy in 1903 for an unequivo- 
cal reaffirmation of the common and unified character of 
his army, a controversy developed that had repercussions 
in the Austrian half of the Dual Monarchy. The plan to 
use universal suffrage to break the Opposition in Hungary 
furthered the cause of political democracy in Austria. The 
demand for universal and equal suffrage had increased 
since the Russian revolution in the winter of 1905; after 
Koerber’s Cabinet had run aground over a minor financial 
matter toward the end of 1904, Gautsch was chosen by 
the Emperor to introducé universal franchise in Austria. 
Though the first bill, introduced to parliament by Gautsch 
in February 1906, ran into the Opposition of the middle- 
class and conservative parties that still controlled parlia­
ment, the realization of this program could no longer be 
blocked. Imperial interest and populär pressure—the So­
cial Democrats had organized mass rallies to support the 
bill—combined to overcome parliamentarian Opposition. 
After Gautsch had resigned in March 1906 and Prince 
Conrad von Hohenlohe-Schillingsfürst had failed to mas­
ter the Situation, Max Wladimir, Freiherr von Beck (prime 
minister from June 1906), managed to carry the bill 
through parliament. In January 1907 Francis Joseph sanc- 
tioned the law giving the vote to every male of 24 or over 
and abolished the curiae. Membership of the Reichsrat 
was increased from 425 to 516; the retums of the election 
of 1907 made the Germans now inescapably a minority, 
with 233 members, though certainly the strongest national 
group. The Czechs could count on 107 seats, the Poles 82, 
the Ruthenians 33, the Slovenes 24, the Italians 19, the 
Serbo-Croats 13, and the Romanians 5.
Universal suffrage brought the expected decline of the 

chauvinistic parties. The Young Czechs as well as the 
Pan-Germans were reduced to small factions without par­
liamentarian influence, whereas the Christian Socialists 
and the Social Democrats returned as the two strongest 
parties out of more than 30 represented in parliament; 
the Socialist delegation in the Austrian parliament was, 
in fact, larger than in any other country. The Austrian 
constitution, however, did not force the emperor to form
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his government according to the composition of the par­
liament. Neither the Social Democrats nor the Christian 
Socialists were able to acquire any significant influence on 
the shaping of Austrian government affairs.

Beck remained in office and satisfied the Christian So­
cialists with some concessions but for the most part based 
his policy on the support of the conservative parties. In 
1905 the diet of Moravia had succeeded in finding a com­
promise between German and Czech national demands, 
and it was hoped a similar compromise could be achieved 
for Bohemia. But, within a short time, national conflicts 
got the upper hand again, and parliamentary debate and 
public opinion were once more excited by national strife. 
In 1908, however, international complications diverted 
attention from domestic affairs.

Foreign policy, 1878-1908. The alliances. The occupa­
tion of Bosnia and Hercegovina in 1878 had reasserted 
Habsburg interests in Balkan affairs. Facing the possibil- 
ity of conflict with Russia in this area, Austria-Hungary 
looked for an ally, with the result that in 1879 Austria- 
Hungary and the German Reich had joined in the Dual 
Alliance, by which the two sovereigns promised each oth­
er mutual support in the case of Russian aggression. The 
signing of the Dual Alliance was Andrässy’s last act as 
foreign minister, for he resigned shortly afterward, but the 
alliance survived as the main element in the international 
Position of the Habsburg monarchy until the very last day 
of the empire. Under Andrässy’s successors—Heinrich, 
Freiherr von Haymerle, and Kälnoky—Habsburg foreign 
policy continued its conservative course.

In 1881 an alliance with Serbia, which after the Congress 
of Berlin tumed to Austria-Hungary for protection, made 
this Balkan state a satellite of the Habsburg monarchy. 
The Three Emperors’ Alliance (Russia, Germany, Austria- 

The Three Hungary) of the same year brought Russian recognition of 
Emperors’ Habsburg predominance in the western part of the Balkan 
Alliance of peninsula. The signatories of this alliance promised to con- 
1881 sult one another on any changes in the status quo in the

Ottoman Empire, and, while Russia was given assurances 
that its position regarding the Straits and Bulgaria would 
be recognized, Austria-Hungary received from Russia the 
promise that there would be no objection to a possible 
annexation of Bosnia-Hercegovina in the future.
The Three Emperors’ Alliance was an important element 

in the structure of alliances that Bismarck set up to sta- 
bilize the European continent. Having decided to rely on 
Austria-Hungary as the fundamental partner in interna­
tional affairs, Bismarck had to endeavour to neutralize all 
the areas in which the Habsburg monarchy might possibly 
be drawn into a conflict. It was essential to avoid being 
involved in a controversy at an inopportune moment 
and in a region of little interest to Germany. Bismarck 
therefore attempted to lessen the possibility of a conflict 
between Austria-Hungary and Russia by making them 
partners in the Three Emperors’ Alliance. And when, in 
1882, Italy approached Germany to find a partner in its 
anti-French policy, Bismarck used the opportunity to neu­
tralize another European trouble spot. He informed the 
Italian foreign minister that the road to Berliivled through 

The Triple Vienna, with the result that the Triple Alliance (Italy, 
Alliance Germany, Austria-Hungary) was signed in May 1882. It 

was primarily a defensive treaty against a French attack 
on Italy or Germany. It further stated that, in the event 
of any signatory coming to war with another power, the 
partners of the alliance would remain neutral. The treaty 
did not settle the problems still existing between the Habs- 
burg monarchy and the Italian kingdom, but for Bismarck 
it sufficed that they were neutralized.
In 1883 Bismarck acted once more to reduce the danger 

of war in “Europe’s backyard” by arranging a defensive 
agreement between Austria-Hungary and Romania. The 
Triple Alliance and the Romanian Alliance not only 
strengthened the international status quo but also gave 
security to the intemal order of the Habsburg monarchy 
by weakening the irredentist movements in Transylvania 
and the Italian parts of Austria-Hungary.
The deterioration of German-French relations in the fol­

lowing years convinced Bismarck of the indispensability 
of the Triple Alliance, and he made every effort to force

Vienna to renew the alliance in 1887. By threatening to
withdraw protection against Russian aggression, Bismarck
forced Kälnoky to consent to his demands, but there can
be no doubt that Austria-Hungary was clearly impeded in
its national interests by having to adapt its foreign policy
to the German and Italian demand for the isolation of
France. Although Kälnoky succeeded during the negotia- Kälnoky’s
tions in avoiding any new Obligation in western Europe, Balkan
he was less successful in defending more immediate Aus- policy
trian interests. He managed to evade the Italian request
for the support of an active Italian colonial policy, but he
was unablè to keep Italy out of involvement in Balkan
affairs. It might be that in view of his own conservative
and defensive policy he saw an advantage in having Italy
as a third partner in the maintenance of the status quo
against possible Russian expansion. At any rate, it was on
Kälnoky’s initiative that the original Italian demand for a
declaration in favour of the status quo along the Ottoman
coasts and the Adriatic and Aegean seas was extended to
the interior of the Balkan peninsula.
On top of this Kälnoky granted the Italians the right to 

ask for compensation in case of any change in the terri­
torial status quo without defining this term. In a certain 
way, all the differences and clashes between Austrian and 
Italian Balkan policy in the first decade of the 20th Cen­
tury can be traced to the introduction of this clause (later 
formulated in article VII of the treaty) at the renewal of 
1887. In the same year, Bismarck built around the Tri­
ple Alliance a system of alliances and agreements which 
amounted to complete isolation of France and obliged the 
major European powers to guarantee the status quo along 
the borders of the Ottoman Empire. The First and Second 
Mediterranean Agreements of 1887 joined Great Britain 
to the powers (Austria and Italy) interested in blocking 
Russia from the Straits, and enabled Kälnoky to abandon 
direct agreements with Russia. The Three Emperors’ Alli­
ance of 1881 was allowed to expire, and Austria-Hungary 
was thus left without any formal understanding with Rus­
sia. Count Agenor Goluchowski, who followed Kälnoky 
as foreign minister in 1895, decided, however, that direct 
relations with St. Petersburg should be renewed. In April 
1897, Francis Joseph and Goluchowski visited St. Peters­
burg. The agreements signed as a result of this initiative 
aimed at excluding Italy from Balkan affairs and sought 
to entrüst preservation of the Balkan order to the bilateral 
Cooperation of the two eastern monarchies rather than to 
a multilateral alliance system. The final years of the 19th 
Century were marked by a change from static Continental 
policy to a more dynamic world policy, and the ensuing 
mobility in international relations reduced the value of 
the Triple Alliance.

The Bosnian crisis. The Austro-Russian agreements of 
1897 came to bear when, in 1903, a major revolt occurred 
in Macedonia. Following a meeting of Tsar Nicholas II 
and Francis Joseph in October 1903, their foreign minis­
ters drafted a reform program for the Ottoman Empire.
A mutual neutrality agreement was added the following 
year, leaving Austria-Hungary a free hand in the event 
of a conflict with Italy and enabling Russia to turn and 
face Japan. Explicitly excluded from the agreement with 
Russia were Balkan conflicts. When King Alexander of 
Serbia was assassinated in a military revolt in 1903 and 
the Obrenovic dynasty was replaced by the Karageorgevic,
Serbian relations with the Habsburg monarchy deteriorat- 
ed. The Serbs adopted an expansionist policy of unifying 
all southem Slavs in the Serbian kingdom, and, in order to 
block a Serbian advance, the Habsburg monarchy applied 
economie pressure. In 1906 all livestock imports from 
Serbia into the Habsburg monarchy were prohibited. This 
conflict, the so-called Pig War, did not cmsh Serbia but 
rather pushed it into the Russian camp.
When, in 1906, Count Goluchowski was replaced as for­

eign minister by the former ambassador to St. Petersburg,
Alois, Freiherr Lexa von Aehrenthal, a tuming point in 
Austrian foreign policy was signalled. Aehrenthal made a 
belated effort to free Austria-Hungary from its Submission 
to German interests and to engage in a dynamic Balkan 
policy. A first step in this direction was his proposal for 
the construction of a railroad through the Sandjak of
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Novi Pazar. The combined Russian and Serbian Opposi­
tion forced Aehrenthal to abandon the project temporarily 
and made it clear that any advance in the Balkans would 
probably result in war with Serbia and perhaps with Rus­
sia as well. The danger of such a conflict arose within a 
short time. In July 1908, following a revolution in Tur­
key, the Young Turk movement announced the reform 
of the Turkish constitution. Afraid that this constitutional 
change could undermine the Habsburg position in Bosnia 
and Hercegovina, two provinces that nominally were still 
under Ottoman suzerainty, Aehrenthal decided to use the 
opportunity to fortify the Austro-Hungarian position in 
the Balkan peninsula. In September 1908, he met with 
the Russian foreign minister, Count A.P. Izvolsky, and 
secured, so he thought, Russian approval of the proposed 
annexation in retum for Austria’s support in having the 
Straits opened to Russian warships. On October 6, 1908, 
the annexation was announced, immediately bringing a 
violent reaction from Serbia. When Izvolsky found that 
his plans for the Straits were opposed by Great Britain 
and France, he retracted his tentative support of Austria 
and supported the Serbian position. The Situation became 
serious, and for a while war seemed imminent. Franz, 
Freiherr Conrad von Hötzendorf, the chief of the general 
staff of the Habsburg monarchy, who had long advocat- 
ed preventive war, pushed for an aggressive move, but 
Aehrenthal had apparently never planned more than going 
to the brink of war. In March 1909, a German ultimatum 
forced the Russians to withdraw their support from Ser­
bia, and, since the Turkish government had agreed to the 
annexation of the two provinces in return for a monetary 
compensation, Serbia also had to come to terms with the 
Habsburg monarchy. The Bosnian crisis was settled, but 
the Serbians feit their national pride deeply wounded and 
continued to stir unrest in the Southern Slav provinces of 
the Habsburg monarchy.

The last years of peace. Conflicts o f nationality. The 
annexation crisis had repercussions among the other Slav 
nationalities in the monarchy. For several years, Czechs 
had been attracted by the Pan-Slav movement, and in 
July 1908 a Pan-Slav congress was held in Prague. During 
the diplomatic crisis of the following winter, the Czechs 
unabashedly took the side of the Serbs, and, on the day of 
the 60th anniversary of Francis Joseph’s accession to the 
throne, martial law had to be declared in Prague. National 
strife broke out once more all over the monarchy, and par­
liamentary activities were all but blocked by filibustering 
and the riotous activities of the deputies. Prime Minister 
Beek had resigned in November 1908; and his successor, 
Richard, Freiherr von Bienerth, after having äccomplished 
little with a cabinet of civil servants, tried to appease the 
nationalities by including Landsmannminister (national 
representatives) into his Cabinet (February 1909).

Obstruction in parliament continued. The Germans, in 
control of the government and the central administration, 
continued to assign to the monarchy the role of an out- 
post of German culture; the Slavs, however, increasingly 
wanted to make Austria the home of Slav national aspira- 
tions. The Czech agrarian leader FrantiSek Udrzal stated 
in parliament: “We wish to save the Austrian parliament 
but we wish to save it for the Slavs of Austria who form 
two-thirds of the population.” A population census taken 
in 1910 confirmed the Slav claim: out of the 28,324,940 
inhabitants of the westem half of the Austro-Hungarian 
Empire, only 35.58 percent regarded themselves as Ger­
man; 17.77 percent Poles; 12.58 percent Ruthenians; 23.02 
percent Czechs and Slovaks; 4.48 percent Slovenes; 2.8 
percent Serbs and Croats; and 2.75 percent Italians. The 
Slav predominance was weakened by the attitude of the 
Poles, who remained loyal to the central government, thus 
allowing the national conflict to assume the character of a 
primarily Czech-German quarrel. Even the Social Demo­
cratie Party could not overcome nationalist antagonism. 
In 1899, at the party congress at Brünn, the Social Demo­
crats had presented a national reform program based on 
democratie federalism, granting the right of national deci­
sions to territorial units formed on a basis of nationality. 
Karl Renner and Otto Bauer, who later became leaders 
of German-Austrian Socialism, drafted various programs

for the solution of the nationality problem in books pub­
lished between 1900 and 1910. But these efforts could not 
prevent the Socialists from Splitting along national lines, 
too, and in 1910 the Czech Socialists declared theipselves 
independent of the Austro-German Socialist Party.

Party rivalries. Such national differences weakened the 
Socialist position in the elections of 1911. Over 50 parties 
had competed in the campaign, and, since the German 
nationalist parties had allied in the Deutscher National­
verband, they managed to retum to parliament as the 
strongest single party, gaining 104 seats out of 516. The 
Christian Socialists, weakened by personal rivalry, suffered 
heavy losses, winning only 76 seats. The German Social 
Democrats received 44 seats and the Czech Socialists 24. 
The Czech parties were badly divided, those representing 
the Czech middle dass gaining 64 seats. Bienerth found 
himself unable to form a workable ministry, and he was 
replaced by Gautsch, who tried to reconcile the Germans 
and the Czechs. For a while negotiations seemed quite suc­
cessful, but extremist incidents deadlocked the talks, and 
the Gautsch Cabinet was replaced by a new ministry head- 
ed by Karl, Graf von Stürgkh (November 1911). Unable 
to deal with the nationality problem in a parliamentarian 
fashion, Stürgkh repeatedly suspended the Reichsrat. It 
was characteristic of the general political climate in Europe 
that Stürgkh had to concentrate his legislative program on 
the improvement of Austrian armament, for international 
crises overshadowed the nationality conflict.

Conflict with Serbia. Ever since the Bosnian crisis of 
1909, Austrian diplomats had been convinced that war 
with Serbia was bound to come. Aehrenthal had fallen 
sick soon after the annexation of Bosnia and Hercegovi­
na, and after a long illness he died (February 1912), at 
a moment when an Italian-Turkish conflict over Tripoli 
had provoked anti-Turkish sentiment in the Balkan States. 
Leopold, Graf Berchtold, who directed Austro-Hungarian 
foreign policy from 1912 on, did not possess the qualities 
required in such a critical period. Aehrenthal had been 
able to silence the warmongering activities of Conrad, who 
continued to advocate preventive war against Italy and 
Serbia, but Berchtold yielded to the aggressive policies of 
the military and the younger members of his ministry. 
During the Balkan Wars (1912-13), fought by the Balkan 
States over the remnants of the Ottoman Empire, Austria- 
Hungary twice tried to force Serbia to retract from po­
sitions gained by threatening it with an ultimatum. In 
February and October 1913, military action against Ser­
bia was contemplated, but in both instances neither Italy 
nor Germany was willing to guarantee support. Austria- 
Hungary had to acquiesce in the territorial changes in the 
Balkan peninsula, changes that eliminated the Turks from 
Europe. By supporting Bulgaria against Serbia, Austria- 
Hungary alienated Romania, which country had shown 
resentment against the Habsburg monarchy because of the 
treatment of non-Magyar nationalities in Hungary. Ro­
mania thus joined Italy and Serbia in support of irreden- 
tist movements inside the Habsburg monarchy. By 1914, 
leading government circles in Vienna were convinced that 
offensive action against the foreign protagonists of irre- 
dentist claims was essential to the integrity of the empire.
In June 1914, Archduke Francis Ferdinand, the heir of 

Francis Joseph, participated in army manoeuvres in the 
provinces of Bosnia-Hercegovina, disregarding wamings 
that his visit would arouse considerable hostility. When 
Francis Ferdinand and his wife were assassinated by a 
Bosnian nationalist at Sarajevo on June 28, 1914, the 
Austro-Hungarian foreign office decided to use the op­
portunity for a final reckoning with the Serbian danger. 
The support of Germany was sought and received, and 
the Austro-Hungarian foreign office proceeded to draft an 
ultimatum putting the responsibility for the assassination 
on the Serbian government and demanding füll satisfac- 
tion. The attitude of the foreign office was shared by 
Conrad and by Stürgkh but was opposed by the Hungar­
ian prime minister, Count Istvän Tisza, who wanted an 
assurance that a military move against Serbia would not 
result in territorial acquisitions and thus increase the Serb 
element in the monarchy. His demand satisfied, Tisza 
joined the advocates of war. In ministerial meetings on
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July 15 and 19, a deliberately provocative ultimatum was 
drafted in words that supposedly excluded the possibility 
of acceptance by Serbia. The ultimatum was handed to 
the Serbian government on July 23. The Serbian answer, 
handed in on time on July 25, was declared as being insuf­
ficiënt, though Serbia had agreed to practically all Austro- 
Hungarian demands with the exception of two that, in 
effect, entailed constitutional changes in the Serbian gov­
ernment. These were that certain unnamed Serbian offi­
cials be dismissed at the whim of Austria-Hungary and 
that Austro-Hungarian officials participate, on Serbian 
soil, in the Suppression of organizations hostile to Austria- 
Hungary and in the judicial proceedings against their 
members. In its reply, the Serbian government pointed 
out that such demands were unprecedented in relations 
between sovereign States but nevertheless agreed to submit 
the matter to the Permanent Court o f  Arbitration or to the 
arbitration of the great powers. On receiving this reply, the 
Austro-Hungarian ambassador immediately left Beigrade, 
severing diplomatic relations between the two countries. 
Berchtold and his government were clearly determined to 
make war on Serbia, regardless of the fact that such action 
might result in war between the great powers. While the 
European govemments frantically tried to offer compro­
mise Solutions, Austria decided on a fait accompli. On 
July 28, 1914, Berchtold asked Emperor Francis Joseph 
to sign the declaration of war, informing him that 

it cannot be excluded that the [Triple] Entente powers [Rus­
sia, France, Great Britain] might make another move to bring 
about a peaceful settlement o f the conflict unless a declara­
tion o f  war establishes a fait accompli [eine klare Situation 
geschaffen].
In the meantime the German government had taken 

control of the Situation and, placing German strategie 
and national plans over Austro-Hungarian interests, had 
changed the Balkan conflict into a Continental war.

World War I. Subordination to Germany. The German 
declaration of war against France and Russia subordinated 
the Austro-Serbian conflict to the German ahn of settling 
its own rivalries with France and Russia. According to 
the terms of the military agreement between Germany

and Austria-Hungary, the Austro-Hungarian army had to 
abandon plans to conquer Serbia and instead protect the 
German invasion of France against Russian intervention. 
The setbacks that the Austrian army suffered in 1914 and 
1915 can be attributed, to a large extent, to the fact that 
Austria-Hungary became a military satellite of Germany 
from the very first day of the war, though it cannot be 
denied that the Austrian high command proved to be 
quite incompetent. Conrad had clamoured for preventive 
war since 1906, but, when he received his chance, in July 
1914, it turned out that the Austrian army had no plans 
for an expeditious offensive. Similarly, after Italy entered 
the war on the side of the Allies in May 1915, Conrad 
was unprepared. The fact that only after the Germans had 
taken command could the Russian front be stabilized and 
that Serbia and Romania were not defeated until 1915 
and 1916, respectively, did little to enhance the prestige of 
the Austrian government.

Internal disintegration. In July 1914, parliament had 
been out of Session, and Stürgkh had refused to convene 
it. This and the military censorship that was established 
immediately after the outbreak of the war concealed the 
discontent of the non-German population. While German 
public opinion in Austria had welcomed the war enthu- 
siastically, and while some Polish leaders supported the 
war out of their anti-Russian resentment, the Czech pop­
ulation openly showed its animosity. The Czech leader 
TomäS Garrigue Masaryk, who had acted as one of the 
most prominent spokesmen for the Czech cause, emigrat- 
ed to western Europe. Karei Kramäf, who had supported 
the Pan-Slav idea, was put on trial for high treason and 
declared guilty on the basis of shaky evidence. German 
nationalism was riding high, but in reality the German 
Austrians had little influence left. In military matters, they 
were practically reduced to executing German orders; in 
economic affairs, the Hungarians, who controlled the food 
supply, had the decisive influence. Count Tisza, who had 
opposed the war in July 1914, became the strong man 
of the empire. On his advice, Berchtold was dismissed 
in January 1915, and the foreign office was once again 
entrusted to a Magyar. But Count Istvän Buriän, who was
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in charge of foreign affairs until December 1916, failed to 
keep Italy and Romania out ofthe war. German attempts 
to pacify the two States by concessions were unsuccessful, 
because Francis Joseph was unwilling to cede any territory 
in response to the irredentist demands of the two na­
tions. How little the outward calm in the Habsburg lands 
corresponded to the sentiment of the population became 

Assassina- apparent when Stürgkh was assassinated by Friedrich Ad- 
tion of 1er, the pacifist son of the leader of Austrian Socialism, in 
Stürgkh October 1916. Francis Joseph made Ernst Koerber prime 

minister, but Koerber had no chance to develop a pro­
gram of his own. On November 21,1916, Francis Joseph 
died, at the age of 86, leaving the throne and the shaky 
empire to his 29-year-old grandnephew, Charles, who had 
had little preparation for his task until the death of Francis 
Ferdinand had made him the heir apparent. Full of the 
best intentions, Charles set out to save the monarchy by 
searching for peace in foreign affairs and by recognizing 
the rights of the non-German and non-Magyar nationali­
ties of his empire. Charles relied heavily on the advice of 
politicians who had had the confidence of Francis Ferdi­
nand. He dismissed Koerber in December 1916 and made 
Count Heinrich Clam-Martinic, a Czech aristocrat, prime 
minister. At the foreign office, he replaced Buriän with 
Ottokar, Graf Czemin.
When parliament was reconvened in May 1917, it became 

manifest how far internal disintegration of the Habsburg 
monarchy had progressed. Parliament once again became 
the stage of unrelenting national conflicts. Finding so lit­
tle support from the Czech side, Charles tumed back to 
the German element, and in June 1917 made Emst von 
Seidler, once his tutor in administrative and international 
law, prime minister. But, even though he tried to appease 
the Czechs, the stubbom insistence of the Germans not 
to yield any of their prerogatives made reform of the em­
pire impossible.

Early peace At the same time, various moves to get Austria-Hungary 
feelers out of the war ended in failure. After a U.S. offer of gener­

al mediation had miscarried in December 1916, Charles 
tried through secret channels to deal directly with the En­
tente powers. In the spring of 1917, an exchange of peace 
feelers took place through the mediation of his brother-in- 
law, Sixtus of Bourbon-Parma, but Italy’s unwillingness 
to abandon some of the concessions granted to it in the 
Treaty of London (1915) made these talks abortive. Sim­
ilarly, negotiations with Allied representatives carried on 
in Switzerland brought no results.
Since the Austro-Hungarian government was unable to 

extricate itself from the ties of the Dual Alliance, France 
and England ceased to have regard for the integrity of 
the Habsburg monarchy. Furthermore, the revolutionary 
events in Russia in 1917 and the entry of the United States 
into the war introduced a new, ideological element into 
Allied policy toward the Central Powers. The German- 
directed govemments represented an authoritarian system 
of government, and national agitation in the Habsburg 
monarchy henceforth assumed the character of a demo­
cratie liberation movement, winning the sympathies of 
west European and American public opinion. From early 
1918 on, the Allied govemments began officially to pro- 
mote the activities of the emigrés from Austria, foremost 
among them TomäS Masaryk, the Czech leader, and in 
April 1918 a Congress of Oppressed Nationalities was 
organized in Rome. But the collapse of the Habsburg 
monarchy cannot be ascribed to the new Allied policy 
of supporting the independence claims of the Habsburg 
nationalities, which was only a belated adjustment to the 
changed conditions within Austria-Hungary. From the 
summer of 1917, the activities of the nationalist move­
ments within the empire made the Situation increasingly 
untenable, and, two days before U.S. Pres. Woodrow 
Wilson proclaimed his Fourteen Points, one of which 
demanded the reorganization of the Habsburg monarchy 
in accordance with the principles of national autonomy, 
the Czechs demanded outright independence (January 6, 
1918). Within a month, Polish and South Slav depu- 
ties, together with the Czechs, presented to the Reichsrat 
a program demanding the establishment of independent 
constituent assemblies for nationally homogeneous areas.

The end of the Habsburg Empire. During the same 
period in which the national-independence movement 
reached its final stage, another dangerous development 
manifested itself. From 1915 on, the supply Situation had 
worsened increasingly, and by January 1918 there were 
dangerous shortages, especially of food. Prompted by the Strikes, 
difficult food Situation and inspired by the Bolshevik vic- mutinies, 
tory in Russia, a strike movement developed. Demands and dem- 
for more bread and a demand for peace were combined onstrations 
with nationalist claims into open Opposition to the gov­
ernment. The strikes among the civilian population were 
followed by mutinies in the army and navy. In January 
and February 1918, however, the army and the govern­
ment succeeded in suppressing social unrest and antiwar 
demonstrations. But, from the same date, the national 
Opposition movement gathered momentum.
The hopes that the government had placed in peace settle­

ments with the eastern States were not fulfilled, either. The 
peace treaty with the Ukraine (signed in February 1918), 
the Treaty of Brest-Litovsk with Soviet Russia (March 
3, 1918), and the Treaty of Bucharest, which settled the 
peace with Romania (May 7, 1918), did not alleviate the 
supply Situation and irritated the Poles because of certain 
provisions of the Ukrainian settlement.

In April 1918, Czemin was replaced as foreign minister 
by Buriän. This change was the result of a conflict be­
tween Czemin and Charles over the desirability and pos- 
sibility of Austria’s concluding a separate peace with the 
Allies. Unknown to Czemin, Charles had in 1917 made 
certain secret overtures to the Allies, which were revealed 
by French premier Georges Clemenceau. The Germans 
were outraged, and Czemin was dismissed on their orders.
Buriän returned to the foreign office on April 16 and
immediately reported to the German high command at
Spa, where Emperor Charles and Buriän had to assure
the German Emperor of their unchanging loyalty. While
this act of Submission satisfied the German Austrians, it
fu rther in c e n sed  th e  Slav O pp osition . In May 1918 a Slav
national celebration in Prague demonstrated the strength
of the independence movements. But the Emperor and Belated
the German elements in the central government were still attempts at
not aware of the extent of the disintegration. In July reform
1918, Prime Minister Seidler resigned, and his successor,
Max Hussarek von Heinlein, began a belated effort to 
reorganize the Habsburg monarchy. Hussarek’s efforts to 
federalize the empire in the moment of imminent military 
defeat unintentionally tumed out to provide the basis for 
the formal liquidation of the Habsburg monarchy. On 
October 16, 1918, Emperor Charles issued a manifesto 
announcing the transformation of Austria into a federal 
union of four components (German, Czech, South Slav, 
and Ukrainian). The Poles were to be free to join a Polish 
state, and Trieste was to be given a special status. The 
lands of the Hungarian crown were to be excepted from 
this program. Within a few days, national councils were 
established in all the provinces of the empire and for 
all practical purposes acted as national govemments. The 
Poles proclaimed the union of all Poles in a unified state 
and declared their independence at Warsaw on October 7,
1918. The South Slavs advocated union with Serbia, and 
on October 28, 1918, the Czechs proclaimed the establish­
ment of an independent republic. The dissolution of the 
Habsburg monarchy was thus consummated by the end 
of October 1918—-that is, before the war actually ended.
It was impossible for the country to survive another 

winter of hostilities, and on September 14, 1918, Buriän 
published an appeal to all belligerents to discuss the pos­
sibilities of ending the war. When this move was opposed 
by the Germans as well as by the Allied powers, Buriän 
tried for a separate peace settlement for Austria-Hungary.
On October 14, 1918, he sent a note to President Wilson 
asking for an armistice on the basis of the Fourteen Points.
On October 18, 1918, U.S. Secretary of State Robert Lan- 
sing replied that, in view of the political development of 
the preceding months and, especially, in view of the fact 
that Czechoslovakia had been recognized as being at war 
with the Central Powers, the U.S. government was unable 
to deal on the basis of the Fourteen Points anymore. On 
October 27, 1918, Count Gyula Andrässy, who had re-
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placed Buriän three days before as foreign minister, sent a 
new note to President Wilson; in asking for an armistice, 
he declared full adherence to the statements set forth in 
the U.S. note of October 18, thus explicitly recognizing 
the existence of an independent Czechoslovak state. From 
this moment on, it remained only to liquidate the war. 
On October 22, 1918, Heinrich Lammasch, a renowned 
authority in the field of international law and a respected 
pacifist, formed a new Cabinet. He hoped to save the 
Habsburg monarchy by drawing up a federative structure. 
But instead of saving the state, he found himself charged 
with the task of supervising the dissolution of the empire 
and bringing about an orderly transfer of power. The gov­
ernment could not influence events outside of Vienna any- 
more and from October 30, 1918, was even challenged in 
the central agencies by the German-Austrian state council. 
The hostilities were ended by an armistice signed on No­
vember 3, 1918. The Austro-Hungarian high command, 
which had blundered into the war unprepared in 1914, 
did little better at its conclusion. Due to inaccuracies in 
the wording of the documents, more than 300,000 soldiers 
were taken prisoner by the Italian army. For some days 
the government hoped that, in spite of the secession of 
the Slav areas, the Habsburg dynasty could survive in the 
remaining lands. But even the German Austrians had lost 
faith in the Habsburgs, and, with revolutionary agitation 
on the rise and republican passion widespread, Charles 
adhered to the advice of Lammasch and decided to waive 
his rights to exercise political authority. On November 
11, 1918, he issued a proclamation acknowiedging “in 
advance the decision to be taken by German Austria” and 
stating that he relinquished all part in the administration 
of the state. The declaration of November 11, 1918, marks 
the formal act of dissolution of the Habsburg monarchy.

THE FIRST REPUBLIC AND THE ANSCHLUSS
The war’s aftermath. On October 21, 1918, the 210 

German members of the imperial parliament (Reichsrat) 
of Austria formed themselves into a national assembly for 
Deutschösterreich, or German-Austria; and on October 30 
they proclaimed this an independent state under the direc- 
tion of a State Council (Staatsrat) composed of the leaders 
of the three main parties and other elected members. Rev­
olutionary disturbances in Vienna and, more important, 
the news of the German revolution forced the State Coun­
cil on the republican path. On November 12, the day after 
the emperor Charles’s abdication, the National Assembly 
resolved unanimously that “German-Austria is a demo­
cratie republic” and “German-Austria is a component part 
of the German republic.” Karl Renner, a leading Socialist, 
became head of a coalition government, with Otto Bauer, 
the acknowledged spokesman of the left wing of the Social 
Democrats, as foreign secretary. On November 22, the 
territory of the republic was further defined: the National 
Assembly claimed for the new state all the Habsburg lands 
in which a majority of the population was German. It also 
claimed the German areas of Bohemia and Moravia.
From the first day, the republic was faced with the di- 

sastrous heritage of the war. Four years of war effort and 
the breakup of the Habsburg Empire had brought eco­
nomie exhaustion and chaos. The resulting social distress 
and poverty inspired revolutionary activities, thus making 
Bolshevism appear the greatest danger to the new repub­
lic, especially after a Soviet republic was established in 
Hungary at the end of March 1919. The Austrian Social 
Democrats were determined to resist Bolshevism with their 
own forces without making an alliance (as the German 
Social Democrats did) with the old order. A Volkswehr 
(People’s Guard) was organized and was twice effective 
(April 17 and June 15) against Communist attempts at 
a Putsch. Otto Bauer and Friedrich Adler staked their 
popularity on defeating the Communist agitation in the 
workers’ and soldiers’ councils, which had been set up on 
the Soviet model. By mid-1919, political and social order 
was restored on parliamentary lines, the Communist Party 
relapsing into insignificance. More dangerous was the ten- 
dency of the Länder (provinces, or States) to break away 
from Vienna or to claim almost complete independence. 
Though the principal motive of this was reluctance to

send food supplies to Vienna, it also represented a genuine 
social, political, and ideological conflict: the administra­
tion of the industrialized Capital was Socialist controlled, 
while the Länder, being predominantly agrarian, remained 
conservative and faithful to the Catholic tradition. This 
difference was aggravated by the fact that the monarchy 
had been the only bond between the German Austrian 
lands; with the abdication of the Emperor, no Symbol of 
loyalty common to all Länder remained. Vorarlberg voted 
for union with Switzerland in May 1919, and Tirol also 
attempted to secede.

The constitutional settlement. In February 1919, elec­
tions for a constitutional assembly were held. The Social 
Democrats were returned as the largest single party, with 
69 seats. Sixty-three were won by the Christian Socialists 
and 26 by the German Nationalists. When this assembly 
met (March 4), it had to make wide concessions to fed­
eralism in order to appease the provinces. In exchange, 
Vienna was also elevated to the rank of a state and the 
mayor made the equivalent of a state govemor. This pro- 
viso subsequently enabled “Red Vienna” to pursue an au- 
tonomous policy, despite the fact that the Bundesregierung 
(“federal government”) was controlled by the conservative 
parties from 1920 to 1934.
The constituent assembly also settled the constitution of 

the federal republic (October 1, 1920). The State Coun­
cil was abolished, and a bicameral legislative assembly, 
the Bundesversammlung, was established. The Bundesrat 
(upper house) was to exercise only a suspensive veto and 
was to be elected roughly in proportion to the population 
in each state. This represented a defeat for the federal 
elements in the States, which had wanted the Bundesrat 
to exercise an absolute veto and to be composed of equal 
numbers of members from each state. The lower house, or 
Nationalrat, was to be elected by universal suffrage on a 
basis of proportional representation. The Bundesversamm­
lung in full session elected the president of the republic 
for a four-year term, but the federal government, with 
the chancellor at its head, was elected in the Nationalrat 
on a motion submitted by its principal committee; this 
committee was itself representative of the proportions of 
the parties in the house.

The foreign policy of Otto Bauer and representatives of 
the major political parties had insisted firmly on Anschluss 
(“union”) with Germany, and as late as 1921 unauthorized 
plebiscites held in the western provinces returned over- 
whelming majorities in favour of union with Germany. 
But article 88 of the peace treaty of Saint-Germain, signed 
on September 10, 1919, forbade Anschluss without the 
consent of the League of Nations and also stipulated that 
the republic should cease to call itself Deutschösterreich 
(German-Austria); it became the Republik Österreich. The 
Austrian claim for the German-speaking areas of Bohemia 
and Moravia was denied by the peace conference, and 
Austria had to recognize the frontiers of Czechoslovakia 
along slightly rectified historical administrative lines. The 
Southern frontier with Yugoslavia was threatened by Yu- 
goslav armed invasion, and it was finally decided that 
the question should be settled by a plebiscite, which, on 
October 10, 1920, returned a majority of 59 percent in 
favour of Austria. The German-speaking districts of west­
ern Hungary were to be ceded to Austria outright; but 
Austria, in the face of Hungarian resistance, was obliged to 
hold a plebiscite. The area of Sopron was finally restored 
to Hungary.

After the elections of February 1919, Renner formed an­
other coalition government, but after a government crisis 
in the summer of 1920 a caretaker cabinet under the Chris­
tian Socialist Michael Mayr was formed. This government 
prepared the draft of the constitution and introduced it 
into parliament. After its approval, new elections were 
held, on October 17, 1920. The Christian Socialists were 
returned as the strongest party, gaining 82 seats, while the 
Social Democrats were reduced to 66 and the German 
Nationalists to 20. Mayr formed a new cabinet composed 
of Christian Socialists; the Social Democrats went into Op­
position and never returned to the government throughout 
the First Republic. This political division hardened, and 
no decisive change took place during the following years.
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The system of proportional representation combined with 
the ideological background of Austrian parties made os- 
cillations of political allegiance unlikely. Of the two mass 
parties, the Social Democrats had an unshakable majority 
in Vienna (in which about a third of all the inhabitants 
of the republic lived), while the Christian Socialists had 
an equally secure majority among the Catholic peasants 
and the conservative classes, the latter consisting largely 
of army officers, landowners, and big business. The urban 
middle classes, hostile to both workers and peasants, be­
came German nationalists. But German nationalism was 
not limited to the middle classes. The workers and even 
the peasants feit themselves to be Germans and also re- 
sponded to the national appeal.
Economic reconstruction. The main task of the non- 

Socialist govemments in power in Austria from the au- 
tumn of 1920 on was to restore financial and economic 
stability. Between 1919 and 1921, the urban population of 
Austria lived largely on relief from the United States and 
Great Britain, and, although production improved, dis­
tress was heightened by inflation that threatened financial 
collapse in 1922. In October 1922, the Chancellor, Ignaz 
Seipel, secured a large loan through the instrumentality of 
the League of Nations, enabling Austrian finances to be 
stabilized. In retum, Austria had to undertake to remain 
independent for at least 20 years. The controller general 
appointed by the League of Nations reported in Decem­
ber 1925 that the the Austrian budget had been balanced 
satisfactorily, and in March 1926 international financial 
supervision was withdrawn.

Seipel’s success in October 1922 gave Austria some years 
of stability and made economic reconstruction and relative 
prosperity possible. In Socialist-controlled Vienna, an am- 
bitious program of working dass housing, health schemes, 
and adult education was carried out under the leadership 
of Karl Seitz, Hugo Breitner, and Julius Tandler. “Red 
Vienna” thus acquired a unique reputation in Europe.
Political strife. In 1920 all three major parties spoke in 

democratie terms. Despite democratie phrases, however, 
preparations for possible civil war had never been aban­
doned. The Christian Socialists, led by Seipel, a believer 
in strong government, were convinced that they had to 
protect the existing social order against a Marxist revolu­
tion. In the provinces, reactionary forces (the Heimwehr, 

Emer- or “home defense forces”), originally formed for defense 
gence of against the Yugoslavs or merely against international dis- 
Fascist order, gradually acquired Fascist tendencies. The Social 
groups Democrats feit that their social-reform program was en- 

dangered by reaction. They possessed their own armed 
force, the Schutzbund (Defense League), descended from 
the People’s Guard of 1918, and they and the reactionary 
forces regularly demonstrated against each other. In 1927, 
in the course of a clash between members of the Schutz­
bund and certain reactionary forces at Schattendorf, an 
old man and a child were accidentally shot by the reac- 
tionaries. When the latter were acquitted by a Vienna 
jury on July 14, the Social Democrats called for a mass 
demonstration, which got out of hand and ended in the 
buming down of the ministry of justice. In Street fighting 
between the police and the demonstrators, almost 100 per­
sons were killed. The Social Democrats then launched a 
general strike, but this had to be called off after four days. 
Seipel had used the opportunity for a violent assertion of 
government authority. The balance between Socialist and 
non-Socialist forces in Austria was never secure after this 
decisive date.
The Christian Socialists, pressed increasingly by the 

Heimwehr, now began to take the offensive against the 
Social Democrats. Wilhelm Miklas, a leading Christian 
Socialist, was elected president as successor to the non- 
party Michael Harnisch, who had been in office since De­
cember 1920. There were repeated attempts to revise the 
constitution, principally with the object of strengthening 
the power of the executive. After protracted negotiations, 
a compromise was reached late in 1929. On December 7, 
1929, a series of constitutional amendments gave increased 
powers to the president. Of particular importance were the 
rights to appoint ministers and issue emergency decrees. 
But Vienna preserved its autonomy, and the democratie

principle was preserved against the far-reaching authori­
tarian demands of the Heimwehr. In the elections of No­
vember 1930, the Social Democrats were returned as the 
largest single party, with 72 seats. The Christian Socialists 
held 66, the German Nationalists 19, and the Heimwehr, 
now posing as a Fascist party on the Italian model, 8.

These political events were overshadowed by the great 
world economie crisis. Though the Social Democratie lead­
ers believed that the crisis should be met by the orthodox 
means of deflation and spending cuts, they were resolyed 
not to be compromised by supporting these measures and 
refused to enter a coalition government. On the other 
hand, in October 1931 they acquiesced in suspending the 
election of the president by direct populär vote, as had 
been provided by the constitution of 1929, and agreed to 
the reelection of Miklas by parliament for a further four 
years. The government, meanwhile, led by Otto Ender 
and Johann Schober, was driven to desperate devices in 
order to stave off collapse. Schober, leader of the middle- Proposed 
dass German Nationalists, launched the project for a cus- customs 
toms union with Germany in Mareh 1931; this provoked union with 
violent Opposition from France and the alliance of the Germany 
Little Entente (Czechoslovakia, Yugoslavia, and Roma- (1931) 
nia) and was subsequently condemned by a majority of 
the International Court at The Hague. The bankruptcy in 
May 1931 of the Creditanstalt, the most influential bank­
ing house in Austria, brought Austria close to financial 
and economie disaster. This, together with the rise of the 
National Socialists in Germany, resulted in considerable 
support being given to the Nazis in Austria; and the pro­
vincial elections in 1932 showed that they were draining 
off votes from the conservative parties. The Nationalists 
began to demand a general election, and this demand was 
taken up by the Social Democrats, who saw a chance of 
winning a majority in parliament.

Authoritarianism: Dollfuss and Schuschnigg. After the 
election, when Engelbert Dollfuss came to form a Chris­
tian Socialist government on May 20, 1932, he could 
count on a majority of only one vote. Dollfuss belonged 
to a new generation that had been educated in the conser­
vative conviction that the Western form of parliamentary 
government had been forced upon the central Europeans 
as a result of military defeat and Socialist revolution and 
that the political and social order could be restored only 
by the establishment of some kind of strong authority.
The leaders of the Christian Socialist Party found them­
selves under attack from two ideological enemies, the 
Marxists and the Nazis, who apparently threatened the 
very basis of the conservative order. In reaction, Dollfuss The end 
determined to replace parliamentary government with an of parlia- 
authoritarian system. The opportunity to do this came in mentary 
March 1933, when, during a debate on a minor bill, an govern- 
argument arose over alleged irregularities in the voting ment 
procedure. The president of the Nationalrat resigned; the 
two vice presidents followed his example; and Dollfuss 
declared that parliament had proved unworkable. It never 
met again in Tuil, and Dollfuss govemed thereafter by 
emergency decree.
By this time (spring of 1933), Adolf Hitler was in power 

in Germany, and Nazi propaganda for the incorporation 
of Austria was greatly increased. Dollfuss tumed to Italy 
for help, convinced that British and French aid would be 
ineffective. This shift in foreign policy can also be attrib- 
uted to the fact that Dollfuss had to rely on the help of 
the anti-Marxist Heimwehr to stay in power.

The Social Democrats were subjected to increasing prov- 
ocation and on February 12, 1934, took to arms. Civil 
war followed. After four days of fighting, Dollfuss and the 
Heim wehr were victorious. The Social Democratie Party 
was declared illegal and driven underground. In the course 
of the same year, all political parties were abolished except 
the Vaterländische Front (Fatherland Front), which Doll­
fuss had founded in 1933 to unite all conservative groups.
In April 1934, the rump of the parliament was brought 
together and accepted an authoritarian constitution. The 
executive was given complete control over the legislative 
branch of government; the elected assemblies disappeared 
and were replaced by advisory bodies, appointed in a com- 
plicated and futile fashion. The rights of man guaranteed
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under the democratie constitution were also swept away. 
“Republic” was removed from the official name of the 
state, which became merely the Federal State of Austria.
On July 25, 1934, a group of Nazis seized the chancellery 

and attempted to proclaim a Nazi government. Dollfuss, 
whom they had taken prisoner, was murdered. The plan, 
however, miscarried: the Nazis in the chancellery were 
compelled to surrender, and their leaders were executed; a 
Nazi rising in Styria was suppressed; and Hitler, faced with 
the mobilization of an Italian army on the Brenner Pass, 
repudiated his Austrian followers. Franz von Papen was 
sent as German ambassador to reduce Austria by other 
means. Kurt von Schuschnigg, who became chancellor on 
the death of Dollfuss, was a man of gentler personality and 
of less violent political passions. His administration of the 
authoritarian constitution was in the easygoing Austrian 
fashion, less oppressive than in Italy and Germany. Schu­
schnigg had a mild preference for restoring the Habsburgs, 
but he shrank from the international complications that 
this would involve. The regime drifted on without populär 
favour, weakened by the personal rivalries and ambitions 
of its leaders and sustained only by a guarantee from 
Italy. The temporary accord of Great Britain, France, and 
Italy in the “Stresa front” (April 1935) seemed to promise 
new security, but the Ethiopian crisis soon destroyed the 
unity of the Western powers, and Austria’s isolation was 
complete when Hitler and Mussolini allied themselves in 
1936. Schuschnigg had to negotiate a compromise with 
Germany, which was signed on July 11, 1936; Germany 
promised to respect Austrian sovereignty, and in return 
Austria acknowledged itself “a German state.” The agree­
ment left Austria open to Nazi Infiltration. In January 
1938, the Austrian police discovered a new Nazi conspir- 
acy. Schuschnigg hoped to defeat this by a meeting with 
Hitler, but at Berchtesgaden, where Hitler received him 
on February 12, 1938, Schuschnigg was faced with threats 
of military intervention in support of the Austrian Nazis. 
He had to agree to give them a general amnesty and to 
include some leading Nazis in his Cabinet; the Ministry of 
the Interior had to be entrusted to Arthur Seyss-Inquart, 
the spokesman of Austrian Nazis. The open agitation of 
the Nazis threatened to destroy the government’s author­
ity, and confidential contacts in the European capitals 
brought Schuschnigg to realize that he could not count on 
the support of the great powers. He therefore resolved to 
challenge Hitler alone. On March 9 he announced that a 
plebiscite would be held on March 13 to decide in favour 
of Austrian independence.
Anschluss and World War II. Though the Austrian 

crisis had taken him unaware, Hitler acted with energy 
and speed. Mussolini’s neutrality was assured, there was 
a ministerial crisis in France, and the British government 
had made it known for some time that it would not oppose 
union of Austria with Germany. On March 11, 1938, two 
peremptory demands were made for the postponement 
of the plebiscite and for the resignation of Schuschnigg. 
Schuschnigg gave way, and German troops, accompanied 
by Hitler himself, entered Austria on March 12. A Nazi 
government in Austria, headed by Arthur Seyss-Inquart, 
was established and collaborated with Hitler in proclaim- 
ing the Anschluss on March 13. France and Great Britain 
protested against the methods used by Hitler but accepted 
the fait accompli, as did all other govemments. A plebiscite 
on April 10, held throughout greater Germany, recorded 
a vote of more than 99 percent in favour of Hitler.
Austria was absorbed into Germany. Immediately after 

the invasion, the Nazis arrested the leaders of the Austrian 
political parties, and many Austrians, especially those of 
Je wish origin, went into exile. But the political antagonism 
that had previously weakened the status of the republic 
continued to block Cooperation among the émigrés as well 
as among the resistance groups that formed inside Austria.

The possibility of reestablishing an independent Austria 
was far from dead, however, and, after the outbreak of 
World War II the Allied govemments began to reconsider 
their attitude toward the Anschluss. In December 1941, 
Stalin informed the British that the Soviet Union would 
regard the restoration of an independent Austrian republic 
as an essential part of the postwar order in central Europe,

and, at the meeting of the foreign ministers of Great Brit­
ain, the Soviet Union, and the United States in Moscow 
(October 1943), a declaration was published that declared 
the union with Germany null and void and pledged the Al­
lies to restore Austrian independence. Though the British 
prime minister, Winston Churchill, continued to make 
proposals for setting up a central European federation 
comprising the former Habsburg lands and even Southern 
Germany, the European Advisory Commission in London 
assumed that Austria would return to sovereignty within 
the borders of 1937. When Soviet troops liberated Vien­
na on April 13, 1945, representatives from the resistance 
movement and the former political parties were allowed 
to organize.

THE SECOND REPUBLIC
The Allied occupation. On April 27, 1945, Karl Ren­

ner set up a provisional government composed of Social 
Democrats, Christian Socialists, and Communists and 
proclaimed the reestablishment of Austria as a democrat­
ie republic. The Western powers, afraid that the Renner 
government might be an instrument of Communist ex­
pansion, withheld full recognition until the autumn of 
1945. Because of similar suspicions, agreement on the di­
vision of Austrian zones of occupation was delayed until 
July 1945. Shortly before the Potsdam Conference (which 
stipulated that Austria would not have to pay reparations 
but assigned the German foreign assets of eastern Austria 
to the Soviet Union), control machinery was set up for the 
administration of Austria, giving supreme political and 
administrative powers to the military Commanders of the 
four occupying armies. In September 1945 a conference of 
representatives of all provinces extended the authority of 
the Renner government to all parts of Austria. A general 
election held in November 1945, in which former Nazis 
were excluded from voting, returned 85 members of the 
Austrian People’s Party (corresponding to the Christian 
Socialists of the prewar period), 76 Socialists (correspond­
ing to the Social Democrats and Revolutionary Socialists), 
and four Communists. Renner was elected president of 
the republic; Leopold Figl, leader of the Austrian People’s 
Party, became chancellor of a coalition Cabinet. The gov­
ernment decided not to draft a new constitution but to 
return to the constitution of 1920, as amended by the laws 
of 1929. In June 1946 the control agreement of July 1945 
regulating the machinery of Allied political supervision 
was modified by restricting Allied interference essentially 
to constitutional matters. Denazification laws passed in 
1946 and 1947 eliminated Nazi influence from the public 
life of Austria. In the postwar years, the Austrian People’s 
Party and the Socialists were the sole partners in a co­
alition government that was formed in proportion to the 
parties’ strength in parliament. This principle of propor­
tional representation, originally introduced in 1919, was to 
be an important factor in Austrian political life after 1945.
From 1945 to 1952, Austria had to struggle for survival. 

After liberation from Nazi rule, the country faced com­
plete economic chaos. Aid provided by the United Nations 
Relief and Rehabilitation Administration (unrra) and, 
from 1948, support given by the United States under the 
Marshall Plan made survival possible. Heavy industry and 
banking were nationalized in 1946, and, by a series of 
wage-price agreements, the government tried to control 
inflation. Interference by military commanders in political 
and economic affairs in the Soviet zone of occupation 
caused a considerable migration of Capital and industry 
from Vienna and Lower Austria to the formerly purely 
agricultural western provinces. This brought about a far- 
reaching transformation of the economic and social struc­
ture of the country. Austria continued to be occupied by 
U S., British, French, and Soviet forces until 1955. A trea­
ty restoring Austrian sovereignty was expected early, but 
the atmosphere of the Cold War made agreement among 
the former Allied powers impossible. In 1953, however, 
a heavy bürden was removed from the Austrian econo­
my when the Soviet government declared that it would 
pay its own occupation costs (as the United States had 
done since 1947). Thereupon, the British and the French 
followed suit.
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In 1949 former Nazis were allowed to participate in 
the general election. The Union of Independents (later 
renamed the Freedom Party), corresponding to the for­
mer German Nationalist group but free from ideological 
ties, won 16 seats in parliament. In subsequent elections 
(1953, 1956, 1959, 1962), the relationship of the three 
parties remained stable. When Renner died (December 
31, 1950) Theodor Körner, the Socialist mayor of Vienna, 
was elected president of the republic by direct populär 
vote. He was succeeded in 1957 by the leader of the 
Socialist Party, Adolf Schärf, followed in 1965 by Franz 
Jonas, former mayor of Vienna, and in 1974 by Rudolf 
Kirchschläger, former minister of foreign affairs,

The influence of the Socialists in the coalition govem- 
ment, which had been relatively strong under Leopold 
Figl’s chancellorship, was reduced when the Austrian Peo­
ple’s Party replaced Figl with Julius Raab in the spring 
of 1953 and had Reinhard Karnitz appointed minister 
of finance. The subsequent economic reconstruction and 

The Raab- the advance to a prosperity unknown to Austrians since 
Karnitz the years before World War I is generally identified with
course the so-called Raab-Kamitz course, based on a modified

free-market economy. The nationalized steel industry, 
electrical-power plants, and oil fields, together with the 
privately owned lumber and textile industries and the 
tourist traffic, were the major economic assets. The Austri­
an economy came to be dominated to a disproportionate 
extent by a trend toward the tertiary sector because of 
the importance of Fremdenverkehr (tourist traffic), which 
transformed the economic and social character of the rural 
Alpine areas.
The Berlin conference of the foreign ministers of France, 

Great Britain, the Soviet Union, and the United States 
in January 1954 raised Austrian hopes for the conclusion 
of a peace treaty. For the first time, Austria was admit­
ted as an equal conference partner, but the failure of 
the foreign ministers to agree on the future of Germany 
again prejudiced Austria’s chances. It appeared that the 
Soviet government was not prepared to forgo the stra­
tegie advantages of maintaining its forces iii Austria so 
long as Germany was not “neutralized.” In February 1955 
the Soviet government suddenly extended an invitation 
to the Austrian government for bilateral negotiations. An 
Austrian delegation visited Moscow in April 1955, and 
a memorandum was agreed on, according to which the 
Soviet government declared itself ready to restore full 
Austrian sovereignty and to evacuate its occupation troops 
in retum for an Austrian promise to declare the country 
permanently neutral.

Restoration of sovereignty. The treaty was signed in 
Vienna on May 15, 1955, by the representatives of the 
four powers and Austria. It formally reestablished the 
Austrian republic in its pre-1938 frontiers as a “sover­
eign, independent and democratie state.” It prohibited 
Anschluss between Austria and Germany as well as the 
restoration of the Habsburgs. It guaranteed the rights of 
the Slovene and Croatian minorities in Carinthia, Styria, 
and Burgenland. The United Kingdom, the United States, 
and France relinquished to Austria all property, rights, 
and interests held or claimed by them as former German 
assets or war booty. The Soviet Union, however, obtained 
tangible payment for the restoration of Austrian freedom. 
This included $150,000,000 for the confiscated former 
German enterprises, which Austria had to buy back from 
the Administration of Soviet Property in Austria; $2,000,- 
000 for the confiscated German assets of the First Danube 
Steamshipping Company; and 10,000,000 metric tons of 
crude oil as the price of Austrian oil fields and refineries 
that had been Soviet war booty. The treaty came into 
force on July 27, 1955, and by October 25 all occupation 

Austrian forces were withdrawn. On October 26 a constitutional 
neutrality law of perpetual Austrian neutrality was promulgated. The 

Austrian government had never left any doubts that the 
pledge to neutrality could be interpreted only as a mili­
tary one and never as an ideological one. Throughout the 
Soviet occupation, the Austrians had proved their anti­
communist attitude, and the spontaneous reaction of the 
Austrian people during the Suppression of the Hungarian 
Revolution in 1956 demonstrated their sympathy with

Western democratie ideas. Austria preserved political sta­
bility; changes in the personal and ideological structure of 
the government and political parties were effected without 
major political crisis.
From 1962 disagreement over economic problems gener­

ated friction between the coalition parties. The annual 
budget led to grave disunity in the coalition, and in the 
autumn of 1965 the government resigned and called new 
elections. The election, held on March 6, 1966, brought 
a setback for the Socialist Party, and the People’s Party 
was returned to parliament with an absolute majority. 
Negotiations for a new coalition government failed. The 
Socialists, led by a former foreign minister, Bruno Kreis­
ky, went into Opposition, and Josef Klaus formed the first 
one-party Cabinet of the Second Republic. Contrary to 
widespread misgivings, the political stability of the coun­
try was not disturbed, and parliament was given new 
vigour and influence. In ensuing provincial elections, the 
Socialist Party demonstrated recovery from the setback of 
1966, and in the national elections of 1970 the Socialist 
Party managed to win a plurality of votes, becoming the 
strongest party in parliament, with 81 seats, but falling 
short of a majority. After negotiations for a new coalition 
Cabinet failed, in May 1970 Bruno Kreisky was appointed 
Chancellor and formed the first Austrian all-Socialist Cabi­
net. Sensing increased support for the Socialists he called 
for new elections in October 1971, which gave his party a 
clear majority of 93 seats. In the subsequent elections of 
1975 and 1979 the Austrian voters demonstrated their ap­
proval of Kreisky’s policy qf moderate social reform and 
economic stability by returiing the Socialist Party to par­
liament in increasing strength: the elections of May 1979 
gave the Socialists 95 seats, while the Austrian People’s 
Party, weakened by problems of leadership, received only 
77 seats and the Freedom Party only 11. In the elections of 
1983 the Socialist Party lost its majority, gaining only 90 
seats; it formed a coalition government with the Freedom 
Party, which won 12 seats.

The stability of Austrian politics is paralleled by an 
equally stable economy: besides having an elaborate Sys­
tem of social security and health insurance, the Austrians 
have enjoyed an unbroken prosperity with one of the 
lowest rates of unemployment in Europe. The Kreisky 
government carried through a number of reform pro­
grams, among which the reorganization of the legal code 
under the minister of justice, Christian Broda, had truly 
historical dimensions.
Austria became a member of the United Nations in 1955 

and of the Council of Europe in 1956. Major problems of 
Austrian foreign relations were the conflict with Italy over 
Südtirol (Bolzano) and the problem of association with 
the European Economic Community (eec). During the 
Paris Peace Conference of 1946 an agreement was signed 
guaranteeing the rights of the German-speaking popula­
tion of Südtirol. The Austrian government, claiming that 
the Italians had not lived up to their obligations, initiated 
bilateral talks. In the early 1960s, acts of terrorism com- 
mitted by German-speaking chauvinists interfered with the 
progress of the negotiations, but in 1969 agreement was 
finally reached on implementing the guarantees provided 
in the agreement of 1946. In 1958 Austria joined the Eu­
ropean Free Trade Association, but a special arrangement 
with the European Economic Community, accompanied 
by prudent dealings with the Socialist neighbours, main- 
tained Austria’s status as a neutral nation. For current 
political history, see the annual issues of the Britannica 
Book o f the Year.

(F.Fe.)
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Automata Theory

In simple terms an automaton represents a formaliza- 
tion of a set of rules for a computation, and automata 
theory, which is studied as part of the foundations of 

mathematics, is used in the building of such machines as 
all-purpose computers. An example of a typical automa­
ton is a pendulum clock. In such a mechanism the gears 
can assume only one of a finite number of positions, 
or States, with each swing of the pendulum. Each state, 
through the Operation of the escapement, determines the 
next succeeding state, as well as a discrete output, which 
is displayed as the discrete positions of the hands of the 
clock. As long as such a clock is wound and its Operation 
is not interfered with, it will continue to operate unaf- 
fected by outside influences except the effect of gravity on 
the pendulum.

More general automata are designed to respond to changes 
in external conditions or to other inputs. For example, 
thermostats, automatic pilots of aircraft, missile guidance 
Systems, telephone networks, and Controls of certain kinds 
of automatic elevators are all forms of automata.

The internal States of such devices are not determined 
solely by their initial state, as is the case of the pendu­
lum clock, but may be determined by an input from a 
human operator, from another automaton, or by an event

or series of events in the environment. A thermostat, for 
instance, has an “on” or “off” state that depends on the 
temperature. The best known general automaton is the 
modern electronic computer, the internal States o f which 
are determined by the data input and which operates to 
produce a certain output. (B.R./R.J.Ne,)

This article is divided into the following sections:
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NATURE AND ORIGIN OF MODERN AUTOMATA
The components of automata consist of specific materials 
and devices, such as wires, transistors, levers, relays, gears, 
and so forth, and their Operation is based on the mechan- 
ics and electronics of these parts. The principles of their 
Operation as a sequence of discrete States can, however, be 
understood independently of the nature or arrangement 
of their components. In this way, an automaton may be 
considered, abstractly, as a set of physically unspecified 
States, inputs, Outputs, and rules of Operation, and the 
study of automata as the investigation of what can be 
accomplished with these. This mode of abstraction yields 
mathematical Systems that in certain respects resemble 
logical Systems. Thus, an automaton can be described as a 
logically defined entity that can be embodied in the form 
of a machine, with the term automaton designating both 
the physical and the logical constructions.

In 1936 an English mathematician, Alan Mathison Tur- 
ing, in a paper published in the Proceedings o f the London 
Mathematical Society (“On Computable Numbers with 
an Application to the Entscheidungsproblem”), conceived 
a logical machine the output of which could be used to 

The Turing define a computable number. For the machine, time was 
machine considered to be discrete and its internal structure, at a 

given moment, was described simply as one of a finite 
set of States. It performed its functions by scanning an 
unbounded tape divided into squares, each of which either 
contained specific information in the form of one of a 
finite number of Symbols or was blank. It could scan only 
one square at a time, and, if in any internal state except 
one called “passive,” it was capable of moving the tape 
forward or backward one square at a time, erasing a Sym­
bol, printing a new symbol if the square was blank, and 
altering its own internal state. The number it computed 
was determined by Symbols (the “program”) provided on a 
finite portion of the tape and the rules of Operation, which 
included stopping when the passive state was reached. The 
output number was then interpreted from the Symbols 
remaining on the tape after the machine stopped.
Automata theory since the middle of the 20th Century 

has been extensively refined and has often found practical 
application in civilian and military machines. The mem- 
ory banks of modern computers can store large (though 
finite) amounts of information. (For further information 
on computers and their applications, see In f o r m a t io n  
PROCESSING AND INFORMATION SYSTEMS.) The original 
Turing machine had no limit to the memory bank because 
each square on the unbounded tape could hold informa­
tion. The Turing machine continues to be a Standard ref- 
erence point in basic discussions of automata theory, and 
many mathematical theorems conceming computability 
have been proved within the framework of Turing’s origi­
nal proposal.

NEURAL NETS AND AUTOMATA
The finite automata of McCulloch and Pitts. Part of 

automata theory lying within the area of pure mathe­
matical study is often based on a model of a portion of 
the nervous system in a living creature and on how that 
system with its complex of neurons, nerve endings, and 
synapses (separating gap between neurons) can generate, 
codify, store, and use information. The “all or none” 
nature of the threshold of neurons is often referred to in 
formulating purely logical schemata or in constructing the 
practical electronic gates of computers. Any physical neu­
ron can be sufficiently excited by an oncoming impulse 
to fire another impulse into the network of which it forms 
a part, or else the threshold will not be reached because 
the stimulus is absent or inadequate. In the latter case, the 
neuron fails to fire and remains quiescent. When several 
neurons are connected together, an impulse travelling in a 
particular part of the network may have several effects. It 
can inhibit another neuron’s ability to release an impulse; 
it can combine with several other incoming impulses each 
of which is incapable of exciting a neuron to fire but that, 
in combination, may provide the threshold stimulus; or 
the impulse might be confined within a section of the 
nerve net and travel in a closed loop, in what is called 
“feedback.” Mathematical reasoning about how nerve nets

work has been applied to the problem of how feedback in 
a computing machine can result in an essential ingrediënt 
in the calculational process.

Original work on this aspect of automata theory was 
done by Warren S. McCulloch and Walter Pitts at the 
Research Laboratory of Electronics at the Massachusetts 
Institute of Technology starting in the 1940s.

The definitions of various automata as used here are 
based on the work of two mathematicians, John von 
Neumann and Stephen Cole Kleene, and the earlier neu- 
rophysiological researches of McCulloch and Pitts, which 
offer a mathematical description of some essential features 
of a living organism. The neurological model is suggested 
from studies of the sensory receptor organs, internal neu­
ral structure, and effector organs of animals. Certain re- 
sponses of an animal to stimuli are known by controlled 
Observation, and, since the pioneering work of a Spanish 
histologist, Santiago Ramón y Cajal, in the latter part of 
the 19th and early part ofthe 20th Century, many neural 
structures have been well known. For the purposes of this 
article, the mathematical description of neural structure, 
following the neurophysiological description, will be called 
a “neural net.” The net alone and its response to input 
data are describable in purely mathematical terms.

A neural net may be conveniently described in terms 
of the kind of geometrie configuration that suggests the 
physical structure of a portion of the brain. The com­
ponent parts in the geometrie form of a neural net are 
named (after the physically observed structures) neurons. 
Diagrammatically they could be represented by a circle 
and a line (together representing the body, or soma, of a 
physiological neuron) leading to an arrowhead or a solid 
dot (suggesting an endbulb of a neuron). A neuron may 
be assumed to have either an excitatory or an inhibitory 
effect on a succeeding one; and it may possess a thresh­
old, or minimum number of unit messages, so to speak, 
that must be received from other neurons before it can 
be activated to fire an impulse. The process of transmis- 
sion of excitation mimics that which is observed to occur 
in the nervous system of an animal. Messages of unit 
excitation are transmitted from one neuron to the next, 
and excitation is passed along the neural net in quantized 
form, a neuron either becoming excited or remaining non- 
excited, depending on the States (excitatory or quiescent) 
of neurons whose endbulbs impinge upon it. Specifically, 
neuron N, with threshold h, will be excited at time t, if 
and only if h or more neurons whose excitatory endbulbs 
impinge upon it are excited at time t — 1 and no neuron 
whose inhibitory endbulb impinges upon it is excited at 
time t — 1. A consistent picture can be made of these 
conditions only if time and excitation are quantized (or 
pulsed). It is assumed conventionally that a unit of time is 
required for the transmission of a message by any neuron.
Certain neurons in the configuration mathematically rep- 

resent the physiological receptors that are excited or left 
quiescent by the exterior environment. These are called in­
put neurons. Other neurons called output neurons record 
the logical value, excited or quiescent, of the whole con­
figuration after time delay t and transmit an effect to an 
exterior environment. All the rest stimulate inner neurons.

Any geometrie or logical description of the neural struc­
ture of an organism formulated as the basis of physical 
construction must be sufficiently simple to permit me- 
chanical, electric, or electronic Simulation of the neurons 
and their interconnections.

The basic logical organs. The types of events that can 
excite the automaton and the kinds of responses that it 
can make must next be considered. By Stripping the de­
scription down to the most simple cases, the basic organs 
from which more complicated robots can be constructed 
may be discovered. Three basic organs (or elementary au­
tomata) are necessary, each corresponding to one of the 
three logical operations of language: the binary operations 
of disjunction and conjunction, leading to such proposi- 
tions as A U  B (read “T or B”), A D  B (read “A and B”), 
and the unary Operation of negation or complementation, 
leading to such propositions as Ac (read “not A" or “com­
plement of A ”). First to be considered are the stimulus- 
response pattern of these elementary automata.

The
neural net

Binary op­
erations of 
disjunction 
and con­
junction
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A ssum ing that a neuron can be in only  on e o f  two pos­
sible States— i .e . , excited or quiescent— an input neuron  
at a given instant o f  tim e t — 1 m ust be either excited or 
nonexcited  by its environm ent. A n environm ental m es­
sage transm itted to tw o input neurons N x and N 2 at tim e  
t  — 1 can then be represented num erically in  any one o f  
the four follow ing ways, in w hich binary digit 1 represents 
excitation and binary digit 0 represents quiescence: (0, 0), 
(0, 1), (1, 0), (1, 1). The disjunction autom aton  m ust be 
such that a single output neuron M  correspondingly reg­
isters at tim e t the response: 0, 1, 1, 1. The conjunction  
autom aton  m ust be such that a single output neuron M  
correspondingly registers at tim e t the response: 0 , 0, 0, 1. 
The negation autom aton  considered as having tw o input 
neurons N x and N 2, o f  which N x is always excited, m ust 
respond to the environm ental m essages (1, 0) and (1, 1) 
with 1, 0, respectively, at the output neuron M .

The generalized automaton and Turing’s machine. The 
construction o f  m ore com plicated robots from  these basic 
building blocks constitutes a large part o f  the theory o f  
autom ata. T he first step in the direction o f  generalization  
is to  define the neural nets that correspond to  formal ex- 
pressions in n variables o f  the propositional calcu lus— that 
is, the form al system  that concerns “or,” “an d ,” “n ot,” 
and “im plies.” A  single output autom aton (o f  which the 
above three are sim ple exam ples) is a neural net with n 
input neurons, one output neuron, and with interconnec- 
tions betw een neurons that conform  to the rule that no  
neuron stim ulated at tim e t can im pinge upon a neuron  
that could have experienced its first Stim ulation at the 
sam e or an earlier tim e. The latter rule is the requirem ent 
o f  no feedback. G iven  this concept o f  a single output au­
tom aton , it is possible to exam ine the output response at 
tim e t +  s, considered as a function o f  the configuration o f  
stim uli at the n input neurons at tim e t. T his response can 
be com pared with the truth value o f  a logical statem ent 
(polynom ial) from  the propositional calculus. A  logical 
statem ent is form ed from n  com p onent propositions, each 
o f  w hich can assum e the truth value either true or false. 
The com parison betw een autom aton and logical state­
m ent is accom plished  by m atching response at the output 
neuron at tim e t +  s with truth value o f  the statem ent for 
every one o f  the 2 n cases in w hich the configuration o f  
stim uli conform s to the configuration o f  truth values o f  the 
com p onent propositions. If, in  this sense o f  com parison, 
the functional response o f  the autom aton  is identical to  
the functional value o f  the logical statem ent (polynom ial), 
the autom aton  is then said to com pute the statem ent 
(polynom ial) or the statem ent is said to be com putable. A  
wider d a ss o f  com putable statem ents is introduced with  
the general autom aton , yet to  be defined, as w ith the m ore 
general Turing m achine.

The im portant distinction betw een the logical statem ent 
and the autom aton  that com putes it is that the first is free 
of any tim e ingrediënt while the second is defined only  
with reference to a tim e delay o f  length 5.

A basic theorem  States that for any polynom ial P  o f  the 
propositional calculus, there exists a tim e delay s and a 
single output autom aton A , such that A  com putes P  with 
tim e delay s. The p roof o f  the theorem  rests on  the fact 
from the propositional calculus that all statem ents are 
com posed  from  com ponent propositions with the opera­
tions o f  disjunction, conjunction, and negation and the fact 
from the autom ata theory that all single output autom ata  
can be com posed  by interconnecting elem entary autom ata  
o f  the disjunctive, conjunctive, and negative types.

A second step of generalization in the construction of 
robots proceeds from the single output automata to the 
neural net that possesses more than one output neuron 
and in which the intemal connections may include feed­
back. Such a construction is called a “general automa­
ton.” The dass of general automata includes all-purpose, 
electronic digital computers the memory-storage units of 
which are of fixed, though possibly of very considerable, 
size. It is within the context of the general automaton 
that the purely automated decision-making, computing, 
Controlling, and other sophisticated neural functions so 
suggestive of the mental ability of human beings may 
appropriately be discussed.

The Turing machine can be defined not only as it was 
in the introduction (roughly following Turing’s approach) 
but as a general automaton to which an unbounded mem- 
ory unit (such as an unbounded tape) is added. Thus, 
the general automaton and the Turing machine differ in 
logical design only with respect to the extent of memory 
storage.
The distinction is critical, however, for Turing proposed 

that the dass of numbers computable on his machine (a 
wider dass than can be obtained by general automata) 
coincide with those that are effectively computable in the 
sense of constructive logies. A simple Convention also 
makes it possible to interpret the output of a Turing 
machine as the computation of a function. The dass of 
functions so computed, called “Turing computable” or 
“computable,” are of basic importance at the foundations 
of mathematics and elsewhere. It can also be stated that a 
useful dass of functions that are definable without refer­
ence to machines, namely, the so-called partial recursive 
functions, has the same membership as the dass of com­
putable functions. For the present purposes, then, no effort 
need be made to define the partial recursive functions.
Turing’s approach admitted mathematical formalization 

to the extent that a finite list of symbols qx, q2, q3, • • • , 
qn could be used to denote intemal States and a finite list 
of symbols a, b, c, • • • , X could designate abstractly 
what is called “the alphabet”—that is, the list from which 
individual members could be chosen and printed into the 
squares of the machine’s tape. If the symbols R  and L, 
respectively, designate a move of the tape one square to 
the right and one square to the left, it remains only to list 
in some orderly fashion the alternative possible steps in 
the machine’s Operation in order to define it completely. 
Turing himself chose to list alternate steps, or instructions, 
in the form of quintuples of the above symbols. It is also 
possible to use quadruples to define a machine. Such a list, 
then, of, say, quadruples of instructions is equivalent to a 
Turing machine, and it is significant that the list is finite.

The finiteness of the list of quadmples of instructions 
leads to the idea that all Turing machines can be listed— 
that is, they are at most countable in number. This be­
ing the case, it can be proved that there is what Turing 
called a “universal” machine capable of operating like 
any given Turing machine. For a given partial recursive 
function of a single argument, there is a corresponding in­
teger, called the Gödel number, that identifies the Turing 
machine capable of computing the given function. The 
Gödel number and the argument value of the function to 
be computed can be given as input data on the tape of 
the universal machine. From the Gödel number, the list 
of instructions, defined in the form of quadruples, that 
are necessary for the computation of the given recursive 
function at the specific argument value can be encoded 
by the universal machine on its own tape, and, from that 
point on, the universal machine will duplicate the required 
Turing machine.

Input: events that affect an automaton. Once having 
reached the definition of the general automaton and the 
more general universal Turing machine, a general defini­
tion of the events in the environment that stimulate it 
may be introduced. The automaton, which computes log­
ical statements, is not defined without reference to time, 
a characteristic that distinguishes the machine itself from 
the logic. In the same way, stimuli are not definable, in 
general, without reference to time. These facts are indica- 
tive of the Simulation features that the computing machine 
bears with respect to man.

For an automaton with n input neurons, N x, N2, • • • , 
Nn, an individual history of Stimulation, starting with the 
present moment, t = 0, and continuing to the remote past, 
can be recorded as a sequence of «-tuples, (ß1? ß2, * * • , 
ß„), in which each binary digit, ßA, is either a 0 or a 1. 
Thus, the beginning of one such individual history for an 
automaton of four neurons might be recorded in tabular 
form as an unending list of quadruples of the type (1,0, 
1,1) (see Box, display 1).
An event is a collection of individual histories. This is 

a generalization of the idea already used to characterize 
an environmental message transmitted to the two input
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neurons of an elementary automaton at time t — 1. As an 
example, the stimulus (0, 1) is the same as the collection of 
all individual histories in which neuron N2 was stimulated 
at time t — 1 and neuron N\ was not. As another example, 
the event that neuron N2 (of a two-neuron automaton) is 
presently stimulated and has always been stimulated on 
altemate second can be represented as the collection of 
two individual histories (see 2). While some events require 
an infinite tabulation, others that specify the States of each 
neuron over a finite past (allowing that anything might 
have occurred before) permit a finite tabulation. Events of 
the second kind are called definite events, or stimuli.
The construction (either actual or theoretical) of a gen­

eral automaton with the help of the logical components 
and interconnections of a neural net results in an entity 
that responds in reproducible ways to stimuli. A response 
becomes recorded as a configuration of binary digits, cor- 
responding to the States of the finite number of output 
neurons at a specified time t in the future, while a stimulus 
is a collection of individual histories extending over the 
past and including the present. The logical construction 
implies a behaviour in the guise of a listing of responses 
to all possible stimuli. Reciprocally, for a given behaviour 
of the type defined, the possible structure of a machine 
that could produce such behaviour can be investigated.

PROBABILISTIC QUESTIONS

It was traditional in the early treatment of automata the­
ory to identify an automaton with an algorithm, or rule 
of computation, in which the output of the automaton 
was a logically determined function of the explicitly ex- 
pressed input. From the time of the invention of the all- 
mechanical escapement clock in Europe toward the end 
of the 13th Century, through the mechanistic period of 
philosophy that culminated in the work of the French 
mathematician Pierre-Simon Laplace, and into the mod­
ern era of the logically defined Turing machine of 1936, 
an automaton was a mechanical or logical construction 
that was free of probabilistic components. It was also 
understood to be immersed in an environment (that is, 
activated or supplied with input data) that could be logi­
cally specified without the concept of chance.

Automata After the middle of the 20th Century, mathematicians 
and the explicitly investigated questions concerning automata that 
idea of included in their formulation the idea of chance, and in 
chance doing so they drew upon earlier applicable mathematical 

results. While the automata themselves are prototypes of 
deterministic machines, the U.S. mathematician Norbert 
Wiener showed that they may be programmed in such a 
way as to extrapolate certain types of random data that 
are introduced as input. A prediction of data that are not 
yet received as input can be accomplished, provided the 
data are what will later be defined to constitute a station- 
ary time series and provided the prediction is restricted 
according to a well-defined optimization procedure. In 
this way a logically defined robot, or automaton, may be 
placed in an environment that evolves according to both 
deterministic and random processes (the bifurcation of 
the environment into deterministic and random processes 
being mathematically postulated by the designer of the 
robot) and may be seen to respond to the advantage of 
its designer: The robot can control a ship’s rudder, guide 
an airplane to its landing, reorient a rocket on its course, 
predict weather, and so forth. The programming of an au­
tomaton so that it will react in a suitable way when placed 
in a naturalistic environment falls under the heading of 
prediction theory.
Of the types of probabilistic questions considered, four 

(which will be listed in arbitrary order) were predomi- 
nant. The first, that of Wiener, was broached in 1948. It 
concerned the use of mathematically expressed algorithms 
or physically constructed computers to predict the future 
of a system, such as the weather, that includes random 
components—i.e., an automaton in Turing’s logical sense 
immersed in a random environment. The second, of von 
Neumann, was concerned with the reliability of large 
computing machines with many components and sought 
methods of design, called “multiplexing,” that would re­
duce the chance for unwanted error during the machine

calculation of a problem. In this context, the automaton 
was interpreted as a randomly operating device that in 
practice approximates the Operation of a Turing machine 
under the influence of better and better design. The third, 
considered by various researchers, concerned the possibil- 
ity of computing a wider dass of sets than are accessible 
to Turing machines by adding a random component to 
the machine itself. In this context, the automaton was 
being interpreted as a Turing machine modified with the 
potentiality for injecting the output of a random num­
ber generating device into one or more of its operational 
steps. The fourth concerned the logical possibility of an 
automaton, such as a Turing machine, actually yielding as 
output a sequence of random numbers. In this context, the 
automaton was considered to be simultaneously a Turing 
machine and a generator of numbers that are indistin- 
guishable from measurements on random phenomena.

Some results that have been achieved from examination 
of each of these four types of questions will constitute the 
remainder of this section.

The automaton and its environment. It must first be 
observed that, just as an automaton is an acceptable de­
scription (or model) of a neural structure, an automaton, 
though frequently thought of as a computing machine, is 
in general a response mechanism that produces output (or 
behaviour) as a consequence of the input (or environmen­
tal stimuli). “Environment” is then another name for the 
input and output of an automaton. Some poetic license 
in identifying automata with living things may justify the 
use of the term.

During his researches on cybernetics, Wiener recognized 
that, if computers could be programmed to solve certain 
mathematical equations, then the data read from physi­
cally generated time series (or numerical values indexed 
consecutively in time and related through a transforma- 
tion) could be extrapolated. He saw that, if this process 
could be accomplished with sufficiënt speed, as would be 
possible with modern electronic circuits, then the extrap­
olated values would be obtained faster than the actual 
physically evolving process that produced the time se­
ries, and a prediction of the future would result. Errors 
would be inevitable because a complete history of data 
and adequate measurements would be unobtainable. For 
this reason, the mathematical equations that would be at 
the heart of such an extrapolation could be deduced, in Matching 
part, from the objective of minimizing the errors. Thus, an autom- 
the matching of an automaton, or computer, with a real aton with 
physical environment could result in the anticipation of an environ- 
the future, if certain mathematical equations were derived ment 
that minimized prediction error.

Control and single-series prediction. A derivation of the 
mathematical equations of prediction had been accom­
plished in a limited sense some years before Wiener’s work 
on cybernetics. In 1931 Wiener had collaborated with 
an Austrian-born U S. mathematician, Eberhard Hopf, to 
solve what is now called the Wiener-Hopf integral equa- 
tion, an equation that had been suggested in a study of 
the structure of stars but later recurred in many contexts, 
including electrical-communication theory, and was seen 
to involve an extrapolation of continuously distributed 
numerical values. During World War II, gun- and aircraft- 
control problems stimulated further research in extrap­
olation, and Wiener composed a purely mathematical 
treatise, Extrapolation, Interpolation, and Smoothing o f 
Stationary Time Series, which was published in 1949.
As early as 1939, a note on extrapolation by a Russian 
mathematician, A.N. Kolmogorov, had appeared in the 
French journal Comptes Rendus. Although the Wiener- 
Hopf work was concerned exclusively with astronomy and 
done without the guiding influence of computers, it was 
recognized in World War II that high-speed computations 
could involve input information from a moving object 
and, through prediction or extrapolation, provide output 
data to correct its path. This recognition was the seed 
of the concept of the guided missile and radar-controlled 
aircraft. Weather prediction was also possible, as was com- 
puterized research on brain waves whose tracés on the 
electroencephalograph offered another physical realization 
of the time series that are predictable. The mathematics



524 Automata Theory

that was necessary for a complete understanding of pre­
diction included the concept of a stochastic process, as 
described in the article probability theory.

The Wiener and Kolmogorov research on extrapolation 
of time series became known as single-series prediction and 
owed much to the studies (1938) of a Swedish mathemati­
cian named Herman Wold, whose work was predicated on 
the assumption that, if X h X 2, X 3, • • • , are successive 
values of a series identified with discrete points in time 
t =  1, t =  2, / =  3, • • • , then the successive values are 
not entirely unrelated (for if they were, there would be no 
way for an algorithm or an automaton to generate infor­
mation about later members of the sequence—that is, to 
predict). It was assumed, with anticipation that there is 
frequently such a thing in nature, that a transformation T

(1) ( l .o,  1,0)
( 1 , 0 , 1 , 1 ) 

( 0 , 0 , 0 ,  1) 

( 1, 0 , 1, 0)

(2) (0 , 1) (1, 1) 
(0, 0) (1, 0)

( 0 ,1 )  (1 , 1)

(0, 0) (1, 0)

(3) $ * (« )=  2  X{T-«w)P«\
n = 0

with convergence defined in the L2-metric.

(4)

An algorithm for computing the coefficients P(nfc) in the 
prediction Sk(co) is the following:
From the auto-correlation (X_n, X 0) of the time series 
compute |i//(0)|:

^  \ m \ 2em d O = ( X _ n,X„).

From |i//(Ö)| compute \h(r, $):

log il)(r, 0) = ^ — I Y  rn ein$ [ log 
277 K = i J -

l<Kx)l2 'd x  +

'ƒ  log |t//(x)| d x j .

From ijjir, 6) compute {X , h_n):

4>(r, 0) =  j?  rn ein9(X, /;_„), 0 «  r <  1.
n =  0

From {X, h_n) compute an:
(X ,h )a 0 =  1
m
£ ( * . V > „ = ° ;  m > 0 -

n = 0
From an and (X, h_n) compute P ^ :

* * ' =  t  a « -JX > h _ m_k), k >  0.

(5) < r l= ±  \(.X,h_n)\*

relates members of the series by successively transforming 
an underlying space of points co according to a rule. The 
rule States that the kth member of the time series is a 
function of an initial point co that has migrated in the 
underlying space Xk = X{Tkto). It was also assumed that, 
if sets of points (co) constituted a region (of sufficiënt 
simplicity called “measurable”) in space, then when the 
set was transformed under the influence of T  its volume 
would not be changed. The last assumption had, in fact, 
been proved by a French mathematician, Joseph Liouville, 
a Century earlier for a wide dass of physical processes 
whose behaviour is correctly described by the so-called 
Hamiltonian equations. The clearly stated assumptions of 
Wiener and Kolmogorov, referred to as the stationarity 
of the time series, were supplemented with the idea (the 
linearity restriction) that a solution Aa(co) for the predicted 
value of the series, displaced in time k  steps into the 
future, should be restricted to a linear combination of 
present and past values of the series (see 3).

With the help of one other mathematical assumption, it 
was then possible to solve the single-series prediction prob­
lem by specifying an algorithm that would determine the 
coefficients in the linear combination for Sk((o), in which 
k is a positive integer (see 4). It was possible also to solve 
for the error of prediction (see 5)—that is, a measure of 
the discrepancy between the value predicted and the true 
value of the series that would occur at time k  in the fu­
ture. This meant that for a variety of circumstances, such 
as the prediction of atmospheric pressure measured at one 
weather station, or the prediction of a single parameter in 
the position specification of a partiele (such as a partiele 
of smoke) moving according to the laws of diffusion, an 
automaton could be designed that could sense and predict 
the chance behaviour of a sufficiently simple component 
of its environment.
Multiple-prediction theory. . Generalizations of the above 

limited accomplishments are tantalizing to mathemati- 
cians. If animals, and humans in particular, are viewed, 
even in part, as automata with varying degrees of accom- 
plishment and success that depend on their abilities to 
cope with their environment, then human beings could be 
better understood and their potentialities could be further 
realized by exploring a generalized version of an automa- 
ton’s ability to predict. Success in generalizations of this 
kind have already been achieved under the heading of 
what is called multiple-prediction theory. A reference to 
the problem of multiple prediction without a complete 
solution was made as early as 1941 by a Russian mathe­
matician, V. Zasuhin. The first major step forward, after 
Zasuhin, was taken by Wiener in 1955 under the title “On 
the Factorization of Matrices.” Many significant results 
soon followed.

If multiple-prediction theory is identified with part of 
automata theory (which is not always done), it is possible 
to consider the construction of a computing machine, or 
automaton, capable of sensing many interdependent ele­
ments of its environment at once and, from a long history 
of such data, of predicting a future that is a function of 
the same interdependent elements. It is recognized that 
multiple prediction is the most general approach to the 
study of the automaton and its environment in the sense 
that it is a formulation of prediction free of the linearity 
restriction earlier mentioned with reference to single series 
(see 3). To express a future point VA(co), for example, as 
a linear function of its present and past values as well 
as first derivatives, or rates of change, of its present and 
past values is to perform a double prediction or prediction 
based on the two time series X x, X2, X 3, • • • ; X 'h X '2, 
X '3, • • • , in which primes indicate derivatives with re­
spect to time. Such double prediction is a first step toward 
nonlinear prediction.
Automata with unreliable components. In 1956 with the 

continuing development of faster and more complex com­
puting machines, a realistic study of component misfiring 
in computers was made. Von Neumann recognized that 
there was a discrepancy between the theory of automata 
and the practice of building and operating computing ma­
chines because the theory did not take into account the 
realistic probability of component failure. The number of
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component parts of a modern all-purpose digital com­
puter was in the mid-20th Century already being counted 
in millions. If a component performing the logical dis­
junction (A or B) misfired, the total output of a complex 
Operation could be incorrect. The basic problem was then 
one o f probability: whether given a positive number 5 
and a logical Operation to be performed, a corresponding 
automaton could be constructed from given organs to 
perform the desired Operation and commit an error in the 
output with probability less than or equal to 8. Affirmative 
results have been obtained for this problem by mimieking 
the redundant structure of parallel channels of commu- 
nication that is frequently found in nature—i.e., rather 
than having a single line convey a pulse of information, a 
bündle of lines in parallel are interpreted as conveying a 
pulse if a sufficiënt number of members in the bündle do 
so. Neumann was able to show that with this redundancy 
technique (multiplexing) “the number of lines deviating 
from the correctly functioning majorities of their bundles” 
could with sufficiently high probability be kept below a 
critical level.

Automata with random elements. The term algorithm 
has been defined to mean a rule of calculation that guides 
an intelligent being or a logical mechanism to arrivé at 
numerical or symbolic results. As discussed above under 
Neural nets and automata, a formalization of the intuitive 
idea of algorithm has led to what is now called an automa­
ton. Thus, a feature of an automaton is the predictability, 
or the logical certainty, that the same output would be 
obtained för successive operations of an automaton that 
is provided with the same input data. If, as a substitute 
for the usual input data, random numbers (or results due 
to chance) are provided, the combination of input data 
and automaton is no longer completely predictable. It is 
notable, however, that unpredictable results that might be 
obtained with the use of uncertain input are not without 
their practical application. Such a method of combining 
the Operation of a computer with the intentional injec- 
tion of random data is called the “Monte-Carlo method” 
of calculation and in certain instances (such as in the 
numerical Integration of functions in many dimensions) 
has been found to be more efficiënt in arriving at correct 
answers than the pureiy deterministic methods.

Quite apart from the questions of efficiency that might 
bear upon the addition of an element in a computing 
machine (automaton) that could produce numbers due 
to chance, the pureiy logical question has been asked: Is 
there anything that can be done by a machine with a 
random element that cannot be done by a deterministic 
machine? A number of questions of this type have been 
investigated, but the first clear enunciation and study of 
such a question was accomplished in 1956 by the U.S. 
engineer Claude E. Shannon and others. If the random 
element in the machine is to produce a sequence of digits 
0 and 1 in a random order so that the probability is p for 
a digit 1 to occur, then (assuming that the number p is, 
itself, obtainable from a Turing machine as a computable 
number) the machine can do nothing new, so to speak, as 
compared to the unmodified Turing machine. This result 
is precisely expressed in the language of automata theory 
by saying that the sets enumerated by the automaton with 

The com- random elements can be enumerated also by the unmod- 
putability ified automaton. The computability of p, however, is crit- 
condition ical and is necessary for the result. It is also important to 
for random emphasize, in order to distinguish this result from what 
elements follows, that the computability of p  is under discussion, 

not the computability of the sequence of random digits.
Computable probability spaces. Finally, it is to be ob­

served that the concept of chance or random number, 
wherever it has occurred in the above discussion, submits 
to the interpretation of result of Observation of an exper­
iment or physical phenomenon. The chance ingredients 
in the weather data to which prediction theory applies 
could be due to molecular disturbances in the atmosphere 
that are of diverse and minute origin. The chance failure 
that might cause a component breakdown in a computing 
machine is due to the physical structure and environment 
of the defaulting part. The source of chance that could be 
used to augment the input of a computer for the purposes

of the Monte-Carlo method of calculation may be chosen 
as the erratic emission of electrons from the cathode of an 
electronic tube and is frequently so chosen.

An entirely distinct question is involved in relating 
chance and computers. It would be important to know 
whether an automaton in the sense defined by Turing can 
generate random numbers. The question is tantamount to 
asking whether ä Turing machine can logically describe 
the behaviour of those sources of chance that are found in 
nature and are the subject of the study of probability the­
ory. Because there are many points of view—too many to 
consider here—more tightly phrased questions may serve 
as an introduction to the subject, and a few conclusions 
that can be brought as answers will be mentioned. At 
the öutset, one limited question can be affirmatively an- 
swered: Can a computable sequence of numbers, S —(al9 
a2, a3, • • • ), serve as the basic ingrediënt of a proba­
bility theory by providing all of the necessary points in a 
probability space? In this question the term computable 
sequence is defined to mean that the numbers ak are real 
and there is a Turing machine that, for any pair of positive 
integers A, B, will print out in order the first A digits of 
all ah for k  ranging from 1 to B, in a finite number of 
steps. It might appear that an affirmative answer to the 
above question is not striking if simple probability theory 
alone is considered—that is, a theory of events in which 
the number of possible outcomes is finite, as in the theory 
of dice, coins, roulette, and the like. On the other hand, it 
was shown in 1960 that, although a computable sequence 
can serve as a set of points in a simple probability space, 
the mathematical expectations of all random variables X  
defined on the space can be computed according to an 
explicit algorithm (see 6) that makes use of the sample 
values, X(a{), X(a2\  X(a3), • • • , which themselves are 
computable if X  is computable. In this algorithm it is evi­
dent that the potential number of values to be calculated is 
infinite, though the number of possible outcomes (distinct 
values of X) might be finite.

In the language of the limited question considered, a list- Random 
ing of all sample values (random numbers) of an infinite numbers 
sequence of statistically independent random variables can that a 
be printed out by a Turing machine, at least in the simple Turing ma- 
case, with strict adherence to the definition of all proba- chine can 
bilistic terms as based on measure theory, the theory that compute 
generalizes the concept of length.
Extension of such constructions beyond the simple case 

has also been shown to be possible, provided the concept 
of a random variable can be extended to a dass of func­
tions that are more general than the measure-theoretic 
dass. The most explicit formulation of a suitable general­
ization was given in 1966, and on the basis of this work it 
is possible to answer affirmatively a second question: For 
any sequence of probability distributions, is there a se­
quence of statistically independent random variables with 
these respective distributions, each of whose sample values 
can be computed on a Turing machine and whose math­
ematical expectations are also attainable by algorithm?

Such results would seem to affront the intuition that 
tends to divide phenomena into deterministic (or com­
putable) and random (or uncomputable) parts. It is to be 
observed, however, that in probabilistic matters, passage to 
the limit and infinite collections are essential ingredients, 
and such entities are unfamiliar objects in the world in 
which intuitions are formed. (B.R.)

CLASSIFICATION OF AUTOMATA
All automata referred to from this point on may be un- 
derstood to be essentially Turing machines classified in 
terms of the number, length, and movement of tapes and 
of the reading and writing operations used. The term 
discrete state automaton is sometimes used to emphasize 
the discrete nature of the internal States. The principal 
classes are transducers and acceptors. In automata theory, 
a transducer is an automaton with input and output; any 
Turing machine for computing a partial recursive func­
tion, as previously described, can stand as an example.
An acceptor is an automaton without output that, in a 
special sense, recognizes or accepts words on the machine 
alphabet. The input of an acceptor is written on tape in
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the usual way, but the tape is blank at the end of the 
computation, and acceptance ofthe input word is repre­
sented by a special state called a final state. Thus, a word 
x, or sequence of symbols from an alphabet denoted by 
the letter S, is said to be accepted by an acceptor A if A 
computes, beginning in an initial state q0 with x  on tape, 
and halts in a final state with tape being entirely blank. A 
subset designated U of the set of words S  * on an alphabet 
S  is called an accepted set if there is an automaton A that 
accepts any word x ^ U .

Acceptors. An elementary result of automata theory is 
that every recursively enumerable set, or range of a par­
tial recursive function, is an accepted set. In general the 
acceptors are two-way unbounded tape automata.

(6) E X =  lim b  £  *<«*>
A:=l

Ist rule: S“_^ P ÏV P

2nd rule: N F -*  Art Xd] N
3rd rule: Adj —»Adv Adj
4th rule: V P ->  V N P
5th rule: Pr —» she

(7)
6th rule: A rt—> a
7th rule: n -* X 3 j N

8th rule: Adj —»pretty
9thrule: Adj —> little

10th rule: Adv pretty
1 Ith rule: N —> girl
12th rule: V -^ is

Step (i): S, initial symbol
Step (ii): Pr VP, using Ist rule
Step (iii): Pr V N P, using 4th rule

(8) Step (iv): Pr V Art Adj N , using 2nd rule
Step (v): Pr V  Art Adj Adj N , using 7th rule
Step (vi): she V  Art Adj Adj N , using 5th rule
Step (vii): she is a pretty little girl, using

rules: 12,6, 8 ,9,11

A useful Classification of acceptors has been introduced 
in conjunction with a theory of generative grammars de­
veloped in the United States by a linguist, Noam Chom- 

jenerative sky. A generative grammar is a system of analysis usually 
rammars identified with linguistics. By its means a language can 

be viewed as a set of rules, finite in number, that can 
produce sentences. The use of a generative grammar, in 
the context of either linguistics or automata theory, is to 
generate and demarcate the totality of grammatical con- 
structions of a language, natural or automata oriented. A 
simple grammar for a fragment of English, determined by 
12 rules (see 7), can serve to introducé the main ideas.
In this simple grammar, each rule is of the form g —> gf 

(read, “g7 replaces g”) and has the meaning that g' may 
be rewritten for g within strings of symbols. The Symbol S 
that appears in the rules may be understqod as Standing for 
the grammatical category “sentence,” Pr for “pronoun,” 
VP for “verb phrase,” NP for “noun phrase,” and so 
forth. Symbols marked with a vinculum ( ) constitute the 
set VN of nonterminal symbols. The English expressions 
“she,” etc., occurring in the rules constitute the set VT of 
terminal symbols. S is the initial Symbol.

Beginning with S, sentences of English may be derived 
by applications of the rules. The derivation begins with S; 
the first rule allows Pr VP to be rewritten for S, yielding 
Pr VP; the fourth rule allows V NP to be rewritten for VP, 
yielding Pr V NP; and so forth (see 8). A last step yields a

terminal String or sentence; it consists solely of elements 
of the terminal vocabulary VT. None of the rules apply to 
it; so no further steps are possible.

The set of sentences thus generated by a grammar is 
called a language. Aside from trivial examples, grammars 
generate denumerably infinite languages.

Recursively enumerable grammars and Turing acceptors.
An elementary result of automata theory is that every 
recursively enumerable set, or range of a partial recursive 
function, is an accepted set. In general, the acceptors are 
two-way unbounded tape automata. On the other hand, a 
grammar consisting of rules g-+ g /, in which g  and g' are 
arbitrary words of (VT U VN)* is an unrestricted rewriting 
system and any recursively enumerable set of words—i.e., 
language in the present sense—is generated by some such 
system. These very general grammars thus correspond to 
two-way acceptors, called Turing acceptors, that accept 
precisely the recursively enumerable sets.

Finite-state grammars andfinite-state acceptors. Accep­
tors that move tape left only, reading Symbol by Symbol 
and erasing the while, are the simplest pössible, the finite- 
state acceptors. These automata have exactly the same 
capability as McCulloch-Pitts automata and accept sets Compari- 
called regulär sets. The corresponding grammars in the son with 
Classification being discussed are the finite-state grammars. McCul- 
In these Systems the rules g ^ g / are restricted so that g is loch-Pitts 
a nonterminal v of VN (as exemplified above) and g/ is of automata 
the form us, u e VN and s e Vt . The languages generated 
by finite-state grammars, owing to this correspondence, 
are called regulär languages.
Although these simple grammars and acceptors are of 

some interest in information theory and in neural network 
modelling, they are not descriptively adequate for English 
or for such Standard computer languages as Algol because 
they are not able to account for phrase structure. In partic­
ular, finite-state grammars cannot generate self-embedded 
sentences such as “the man the dog bit ran away,” nor 
can they produce sentences with several readings such as 
“she is a pretty little girl.”

Context-free grammars and pushdown acceptors. Con- 
text-free, or phrase-structure, grammars, although appar- 
ently not affording completely adequate descriptions of 
vernacular languages, do have the desirable properties just 
noted. For this family, the rules g ~ ^g / contain single non- 
terminals on the left, as in the finite-state grammars, but 
allow g' to be any word of ( VT U VN)*. The example dis­
cussed above is a context-free grammar. These grammars 
can account for phrase structure and ambiguity (see 9).

Pushdown acceptors, which play a key role in computer- 
programming theory, are automata corresponding to 
context-free grammars. A pushdown acceptor is a finite- 
state acceptor equipped with an added two-way storage 
tape, the so-called pushdown store. At the beginning of 
Operation this tape is blank. As the automaton computes, 
the store is used to analyze the syntactical structure of the 
sentence being read. The store moves left when printed, 
and only the last Symbol printed may be read, then the 
next to the last, and so forth. The input is accepted if both 
the (one-way) input and storage tapes are blank when the 
automaton halts in a final state.

The representation of Turing machines in quadruple form 
may be replaced here by a somewhat clearer list of rules 
that simulate tape action in their application. Rules can 
be formulated for a pushdown acceptor P for a context- 
free language L  of items xcx~l, in which x: is a word on an 
abstract alphabet {a, b} and x r l is x written in reverse. A 
first such rule can be formulated to mean that, if  P is in 
state q0 scanning a on input and any (defined) Symbol on 
the pushdown store, it moves tape left, erases a from the 
input, prints a on the store, and goes into state q{. A sym- 
bolic expression for the rule might be: q0a —►aqx . Another 
rule might be of the form: if P is in state qv scanning c 
on input and anything on store, it moves input left, erases 
c, and does nothing with respect to the store—briefly, 
q\C-*'q2- Another requires that, if P is in #2 scanning a 
on input and a oh store, then it moves input left, erases 
a, moves store right, and erases a (see 10). An example 
is easily constructed to show that under certain rules a 
set, say, abcba is accepted (see 11). If q0abcba indicates
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(9)

At step (v) of the derivation in (8),
the 3rd rule of (7) could have been applied to (iv), yielding
(va) Pr V  Art Adv Adj N.

Successive steps would again result in (vii), but now to be 
read with a different meaning than before because of an 
immediate constituent structure differing from (v). To 
emphasize this divergence the replacing word g' flanked 
by parentheses, (g), may be inserted into a previously 
obtained word in a derivation. Thus at (ii),
(ii) ' (Pr VP)

<
would be written; and at (iii),
(iii) ' (Pr(VN P)).

Proceeding in this way, (v) and (va) would appear as
(v)' (Pr (V (Art Adj (Adj N))))

and
(va)' (Pr (V (Ärt(Ädv Ädj) N))).

Sentences in which phrase structure is indicated by 
parentheses are phrase markers. Making the further 
substitutions (vi) and (vii) within (v)' and (va)' produces 
two phrase markers, which represent two readings of (vii).

Ist rule: Qoa -> aql
2nd rule: bqx
3rd rule: qxa-> aq1
4th rule: <hb-> bq1
5th rule: q2
6th rule: aq.za -»  q2
7th rule: bq2b -> q2

Accepted the outset of a computation with P in the initial state q0
sets in scanning the first a in abcba on input tape and'blank on
specific store tape, and if q2 is a final state, then the computation
calcula- is determined by the rules given above (see 10). At the
tions end of the computation the automaton is in a final state

q2, both tapes are blank, and there is no rule with q2 alone 
on the left; P halts and hence abcba is accepted.
Reflection on the example and on others easily con­

structed shows that a pushdown acceptor is able, in effect, 
to parse sentences of context-free languages.

Context-sensitive grammars and linear-bounded 
acceptors. A fourth type of acceptor, which is mainly 
of mathematical rather than applied interest, is the two- 
way acceptor with bounded tape—i.e., tape the length of 
which never exceeds a linear function of the input length. 
These are the linear-bounded acceptors. They correspond 
in the present classificatory scheme to context-sensitive 
grammars. Unlike the context-free grammars, these latter 
Systems use rules g —̂ g', in which the nonterminal Symbol 
v e VN in g may be rewritten only in a context xvy; thus 
g'—tg ' is of the form x v y —*xwy, x, y, w e (VT u  VN)*. 
An example of a context-sensitive language accepted by a 
linear-bounded automaton is the copy language xcx.
The family of recursively enumerable languages includes 

the context-sensitive languages, which in turn includes the 
context-free, which finally includes the regulär, or finite- 
state, languages. No other hierarchy of corresponding ac­
ceptors has been intensively investigated.

Finite transducers. The most important transducers are 
the finite transducers, or sequential machines, which may 
be characterized as one-way Turing machines with output. 
They are the weakest with respect to computing power, 
while the universal machine (see above The generalized 
automaton and Turing’s machine) is the most powerful. 
There are also transducers of intermediate power.
Algebraic definition. Because the tape is one-way with 

output, a finite transducer T  may be regarded as a “black 
box” with input coming in from the right and output be­
ing emitted from the left. Hence, T  may be taken to be a 
quintuple (S, Q, O, M, TV), in which S, Q, and O are finite,

(i) q0abcba  initial tape 
This represents the following Situation

input a b c b a

t
i

store

(ii) aqxbcba  by Ist rule (see 10)

input b c b a

t
4

store a

(iii) abq^cba by 4th rule (see 10)

input c b a

t
4

( 11) - store a b

(iv) abq2ba by 5th rule (see 10)

input b a

t
4

store a b

(v) aq2a by 7th rule (see 10)

input a

t
4

store a

(vi) q2 by 6th rule (see 10)

input

store

fA/(<7,A) =  A
M (q, xs) = M(M(q,  x ), s)

(12)
N(q, xs) — N(M(q,  jc), s),
in which the empty word A G S 
x e  5*, and q £  Q.

’*, A is adjoined to 0,
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(13)

Let \jr. Q a —» Qb
be a map from the States of T a into those of T b. The 
map ijf is a homomorphism if furthermore,

and
N a{q, s) =, N b(ifß(q), s) for all 5 G S .

(14)
<f>s(q) — q ' if and only if 
M(q, s) — q ' (q , q' E Q of T)

(15)

The serial connection of two transducers
Ta=  (S, Qa,Oa, Ma, Na) and TB̂  (Oa,Qb,Ob,Mb, Nb)
is the transducer
T = T a ^  Tb =  < Qa X Q btO , M . N > .

< Q a x Qb is the Cartesian product of States, and M, N 
are given by
M( (qa, q b), s) =  ( M a(qa, s), M b(qb, N a(qa, s))) 
and

- W<<?a, N a(qa, s)).

(16)

The parallel connection of TA and TB is the system
T = T a x Tb

in which
M{{qa, q b),  s) =  ( M a(qa, s) M b(qb, s)) 
and

( N a(qa, s), N b(qb, 5)>.

nonempty sets of inputs, States, and Outputs, respectively, 
and M  is a function on the product Q X  S  into Q and 
N  is a function on the same domain into O. The values 
are written in the usual functional notation M(q, 5), and 
N{q, s), s e S and q e  Q. M  and N  may be extended to the 
domain Q X S* by four relations (see 12).

Equivalente and reduction. The most natural Classifica­
tion is by equivalence. If two machines (finite transducers) 
share the same inputs, then representative States from each 
are equivalent if every sequence x belonging to the set of 
words 011 the alphabet causes the same output from the 
two machines. Two finite transducers are equivalent if for 
any state of one there is an equivalent state of the other, 
and conversely. Homomorphisms between transducers can 
also be defined (see 13). If two automata are onto ho- 
momorphic they are equivalent, but not conversely. For 
automata that are in a certain sense minimal, however, 
the converse holds.

lomo- Each equivalence dass of transducers contains a smallest 
ïorphisms or reduced transducer—that is, one having the property 
etween that equivalence between its States implies equality. There
ans- is an algorithm for finding the reduced transducer of a
ucers dass, which proceeds in a natural way from equivalence 

classes or blocks of States of a given transducer, each such 
block being defined as a state of the reduced transducer. 
Reduced equivalent finite transducers are unique up to an 
isomorphism—that is to say, if two finite transducers are 
reduced and equivalent, they differ only in the notations 
for their alphabets.

Classification by semi-groups. A mathematically signif­
icant Classification of transducers may be obtained in 
terms of the theory of semi-groups. In outline, if the 
transducer T  is reduced, the functions (ps given in terms 
of M, for fixed input, as maps from and to the space of 
States Q constitute a semi-group termed the semi-group 
of T  (see 14). By a certain procedure these semi-groups 
and their associated transducers T  may be decomposed

into more elementary Systems called serial-connected and 
parallel-connected transducers. In explanation, the next 
state (starting from state qa, qb in the serially connected 
machine TA TB is the pair of States made up of the next 
state in TA from qa with input s and the next state in TB 
from qb with input Na (qa, s)—which latter is the output 
of Ta (see 15). Schematically, the connection may be de- 
picted, indicating that in a serial connection the output of 
TÄ is the input to TB.
The parallel connection of two transducers is a system 

that may be rigorously defined (see 16) and that may be 
schematically depicted with input leading in parallel to 
both machines and output leading in parallel out of both 
machines. It has been shown that any finite transducer 
whatsoever can be decomposed into a system of series- 
parallel-connected automata, such that each element is 
either a two-state automaton or one whose semi-group is 
a simple group. This affords a Classification of machines 
that depends ultimately on the determination of the sim­
ple groups of finite order.
An earlier decomposition scheme was based on a gener­

alization of the concept of congruence relations over sets 
of States, but discussion of it is omitted here.

Post machines. Types of automata have been investi­
gated that are structurally unlike Turing machines though 
the same in point of computational capability. The math­
ematician E.L. Post (U.S.) proposed in 1936 a kind of 
automaton (or algorithm) that is a finite sequence of pairs 
(1, a {y, (2, a f ) , • • • , (m ,  aw), such that a t is either an 
instruction to move an associated two-way tape one square 
right or left, an instruction to print a Symbol, including 
a blank, from a finite alphabet, or an integer. A Post 
machine begins at 1 and at step n obeys the instruction 
a n and then goes to step n +  1, unless a n is an integer m, 
in which case it goes to step m  if the square scanned at 
n is marked or to step n +  1 if that square is blank. Post 
machines are prototypes of the program schemes devel­
oped 10 years later by von Neumann and his associates. 
For any partial recursive function a Post machine can be 
found that is capable of computing it.
Generalizations to automata or information processors 

in which the restriction to finiteness on sets is dropped 
or in which additional information from arbitrary sets is 
available to a machine during computation continue to be 
considered in the literature. (R.J.Ne.)

Serial and 
parallel 
Connec­
tions 
between 
trans­
ducers

b ib lio g r a ph y . marvin l . MiNSKY, C o m p u ta tio n :  F in ite  a n d  
In fin ite  M a ch in e s  (1967); and r .j . nelson , In tro d u c tio n  to  
A u to m a ta  (1967), are the most comprehensive elementary in- 
troductions. Michael a . arbib, T h eo r ie s  o f  A b s tra c t A u to m a ta  
(1969), is an advanced introduction. m artin  da vis, C o m ­
p u ta b i l i ty  a n d  U n so lv a b ility  (1958); and hartley  rogers, jr ., 
T h eo ry  o f  R ec u rs ive  F u n c tio n s  a n d  E jfe c tiv e  C o m p u ta b ili ty  
(1967), are concerned with the concepts o f Turing computability 
and the theory o f recursive functions. c .e . shannon and john  
mccarthy (eds.), A u to m a ta  S tu d ie s  (1956), contains some o f  
the original basic material concerning neural nets and automata 
with unreliable components or with random elements. ba yard 
rankin (ed.), D iffe re n tia l S p ace , Q u a n tu m  S y s tem s , a n d  P re­
d ic tio n  (1966), discusses the automaton and its environment in 
the sense o f prediction theory and gives reference to other liter­
ature in this area as well as the area o f  computable probability 
spaces. A good account o f automata theory and its relations 
to switching theory is michael a . harrison , In tro d u c tio n  to  
S w itc h in g  A u to m a ta  a n d  T h eo ry  (1965). The best introduction 
to machine decomposition theory is j . hartmanis and r .e . 
stearns, A lg eb ra ic  S tru c tu re  T h eo ry  o f  S e q u e n tia l M a ch in e s  
(1966). noam Chomsky , “Formal Properties o f Grammars,”
in R. DUNCAN LUCE, ROBERT R. BUSH, and EUGENE GALANTER
(eds.), H a n d b o o k  o f  M a th e m a tic a l  P sych o lo g y , vol. 2 (1963), 
is still the best survey o f the field o f automata and genera­
tive grammars. Articles presenting approaches to languages and 
automata from very general mathematical points o f view are 
seymour Ginsburg and SHEILAH GREIBACH, “Abstract Fami­
lies o f Languages,” M e m . A m . M a th . S oc ., no. 87, pp. 1-32 
(1969); and gene f . rose, “Abstract Families o f Processors,” J. 
C o m p u t. & S yst. S ei., 4:193-204 (1970).

(B.R./R.J.Ne.)



Automation 529

Automation

T he term automation was coined around 1946 by the 
automobile industry to describe the increased use 
of automatic devices and Controls in mechanized 

production lines. Today, it is widely used in a manufac­
turing context but is also applied outside of manufacturing 
in connection with a variety of Systems in which there 
is a significant Substitution of mechanical, electrical, or 
computerized action for human effort and intelligence. 
An Operation is commonly described as automated if it is 
substantially more automatic than its predecessor.

In its most general usage, automation can be defined 
as a technology concerned with carrying out a process 
by means of programmed commands combined with the 
automatic feedback of data relating to the execution of 
those commands. The resulting system is capable of op- 
erating without human intervention. The development of 
this technology has become increasingly dependent on the 
use of computers and computer-related technologies. As 
a consequence, automated Systems have become sophis­
ticated and complex. Advanced Systems of this sort now 
represent a level of capability and performance that sur- 
pass in many ways the abilities of humans to accomplish 
the same activities.

Automation technology has matured to a point where

a number of other technologies have developed from it 
and have achieved a recognition and status of their own. 
Robotics is one such technology. It is a specialized branch 
of automation in which the automated machine possesses 
certain anthropomorphic, or humanlike, characteristics. 
The most typical humanlike characteristic of a modern in­
dustrial robot is its powered mechanical arm. The robot’s 
arm can be programmed to do a sequence of motions 
to perform useful tasks, such as loading and unloading 
parts at a production machine or making a sequence of 
spot-welds on the body of an automobile. The robot will 
repeat the motion pattern until it is reprogrammed to 
perform some alternative task. As these examples of robot 
applications suggest, an industrial robot is typically used 
to replace a human worker in a factory Operation.

This article covers the fundamentals of automation and 
robotics, including the basic components of an automated 
(or robotic) system, the technical and economic advantages 
and drawbacks of such Systems, and their key applications. 
The article also reviews the historical development of au­
tomation and considers its impact on society. For related 
topics, see computers and Information processing
AND INFORMATION SYSTEMS.
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THE DEVELOPMENT OF AUTOMATION
The technology of automation has evolved from mecha- 
nization, which had its beginnings in the Industrial Rev­
olution. (The term mechanization is used to refer to the 
replacement of human [or animal] power with mechanical 
power of some form.) Mechanization, in tum, developed 
out of the human propensity to create tools and mechan­
ical devices.

The first tools made of stone represented prehistorie 
man’s attempts to direct his own physical strength under 
the control of human intelligence. Thousands of years 
were undoubtedly required for the development of simple 
mechanical devices and machines such as the wheel, the 
lever, and the pulley, by which the power of human mus- 
cle could be magnified. The next extension was the devel­
opment of powered machines that did not require human 
strength to operate. Examples of these powered machines 
include waterwheels, windmills, and simple steam-driven 
devices. More than 2,000 years ago, the Chinese developed 
trip-hammers powered by flowing water and waterwheels. 
The early Greeks experimented with simple reaction mo­
tors powered by steam. Windmills, with mechanisms for 
automatically tuming the sails, were developed during the 
Middle Ages in Europe and the Middle East. The steam 
engine represented a major step forward in the develop­
ment of these powered machines and marked the begin­
ning of the Industrial Revolution. Since the appearance of 
the Watt steam engine (developed in 1765 by the Scot- 
tish inventor James Watt), powered engines and machines

have been devised that obtain their energy from steam, 
electricity, and Chemical, mechanical, and nuclear sources.

Each new development in the history of powered ma­
chines has brought with it an increased requirement for 
control devices to harness the power of the machine. The 
earliest steam engines required a person to open and close 
the valves, first to admit steam into the piston chamber 
and then to exhaust it. Later, the development of a slide 
valve mechanism that was coupled to the piston shaft 
made it possible to accomplish these functions automati­
cally. The only need of the human operator was then to 
regulate the amount of steam that controlled the engine’s 
speed and power. Finally, the requirement for human 
attention in the Operation of the steam engine was elirrii- 
nated by James Watt’s flyball governor introduced during 
the late 1780s. This device consisted of a weighted ball 
on a hinged arm, which was mechanically coupled to the 
output shaft of the engine. As the rotational speed of the 
shaft increased, centrifugal force caused the weighted ball 
to be moved outward. This motion controlled a valve that 
reduced the steam being fed to the engine, thus slowing 
the engine. The flyball governor remains an elegant early 
example of a negative feedback control system, in which 
the increasing output of the system is used to decrease 
(i.e.y add a negative value to) the activity of the System.
Negative feedback is a widely applied means of auto­

matic control used to achieve a constant operating level 
for a system. A common example of a modern negative 
feedback control system is the home thermostat. In this

Need for
control
devices
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device a rise in room temperature causes a bimetallic strip 
to flex, opening an electrical switch that turns off the fur- 
nace. As the room cools down, the bimetallic strip flexes 
in the opposite direction, closing the switch and turning 
on the furnace. The switch can be set to start up the 
furnace at a particular set point (e.g., 70° F).
Another important development in the history of au­

tomation was the Jacquard loom, which demonstrated 
the concept of a programmable machine. This automatic 
loom, introduced by the French inventor Joseph-Marie 
Jacquard in 1805, was capable of producing complex 
patterns in textiles by Controlling the motions of many 
shuttles of different coloured threads. The selection of the 
different patterns was determined by a program contained 
in steel cards in which holes were punched. These cards 
were the ancestors of the paper cards and tapes that con­
trol various modern automatic machines. The concept of 
machine programming was further developed later in the 
19th Century when Charles Babbage, an English math­
ematician, proposed a complex, mechanical device that 
could perform arithmetic operations, data processing, and 
limited decision making. Although Babbage was never able 
to complete his so-called Analytical Engine, it is generally 
considered the precursor of the modern programmable 
digital computer.

The historical developments described above provided 
the four basic building blocks of automation: (1) a source 
of power to perform some action, (2) feedback Controls, 
(3) machine programming, and (4) decision making. Over 
the years these fundamental elements have been refined 
and enhanced, so that modern automated Systems can 
operate virtually without human intervention.
Some of the most significant refinements and enhance- 

ments of the four building blocks of automation have 
occurred during the 20th Century and include devel­
opments in electronics leading to the electronic digital 
Computer, improvements in program storage technology, 
development of new software used to write the programs, 
advances in sensor technology, and the derivation of a 
mathematical theory of control Systems.
The development of the electronic digital computer (the 

ENIAC [Electronic Numerical Integrator and Calculator] 
in 1946 and UNIVAC I [Universal Automatic Computer] 
in 1951) has permitted the control function in automation 
to become much more sophisticated and the associated 
calculations to be executed much faster than previously 
possible. The trend in computer technology has led to ma­
chines that are markedly smaller and less expensive than 
their predecessors yet capable of operating at much greater 
speeds. This trend is represented today by the micro­
processor (and corresponding microcomputer), miniature 
multicircuited devices capable of performing all of the 
logic and arithmetic functions of large digital computers.
Along with the advances in computer technology that 

have occurred since the mid-1940s, there have been paral­
lel improvements in program storage technology for hold­
ing programming commands. Modem storage mediums 
include magnetic tapes and disks; magnetic bubble mem­
ories; optical data storage read by lasers; videodisks; and 
electron beam-addressable memory Systems. In association 
with such developments in computer and storage technol­
ogy, improvements have been made in the methods by 
which computers (and other programmable machines) are 
programmed.

Advances in sensor technology have provided a vast ar- 
ray of measuring devices that can be used as components 
in automatic feedback control Systems. These devices in­
clude highly sensitive electromechanical probes, scanning 
laser beams, Systems involving the use of electrical field 
techniques, and machine vision. Some devices and Sys­
tems of this type require computer technology for their 
implementation. Machine vision, for example, requires 
the processing of enormous amounts of data, and this 
can only be accomplished by high-speed digital comput­
ers. This particular technology is proving to be a versatile 
sensory capability for accomplishing various sophisticated 
industrial tasks (e.g., part Identification and product in- 
spection), as well as providing the basis for robot guidance 
Systems.

Finally, there has evolved since World War II a highly 
advanced mathematical and logical theory of control Sys­
tems. The theory includes traditional negative feedback 
control, optimal control, adaptive control, and artificial in­
telligence. Traditional feedback control theory makes use 
of linear ordinary differential equations to analyze Prob­
lems such as that of Watt’s flyball governor. This theory 
is basic in modern mechanical, electrical, and Chemical 
engineering curricula. Both optimal control theory and 
adaptive control theory are concerned with the problem 
of defining an appropriate index of performance for the 
process of interest and then operating the process in such 
a manner as to optimize its performance. The difference 
between optimal and adaptive control is that the latter 
must be implemented under conditions of a continuously 
changing and unpredictable environment. Artificial intel­
ligence is an advanced field of computer Science in which 
the computer is programmed to exhibit characteristics 
that are commonly associated with human intelligence. 
These characteristics include the capacity for learning, 
understanding language, reasoning, solving problems, and 
rendering expert diagnoses of a condition or Situation. 
Developments in artificial intelligence are expected to 
provide robots and other “intelligent” machines with the 
ability to communicate with humans and to accept very 
high-level instructions rather than the detailed step-by-step 
programming statements typically required by present-day 
programmable machines. In the future, a robot endowed 
with artificial intelligence may, for example, be capable 
of accepting and executing the terse command “Assemble 
radio.” By contrast, existing industrial robots would have 
to be provided with a detailed set of instructions that 
would specify the locations of the radio components, the 
particular components to assemble first, and so forth.

The various developments described here have made 
possible a wide range of automated Systems both in in­
dustrial and nonindustrial applications. Examples of au­
tomated Systems in industry are numerically controlled 
machine tools, industrial robots, automated guided-vehi­
cle Systems, and automated storage and retrieval Systems. 
Automated Systems commonly encountered in everyday 
life include programmable household appliances, micro- 
processor-controlled automobile engines, and automatic 
bank teller machines. (M.P.G./M.T.)

THE DEVELOPMENT OF ROBOTICS
The field of robotics has its roots in the development 
of automation technology. Numerical control (NC) and 
telecherics are two important areas of technology that 
constitute the foundations of robotics technology. 
Numerical control is a method of Controlling machine 

tooi axes by means of numbers and other symbols that 
have been coded on a medium such as punched paper 
tape. It was developed during the late 1940s and early 
1950s. The first NC machine tooi was demonstrated in 
1952 at the Massachusetts Institute of Technology, Cam­
bridge. Subsequent research there led to the development 
of the APT (Automatically Programmed Tools) language 
for programming machine tools.
Telecherics is concerned with the use of remote manip­

ulators controlled by humans. A remote manipulator is a 
mechanical arm and hand that translates the motions of 
a human being at one location into motions at a remote 
location. Such a device is sometimes called a teleoperator. 
Initial work on the design of teleoperators can be traced 
to the development of methods for handling radioactive 
materials in the early 1940s.

Industrial robotics might be regarded as a combination of 
numerical control and telecherics. Numerical control pro­
vided the concept of a programmable industrial machine, 
while telecherics contributed the notion of a mechanical 
arm that could be utilized to perform useful work. The 
first industrial robot was installed in 1961 to unload parts 
from a die-casting Operation. Its development was due 
largely to the efforts of two Americans—George C. Devol, 
an inventor, and Joseph F. Engelberger, a businessman. 
Devol originated the design for a programmable manipu­
lator, the patent for which he titled “Programmed Article 
Transfer.” The U.S. patent for the device was issued in
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1961. Engelberger teamed with Devol to promote the use 
of robots in industry and, together, the two founded the 
first Corporation in robotics, Unimation, Ine., Danbury, 
Conn.

PRINCIPLES AND THEORY OF AUTOMATION
As noted earlier, the four basic building blocks of an auto­
mated system are (1) a source of power to perform some 
action, (2) feedback Controls, (3) machine programming, 
and (4) decision making. Any automated system must ex- 
hibit at least the first three of these elements. Modem au­
tomated Systems often possess the fourth element as well.

Power source. An automated system is designed to ac­
complish some useful action, and that action invariably 
requires power. There are many sources of power avail­
able, but the most commonly used form of energy in pres­
ent-day automated Systems is electricity. Electrical energy 
is the most versatile because it can be generated readily 
from many sources (e.g., fossil fuel, hydroelectric, solar, 
and nuclear) and to perform useful work can be converted 
readily into several types of power (e.g., mechanical, hy- 
draulic, and pneumatic). In addition, electrical energy can 
be stored in high-performance, long-lived batteries.

The actions performed by automated Systems are gener­
ally of two types: (1) processing, and (2) transfer and po- 
sitioning. In the first case, energy is applied to accomplish 
some processing Operation on some entity. The process 
may involve shaping metal, molding plastic, switching 
electrical signals in a communication system, or processing 
data in a computerized information system. All of these 
actions entail the use of energy to transform the entity 
(e.g., metal, plastic, electrical signals, or data) from one 
state or condition into another more valuable state or con­
dition. The second type of action performed by automated 
Systems, transfer and positioning, is most readily concep- 
tualized in automated manufacturing Systems designed to 
perform work on a product. In such cases, the product 
must generally be moved (transferred) from one location 
to another during the series of processing steps. At each 
processing location, positioning of the product is often 
required. The transfer and positioning actions are called 
materials handling in automated production Systems. In 
automated Communications and information Systems, the 
terms transfer and positioning refer to the movement of 
data (or electrical signals) among various processing units 
and the delivery of information to output terminals (print­
ers, video display units, etc.) for Interpretation and use 
by humans.

Feedback C o n tro ls . Feedback Controls are widely used 
in modern automated Systems. A feedback control system 
consists of five basic components: (1) input, (2) process 
being controlled, (3) output, (4) sensing elements, and (5) 
controller and actuating devices. These five components 
are illustrated in the diagram of Figure 1. The term 
closed-loop feedback control is often used to describe this 
kind of system.
The input to the system is the reference value, or set 

point, for the system output. This represents the desired 
operating value of the output. With the previous example 
of the home heating system as an illustration, the input is 
the desired temperature setting for the room. The process 
being controlled is the furnace that provides heat to the 
room. In other feedback Systems, the process might be a 
manufacturing Operation, the rocket engines of the U.S. 
space shuttle orbiter, the automobile engine in a so-called 
cruise control system, or any of a variety of other oper­
ating mechanisms to which the action power is applied. 
The output is the variable of the process that is being 
measured and compared to the input. In the example, 
room temperature is the variable of interest.

c o n t r o l le r  a n d  

a c tu a t in g  d e v ic e s

Figure 1: The five components of a feedback control system.

The sensing elements are the measuring devices used in 
the feedback loop to monitor the value of the output vari­
able. In the home heating system example, a bimetallic 
strip in the thermostat performs the sensing function. The 
two different metals in the bimetallic strip possess differ­
ent coefficients of thermal expansion; accordingly, the flex 
(deflection) of the strip is directly related to temperature.
As such, the strip is capable of measuring temperature.
Many different kinds of sensors are used in feedback con­
trol Systems for automation.

The purpose of the controller and actuating devices in 
the feedback system is to compare the measured output 
value with the reference input value and to reduce the 
difference between them. In general, the controller and 
actuator of the system are the mechanisms by which 
changes in the process are accomplished to influence the 
output variable. These mechanisms are usually designed 
specifically for the system and consist of devices such as 
motors, valves, solenoid switches, piston cylinders, gears, 
power screws, pulley Systems, chain drives, and other me­
chanica! and electrical components. The switch connected 
to the bimetallic strip of the thermostat is the controller 
and actuating device for the home heating system. When 
the output (room temperature) is below the set point, the 
switch tums on the furnace. When the temperature reaches 
or slightly exceeds the set point, the furnace is turned off.

Machine programming. The programmed commands 
determine the actions that are to be accomplished auto- 
matically by the system. These commands specify what 
the automated system should do and how the various 
components of the system must function to accomplish 
the desired result. The content of the program varies 
considerably from one automated system to the next. In 
relatively simple Systems, the program specifies a limited 
number of well-defined actions that are performed con- 
tinuously and repeatedly in the proper sequence with no 
deviation from one cycle to the next. In more complex 
Systems, the number of commands could be large and the 
level of detail in each command could be significantly 
greater. In relatively sophisticated Systems, it is also possi­
ble to readily change the program to alter the sequence of 
actions to be performed by the system.

Programming commands are related to feedback control 
in an automated system in the sense that the program es- 
tablishes the sequence of values for the inputs (set points) 
of the various feedback control loops that make up the 
system. A given programming command may specify the 
set point for the feedback loop, which in turn Controls Feedback 
some action that the system is to accomplish. In effect, loop 
the purpose of the feedback loop is to verify that the pro­
grammed step has been carried out. In a robot controller, 
for example, the program might indicate that the arm is to 
move to a specified position. The feedback control system 
in this case would be used to verify that the move has 
been correctly made. The relationship of program control 
and feedback control in an automated system is illustrated 
in Figure 2.

p r o g r a m

in p u t

Figure 2: Relationship of program control and feedback 
control in an automated system.

Some of the programmed commands may be executed in 
an open-loop fashion— i.e., without the need for a feed­
back loop to verify that the command has been properly 
carried out. For instance, a command to flip an electrical 
switch may not require feedback. An example of the need 
for feedback control in an automated system exists in a 
Situation where there are variations in the raw materials 
being fed into a production process, and the system must 
take these variations into consideration by making ad- 
justments in its controlled actions. Without feedback, the 
system would not be able to exercise a sufficiënt level of 
control over the quality of the process output.

The programmed commands may be contained on me-
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chanical devices (e.g., mechanical cams and linkages), 
punched paper tape, magnetic tape, magnetic disk, com­
puter memory, or any of a variety of other mediums that 
have been developed over the years for particular appli­
cations. It is common today for automated equipment to 
use computer storage technology as the means for storing 
the programmed commands and Converting them into 
controlled actions. One of the advantages of using com­
puter storage technology is that that program can be easily 
changed or improved. Altering a program contained on a 
set of mechanical cams involves considerably more work.

Decision making. Most highly sophisticated automated 
Systems are capable of making decisions during Operation. 
The decision-making capacity is generally contained in 
the control program in the form of logical instructions 
that govern the Operation of such a system under varying 
circumstances. Under one set of circumstances, the System 
responds one way; and under a different set of circum­
stances, it responds in another. There are several reasons 
for providing an automated system with decision-making 
capability. These reasons include (1) error detection and 
recovery, (2) safety protection, (3) interaction with hu­
mans, and (4) process optimization.

Error detection and recovery is concerned with decisions 
that must be made by the system in response to unde- 
sirable operating conditions. In the Operation of any au­
tomated system, some form of corrective action must be 
taken to restore the system when malfunctions and errors 
occur during the normal cycle of operations. The typical 
response to a system malfunction has been to call for 
human assistance. There is a growing trend in automation 
and robotics to enable the system itself to sense these mal­
functions and to correct them in some manner without 
human intervention. This sensing and correction (referred 
to as error detection and recovery) can be realized by pro­
gramming a decision-making capability into the System.
Safety protection is a special case of error detection and 

recovery in which the malfunction involves a safety ha­
zard. Decisions are required when the automated System 
detects, through its sensors, that there has developed a 
safety condition that is hazardous to either the equipment 
or humans in the vicinity of the equipment. The terms 
safety monitoring system and hazard monitoring system 
are typically used to refer to that portion of the automated 
system that includes the safety sensors and decision- 
making apparatus. The purpose of the safety monitoring 
system is to detect the hazardous condition and to take 
the most appropriate action to remove or reduce it. This 
may involve stopping the Operation and alerting the main­
tenance personnel of the condition, or it may involve a 
more complex set of actions to eliminate the hazard.

Some automated Systems are required to interact with 
humans in some way. An automatic bank teller machine, 
for example, must receive instructions from customers and 
make decisions according to these instructions. In some 
automated Systems, a variety of different instructions from 
humans is possible, and the decision-making capability of 
the system must be sophisticated to deal with the array of 
possibilities.

A fourth reason to endow an automated system with 
decision-making capacity is to optimize the process be­
ing controlled. This need for optimization occurs most 
commonly in production situations in which there is an 
economie performance criterion for the process and it is 
desirable to optimize this criterion. For example, mini- 
mizing cost is usually a key objective in manufacturing. 
An automated system would make use of optimal control 
or adaptive control principles in its program to receive 
appropriate sensor signals and other inputs and make de­
cisions to drive the process toward the optimal state.

T E C H N O L O G Y  O F  R O B O T IC S

The most widely accepted defmition of an industrial robot 
is one developed by the Robotic Industries Association:

An industrial robot is a reprogrammable, multifunctional ma­
nipulator designed to m ove materials, parts, tools, or special-
ized devices through variable programmed motions for the
performance o f  a variety o f  tasks.

The technology of robotics is concerned with the design

of the mechanical manipulator and the computer Systems 
used to control it. The technology is also concerned with 
the industrial applications of robots. These will be dealt 
with below in the section Manufacturing applications o f 
automation and robotics.

The mechanical manipulator of an industrial robot is 
made up of a sequence of link and joint combinations. The 
links are rigid members connecting the joints. The joints, 
also called axes, are the movable components of the robot 
that cause relative motion between adjacent links. Four 
principal types of mechanical joints are used to construct 
the manipulator—namely, a linear joint and three types 
of rotational joints. Figure 3 illustrates the four types. One 
way to define a robot is by the number of joints used in its 
construction. Typically three joints are used for a robot’s 
arm and body and two or three joints for its wrist. This
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Figure 3: Four types of robot m anipulator joints.

permits the robot to position and oriënt parts and tools in 
the work space. One possible configuration for a six-axis 
robot is pictured in Figure 4.

The computer system that Controls the manipulator must 
be programmed to teach the robot the particular motion 
sequence and other actions it must perform to accomplish

By courtesy of Cincinnati Milacron, Ine.

Figure 4: A s ix -axis , com puter-controlled robot equipped 
for are welding.
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its task. There are several ways that industrial robots are 
programmed. One method, called lead-through program­
ming, requires that the manipulator be driven through 
the various motions needed to perform a given task and 
that those motions be recorded into the robot’s computer 
memory. This can be done either by physically moving 
the manipulator through the motion sequence or by power 
driving the manipulator through the sequence using a 
control box called a teach pendant.
A second method of programming involves the use of a 

textual programming language very much like a computer 
programming language. However, in addition to many 
of the capabilities of a computer programming language 
(i.e., data processing, communicating with other computer 
devices, and decision making), the robot language also 
includes statements specifically designed for robot con­
trol. The latter involves motion control and input/output 
commands. Motion control commands direct the robot to 
move its manipulator to some defined position in space. 
The Statement “Move P I,” for example, might be used to 
direct the robot to a point in space called PI. Input/output 
commands are employed to control the receipt of signals 
from sensors and other devices in the work cell, as well as 
to initiate control signals to other pieces of equipment in 
the cell. For instance, the statement “Signal 3, On” might 
be used to tum  on a motor in the cell by means of output 
line number 3 in the robot’s controller.

Robots of the future are likely to receive instructions 
(programming commands) by voice input/output. They 
would therefore have to have artificial intelligence, which 
would make possible the proper Interpretation and execu- 
tion of the commands. The commands would be expressed 
in a very high-level language. Unlike today’s programming 
languages in which detailed instmctions must be provided 
in precise syntax, those of the future would be less de- 
manding in terms of format, and the commands would be 
more task-oriented. That is to say, the programmer would 
give a command such as “Assemble radio,” and the robot 
would need to develop its own step-by-step procedure for 
doing the task. The robot would have to possess a high 
level of intelligence for it to be programmed in this man- 
ner. Robots of the future also will necessarily make greater 
use of sensors for determining positions of objects in the 
work cell, for safety monitoring, and for error detection 
and recovery. Machine vision is expected to be an impor­
tant sensor technology for coming generations of robots.

MANUFACTURING APPLICATIONS 
OF AUTOMATION AND ROBOTICS
One of the most important application areas for au­
tomation technology is manufacturing. To many people, 
automation means manufacturing automation. Three dif­
ferent types of automation in production can be distin­
guished: (1) fixed automation, (2) programmable automa­
tion, and (3) flexible automation.

The term fixed automation refers to an automated pro­
duction facility in which the sequence of processing op­
erations is fixed by the equipment configuration. This is 
sometimes called “hard automation.” The programmed 
commands are, in effect, contained in the machines in 
the form of cams, gears, wiring, and other hardware that 
is not easily changed over from one type of product to 
another. This form of automation is characterized by high 
initial investment and high production rates. It is there­
fore suitable for products that are made in large volumes. 
Examples of fixed automation include machining transfer 
lines found in the automotive industry, automatic assem­
bly machines, and certain Chemical processes.
Programmable automation is a form of automation used 

in the production of batches (or quantities) of products. 
The products are made in batches ranging from several 
dozen to several thousand units at a time. For each 
different batch of product, the production equipment 
must be reprogrammed and converted to accommodate 
the new product configuration. This reprogramming and 
changeover (called the setup in many industries) take time 
to accomplish, and there is thus a nonproductive period 
followed by a production run for each new batch. Pro­
duction rates in programmable automation are generally

lower than in fixed automation because the equipment is 
designed to facilitate product changeover rather than for 
product specialization. A numerical control machine tooi 
is a good example of programmable automation. The pro­
gram is coded on punched paper tape for each different 
product style, and the machine tooi actions are controlled 
by the punched tape. Industrial robots are another exam­
ple of programmable automation.
Flexible automation is an extension of programmable 

automation. The difficulty with programmable automa­
tion is the time required to reprogram and change over 
the production equipment for each new batch of product. 
This process takes time, and time is expensive. In flexible 
automation, the variety of products is sufficiently limited 
that the changeover of the physical setup of the equipment 
can be done quickly and automatically. The reprogram­
ming of the equipment in flexible automation is done off­
line (i.e., the programming can be accomplished without 
using the production equipment itself). Accordingly, there 
is no need to group identical products into batches; in­
stead, a mixture of different products can be produced one 
right after the other. Flexible automation is a relatively 
new concept in automation. Consequently, there are not 
many examples of this form of automation compared to 
the other two types. The economics of flexible automa­
tion, however, are advantageous enough that it is expected 
to become an important method of production in future 
automated factories.
Applications of automation can be found in nearly all 

types of production. Many of the important examples are 
reviewed here.

Machining. The shaping of metal by means of cutting 
tools was one of the first manufacturing processes to be 
mechanized and then automated. There are three exam­
ples of automation in the machining process that relate to 
the previous descriptions of the three types of production 
automation.

The first of these is the transfer line, which is used for 
machining metal parts in large volumes at high production 
rates. This is an example of fixed automation, because 
transfer lines are typically set up for long production runs, 
perhaps for making millions of parts and running for sev­
eral years between changeovers. A transfer line is divided 
into a series of Workstations, with each station designed 
to perform some specific machining Operation on a part. 
The workstations are connected by a parts handling Sys­
tem that moves the parts from one Operation to the next. 
The raw work part enters at one end of the transfer line, 
proceeds through each Workstation, and emerges at the 
other end as a completed part. In the normal Operation 
of the line, there is a work part being processed at each 
station, so that many parts are processed simultaneously 
and a finished part is produced with each cycle of the line. 
The origins o f present-day transfer lines date back to the 
1940s and earlier.
The second example of automation in machining is nu­

merical control. The first NC machine tooi was invented 
during the early 1950s. Numerical control is a form of 
programmable automation in which the machine is con­
trolled by means of numbers (and other symbols) that 
have been coded on punched paper tape or some alterna­
tive storage medium. The program represents the set of 
machining instructions for a particular part; it is therefore 
called the NC part program. The coded numbers in the 
program (specifying x-y-z coordinates in a Cartesian axis 
system) indicate to the machine tooi the various positions 
of the cutting tooi relative to the work part. By means 
of a sequencing of these positions in the program, the 
machine tooi is directed to accomplish the machining of 
the part. A position feedback control system is used in 
most machines to determine that the coded instructions 
have been correctly performed. Since the early 1980s, a 
microcomputer has typically been used as the controller 
in an NC machine tooi, and the program is actuated from 
computer memory rather than from punched paper tape. 
Initial entry of the program into the computer memory 
is still accomplished by means of punched tape in many 
cases. This form of numerical control is called computer 
numerical control (CNC). Another Variation in the imple-
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mentation of numerical control involves the capability of 
sending the part program over telecommunications lines 
from a central computer to individual machine tools in a 
factory, thereby eliminating the use of punched tape alto­
gether. This form of numerical control is known as direct 
numerical control (DNC).
The third example of automation in machining is the 

flexible manufacturing system (FMS). The FMS is a form 
of flexible automation in which several machine tools are 
linked together by a materials handling system, and all 
aspects of the system are controlled by a central computer. 
The materials handling system is capable of delivering 
parts to any machine in the FMS. Each machine is con­
trolled by CNC, and a central computer sends programs 
to each controller according to a preplanned schedule. The 
FMS represents a high level of technological sophistication 
and a highly integrated form of production automation.

Chem ical processing. Some of the most highly auto­
mated production facilities are found in the chemical- 
processing industries. These industries include petroleum 
refining, food processing, and other operations in which 
the products are processed in gas, liquid, or powdered 
form. Such forms facilitate the movement of products 
through the various steps in the production process. In 
addition, these products are usually made in large quanti­
ties. Because of the ease of handling the products and the 
large volumes involved, a high level of automation has 
been accomplished in these industries.

The typical modern process plant is computer-controlled. 
In one advanced petrochemical system that produces more 
than 20 different products, the facility is divided into three 
areas each with several chemical-processing units. Each 
of the three areas has its own process-control computer 
to perform scanning, control, and alarm functions. The 
three computers are connected to a central computer in 
a hierarchical configuration as illustrated in Figure 5. The 
central computer calculates how to obtain maximum yield 
from each process and generates management reports on 
process performance.

product and 
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Figure 5: Hierarchical configuration typical of computer 
process control in a modern plant.

Each process com puter m onitors up to 2 ,000  process 
parameters, such as temperature, pressure, flow rate, liq­
uid  levels, Chemical concentrations, and other variables 
required to control the process. These m easurem ents are 
taken on  a sam pling basis; the tim e betw een sam ples varies 
betw een 2 and 120 seconds, depending on the relative 
need  for the data. Each com puter Controls approxim ately  
400  feedback control loops. U nder norm al Operation, the 
control com puters m aintain  Operation o f  the process at or 
near optim um  perform ance levels. If process parameters 
exceed  the specified norm al or safe ranges, the control 
com puter actuates a signal light and alarm horn and 
prints a m essage for the technician indicating the nature 
o f  the problem .

The central computer receives data from the process 
computers and performs calculations to optimize the per­
formance of each chemical-processing unit. The results of 
these calculations are then passed to the individual process 
computers in the form of commands to change the set 
points for the various control loops.

Substantial econ om ic advantages are obtained from  this 
type o f  com puter control in the process industries. The 
Computer hierarchy is capable o f  integrating all o f  the data 
from  the m any individual control loops far better than hu­
m ans can, thus perm itting a higher level o f  perform ance. 
A dvanced  control algorithm s can be applied by the com ­
puter for optim al process control. In addition, m uch  m ore

central
computer

rTTTTE

quickly than hum ans, the com puter is capable o f  sensing  
process conditions that indicate unsafe or abnorm al Op­
eration. All o f  these im provem ents increase productivity, 
efficiency, and safety during process Operation.

B asic m etals industries. Like the chem ical-processing  
industries, the basic m etals industries (alum inum , iron  
and steel, etc.) have adopted autom ation  for m any o f  their 
processes. Sim ilar to  the Chemical industries, the m etals 
industries deal in  large vo lu m es o f  products, and so there 
is a substantial eco n o m ic  incentive to  invest in autom a­
tion. M etals, how ever, are typically produced in batches 
rather than continuously , and handling m etals in  bulk  
form  is generally m ore difficult than handling Chemicals 
that flow. C onsequently, au tom ation  in  the basic m etals 
industries has not achieved  as high a level as that in  the 
chem ical-processing industries.

One example of process automation in the metals in­
dustry is the rolling of hot metal ingots into their final 
shapes (e.g., coils and strips). This was first done in the 
steel industry; similar processing is also accomplished in 
aluminum and other metals. In a modern steel plant, hot- 
rolling is accomplished with the aid of computer control.
The rolling process involves the forming of a large, hot 
metal billet by passing it through a rolling mill consisting 
of one or more sets of large cylindrical rolls that squeeze 
the metal and reduce its cross section. In most cases, 
several passes are required to gradually reduce the ingot 
to the desired shape. Sensors and automatic instruments 
measure the dimensions and temperature of the ingot af­
ter each pass through the rolls, and the control computer 
calculates and regulates the roll settings for the next pass.

Control programs have been developed to schedule the 
sequence and rate at which the hot metal ingots are fed 
through the rolling mills. In a large plant several differ­
ent orders for rolled products with different specifications 
may be in process at any given time. The production 
control task of scheduling and keeping track of the dif­
ferent customer orders in the mill requires rapid massive 
data gathering and analysis. In the most modern plants 
this production control task has been effectively integrated 
with the computer control of the rolling mill operations 
to achieve a highly automated production system.

A ssem bly. A ssem bly operations have traditionally been  
perform ed m anually, either at single assem bly Worksta­
tions or on assem bly lines w ith m ultip le  Workstations.
Because of the high labour content and the high cost of 
manual labour, greater attention has been given in recent 
years to the use of automation and robotics for assembly 
work.

For high production work, automated assembly machines 
have been developed that operate in a manner similar to 
machining transfer lines. Instead of performing machining 
operations at the Workstations, assembly operations are 
performed. A typical assembly machine consists of several 
stations, each equipped with a supply of components and Typical 
a mechanism for delivering the components into posi- assembly 
tion for assembly. A workhead at each station performs machine 
the actual adding and fastening of a component. Typical 
workheads include automatic screwdrivers, staking or riv- 
eting machines, welding heads, and other joining devices.
A new  com p onent is added to the partially com pleted  
product at each Workstation, thus building up the product 
gradually as it proceeds through the line. A ssem bly m a­
chines o f  this general type are considered to be exam ples 
o f  fixed autom ation  because they are usually configured  
for a particular product that is m ade in  large quantities.
Since the late 1970s, there has been a growing effort to 

use robots in assembly operations. Because robots are pro­
grammable, the objective in using them for assembly work 
is to produce parts in medium quantities and to produce a 
mixture of different models on the same production line.
An important research and development project in this 
general area was the Adaptable Programmable Assembly 
System (APAS) Project, conducted from 1980 to 1983 in 
the United States by the Westinghouse Electric Corpora­
tion under sponsorship of the National Science Founda­
tion. The assembly of small electric motors was selected as 
the basis for the APAS development study. The assembly 
system for the project consisted of six workstations, four
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of which used robots to perform the assembly operations. 
A conveyor system was utilized to move partially assem- 
bled motors between the stations. Control of the System 
was accomplished by means of a master supervisory com­
puter, which communicated with local control computers 
at each Workstation. The master computer scheduled and 
coordinated production and informed the local Worksta­
tion computers of the tasks that had to be performed.

One óf the significant lessons leamed from the APAS 
Project was the importance of designing products for 
ease of automated assembly. The assembly methods that 
are satisfactory for humans are not necessarily the most 
suitable methods for automated workheads. For example, 
using a screw and nut as a fastening method is suitable 
for manual assembly but not for automated assembly. 
Designing the components to be added from the same 
direction through the use of snap fits and other one-step 
fastening procedures are much more easily accomplished 
by automated and robotic assembly methods.

Electronics manufacturing. A basic feature of the elec- 
tronics industry is the need to achieve a high level of 
coordination in the design, fabrication, and testing of a 
product. A good example of the need for coordination is 
in large-scale integration (LSI) and very large-scale inte­
gration (VLSI), both of which involve the fabrication of 
electrical and electronic circuits on small semiconductor 
chips. LSI and VLSI products are extremely miniaturized 
and very complex. Computers must be used to perform 
much of the design analysis and synthesis and then to 
transfer the design speeifications directly to the equipment 
that produces the chips. Also, electronic components such 
as LSI and VLSI chips are often produced in relatively 
low yields, meaning that the proportion of good units to 
total units made is significantly less than 100 percent. To 
separate the good units from those that are defective, test­
ing of each unit must be done as part of the production 
sequence. This need for integration has motivated the in­
troduction of automation into the electronics industry.
Two examples of automation in electronics manufactur­

ing are part insertion machines and wire wrap machines. 
Part insertion machines are used to position electronic 
components (LSI chip modules and other devices) relative 
to a printed circuit board. It is basically an x =  y position­
ing table that moves the printed circuit board relative to 
the part insertion head, which places the individual com­
ponents into position on the board. Wire wrap machines 
are used to make wired connections between terminals on 
the back of an electrical panel automatically. The wiring 
head is positioned at the desired terminal pin, after which 
it wraps the wire around the pin, leads the unconnected 
end of the wire through a prescribed path to the second 
terminal pin, and cuts and wraps the wire around the sec­
ond pin. An electrical test is then made to ensure that the 
proper terminals have been connected. Faulty connections 
are identified on a computer-generated report.

Part insertion and wire wrap machines both are produc­
tion machines that utilize numerical control principles in 
which programmed commands are communicated to the 
machine from the design data base for the product. In the 
part insertion machine, the positioning of the table and 
the determination of the component to be inserted are 
contained in the numerical control program. In the wire 
wrap machine, such a program defines the connections 
that are to be made. Both the part insertion machine and 
the wire wrap machine are examples of programmable 
automation because they can be reprogrammed to accom- 
modate different product configurations.
New inspection and testing equipment is being designed 

to perform a variety of checks automatically on electronic 
parts and products. Machine-vision Systems are being de­
veloped to check the circuits and other quality features of 
microelectronic chips. These vision Systems scan the chips 
to detect any irregularities from a given Standard. Other 
automated test equipment is designed to perform electrical 
testing of the circuits more accurately than humans and 
in a fraction of the time that humans would require to 
make the tests.

Computer-aided design/computer-aided manufacturing 
(CAD/CAM). Since about 1970, there has been a grow­

ing trend in manufacturing firms toward the use of com­
puters to perform many of the functions related to design 
and production. This trend is popularly known as CAD/ 
CAM. The technology of CAD/CAM is based largely on 
the capability of a computer system to process, store, 
and display large amounts of data representing part and 
product speeifications. For mechanical products, the data 
represent graphic models of the components; for electri­
cal products, they represent circuit information; and so 
forth. CAD/CAM technology has been applied in many 
industries, including those involved in machined compo­
nents, electronics products, and equipment design and 
fabrication for Chemical processing. It reflects not only 
the automation of the manufacturing operations but the 
automation of elements in the entire design-and-manufac- 
turing procedure as well.

Computer-aided design entails the use of computer Sys­
tems to assist in the creation, modification, analysis, and 
optimization of a design. The designer, working with the 
CAD system rather than with the traditional drafting 
board, creates the lines and surfaces that form the designed 
object (product, part, structure, etc.) and stores this model 
in the computer data base. By invoking the appropriate 
CAD software, the designer can perform various analyses 
on the object, such as stress-strain analysis and heat-trans- 
fer calculations. By making adjustments in the design on 
the basis of these analyses, he develops the final design of 
the object. Once the design procedure has been completed, 
the computer-aided design system can be used to prepare 
the detailed drawings required to make the object.

Computer-aided manufacturing is defined as the use of 
computer Systems to assist in the planning, control, and 
management of production operations. This can be ac­
complished by either a direct or an indirect connection 
between the computer system and the production opera­
tions. In the case of the direct connection, the computer 
is used to monitor or control the process in the factory. 
Computer process monitoring involves the use of the com­
puter system to observe the manufacturing process, collect 
data on process performance, and report the performance 
to plant management. In this way, the plant can be oper- 
ated more efficiently. Computer process control involves 
the use of the computer system to execute control actions 
to operate the plant automatically without significant hu­
man intervention. In most cases, process control includes 
observing the process (i.e., taking feedback measurements) 
as part of the control function. Several applications of 
computer process control have been described above, as, 
for example, in the discussions of the chemical-processing 
and basic metals industries.

The indirect connections between the computer system 
and the process are those applications in which the com­
puter is used to support the production operations without 
actually monitoring or Controlling the operations. These 
applications typically involve planning and management 
functions that can be performed by the computer (or by 
humans working with the computer) more efficiently than 
by humans alone. Examples of these functions include 
planning of the step-by-step processes for the product, part 
programming in numerical control, and scheduling the 
production operations in the factory.

Robots in manufacturing. Today, robotics technology is 
limited almost exclusively to industrial applications, usu­
ally as direct contributors to the production Operation. 
Industrial robot applications can be divided into three 
categories: (1) material transfer and machine loading/un- 
loading, (2) processing operations, and (3) assembly and 
inspection.

Material transfer consists of applications in which robots 
are used to move materials or work parts from one loca­
tion to another. Many of these tasks are relatively simple, 
requiring robots to pick parts from one conveyor and place 
them on another conveyor. Other transfer operations are 
more complex materials handling tasks, such as placing 
parts onto pallets in an arrangement that the robot must 
calculate. In machine-loading and machine-unloading op­
erations, a robot tends a production machine in place of a 
human worker. Depending on the production Operation, 
the robot either loads parts into the machine or unloads
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them from it. To perform the task, the robot has to be 
equipped with a special hand, called a gripper, to grasp 
a part. In most cases, the gripper must be designed for 
the particular geometrical shape of the part. An example 
of a robot load/unload application is an automated ma­
chining cell, in which the robot works with a numerically 
controlled machine tooi. The robot loads raw work parts 
into the machine tooi and unloads finished parts from it, 
and the machine performs the production Operation under 
automatic cycle.
By contrast, processing operations require the robot to 

manipulate some tool to perform a process on the work 
part. Examples of these applications include spot welding, 
continuous are welding, and spray painting. As of the mid- 
1980s, spot welding of automobile bodies was the most 
common application of industrial robots in the United 
States. In this Operation, a robot is used to position a spot- 
welding apparatus against automobile panels and frames 
to complete the assembly of the basic car body . Are weld­
ing is a continuous process in which the robot must move 
the welding rod along the seam to be welded. Spray paint­
ing involves the manipulation of a spray-painting gun over 
the surface of the object to be painted. Other processing 
operations that utilize robots include grinding, polishing, 
and routing processes in which a rotating spindle serves as 
the robot’s tool.
Robot assembly applications were discussed above with 

particular attention to APAS. The use of robots in as­
sembly operations is expected to increase because of the 
high cost of manual labour in this area. Inspection is 
another area of factory operations in which the use of 
robots is growing. In a typical inspection application, the 
robot positions a sensor with respect to the work part and 
determines whether the part is consistent with the quality 
speeifications.
In nearly all of these applications, the robot performs a 

repetitive Operation as a substitute for human labour. An­
other characteristic of industrial robot applications is that 
the tasks are hazardous or unpleasant for human workers, 
as in the case of spray painting, spot welding, are weld­
ing, and certain machine-loading/unloading tasks. Other 
situations where robots prove attractive as alternatives to 
humans are those in which the work part or tool is heavy 
and awkward to handle and in which robots can be used 
on two or three shifts. (M.P.G.)

NONMANUFACTURING APPLICATIONS OF AUTOMATION
In addition to the manufacturing applications of automa­
tion technology, there have been significant achievements 
in such areas as Communications, transportation, the mil­
itary, and the service industries. Some of the more signif­
icant are described in this section.
Communications. One of the earliest practical applica­

tions of automation was in telephone switching. The first 
switching machines, invented near the end of the 19th Cen­
tury, were simple mechanical switches that were remotely 
controlled by the user pushing buttons or tuming a dial on 
the telephone. The next generation of automatic switching 
equipment consisted of electromechanical control Systems 
that were developed for public use around the 1920s and 
1930s. They were made up of electromechanical relays 
and switches that performed functions such as monitor­
ing thousands of telephone lines, determining which were 
demanding service, providing the dial tone, remembering 
the digits of each telephone number as it was being dialed, 
setting up the required connections, sending electrical Sig­
nals to ring the receiver’s unit, monitoring the call during 
its progress, and disconnecting the telephone when the call 
was completed. These Systems also were used to time and 
bill toll calls and to transmit billing information and other 
data relative to the business operations of the telephone 
Company. The introduction of these electromechanical 
Systems into the nation’s telephone System required many 
years to complete, but they gradually assumed nearly all 
of the functions of the human telephone operator. 
Modern electronic telephone switching machines are 

based on highly sophisticated digital computers that per­
form all of the functions of their electromechanical prede- 
cessors with much greater speed, reliability, functionality,

and economy. In addition to the functions mentioned 
above, the newest electronic Systems automatically transfer 
calls to altemate numbers, call the user back when a busy 
line becomes free, and perform other customer services 
in response to dialed codes. These Systems also perform 
function tests on their own operations, diagnose problems 
when they arise, and print out detailed instructions for 
maintenance personnel.

Other applications of automation in Communications 
Systems include local area networks, Communications 
satellites, and automated mail-sorting machines. A local 
area network (LAN) operates like an automated telephone 
Company within a single building or group of buildings. 
Such networks are generally capable of carrying not only 
voice messages but also large quantities of digital data 
between terminals in the system. Communications satel­
lites have become essential for relaying telephone or video 
signals across great distances. These satellite Communica­
tions would not be possible without the automated guid- 
ance Systems that place and maintain the satellites in a 
predetermined orbit around the Earth. Finally, automatic 
mail-sorting machines are being used or installed in post 
offices throughout the United States to read ZIP codes on 
envelopes and sort mail according to destination.
Transportation. Automation has been applied in vari­

ous ways in the transportation industries. Major applica­
tions include airline reservation Systems, automatic pilots 
in aircraft and locomotives, and automated transit Systems.
Airlines utilize automated reservation Systems to contin- 

uously monitor the status of flights. With these Systems, 
ticket agents at widely separated locations can obtain in­
formation about the availability of seats on any flight in 
a matter of seconds. The reservation Systems compare re- 
quests for space with the status of each flight, grant space 
when available, and automatically update the reservation 
status files. With Contemporary Systems passengers can se­
cure their seat assignments well in advance of flight time.

Nearly all commercial aircraft used by the airlines are 
equipped with instrument Systems called automatic pi­
lots. Under normal flying conditions, these Systems can 
guide an airplane over a predetermined route by detect- 
ing changes in the aircraft’s Orientation and heading from 
gyroscopes and similar instruments and by providing ap- 
propriate control signals to the craft’s steering mechanism. 
Automatic navigation Systems and instrument landing Sys­
tems operate by using radio signals from ground beacons 
that provide the aircraft with course directions for guid- 
ance. When an airplane is within the traffic pattem for 
ground control, its human pilot normally assumes control.
The Bay Area Rapid Transit (BART) system in the San 

Francisco-Oakland area of California represents an ambi- 
tious undertaking in automated rail transportation. It has 
been a model for rapid transit railways in Washington,
D.C., Atlanta, Ga., and various other U.S. cities. The 
BART system consists of more than 75 miles (120 kilo­
metres) of track, with about 100 trains operating at peak 
hours between roughly 30 stations. The trains sometimes 
attain speeds of 80 miles (128 kilometres) per hour with 
intervals between trains as short as 90 seconds. Each train 
carries one operator whose role is that of an observer and 
communicator capable of overriding the automatic system 
in case of an emergency. The automatic System protects 
the trains by assuring a safe distance between them and 
by Controlling their speed. Another function of the system 
is to control train routings and make adjustments in the 
Operation of each train to keep the entire System operating 
on schedule.
As a BART train enters the station, it automatically trans- 

mits its identification and destination, which are flashed 
on a display board for passengers. Such information is 
also transmitted to the control centres, from which signals 
are automatically retumed to the train to regulate its time 
in the station and its running time to the next station. At 
the beginning of the day an ideal schedule is determined. 
As the day progresses the performance of each train is 
compared with the schedule, and adjustments are made 
to each train’s performance as required. If an unexpected 
Situation such as a train breakdown arises, the system 
can automatically adjust itself to minimize the effect. The
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entire system is controlled by two identical computers so 
that if one malfunctions the other assumes control. In the 
event of a complete failure of the computer control Sys­
tem, the aboard train operators resort to manual control.

Military applications. The possibility of using robotics 
and other advanced automation technologies in military 
operations has much appeal. As yet, few actual applica­
tions have been developed. Many of the routine and some­
times dangerous tasks conducted during land and naval 
operations and the logistical support of these operations, 
however, could be performed by sophisticated robots of 
the future. Some examples include driving trucks in a 
convoy following a lead vehicle operated by a human, 
refueling tanks and other vehicles on the battlefield, load- 
ing artillery, and working in the engine room on board 
ship. The possibility of sending soldier robots on a suicide 
mission deep inside enemy territory is surely a prospect 
that would interest any military strategist.

Service industries. Automation of the service industries 
encompasses an assortment of applications as diverse as 
the services themselves. The services include health care, 
banking and other financial services, government, and re- 
tail trade.

In health care the use of computer Systems is increasing 
dramatically and is helping to improve services and re- 
lieve the bürden on medical staffs. In hospitals computer 
terminals on each nursing care floor are used to record 
data on patiënt status, medications administered, and 
other relevant information. Besides providing an official 
record of the nursing care given to individual patients, the 
computer system facilitates the nurse’s task of updating 
reports at the time of shift changes. Moreover, the system 
is connected to the hospital’s business office so that proper 
charges can be made to each patient’s account for services 
rendered and medicines provided.

Banks and other financial institutions have embraced 
automation in their operations because of the large vol­
ume of documents and data that have to be processed in 
their daily business. The sorting of checks and verification 
of account balances have been computerized by virtually 
all banks and savings and loans. An increasing number 

Electronic of institutions have gone a step further by establishing 
banking Systems of electronic banking, including the use of the 

automatic teller machine (ATM). Located in shopping 
centres, business buildings, and other convenient places, 
ATM’s permit customers to carry out basic transactions 
without the assistance of bank personnel.

Credit card transactions also have become highly au­
tomated. Many restaurants and retailers employ Systems 
that automatically check the validity of a credit card and 
the credit standing of the cardholder as the latter waits 
for the transaction to be finalized. It is anticipated that 
future credit card transactions may involve an immediate 
transfer of funds from the cardholder’s account into the 
merchant’s account via high-speed Communications lines 
linking computerized point-of-sale terminals and banks.

Increased reliance on computers and computerized data 
bases have highly automated the operations of government 
services. The Internal Revenue Service (IRS) of the U.S. 
government must review and approve the tax returns of 
millions of taxpayers each year. The detailed checking of 
returns—a process known as auditing—is a task that has 
traditionally been done on a sampled basis by large staffs 
of professional auditors. In 1985 the IRS began using 
a computerized system to automate the auditing proce­
dure for the 1984 returns. This system is programmed to 
perform complex tax calculations on each return being 
audited. As tax laws change, it can be reprogrammed so 
as to audit new returns in accordance with the revisions. 
The IRS expects that the computer-automated auditing 
system will substantially increase the work capacity of 
its auditing department without a corresponding increase 
in manpower.

The retail trade has seen a number of changes in its 
operations as a result of automation. Selling merchandise 
has typically been a labour intensive activity, in which 
salesclerks need to assist customers with their selections 
and then finalize transactions at the cash register. Each 
transaction depletes the inventory of the store, and so the

item purchased must be identified for reorder. Computer- 
automated Systems have been installed in most large de­
partment stores and supermarkets to speed up sales trans­
actions and to provide efficiënt inventory control. Such a Automated 
system features a laser light pen or similar sensing device checkout 
designed to read an identification symbol consisting of a and 
series of bars printed on or affixed to each product. By inventory 
scanning the symbol with the optical reading unit at the control 
register or checkout counter, the salesclerk quickly iden- 
tifies the item being sold, records its price into the total 
of the sale, and enters the transaction into the inventory 
files of the store. The store’s central computer automati­
cally updates these records, subtracting the item sold from 
the total number of items of the same kind and brand 
still in stock.
Consumer products. A wide variety of consumer prod­

ucts have been automated to enhance performance and 
user convenience. Microwave ovens, washing machines, 
dryers, compact disc players, videocassette recorders, and 
a number of other modern home appliances are equipped 
with a microprocessor that serves as the computer con­
troller for the machine. By simply pressing a series of 
buttons in proper sequence, the user can program the Op­
eration of the appliance. Many videocassette recorders, for 
instance, can be programmed to automatically tape sev­
eral television programs transmitted on different channels 
at different times during the course of a week or longer.

The automobile is another example of a highly auto­
mated consumer product. Most recent model cars come 
equipped with several microprocessors that regulate the 
Operation of the engine (fuel-air ratio and other functions) 
and of the clock, radio, and automatic speed control 
(popularly known as cruise control). Special options on 
some models include the capability to monitor sensors in 
the car to alert the driver to specific problems (e.g., low 
fuel, door ajar, and engine temperature) and the ability 
to compute such information as average gasoline mileage 
and driving range on remaining fuel supply. One automo- 
tive manufacturer has pioneered the use of an electronic 
voice system, in which the car communicates problems to 
the driver by means of simple verbal messages delivered 
through its radio speakers. (M.P.G./M.T.)

AUTOMATION A N D  SOCIETY

Over the years, the social merits of automation have been 
argued by labour leaders, government officials, business 
executives, and college professors. No doubt the biggest 
controversy has focused on the employment issue: What 
is the effect of automation on employment? There are 
other important aspects of the automation issue as well, 
including its effect on productivity, economie competi­
tion, education, and quality of life. These social issues will 
be explored here.

Impact on the individual. Nearly all industrial instal- 
lations of automation, robotics in particular, involve a 
replacement of human labour by an automated system.
Therefore, one of the direct effects of automation in fac­
tory operations is the dislocation of human labour from 
the workplace. The long-term effects of automation on 
employment and unemployment rates are debatable. Most 
studies in this area have been controversial and incon- 
clusive. Workers have indeed been lost by automation, 
but population increases and consumer demand for the 
products of automation have compensated for these losses.
Labour unions have argued, and many Companies have 
adopted the policy, that workers who are displaced by au­
tomation should be retrained for other positions, perhaps 
increasing their skill levels in the process. This argument 
succeeds so long as the Company and the economy in 
general are growing at a fast enough rate to create new 
jobs as the jobs replaced by automation are lost.

Of particular concern for many labour specialists is the 
impact of industrial robots on the work force, since robot 
installations involve a direct Substitution of machines for 
humans at a ratio of from two to three humans per robot.
During the first half of the 1980s, however, the effect 
of robotics on labour was relatively minor in the United 
States at least, because the number of robots in the nation’s 
factories was small compared to the number of human
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workers. By the end of 1984, only about 10,000 robots had 
been installed, while the total work force stood at more 
than 100,000,000 persons, approximately 19,000,000 of 
whom worked in factories. This would indicate that the 
impact of robots on unemployment has been relatively 
modest to date.

Automation affects not only the number of workers in 
factories but also the type of work that is done. An au­
tomated factory is oriented toward the use of computer 
Systems and sophisticated programmable machines rather 
than manual labour. Greater emphasis is placed on knowl- 
edge-based work and technical skill than on physical work. 
The types of jobs that must be done in modern factories 
include more machine maintenance, improved scheduling 
and process optimization, Systems analysis, and computer 
programming and Operation. Thus workers in automated 
facilities must be technologically proficient to perform 
such jobs. Professional and semiprofessional positions, as 
well as traditional labour jobs, are affected by this shift in 
emphasis toward factory automation.

Impact on society. Besides affecting the individual 
worker, automation has an impact on society in general. 
Productivity is a fundamental social and economic issue 
that is influenced by automation. The productivity of a 
process is traditionally defined as the ratio of output units 
to the units of labour input. A properly justified automa­
tion installation will provide an increase in productivity 

ncreased due to increases in production rate and reductions in
>roduc- labour content. Over the years productivity gains have
ivity led to reduced prices for products and increased prosper­

ity for society.
A number of issues related to education and training 

have been raised by the increased use of automation, 
robotics, computer Systems, and related technologies. As 
automation has increased, there has developed a short- 
age of technically trained personnel to implement these 
technologies competently. This shortage has had a direct 
influence on the rate at which automated Systems can be 
introduced. The shortage of skilled Staffing in automation 
technologies increases the need for vocational and tech­
nical training to develop the required work force skills. 
Unfortunately the educational system is also in need of 
technically qualified instructors to teach these subjects. 
The laboratory equipment available in schools, moreover, 
all too often does not represent the state-of-the-art tech­
nology typically used in industry.
Advantages and disadvantages of automation. The ad- 

vantages commonly attributed to automation include in­
creased production rates, more efficiënt use of materials, 
better product quality, improved safety, shorter workweeks 
for labour, and reduction of factory lead times.

Automated machines are usually designed to operate 
at higher production rates than humans are capable of 
achieving. This increased productivity has been one of 
the biggest reasons for justifying the adoption of auto­
mated Systems. Notwithstanding the claims of high quality 
from good workmanship by humans, automated Systems 
are generally capable of carrying out the manufacturing 
processs with less variability than humans, thus yielding 
greater control and consistency of product quality. In ad­
dition, the increased process control makes possible more 
efficiënt use of materials, resulting in less waste.

Automated manufacturing Systems often remove work- 
ienefits for ers from the workplace, thus safeguarding them against 
ie factory hazards in the work environment. In the United States, 
Yorker the Occupational Safety and Health Act of 1970 (OSHA) 

was enacted with the objective of making work safer and 
protecting the physical well-being of the worker on a na­
tional scale. OSHA has had the effect of promoting the 
use of automation and robotics in the factory.
Another of the benefits of automation noted above is the 

reduction in the number of hours worked on average per 
week by factory workers. Around the turn of the Century, 
the average workweek was about 70 hours. This has grad­
ually been reduced, so that today the Standard workweek 
in the United States is about 40 hours. Mechanization 
and automation have played a significant role in this re­
duction. Finally, the time required to process a typical job 
through the factory is generally reduced with automation.

Referred to as the manufacturing lead time, this is the 
amount of time between the beginning of a project or 
process and the appearance of its results.
Among the major disadvantages associated with automa­

tion is worker dislocation. This problem was touched 
upon earlier. Whatever the ultimate social benefits that 
might result from retraining displaced workers for other 
(perhaps more skilled) jobs, in almost all cases the worker 
whose job is taken over by a machine suffers considerable 
personal stress. In addition to displacement from work, 
the worker may be displaced geographically. To find other 
work, an individual may have to relocate, which is itself 
another source of emotional stress.

Another significant disadvantage associated with automa­
tion is high Capital expenditure. Automated Systems can 
cost millions of dollars to design, fabricate, and put into 
Operation. Still other problems characteristic of automated 
equipment include a higher level of maintenance than is 
required by manually operated hardware and an inherent 
lack of flexibility in terms of the variety of products that 
can be produced.

Also, automation is not without its potential dangers. As 
often suggested in works of Science fiction, the technology 
associated with automation might ultimately subjugate 
rather than serve humankind. There is a possibility that 
workers will become slaves to automated machines, that 
the privacy of humans will be invaded by vast computer 
data banks, that human error in the management of tech­
nology will somehow endanger the health of civilization, 
and that society will become completely dependent on 
automation for its economic well-being.
These dangers notwithstanding, there are substantial op­

portunities that may arise from the wise and effective 
use of automation technology. There is an opportunity 
to relieve humans from boring, repetitive, hazardous, and 
unpleasant labour in all forms. Then, too, there is an 
opportunity for future automation technologies to provide 
a growing social and economic environment in which 
humans can enjoy a higher Standard of living and a bet­
ter way of life.
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Bach

Although he was admired by his contemporaries pri- 
marily as an outstanding harpsichordist, organist, 
and expert on organ building, Johann Sebastian 

Bach is now generally regarded as one of the greatest 
composers of all time and is celebrated as the creator of 
the Brandenburg Concertos, The Well-Tempered Clavier, 
the Mass in B Minor, and numerous other masterpieces 
of church and instrumental music. Appearing at a propi- 
tious moment in the history of music, Bach was able to 
survey and bring together the principal styles, forms, and 
national traditions that had developed during preceding 
generations and, by virtue of his synthesis, enrich them all.

By courtesy of the Österreichische 
Nationalbibliothek, Vienna

Bach, lithograph by Rudolf Hoffmann.

He was a member of a remarkable family of musicians 
who were proud of their achievements, and about 1735 he 
drafted a genealogy, Ursprung der musicalisch-Bachischen 
Familie (“Origin of the Musical Bach Family”), in which 
he traced his ancestry back to his great-great-grandfather 
Veit Bach, a Lutheran baker (or miller), who was driven 
from Hungary to Wechmar in Thuringia, a historie region 
of Germany, by religious persecution late in the 16th Cen­
tury and died in 1619. There were Bachs in the area before 
that, and it may be that, when Veit moved to Wechmar, 
he was returning to his birthplace. He used to take his 
cittem to the mill and play it while grinding was going on. 
Johann Sebastian remarked, “A pretty noise they must 
have made together! However, he leamt to keep time, and 
this apparently was the beginning of music in our family.”

Until the birth of Johann Sebastian, his was the least 
distinguished branch of the family; its members had been 
competent practical musicians, but not composers, such 
as Johann Christoph and Johann Ludwig. In later days 
the most important musicians in the family were Jo­
hann Sebastian’s sons, Wilhelm Friedemann, Carl Philipp 
Emanuel, and Johann Christian (the “English Bach”).

LIFE
Early years. J.S. Bach was born at Eisenach, Thuringia 

(now in East Germany), on March 21, 1685, the youngest 
child of Johann Ambrosius Bach and Elisabeth Lämmer­
hirt. Ambrosius was a String player, employed by the town 
council and the ducal court of Eisenach. Johann Sebastian 
started school in 1692 or 1693 and did well in spite of 
frequent absences. Of his musical education at this time, 
nothing definite is known; but he may have picked up the 
rudiments of String playing from his father, and no doubt 
he attended the Georgenkirche, where Johann Christoph 
Bach was organist until 1703.

By 1695 both his parents were dead, and he was looked 
after by his eldest brother, also named Johann Christoph 
(1671-1721), organist at Ohrdruf. This Christoph had 
been a pupil of the influential keyboard composer Johann 
Pachelbel, and he apparently gave Johann Sebastian his 
first formal keyboard lessons. The young Bach again did 
well at school, until in 1700 his voice secured him a 
place in a select choir of poor boys at the school at the 
Michaelskirche, Lüneburg (now in West Germany).
His voice must have broken soon after this, but he re­

mained at Lüneburg for a time, making himself generally 
useful. No doubt he studied in the school library, which 
had a large and up-to-date collection of church music; 
he probably heard Georg Böhm, organist of the Johan­
neskirche; and he visited Hamburg to hear the renowned 
organist and composer Johann Adam Reinken at the 
Katharinenkirche, contriving also to hear the French or­
chestra maintained by the Duke of Celle.

He seems to have returned to Thuringia in the late sum­
mer of 1702. By this time he was already a reasonably 
proficient organist. His experience at Lüneburg, if not at 
Ohrdruf, had tumed him away from the secular string- 
playing tradition of his immediate ancestors; thenceforth, 
he was, chiefly, though not exclusively, a composer and 
performer of keyboard and sacred music. The next few 
months are wrapped in mystery, but, by March 4, 1703, 
he was a member of the orchestra employed by Johann 
Ernst, Herzog (Duke) von Weimar (brother of Wilhelm 
Ernst, whose service Bach entered in 1708). This post was 
a mere stopgap; he probably already had his eye on the 
organ then being built at the Neukirche in Arnstadt; for, 
when it was finished, he helped to test it, and in August 
1703 he was appointed organist—all this at the age of 18. 
Arnstadt documents imply that he had been court organist 
at Weimar; this is incredible, though it is likely enough 
that he had occasionally played there.

The Arnstadt period. At Arnstadt, on the northern 
edge of the Thuringian forest, where he remained until 
1707, Bach devoted himself to keyboard music, the or­
gan in particular. While at Lüneburg, he had apparently 
had no opportunity of becoming directly acquainted with 
the spectacular, flamboyant playing and compositions of 
Dietrich Buxtehude, the most significant exponent of the 
north German school of organ music. In October 1705 he 
repaired this gap in his knowledge by obtaining a month’s 
leave and walking to Lübeck (more than 200 miles [300 
kilometres]). His visit must have been profitable, for he 
did not return until about the middle of January 1706. 
In February his employers complained about his absence 
and about other things as well: he had harmonized the 
hymn tunes so freely that the congregation could not sing 
to his accompaniment, and, above all, he had produced 
no cantatas. Perhaps the real reasons for his neglect were 
that he was temporarily obsessed with the organ and was 
on bad terms with the local singers and instrumentalists, 
who were not under his control and did not come up to 
his Standards. In the summer of 1705 he had made some 
offensive remark about a bassoon player, which led to an 
unseemly scuffle in the Street. His replies to these com- 
plaints were neither satisfactory nor even accommodating; 
and the fact that he was not dismissed out of hand suggests 
that his employers were as well aware of his exceptional 
ability as he was himself and were reluctant to lose him.
During these early years Bach inherited the musical cul­

ture of the Thuringian area, a thorough familiarity with 
the traditional forms and hymns (chorales) of the ortho­
dox Lutheran service, and, in keyboard music, perhaps 
(through his brother, Johann Christoph) a bias toward the 
formalistic styles of the south. But he also learned eagerly 
from the northern rhapsodists, Buxtehude above all. By 
1708 he had probably learned all that his German pre-
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decessors could teach him and arrived at a first synthesis 
of northern and Southern German styles. He had also 
studied, on his own and during his presumed excursions 
to Celle, some French organ and instrumental music.

Among the few works that can be ascribed to these early 
years with anything more than a show of plausibility are the 
Capriccio sopra la lontananza dei suo frateiio dilettissimo 
(Capriccio on the Departure o f His Most Beloved Brother, 
1704, Bwv 992); the chorale prelude on Wie schön leuchtet 
(How Brightly Shines, c. 1705, bwv 739); the fragmentary 
early version of the organ Prelude and Fugue in G Minor 
(before 1707, bwv 535a). (The “bwv” numbers provided 
are the Standard catalog numbers of Bach’s works as es­
tablished in the Bach- Werke- Verzeichnis, prepared by the 
German musicologist Wolfgang Schmieder.)
The Mühlhausen period. In June 1707 Bach obtained a 

post at the Blasiuskirche in Mühlhausen in Thuringia. He 
moved there soon after and married his cousin Maria Bar­
bara Bach at Dornheim on October 17. At Mühlhausen 
things seem, for a time, to have gone more smoothly. He 
produced several church cantatas at this time; all of these 
works are cast in a conservative mold, based on biblical 
and chorale texts and displaying no influence of the “mod­
ern” Italian operatic forms that were to appear in Bach’s 
later cantatas. The famous organ Toccata and Fugue in D 
Minor (bwv 565), written in the rhapsodic northern style, 
and the Prelude and Fugue in D Major (bwv 532) may 
also have been composed during the Mühlhausen period, 
as well as the organ Passacaglia in C Minor (bwv 582), 
an early example of Bach’s instinct for large-scale Organi­
zation. Cantata No. 71, Gott ist mein König (God is My 
King), of February 4, 1708, was printed at the expense of 
the city council and was. the first of Bach’s compositions 
to be published. While at Mühlhausen, Bach copied music 
to enlarge the choir library, tried to encourage music in 
the surrounding villages, and was in sufficiënt favour to be 
able to interest his employers in a scheme for rebuilding 
the organ (February 1708). His real reason for resigning 
on June 25, 1708, is not known. He himself said that 
his plans for a “well-regulated [concerted] church music” 
had been hindered by conditions in Mühlhausen and that 
his salary was inadequate. It is generally supposed that 
he had become involved in a theological controversy be­
tween his own pastor Frohne and Archdeacon Eilmar of 
the Marienkirche. Certainly, he was friendly with Eilmar, 
who provided him with librettos and became godfather to 
Bach’s first child; and it is likely enough that he was not 
in sympathy with Frohne, who, as a Pietist, would have 
frowned on elaborate church music. It is just as possi­
ble, however, that it was the dismal state of musical life 
in Mühlhausen that prompted Bach to seek employment 
elsewhere. At all events, his resignation was accepted, and 
shortly afterward he moved to Weimar, some miles west 
of Jena on the Ilm River. He continued, nevertheless, 
to be on good terms with Mühlhausen Personalities, for 
he supervised the rebuilding of the organ, is supposed to 
have inaugurated it on October 31, 1709, and composed 
a cantata for February 4, 1709, which was printed but has 
disappeared.
The Weimar period. Bach was, from the outset, court 

organist at Weimar and a member of the orchestra. En­
couraged by Wilhelm Ernst, he concentrated on the organ 
during the first few years of his tenure. From Weimar, 
Bach occasionally visited Weissenfels; in February 1713 
he took part in a court celebration there that included a 
performance of his first secular cantata, Was mir behagt, 
or the Hunt Cantata (bwv 208).

Late in 1713 Bach had the opportunity of succeeding 
Friedrich Wilhelm Zachow at the Liebfrauenkirche, Halle; 
but the Herzog raised his salary, and he stayed on at 
Weimar. On March 2, 1714, he became concertmaster, 
with the duty of composing a cantata every month. He 
became friendly with a relative, Johann Gottfried Walther, 
a music lexicographer and composer who was organist of 
the town church, and, like Walther, Bach took part in the 
musical activities at the Gelbes Schloss (Yellow Castle), 
then occupied by Herzog Wilhelm’s two nephews, Emst 
August and Johann Emst, both of whom he taught. The 
latter was a talented composer who wrote concertos in the

Italian manner, some of which Bach arranged for key­
board instruments; the boy died in 1715, in his 19th year.

Unfortunately, Bach’s development cannot be traced in 
detail during the vital years 1708-14, when his style under- 
went a profound change. There are too few datable works. 
From the series of cantatas written in 1714-16, however, 
it is obvious that he had been decisively infiuenced by the 
new styles and forms of the Contemporary Italian opera 
and by the innovations of such Italian concerto composers 
as Antonio Vivaldi. The results of this encounter can be 
seen in such cantatas as numbers 182, 199, and 61 in 
1714; 31 and 161 in 1715; and 70 and 147 in 1716. His 
favourite forms appropriated from the Italians were those 
based on refrain (ritornello) or da capo schemes in which 
Wholesale repetition—literal or with modifications—of en­
tire sections of a piece permitted him to create coherent 
musical forms with much larger dimensions than had 
hitherto been possible. These newly acquired techniques 
henceforth governed a host of Bach’s arias and concerto 
movements, as well as many of his larger fugues (especial­
ly the mature ones for organ) and profoundly affected his 
treatment of chorales.
Among other works almost certainly composed at Weimar 

are most of the Orgelbüchlein (Little Organ Book); all but 
the last of the so-called 18 “Great” chorale preludes; the 
earliest organ trios; and most of the organ preludes and 
fugues. The “Great” Prelude and Fugue in G Major for 
organ (bwv 541) was finally revised about 1715, and the 
Toccata and Fugue in F Major (bwv 540) may have been 
played at Weissenfels.

On December 1, 1716, Johann Samuel Drese, musical di- 
rector at Weimar, died. He was then succeeded by his son, 
who was rather a nonentity. Bach presumably resented 
being thus passed over; and in due course he accepted 
an appointment as musical director to Prince Leopold 
of Köthen, which was confirmed in August 1717. Her­
zog Wilhelm, however, refused to accept his resignation— 
partly, perhaps, because of Bach’s friendship with the Her­
zog’s nephews, with whom the Herzog was on the worst 
of terms. About September a contest between Bach and 
the famous French organist Louis Marchand was arranged 
at Dresden. The exact circumstances are not known; but 
Marchand avoided the contest by leaving Dresden a few 
hours before it should have taken place. By implication, 
Bach won. Perhaps this emboldened him to renew his 
request for permission to leave Weimar; at all events he 
did so but in such terms that the Herzog imprisoned him 
for a month (November 6-December 2). A few days after 
his release, Bach moved to Köthen (in modern East Ger­
many), some 30 miles (50 kilometres) north of Halle.
The Köthen period. There, as musical director, he was 

concerned chiefly with chamber and orchestral music. 
Even though some of the works may have been composed 
earlier and revised later, it was at Köthen that the sonatas 
for violin and clavier, viola da gamba and clavier, and 
the works for unaccompanied violin and cello were put 
into something like their present form. The Brandenburg 
Concertos were finished by March 24, 1721; in the sixth 
concerto—so it has been suggested—Bach bore in mind 
the technical limitations of the Prince, who played the 
gamba. Bach played the viola by choice; he liked to be “in 
the middle of the harmony.” He also wrote a few cantatas 
for the Prince’s birthday and other such occasions; most 
of these seem to have survived only in later versions, 
adapted to more generally useful words. And he found 
time to compile pedagogical keyboard works: the Clavier- 
büchlein for W.F. Bach (begun January 22, 1720); some 
of the French Suites; the Inventions (1720); and the first 
book (1722) of Das Wohltemperierte Klavier (The Well- 
Tempered Clavier, eventually consisting of two books, 
each of 24 preludes and fugues in all keys and known 
as the Forty-eight). This remarkable collection systemat- 
ically explores both the Potentials of a newly established 
tuning procedure—which, for the first time in the history 
of keyboard music, made all the keys equally usable— 
and the possibilities for musical organization afforded by 
the system of “functional tonality,” a kind of musical 
syntax Consolidated in the music of the Italian concerto 
composers of the preceding generation and a system that
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was to prevail for the next 200 years. At the same time 
The Well-Tempered Clavier is a compendium of the most 
populär forms and styles of the era: dance types, arias, 
motets, concertos, etc., presented within the unified aspect 
of a single compositional technique: the rigorously logical 
and venerable fugue.

Maria Barbara Bach died unexpectedly and was buried 
on July 7, 1720. About November, Bach visited Hamburg; 
his wife’s death may have unsettled him and led him to 
inquire after a vacant post at the Jacobikirche. Nothing 
came öf this, but he played at the Katharinen-kirche in 
the presence of Reinken. After hearing Bach improvise 
variations on a chorale tune, the old man said, “I thought 
this art was dead; but I see it still lives in you.”

On December 3, 1721, Bach married Anna Magdalena 
Wilcken, daughter of a trumpeter at Weissenfels. Apart 
from his first wife’s death, these first four years at Köthen 
were probably the happiest of Bach’s life. He was on the 
best terms with the Prince, who was genuinely musical; 
and in 1730 Bach said that he had expected to end his 
days there. But the Prince married on December 11, 1721, 
and conditions deteriorated. The Princess—described by 
Bach as “an amusa” (that is to say, opposed to the 
muses)—required so much of her husband’s attention that 
Bach began to feel neglected. He also had to think of 
the education of his elder sons, born in 1710 and 1714, 
and he probably began to think of moving to Leipzig as 
soon as the cantorate feil vacant with the death of Johann 
Kuhnau on June 5, 1722. Bach applied in December, but 
the post—already tumed down by Bach’s friend, Georg 
Philipp Telemann—was offered to another prominent 
composer of the day, Christoph Graupner, the musical 
director at Darmstadt. As the latter was not sure that he 
would be able to accept, Bach gave a trial performance 
(Cantata No. 22, Jesu nahm zu sich die Zwölfe [Jesus 
called unto Him the Twelve]) on February 7, 1723; and, 
when Graupner withdrew (April 9), Bach was so deeply 
committed to Leipzig that, although the Princess had died 
on April 4, he applied for permission to leave Köthen. 
This he obtained on April 13, and on May 13 he was 
swom in at Leipzig.

He was appointed honorary musical director to Köthen, 
and both he and Anna were employed there from time to 
time until the Prince died, on November 19, 1728.

Years at Leipzig. As Director of Church Music for the 
city of Leipzig, Bach had to supply performers for four 
churches. At the Peterskirche the choir merely led the 
hymns. At the Neukirche, Nikolaikirche, and Thomas­
kirche, part singing was required; but Bach himself con- 
ducted, and his own church music was performed, only at 
the last two. His first official performance was on May 30, 
1723, the first Sunday after Trinity Sunday, with Cantata 
No. 75, Die Elenden sollen essen. New works produced 
during this year include many cantatas and the Magnificat 
in its first version. The first half of 1724 saw the pro­
duction of the St. John Passion, which was subsequently 
revised. The total number of cantatas produced during 
this ecclesiastical year was about 62, of which about 39 
were new works.

On June 11, 1724, the first Sunday after Trinity, Bach 
began a fresh annual cycle of cantatas, and within the year 
he wrote 52 of the so-called chorale cantatas, formerly 
supposed to have been composed over the nine-year pe­
riod 1735-44. The Sanctus of the Mass in B Minor was 
produced at Christmas.

During his first two or three years at Leipzig, Bach had 
produced a large number of new cantatas, sometimes, as 
recent research has revealed, at the rate of one a week. This 
phenomenal pace raises the question of Bach’s approach 
to composition. Bach and his contemporaries, subject to 
the hectic pace of production, had to invent or discover 
their ideas quickly and could not rely on the unpredictable 
arrival of “inspiration.” Nor did the musical conventions 
and techniques or the generally rationalistic outlook of the 
time necessitate this reliance, as long as the composer was 
willing to accept them. The Baroque composer who sub- 
mitted to the regimen inevitably had to be a traditionalist 
who willingly embraced the conventions.

Symbolism. A repertory o f melody types existed, for

example, that was generated by an explicit “doctrine of 
figures” that created musical equivalents for the figures of 
speech in the art of rhetoric. Closely related to these “fi­
gures” are such examples of pictorial symbolism in which 
the composer writes, say, a rising scale to match words 
that speak of rising from the dead or a descending chro- 
matic scale (depicting a howl of pain) to sorrowful words. 
Pictorial symbolism of this kind occurs only in connec­
tion with words—in vocal music and in chorale preludes, 
where the words of the chorale are in the listener’s mind. 
There is no point in looking for resurrection motifs in 
The Well-Tempered Clavier. Pictorialism, even when not 
codified into a doctrine, seems to be a fundamental mu­
sical instinct and essentially an expressive device. It can, 
however, become more abstract, as in the case of num­
ber symbolism, a phenomenon observed too often in the 
works of Bach to be dismissed out of hand. Number sym­
bolism is sometimes pictorial; in the St. Matthew Passion 
it is reasonable that the question “Lord, is it I?” should 
be asked 11 times, once by each of the faithful disciples. 
But the deliberate search for such symbolism in Bach’s 
music can be taken too far. Almost any number may be 
called “symbolic” (3, 6, 7, 10, 11, 12, 14, and 41 are only 
a few examples); any multiple of such a number is itself 
symbolic; and the number of sharps in a key signature, 
notes in a melody, measures in a piece, and so on may 
all be considered significant. As a result, it is easy to find 
symbolic numbers anywhere, but ridiculous to suppose 
that such discoveries invariably have a meaning.

Besides the melody types, the Baroque composer also had 
at his disposal similar stereotypes regarding the further 
elaboration of these themes into complete compositions, 
so that the arias and choruses of a cantata almost seem 
to have been spun out “automatically.” One is reminded 
of Bach’s delightfully innocent remark “I have had to 
work hard; anyone who works just as hard will get just as 
far,” with its implication that everything in the “craft” of 
music is teachable and learnable. The fact that no other 
composer of the period, with the arguable exception of 
Handel, even remotely approached Bach’s achievement 
indicates clearly enough that the application of the “me­
chanical” procedures was not literally “automatic” but 
was controlled throughout by something else—artistic dis- 
crimination, or taste. “Taste,” a most respected attribute 
in the culture of the 18th Century, is an utterly individual 
compound of raw talent, imagination, psychological dis- 
position, judgment, skill, and experience. It is unteachable 
and unlearnable.

As a result of his intense activity in cantata production 
during his first three years in Leipzig, Bach had created a 
supply of church music to meet his future needs for the 
regulär Sunday and feast-day services. After 1726, there- 
fore, he turned his attention to other projects. He did, 
however, produce the St. Matthew Passion in 1729, a work 
that inaugurated a renewed interest in the mid-1730s for 
vocal works on a larger scale than the cantata: the now- 
lost St. Mark Passion (1731), the Christmas Oratorio, bw v  
248 (1734), and the Ascension Oratorio (Cantata No. 11, 
Lobet Gott in seinen Reichen; 1735).

Nonmusical duties. In addition to his responsibilities as 
director of church music, Bach also had various nonmusi- 
cal duties in his capacity as the cantor of the school at the 
Thomaskirche. Since he resented these latter obligations, 
Bach frequently absented himself without leave, playing 
or examining organs, taking his son Friedemann to hear 
the “pretty tunes,” as he called them, at the Dresden opera 
and fulfilling the duties of the honorary court posts that 
he contrived to hold all his life. To some extent, no doubt, 
he accepted engagements because he needed money; he 
complained in 1730 that his income was less than he 
had been led to expect (he remarked that there were not 
enough funerals); but, obviously, his routine work must 
have suffered. Friction between Bach and his employers 
thus developed almost at once. On the one hand, Bach’s 
initial understanding of the fees and prerogatives accruing 
to his position—particularly regarding his responsibility 
for musical activities in the University of Leipzig’s Paulin- 
erkirche—differed from that of the town council and the 
university organist, Johann Gottlieb Gömer. On the other
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hand, Bach remained, in the eyes of his employers, their 
third (and unenthusiastic) choice for the post, behind Tele- 
mann and Graupner. Furthermore, the authorities insisted 
on admitting unmusical boys to the school, thus making it 
difficult för Bach to keep his churches supplied with com­
petent singers; they also refused to spend enough money to 
keep a decent orchestra together. The resulting ill feeling 
had become serious by 1730. It was temporarily dispelled 
by the tact of the new rector, Johann Matthias Gesner, 
who admired Bach and had known him at Weimar; but 
Gesner stayed only until 1734 and was succeeded by Jo­
hann August Emesti, a young man with up-to-date ideas 
on education, one of which was that music was not one of 
the humanities but a time-wasting sideline. Trouble flared 
up again in July 1736; it then took the form of a dispute 
over Bach’s right to appoint prefects and became a public 
scandal. Fortunately for Bach, he became court composer 
to the Elector of Saxony in November 1736. As such, after 
some delay, he was able to induce his friends at court to 
hold an official inquiry, and his dispute with Ernesti was 
settled in 1738. The exact terms of the settlement are not 
known; but, thereafter, Bach did as he liked.

Instrumental works. In 1726, after he had completed 
the bulk of his cantata production, Bach began to pub- 
lish the clavier Partitas singly, with a collected edition 
in 1731, perhaps with the intention of attracting recogni- 
tion beyond Leipzig and thus securing a more amenable 
appointment elsewhere. The second part of the Clavierü- 
bung, containing the Concerto in the Italian Style and the 
French Overture (Partita) in B Minor appeared in 1735. 
The third part, consisting of the Organ Mass with the 
Prelude and Fugue [“St. Anne”] in E Flat Major (bw v  
552), appeared in 1739. From c. 1729 to 1736 Bach was 
honorary musical director to Weissenfels; and, from 1729 
to 1737 and again from 1739 for a year or two, he di- 
rected the Leipzig Collegium Musicum. For these concerts 
he adapted some of his earlier concertos as harpsichord 
concertos, thus becoming one of the first composers in 
history—if not the very first—of concertos for keyboard 
instrument and orchestra, just as he was one of the first to 
use the harpsichordist’s right hand as a true melodie part 
in chamber music. These are just two of several respects 
in which the basically conservative and traditional Bach, 
as is becoming increasingly recognized, was a significant 
innovator as well.

About 1733 Bach began to produce cantatas in honour 
ofthe Elector of Saxony and his family, evidently with a 
view to the court appointment he secured in 1736; many 
of these secular movements were adapted to sacred words 
and re-used in the Christmas Oratorio. The Kyrie and 
Gloria of the Mass in B Minor, written in 1733, were also 
dedicated to the Elector, but the rest of the Mass was 
not put together until Bach’s last years. On his visits to 
Dresden, Bach had won the regard of Graf Hermann Karl 
von Keyserlingk, the Russian envoy, who commissioned 
the so-called Goldberg Variations; these were published 
as part four of the Clavierübung about 1742, and Book 
Two of the “Forty-eight” seems to have been compiled 
about the same time. In addition, he wrote a few cantatas, 
revised some of his Weimar organ works, and published 
the so-called Schübler Chorale Preludes in or after 1746.

Last years. In May 1747 he visited his son Emanuel at 
Potsdam and played before Frederick II the Great of Prus­
sia; in July his improvisations, on a theme proposed by the 
King, took shape as The Musical Offering. In June 1747 
he joined a Sozietät der Musikalischen Wissenschaften 
(Society of the Musical Sciences) that had been founded 
by his former pupil Lorenz Christoph Mizler; he presented 
the canonic variations on the chorale Vom Himmel hoch 
da komm ’ ich her (From Heaven Above to Earth I  Come) 
to the society, in manuscript, and afterward published 
them.

Of Bach’s last illness little is known, except that it lasted 
several months and prevented him from finishing The Art 
ofthe Fugue. His constitution was undermined by two un- 
successful eye operations performed by John Taylor, the 
itinerant English quack who numbered Handel among his 
other failures; and he died on July 28, 1750, at Leipzig. 
His employers proceeded with relief to appoint a succes­

sor; Burgomaster Stieglitz remarked, “The school needs a 
cantor, not a musical director—though certainly he ought 
to understand music.” Anna Magdalena was left badly off. 
For some reason, her stepsons did nothing to help her, 
and her own sons were too young to do so. She died on 
February 27, 1760, and was given a pauper’s funeral.

Unfinished as it was, The Art o f the Fugue was pub­
lished in 1751. It attracted little attention and was reissued 
in 1752 with a laudatory preface by Friedrich Wilhelm 
Marpurg, a well-known Berlin musician, who later be­
came director of the royal lottery. In spite of Marpurg 
and of some appreciative remarks by Johann Mattheson, 
the influential Hamburg critic and composer, only about 
30 copies had been sold by 1756, when Emanuel Bach 
offered the plates for sale. As far as is known, they were 
sold for scrap.
Emanuel Bach and the organist-composer Johann 

Friedrich Agricola (a pupil of Sebastian’s) wrote an obit- 
uary; Mizler added a few closing words and published 
the result in the journal of his society (1754). There is 
an English Translation of it in The Bach Reader. Though 
incomplete and inaccurate, The obituary is of very great 
importance as a firsthand source o f information.

Bach appears to have been a good husband and father. 
Indeed, he was the father of 20 children, only 10 of whom 
survived to maturity. There is amusing evidence of a cer­
tain thriftiness, a necessary virtue; for he was never more 
than moderately well off, and he delighted in hospitality. 
Living as he did at a time when music was beginning to 
be regarded as no occupation for a gentleman, he occa- 
sionally had to stand up for his rights both as a man and 
as a musician; he was then obstinate in the extreme. But 
no sympathetic employer had any trouble with Bach, and 
with his professional brethren he was modest and friendly. 
He was also a good teacher and from his Mühlhausen 
days onward was never without pupils.

REPUTATION AND INFLUENCE
For about 50 years after Bach’s death, his music was ne- 
glected. This was only natural; in the days of Haydn and 
Mozart, no one could be expected to take much interest in 
a composer who had been considered old-fashioned even 
in his lifetime—especially since his music was not readily 
available, and half of it (the church cantatas) was fast be­
coming useless as a result of changes in religious thought.

At The same time, musicians o f the late 18th Century 
were neither so ignorant of Bach’s music nor so insensitive 
to its influence as some modern authors have suggested. 
Emanuel Bach’s debt to his father was considerable and 
Bach exercised a profound and acknowledged influence 
directly on Haydn, Mozart, and Beethoven.

Revival of music. After 1800 the revival of Bach’s music 
gained momentum. The German writer Johann Nikolaus 
Forkel published a Life, Genius and Works in 1802 and 
acted as adviser to the publishers Hoffmeister and Kühnei, 
whose collected edition, begun in 1801, was cut short 
by the activities of Napoleon. By 1829 a representative 
selection of keyboard music was nonetheless available, al­
though very few of the vocal works were published. But 
in that year the German musician Eduard Devrient and 
the German composer Felix Mendelssohn took the next 
step with the centenary performance of the St. Matthew 
Passion. It and the St. John Passion were both pub­
lished in 1830; the Mass in B Minor followed (1832-45). 
The Leipzig publisher Peters began a collected edition of 
“piano” and instrumental works in 1837; the organ works 
followed in 1844-52.

Encouraged by Robert Schumann, the Bach-Gesellschaft 
(BG) was founded in the centenary year 1850, with The 
purpose of Publishing the complete works. By 1900 all the 
known works had been printed, and the BG was succeeded 
by the Neue Bach-Gesellschaft (NBG), which exists still, 
organizing festivals and Publishing populär editions. Its 
chief publication is its research journal, the Bach-Jahrbuch 
(from 1904). By 1950 The deficiencies of the BG edition 
had become painfully obvious, and the Bach-Institut was 
founded with headquarters at Göttingen (West Germany) 
and Leipzig, to produce a new Standard edition (the Neue 
Bach-Ausgabe or NBA) expected to comprise 84 volumes.

Publication 
of The 
Art o f the 
Fugue

Publication 
of the
Mass in B 
Minor
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In retrospect, the Bach revival, reaching back to 1800, 
can be recognized as the first conspicuous example of 
the deliberate exhumation of old music, accompanied by 
biographical and critical studies; and it served as an inspi- 
ration and a model for subsequent work of that kind. 

Among the biographical and critical works on Bach, the 
most important was the monumental study Johann Se­
bastian Bach (2 vol., Leipzig, 1873-80), by the German 
musicologist Philipp Spitta, covering not only Bach’s life 
and works but also a good deal of the historical back­
ground. Although wrong in many details, the book is still 
indispensable to the Bach student.

Editions of Bach’s works. The word Urtext (original 
text) may lead the uninitiated to suppose that they are 
being offered an exact reproduction of what Bach wrote. It 
must be understood that the autographs of many impor­
tant works no longer exist. Therefore, Bach’s intentions 
often have to be pieced together from anything up to 20 
sources, all different. Even first editions and facsimiles of 
autograph manuscripts are not infallible guides to Bach’s 
intentions. In fact, they are often dangerously misleading, 
and practical musicians should take expert advice before 
Consulting them. Editions published between 1752 and c.
1840 are little more than curiosities, chiefly interesting for 
the light they throw on the progress of the revival.

No comprehensive edition is trustworthy throughout: 
neither Peters nor the BG nor even the NBA. Nevertheless, 
it is advisable to begin by finding out whether the music 
desired has been published by the NBA.
MAJOR WORKS 
Vocal music (sacred)
masses: Mass in B Minor, bwv 232 (1724-46); 4 Lutheran 

masses (i.e., containing only settings o f the Kyrie and the 
Gloria).

oratorios: Christmas Oratorio, bwv 248 (1734); Easter Or­
atorio (Kommt, eilet und laufet, bwv 249; 1725); Ascension 
Oratorio (1735).

passions: Passion According to St. John, bwv 245 (1724);
Passion According to St. Matthew, bwv 244 (1729).

cantatas: About 200 for different Sundays in the church
year (1707-after 1735; mainly 1714-16, 1723-27), mostly for 
soloist(s), chorus, and orchestra. 

other works: Magnificat in D Major, bwv 243; 7 motets; 2
Sanctus settings (3 others based on works by other composers); 
186 independent chorale harmonizations.
Vocal music (secular)
cantatas: 24, mostly for soloists, chorus, and orchestra—

all on German texts, except two Italian. They include the 
Cojfee Cantata (Schweigt stille, plaudert nicht, bwv 211; c. 
1732) and the Peasant Cantata (Mer hahn en neue Oberkeet, 
bwv 212; 1742).

other works: 5 songs for voice and continuo and 1 quodli­
bet for four voices and continuo.
Orchestral music

concerti: 6 Brandenburg Concertos (pre-1721); 2 concertos
for violin and orchestra and one for two violins (1717-23); 7 for 
one harpsichord, 3 for two harpsichords, 2 for three, and 1 for 
four harpsichords; 1 concerto for harpsichord, flute, and violin.

other orchestral works: 4 overtures (suites); Sinfonia in
D Major (incomplete).
Chamber music

sonatas: 2 for violin and continuo; 2 for flute and con­
tinuo; 1 for two flutes and harpsichord; 2 for flute, violin, and 
continuo; 3 for harpsichord and flute; 3 for harpsichord and 
viola da gamba; 6 for harpsichord arid violin. 

other Chamber music: Das musikalisches Opfer (1747) for
strings, flute, and continuo; 6 unaccompanied sonatas (parti­
tas) for violin (c. 1720); 6 unaccompanied suites (sonatas) for 
cello (c. 1720).
Organ music

chorale preludes: 140 chorale preludes including the Or­
gelbüchlein (mainly 1714-16); Clavierübung, vol. 3 (1739), and 
Schübler Chorale Preludes (1746 or later).

fugues: 18 preludes and fugues (1708-17, 1729-39), includ­
ing the “St. Anne” in E flat major and the “Wedge” in E minor; 
5 toccatas and fugues (1700-17), including the “Dorian” in D 
minor; 3 fantasies and fugues; 4 other fugues. 

other organ compositions: Variations on the chorale Vom
Himmel hoch (1747); Passacaglia in C Minor, b w v  582 (1708- 
17); 4 concertos; 7 fantasies; 4 preludes; 6 sonatas (trios); 3 trios. 
Harpsichord music

collections: Clavierübung. vol. 1 (1726-31), 6 partitas;
vol. 2 (1735), French Overture in B Minor and Concerto in 
the Italian Style; vol. 3 (1739) is organ music with 4 “duets”

for harpsichord; and vol. 4 (1742), Goldberg Variations; The 
Well-Tempered Clavier, 2 vol. (1722 and 1742), containing 48 
preludes and fugues, one in each key in each book; Clavier- 
büchlein (1720), for Wilhelm Friedemann Bach, containing 15 
two-part and 15 three-part inventions, 20 preludes, 2 chorale 
preludes, 2 allemandes, 4 minuets, a fugue, and an “applicatio”; 
Clavierbüchlein (1722) and Notenbuch (1725), both for Anna 
Magdalena Bach, containing marches, minuets, a musette, 
polonaises, etc.; 6 French Suites and 6 English Suites.

other harpsichord works: Aria variata in A minor; 2 
Capriccios; Chromatic Fantasy and Fugue; 5 fantasies, 2 with 
fugues; 12 Little Preludes; 4 preludes and 6 for beginners; 4 
preludes and fughettas, 3 preludes and fugues; 2 sonatas; 4 
miscellaneous suites; 7 toccatas and arrangements.
For unspecified instrument(s)
Die Kunst der Fuge (1749); 16 fugues and 4 canons.

(W.Em/Ro.Ma.)
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Francis Bacon, lawyer, courtier, statesman, philoso­
phier, and master of the English tongue, is remem- 
bered in literary terms for the sharp worldly wisdom 

of a few dozen essays; by students of constitutional his­
tory for his power as a speaker in Parliament and in 
some famous trials and as James Fs lord chancellor; and 
intellectually as a man who claimed all knowledge as 
his province and, after a magisterial survey, proceeded 
urgently to advocate new ways by which men might es­
tablish a legitimate command over nature for the relief of 
man’s estate.

LIFE
Youth and early maturity. Bacon was born Jan. 22, 

1561, at York House off the Strand, London, the younger 
of the two sons of the lord keeper, Sir Nicholas Bacon, 
by his second marriage. Nicholas Bacon, born in com- 
paratively humble circumstances, had risen to become 
lord keeper of the great seal. Francis’ cousin through his 
mother was Robert Cecil, later earl of Salisbury and chief 
minister of the crown at the end of Elizabeth I’s reign and 
the beginning of James I’s. From 1573 to 1575 Bacon was 
educated at Trinity College, Cambridge, but his weak con­
stitution caused him to suffer ill health there. His distaste 
for what he termed “unfruitful” Aristotelian philosophy 
began at Cambridge. From 1576 to 1579 Bacon was in 
France as a member of the English ambassador’s suite. He 
was recalled abruptly after the sudden death of his father, 
who left him relatively little money. Bacon remained fi- 
nancially embarrassed virtually until his death.

Early legal career and political ambitions. In 1576 Ba­
con had been admitted as an “ancient” (senior governor) 
of Gray’s Inn, one of the four Inns of Court that served 
as institutions for legal education, in London. In 1579 he 
took up residence there and after becoming a barrister 
in 1582 progressed in time through the posts of reader 
(lecturer at the Inn), bencher (senior member of the Inn), 
and queen’s (from 1603 king’s) counsel extraordinary to

Francis Bacon, oil painting by an unknown 
artist. In the National Portrait Gallery, London.
By courtesy of the National Portrait Gallery, London

those of solicitor general and attomey general. Even as 
successful a legal career as this, however, did not satisfy 
his political and philosophical ambitions.

Bacon occupied himself with the tract “Temporis Partus 
Maximus” (“The Greatest Part of Time”) in 1582; it has 
not survived. In 1584 he sat as member of Parliament for 
Melcombe Regis in Dorset and subsequently represented 
Taunton, Liverpool, the County of Middlesex, Southamp-
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ton, Ipswich, and the University of Cambridge. In 1589 
a “Letter of Advice” to the Queen and An Advertisement 
Touching the Controversies o f the Church of England in- 
dicated his political interests and showed a fair promise of 
political potential by reason of their levelheadedness and 
disposition to reconcile. In 1593 came a setback to his 
political hopes: he took a stand objecting to the govern- 
ment’s intensified demand for subsidies to help meet the 
expenses of the war against Spain. Elizabeth took offense, 
and Bacon was in disgrace during several critical years 
when there were chances for legal advancement.

Relationship with Essex. Meanwhile, sometime before 
July 1591, Bacon had become acquainted with Robert 
Devereux, the young earl of Essex, who was a favourite of 
the Queen, although still in some disgrace with her for his 
unauthorized marriage to the widow of Sir Philip Sidney. 
Bacon saw in the Earl the “fittest instrument to do good 
to the State” and offered Essex the friendly advice of an 
older, wiser, and more subtle man. Essex did his best 
to mollify the Queen, and when the office of attorney 
general feil vacant, he enthusiastically but unsuccessfully 
supported the claim of Bacon. Other recommendations by 
Essex for high offices to be conferred on Bacon also failed.

By 1598 Essex’ failure in an expedition against Spanish 
treasure ships made him harder to control; and although 
Bacon’s efforts to divert his energies to Ireland, where the 
people were in revolt, proved only too successful, Essex 
lost his head when things went wrong and he returned 
against orders. Bacon certainly did what he could to ac- 
commodate matters but merely offended both sides; in 
June 1600 he found himself as the Queen’s learned counsel 
taking part in the informal trial of his patron. Essex bore 
him no ill will and shortly after his release was again on 
friendly terms with him. But after Essex’ abortive attempt 
of 1601 to seize the Queen and force her dismissal of 
his rivals, Bacon, who had known nothing of the project, 
viewed Essex as a traitor and drew up the official report 
on the affair. This, however, was heavily altered by others 
before publication.
After Essex’ execution Bacon, in 1604, published the 

Apologie in Certaine Imputations Concerning the Late 
Earle o f Essex in defense of his own actions. It is a coher­
ent piece of self-justification, but to posterity it does not 
carry complete conviction, particularly since it evinces no 
personal distress.

Career in the service of James I. When Elizabeth died 
in 1603, Bacon’s letter-writing ability was directed to find- 
ing a place for himself and a use for his talents in James 
I’s services. Ele pointed to his concern for Irish affairs, the 
union of the kingdoms, and the pacification of the church 
as proof that he had much to offer the new king.

Through the influence of his cousin Robert Cecil, Bacon 
was one of the 300 new knights dubbed in 1603. The 
following year he was confirmed as learned counsel and 
sat in the first Parliament of the new reign in the debates 
of its first session. He was also active as one of the com­
missioners for discussing a union with Scotland. In the 
autumn of 1605 he published his Advancement of Learn­
ing, dedicated to the King, and in the following summer 
he married Alice Barnham, the daughter of a London 
alderman. Preferment in the royal service, however, still 
eluded him, and it was not until June 1607 that his peti- 
tions and his vigorous though vain efforts to persuade the 
Commons to accept the King’s proposals for union with 
Scotland were at length rewarded with the post of solicitor 
general. Even then, his political influence remained neg- 
ligible, a fact that he came to attribute to the power and 
jealousy of Cecil, by then earl of Salisbury and the King’s 
chief minister. In 1609 his De Sapientia Veterum (“The 
Wisdom of the Ancients”), in which he expounded what 
he took to be the hidden practical meaning embodied 
in ancient myths, came out and proved to be, next to 
the Essayes, his most populär book in his own lifetime. 
In 1614 he seems to have written The New Atlantis, his 
far-seeing scientific utopian work, which did not get into 
print until 1626.

After Salisbury’s death in 1612, Bacon renewed his ef­
forts to gain influence with the King, writing a number of 
remarkable papers of advice upon affairs of state and, in

particular, upon the relations between Crown and Parlia­
ment. The King adopted his proposal for removing Coke 
from his post as chief justice of the common pleas and 
appointing him to the King’s Bench, while appointing Ba­
con attorney general in 1613. During the next few years 
Bacon’s views about the royal prerogative brought him, as 
attorney general, increasingly into conflict with Coke, the 
Champion of the common law and of the independence 
of the judges. It was Bacon who examined Coke when the 
King ordered the judges to be consulted individually and 
separately in the case of Edmond Peacham, a clergyman 
charged with treason as the author of an unpublished 
treatise justifying rebellion against oppression. Bacon has 
been reprobated for having taken part in the examination 
under torture of Peacham, which tumed out to be fruitless. 
It was Bacon who instructed Coke and the other judges 
not to proceed in the case of commendams (i.e., holding 
of benefices in the absence of the regulär incumbent) until 
they had spoken to the King. Coke’s dismissal in Novem­
ber 1616 for defying this order was quickly followed by 
Bacon’s appointment as lord keeper of the great seal in 
March 1617. The following year he was made lord Chan­
cellor and baron Verulam, and in 1620/21 he was created 
viscount St. Albans.

The main reason for this progress was his unsparing ser­
vice in Parliament and the court, together with persistent 
letters of self-recommendation; according to the traditional 
account, however, he was also aided by his association 
with George Villiers, later duke of Buckingham, the King’s 
new favourite. It would appear that he became honestly 
fond of Villiers; many of his letters betray a feeling that 
seems warmer than timeserving flattery.

Among Bacon’s papers a notebook has survived, the 
Commentarius Solutus (“Loose Commentary”), which is 
revealing. It is a jotting pad “like a Marchant’s wast 
booke where to enter all maner of remembrance of mat­
ter, fourme, business, study, towching my self, service, 
others, eyther sparsim or in schedules, without any maner 
of restraint.” This book reveals Bacon reminding himself 
to flatter a possible patron, to study the weaknesses of a 
rival, to set intelligent noblemen in the Tower of Lon­
don to work on serviceable experiments. It displays the 
multiplicity of his concerns: his income and debts, the 
King’s business, his own garden and plans for building, 
philosophical speculations, his health, including his Symp­
toms and medications, and an admonition to learn to 
control his breathing and not to interrupt in conversation. 
Between 1608 and 1620 he prepared at least 12 draftings 
of his most celebrated work, the Novum Organum, and 
wrote several minor philosophical works.

The major occupation of these years must have been the 
management of James, always with reference, remote or 
direct, to the royal finances. The King relied on his lord 
Chancellor but did not always follow his advice. Bacon was 
longer sighted than his contemporaries and seems to have 
been aware of the constitutional problems that were to 
culminate in civil war; he dreaded innovation and did all 
he could, and perhaps more than he should, to safeguard 
the royal prerogative. Whether his policies were sound or 
not, it is evident that he was, as he later said, “no moun- 
tebank in the King’s services.”

Fall from power. By 1621 Bacon must have seemed im- 
pregnable, a favourite not by charm (though he was witty 
and had a dry sense of humour) but by sheer usefulness 
and loyalty to his sovereign; lavish in public expenditure 
(he was once the sole provider of a court masqué); digni- 
fied in his affluence and liberal in his household; winning 
the attention of scholars abroad as the author of the 
Novum Organum, published in 1620, and the developer 
of the Instauratio Magna (“Great Instauration”), a com­
prehensive plan to reorganize the Sciences and to restore 
man to that mastery over nature that he was conceived to 
have lost by the fall of Adam. But Bacon had his enemies. 
In 1618 he feil foul of George Villiers when he tried to 
interfere in the marriage of the daughter of his old enemy, 
Coke, and the younger brother of Villiers. Then, in 1621, 
two charges of bribery were raised against him before a 
committee of grievances over which he himself presided. 
The shock appears to have been twofold because Bacon,

Charges of 
bribery
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who was casual about the incoming and outgoing of his 
wealth, was unaware of any vulnerability and was not 
mindful of the resentment of two men whose cases had 
gone against them in spite of gifts they had made with the 
intent of bribing the judge. The blow caught him when he 
was ill, and he pleaded for extra time to meet the charges, 
explaining that genuine illness, not cowardice, was the 
reason for his request. Meanwhile, the House of Lords 
collected another score of complaints. Bacon admitted the 
receipt of gifts but denied that they had ever affected his 
judgment; he made notes on cases and sought an audience 
with the King that was refused. Unable to defend himself 
by discriminating between the various charges or cross- 
examining witnesses, he settled for a penitent Submission 
and resigned the seal of his office, hoping that this would 
suffice. The sentence was harsh, however, and included a 
fine of £40,000, imprisonment in the Tower of London 
during the King’s pleasure, disablement from holding any 
state office, and exclusion from Parliament and the verge 
of court (an area of 12 miles radius centred on where the 
sovereign is resident). Bacon commented to Buckingham: 
“I acknowledge the sentence just, and for reformation’s 
sake fit, the justest Chancellor that hath been in the five 
changes since Sir Nicolas Bacon’s time.” The magnanimity 
and wit of the epigram sets his case against the prevail- 
ing Standards.

Bacon did not have to stay long in the Tower, but he 
found the ban that cut him off from access to the library 
of Charles Cotton, an English man of letters, and from 
consultation with his physician more galling. He came up 
against an inimical lord treasurer, and his pension pay- 
ments were delayed. He lost Buckingham’s goodwill for a 
time and was put to the humiliating practice of roundabout 
approaches to other nobles and to Count Gondomar, the 
Spanish ambassador; remissions came only after vexations 

Profuse and disappointments. Despite all this his courage held,
literary and the last years of his life were spent in work far more
production valuable to the world than anything he had accomplished
of his last in his high office. Cut off from other services, he offered
years his literary powers to provide the King with a digest of

the laws, a history of Great Britain, and biographies of 
Tudor monarchs. He prepared memorandums on usury 
and on the prospects of a war with Spain; he expressed 
views on educational reforms; he even returned, as if by 
habit, to draft papers of advice to the King or to Buck­
ingham and composed speeches he was never to deliver. 
Some of these projects were completed, and they did not 
exhaust his fertility. He wrote: “If I be left to myself I will 
graze and bear natural philosophy.” Two out of a plan 
of six separate natural histories were composed—Historia 
Ventorum (“History of the Winds”) appeared in 1622 and 
Historia Vitae et Mortis (“History of Life and Death”) 
in the following year. Also in 1623 he published the De 
Dignitate et Augmentis Scientiarum, a Latin translation, 
with many additions, of the Advancement o f Learning. 
He also corresponded with Italian thinkers and urged his 
works upon them. In 1625 a third and enlarged edition of 
his Essayes was published.

Bacon in adversity showed patience, unimpaired intellec­
tual vigour, and fortitude. Physical deprivation distressed 
him but what hurt most was the loss of favour; it was 
not until Jan. 20, 1622/23, that he was admitted to kiss 
the King’s hand; a full pardon never came. Finally, in 
March 1626, driving one day near Highgate (a district to 
the north of London) and deciding on impulse to discover 
whether snow would delay the process of putrefaction, he 
stopped his carriage, purchased a hen, and stuffed it with 
snow. He was seized with a sudden chili, which brought 
on bronchitis, and he died at the Earl of Arundel’s house 
nearby on April 9, 1626. (K.M.L./A.M.Q.)

THOUGHT AND WRITINGS
The intellectual background. Bacon appears as an un- 

usually original thinker for several reasons. In the first 
place he was writing, in the early 17th Century, in some- 
thing of a philosophical vacuum so far as England was 
concerned. The last great English philosopher, William 
of Ockham, had died in 1347, two and a half centuries 
before the Advancement of Learning; the last really im­

portant philosopher, John Wycliffe, had died not much 
later, in 1384.

The 15th Century had been intellectually cautious and 
torpid, leavened only by the first small importations of Ital­
ian humanism by such cultivated dilettantes as Humphrey 
Plantagenet, duke of Gloucester, and John Tiptoft, earl 
of Worcester. The Christian Platonism of the Renaissance 
became more established at the start o f the 16th Century in 
the circle of Erasmus’ English friends: the so-called Oxford 
Reformers—John Colet, William Grocyn, and Thomas 
More. But that initiative succumbed to the ecclesiastical 
frenzies of the age. Philosophy did not revive until Richard 
Hooker in the 1590s put forward his moderate Anglican 
version of Thomist rationalism in the form of a theory of 
the Elizabethan church settlement. This happened a few 
years before Bacon began to write.

In England three Systems of thought prevailed in the late 
16th Century: Aristotelian Scholasticism, scholarly and aes­
thetic humanism, and occultism. Aristotelian orthodoxy 
had been reanimated in Roman Catholic Europe after the 
Council of Trent and the Counter-Reformation had lent 
authority to the massive output of the 16th-century Span­
ish theologian and philosopher Francisco Suärez. In En­
gland learning remained in general formally Aristotelian, 
even though some criticism of Aristotle’s logic had reached 
Cambridge at the time Bacon was a student there in the 
mid-1570s. But such criticism sought simplicity for the 
sake of rhetorical effectiveness and not, as Bacon’s critique 
was to do, in the interests o f substantial, practically useful 
knowledge of nature.
The Christian humanist tradition of Petrarch, Lorenzo 

Valla, and, more recently, o f Erasmus was an active force. 
In contrast to orthodox asceticism, this tradition, in some 
aspects, inclined to glorify the world and its pleasures and 
to favour the beauty of art, language, and nature, while 
remaining comparatively indifferent to religious specula­
tion. Attraction to the beauty of nature, however, if it did 
not cause was at any rate combined with neglect and dis- 
dain for the knowledge of nature. Educationally it fostered 
the sharp Separation between the natural Sciences and the 
humanities that has persisted ever since. Philosophically 
it was skeptical, nourishing itself, notably in the case of 
Montaigne, on the rediscovery in 1562 of Sextus Empir­
icus’ comprehensive survey of the skepticism of Greek 
thought after Aristotle.

The third important current of thought in the world into 
which Bacon was born was that of occultism, or esoteri- 
cism, that is, the pursuit of mystical analogies between 
man and the cosmos, or the search for magical powers 
over natural processes, as in alchemy and the concoction 
of elixirs and panaceas. Although its most famous expo­
nent, Paracelsus, was German, occultism was well rooted 
in England, appealing as it did to the individualistic style 
of English credulity. Robert Fludd, the leading English 
occultist, was an approximate Contemporary of Bacon. 
Bacon himself has often been held to have been some 
kind of occultist, and, even more questionably, to have 
been a member of the Rosicrucian order, but the sort of 
“natural magie” he espoused and advertised was altogether 
different from that of the esoterie philosophers.

There was a fourth mode of Renaissance thought outside 
England to which Bacon’s thinking bore some affinity. 
Like that of the humanists it was inspired by Plato, at least 
to some extent, but by another part of his thought, namely 
its cosmology. This was the boldly systematic nature- 
philosophy of Nicholas of Cusa and of a number of Ital­
ians, in particular Bernardino Telesio, Francesco Patrizzi, 
Tommaso Campanella, and Giordano Bruno. Nicholas of 
Cusa and Bruno were highly speculative, but Telesio and, 
up to a point, Campanella affirmed the primacy of sense 
perception. In a way that Bacon was later to elaborate 
formally and systematically, they held knowledge of na­
ture to be a matter of extrapolating from the findings 
of the senses. There is no allusion to these thinkers in 
Bacon’s writings. But although he was less metaphysically 
adventurous than they were, he shared with them the 
conviction that the human mind is fitted for knowledge 
of nature and must derive it from Observation, not from 
abstract reasoning.
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Bacon’s scheme. Bacon drew up an ambitious plan for 
a comprehensive work that was to appear under the title 

Instauratio of Instauratio Magna (“The Great Instauration”), but like 
Magna many of his literary schemes, it was never completed. Its 

first part, De Augmentis Scientiarum, appeared in 1623 
and is an expanded, Latinized version of his earlier work 
the Advancement of Learning, published in 1605 (the first 
really important philosophical book to be written in En­
glish). The De Augmentis Scientiarum contains a division 
of the Sciences, a project that had not been embarked on 
to any great purpose since Aristotle and, in a smaller way, 
since the Stoics. The second part of Bacon’s scheme, the 
Novum Organum, which had already appeared in 1620, 
gives “true directions conceming the Interpretation of na­
ture,” in other words, an account of the correct method of 
acquiring natural knowledge. This is what Bacon believed 
to be his most important contribution and is the body 
of ideas with which his name is most closely associated. 
The fields of possible knowledge having been charted in 
De Augmentis Scientiarum, the proper method for their 
cultivation was set out in Novum Organum.
Third, there is natural history, the register of matters of 

observed natural fact, which is the indispensable raw ma­
terial for the inductive method. Bacon wrote “histories,” 
in this sense, of the wind, of life and death, and of the 
dense and the rare, and, near the end of his life, he was 
working on his Sylva Sylvarum: Or A Natural Historie 
(“Forest of Forests”), in effect, a collection of collections, 
a somewhat uncritical miscellany.

Fourth, there is the “ladder of the intellect,” consisting of 
thoroughly worked out examples of the Baconian method 
in application, the most successful one being the exem- 
plary account in Novum Organum of how his inductive 
“tables” show heat to be a kind of motion of particles. 
Fifth, there are the “forerunners,” or pieces of scientific 
knowledge arrived at by pre-Baconian, common sense 
methods. Sixth and finally, there is the new philosophy, or 
Science itself, seen by Bacon as a task for later generations 
armed with his method, advancing into all the regions of 
possible discovery set out in the Advancement of Learning. 
The wonder is not so much that Bacon did not complete 
this immense design but that he got as far with it as he did.

The idols of the mind. In the first book of Novum Or- 
Causes of ganum Bacon discusses the causes of human error in the 
human pursuit of knowledge. Aristotle had discussed logical falla- 
error des, commonly found in human reasoning, but Bacon was

original in looking behind the forms of reasoning to un­
derlying psychological causes. He invented the metaphor 
of “idol” to refer to such causes of human error.
Bacon distinguishes four idols, or main varieties of prone- 

ness to error. The idols of the tribe are certain intellectual 
faults that are universal to mankind, or, at any rate, very 
common. One, for example, is a tendency toward over- 
simplification, that is, toward supposing, for the sake of 
tidiness, that there exists more order in a field of inquiry 
than there actually is. Another is a propensity to be overly 
influenced by particularly sudden or exciting occurrences 
that are in fact unrepresentative.

The idols of the cave are the intellectual peculiarities 
of individuals. One person may concentrate on the like- 
nesses, another on the differences, between things. One 
may fasten on detail, another on the totality.

The idols of the marketplace are the kinds of error for 
which language is responsible. It has always been a dis- 
tinguishing feature of English philosophy to emphasize 
the unreliable nature of language, which is seen, nomi- 
nalistically, as a human improvisation. Nominalists argue 
that even if the power of speech is given by God, it 
was Adam who named the beasts and thereby gave that 
power its concrete realization. But language, like other 
human achievements, partakes of human imperfections. 
Bacon was particularly concerned with the superficiality 
of distinctions drawn in everyday language, by which 
things fundamentally different are classed together (whales 
and fishes as fish, for example) and things fundamentally 
similar are distinguished (ice, water, and steam). But he 
was also concerned, like later critics of language, with 
the capacity of words to embroil men in the discussion 
of the meaningless (as, for example, in discussions of the

deity Fortune). This aspect of Bacon’s thought has been 
almost as influential as his account of natural knowledge, 
inspiring a long tradition of skeptical rationalism, from 
the Enlightenment to Comtian positivism of the 19th and 
logical positivism of the 20th centuries.

The fourth and final group of idols is that of the idols of 
the theatre, that is to say mistaken Systems of philosophy 
in the broadest, Baconian sense of the term, in which it 
embraces all beliefs of any degree of generality. Bacon’s 
critical polemic in discussing the idols of the theatre is 
lively but not very penetrating philosophically. He speaks, 
for example, of the vain affectations of the humanists, but 
they were not a very apt subject for his criticism. Human­
ists were really anti-philosophers who not unreasonably 
tumed their attention to nonphilosophical matters because 
of the apparent inability of philosophers to arrivé at con- 
clusions that were either generally agreed upon or useful.
Bacon does have something to say about the skeptical phi­
losophy to which humanists appealed when they feit the 
need for it. Insofar as skepticism involves doubts about 
deductive reasoning, he has no quarrel with it. Insofar as 
it is applied not to reason but to the ability of the senses 
to supply the reason with reliable premises to work from, 
he brushes it aside too easily.

Bacon’s attack on Scholastic orthodoxy is surprisingly 
rhetorical. It may be that he supposed it to be already 
sufficiently discredited by its incurably contentious or dis- Bacon’s 
putatious character. In his view it was a largely verbal criticism of 
technique for the indefinite Prolongation of inconclusive Scholasti- 
argument by the drawing of artificial distinctions. He has cism 
some awareness of the central weakness of Aristotelian Sci­
ence, namely its attempt to derive substantial conclusions 
from premises that are intuitively evident, and argues that 
the apparently obvious axioms are neither clear or indis- 
putable. Perhaps Bacon’s most fruitful disagreement with 
Scholasticism is his belief that natural knowledge is cumu- 
lative, a process of discovery, not of Conservation. Living 
in a time when new worlds were being found on Earth, 
he was able to free himself from the view that everything 
men needed to know had already been revealed in the 
Bible or by Aristotle.
Against the fantastic learning of the occultists Bacon 

argued that individual reports are insufficiënt, especially 
since men are emotionally predisposed to credit the in- 
terestingly stränge. Observations worthy to substantiate 
theories must be repeatable. Bacon defended the study of 
nature against those who considered it as either base or 
dangerous. He argued for a cooperative and methodical 
procedure and against individualism and intuition.

The Classification of the Sciences. Book II of the Ad­
vancement of Learning and Books II to IX of the De Aug­
mentis Scientiarum contain an unprecedentedly thorough 
and detailed systematization of the whole range of hu­
man knowledge. Bacon begins with a distinction of three 
faculties—memory, imagination, and reason—to which 
are respectively assigned history, “poesy,” and philosophy.
History has an inclusive sense and means all knowledge 
of singulär, individual matters of fact. “Poesy” is “feigned 
history” and not taken to be cognitive at all and so re­
ally irrelevant. After subdividing poesy perfunctorily into 
narrative, representative (or dramatic), and allusive (or 
parabolical) forms, Bacon gives it no further consideration.

History is divided into natural and civil, the civil category 
also including ecclesiastical and literary history (which for 
Bacon is really the history of ideas). History supplies the 
raw material for philosophy, in other words for the general 
knowledge that is inductively derived from it. Although 
Bacon proclaims the universal applicability of induction, 
he himself treats it almost exclusively as a means to natu­
ral knowledge and ignores its civil (or social) application.

Two further general distinctions should be mentioned.
The first is between the divine and the secular. Most di- 
vine knowledge must come from revelation, and reason 
has nothing to do with it. There is such a thing as divine 
philosophy (what was later called rational, or natural, the- 
ology), but its sole task and competence is to prove that 
there is a God. The second, more pervasive distinction 
is between theoretical and practical disciplines, that is, 
between Sciences proper and technologies, or “arts.”
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Bacon acknowledges something he calls first philosophy, 
which is secular but not confined to nature or to soci­
ety. It is concerned with the principles, such as they are, 
that are common to all the Sciences. Natural philosophy 
divides into natural Science as theory on the one hand 
and the practical discipline of applying natural science’s 
findings to “the relief of man’s estate” on the other, which 
he misleadingly describes as natural magie. The former is 
“the inquisition of causes,” the latter, “the production of 
effects.”

To subdivide still further, natural Science is made up of 
physics and metaphysics, as Bacon understands it. Physics, 
in his interpretation, is the Science of observable correla- 
tions; metaphysics is the more theoretical Science of the 
underlying structural factors that explains observable reg- 
ularities. Each has its practical, or technological, partner; 
that of physics is mechanics, that of metaphysics, natural 
magie. It is to the latter that one must look for the real 
transformation of the human condition through scientific 
progress. Mechanics is just levers and pulleys.

Mathematics is seen by Bacon as an auxiliary to natural 
Science. Many subsequent philosophers of Science would 
agree, understanding it to be a logical means of express- 
ing the content of scientific propositions or of extracting 
part of that content. But Bacon is not clear about how 
mathematics was to be of service to Science and does not 
realize that the Galilean physics developing in his own 
lifetime was entirely mathematical in form. Although one 
of his three inductive tables is concerned with correlated 
variations in degree (while the others concern likenesses 
and differences in kind), he really has no conception of 
the role, already established in Science, of exact numerical 
measurement.

Bacon is fairly cursory about “human philosophy.” Four 
somewhat quaint Sciences of body are sketched—medicine, 
cosmetic, athletic, and “the voluptuary arts.” The Sciences 
of mind—logic and ethics—are practical, consisting of 
sets of rules for the correct management of reasoning or 
conduct, with no suggested theoretical counterpart. Bacon 
is unreflectively conventional about moral truth, content 
to rely on the deliverances of the long historical sequence 
of moralists, undisturbed by their disagreements with one 
another.

Bacon represents civil philosophy in the same uninquir- 
ingly practical way. It comprises not only the art of gov­
ernment but also “conversation,” or the art of persuasion, 
and “negotiation,” or prudence, the topic of proverbs and, 
to a considerable extent, of his own Essayes.

In principle, Bacon is committed to the view that hu­
man beings and society are as well fitted for inductive, 
and, in 20th-century terms, scientific study as the nat­
ural world. Yet he depicts human and social studies as 
the field of nothing more refined than common sense. It 
was, of course, an achievement to extricate them from 
religion, and to do so without unnecessary provocation. 
But in his conception they remain practical arts with no 
sustaining body of scientific theory to ratify them. It was 
left to Thomas Hobbes, for a time Bacon’s amanuensis, 
to develop complete Systems of human and social Science. 
Bacon’s practice, however, was better than his program. 
In his writings on history and law he went beyond the 
commonplaces of chronicle and precedent and engaged in 
explanation and theory.

The new method. The core of Bacon’s philosophy of 
Science is the account of inductive reasoning given in 
Book II of Novum Organum. The defect of all previous 
Systems of beliefs about nature, he argued, lay in the inad­
equate treatment of the general propositions from which 
the deductions were made. Either they were the result of 
precipitate generalization from one or two cases, or they 
were uncritically assumed to be self-evidënt on the basis 
of their familiarity and general acceptance.
In order to avoid hasty generalization Bacon urges a 

technique of “gradual ascent,” that is, the patiënt accumu- 
lation of well-founded generalizations of steadily increas­
ing degrees of generality. This method would have the 
beneficial effect of loosening the hold on men’s minds of 
ill-constructed everyday concepts that obliterate important 
differences and fail to register important similarities.

The crucial point, Bacon realized, is that induction must 
work by elimination not, as it does in common life and 
the defective scientific tradition, by simple enumeration. 
Thus he stressed “the greater force of the negative in­
stance”—the fact that while “all A are B” is only very 
weakly confirmed by “this A is B,” it is shown conclu- 
sively to be false by “this A is not B.” He devised tables, 
or formal devices for the presentation of singulär pieces of 
evidence, in order to facilitate the rapid discovery of false 
generalizations. What survives this eliminative screening, 
Bacon assumes, may be taken to be true.
Bacon presents tables of presence, of absence, and of 

degree. Tables of presence contain a collection of cases 
in which one specified property is found. They are then 
compared to each other to see what other properties are 
always present. Any property not present in just one case 
in such a collection cannot be a necessary condition of 
the property being investigated. Second, there are tables 
of absence, which list cases that are as alike as possible to 
the cases in the tables of presence except for the property 
under investigation. Any property that is found in the 
second case cannot be a sufficiënt condition of the orig­
inal property. Finally, in tables of degree proportionate 
variations of two properties are compared to see if the 
proportion is maintained.

Bacon rightly showed some hesitation in arriving at the 
goal he had prescribed for himself, namely constructing 
a method that would yield general propositions about 
substantial matters of natural fact that were certain and 
beyond reasonable doubt. But he hesitated for an insuffi­
ciënt, secondary reason. The application of his tables to 
a mass of singulär evidence, he said, would give only a 
“first vintage,” a provisional approximation to the truth, 
because of the defects of natural history, that is to say, the 
defects inherent in the formulation of the evidence.

There are, however, more serious difficulties. An obvious 
one is that Bacon assumed both that every property natural 
Science can investigate actually has some other property 
which is both its necessary and sufficiënt condition (a very 
strong version of determinism) and also that the condi- 
tioning property in each case is readily discoverable. What 
he had himself laid down as the task of metaphysics in his 
sense (theoretical natural Science in 20th-century terms), 
namely the discovery of the hidden “forms” that explain 
what is observed, ensured that the tables could not serve 
for that task since they are confined to the perceptible 
accompaniments of what is to be explained. This point is 
implied by critics who have accused Bacon of failing to 
recognize the indispensable role of hypotheses in Science. 
In general he adopted a naive and unreflective view about 
the nature of causes, ignoring their possible complexity 
and plurality (pointed out by John Stuart Mill) as well as 
the possibility that they could be at some distance in space 
and time from their effects.

Another weakness, not sufficiently emphasized, is Ba­
con’s preoccupation with the static. The Science that came 
to glorious maturity in his own Century was concerned 
with change, and, in particular, with motion, as is the 
natural Science of the 20th Century. It was with this aspect 
of the natural world that mathematics, whose role Bacon 
did not see, came so fruitfully to grips.

In the end it may be that the conception of a scien­
tific research establishment, which Bacon developed in his 
Utopia, The New Atlantis, was a more important contri­
bution to Science than his theory of induction. Here the 
idea of Science as a collaborative undertaking, conducted 
in an impersonally methodical fashion and animated by 
the intention to give material benefits to mankind, is set 
out with literary force.

Human philosophy. Although, as was pointed out 
above, Bacon’s programmatic account of “human and 
civic philosophy” (i.e., human and social Science) treats it 
as a matter of practical art, or technique, his own ven- 
tures into history and jurisprudence, at any rate, were of 
a strongly theoretical cast. His Historie o f the Raigne of 
King Henry the Seventh is explanatory, interpretative his­
tory, making sense of the King’s policies by tracing them 
to his cautious, economical, and secretive character. Sim­
ilarly his reflections on law, in De Augmentis Scientiarum
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and in Maxims o f the Law  (Part I of The Elements o f the 
Common Lawes o f England), are genuine jurispmdence, 
not the type of commentary informed by precedent with 
which most jurists of his time were content. In politics 
Bacon was as anxious to detach the state from religion 
as he was to disentangle Science from it—both concerns 
being indicative of very little positive enthusiasm for re­
ligion, despite the formal professions of profound respect 
Convention extracted from him. He endorsed the Tudor 
monarchy and defended it against Coke’s legal obstruction 
because it was rational and efficiënt. He had no patience 
with the inanities of divine right with which James I 
was infatuated. Bacon wrote little about education, but 
his memorable assault on the Scholastic Obsession with 
words— an Obsession largely carried over, if to different 
words, by the humanists—bore fruit in the educational 
theory of Comenius, who acknowledged Bacon’s influence 
in his argument that children should study actual things 
as well as books.

Assessment and influence. Bacon’s personality has usu­
ally been regarded as unattractive: he was cold-hearted, 
cringed to the powerful, and took bribes, and then had 
the impudence to say he had not been influenced by 
them. There is no reason to question this assessment in 
its fundamentals. It was a hard world for someone in his 
Situation to cut a good figure in, and he did not try to 
do so. The grimly practical style of his personality is re­
flected in the particular service he was able to provide of 
showing a pureiy secular mind of the highest intellectual 
power at work. No one who wrote so well could have 
been insensitive to art. But no one before him had ever 
quite so uncompromisingly excluded art from the cogni- 
tive domain.

Bacon was a hero to Robert Hooke and Robert Boyle, 
founders of the Royal Society. Jean d’Alembert, classify- 
ing the Sciences in the Encyclopédie, saluted him. Kant, 
rather surprisingly for one so concerned to limit Science 
in order to make room for faith, dedicated the Critique 
of Pure Reason to him. He was attacked by Joseph de 
Maistre for setting man’s miserable reason up against God 
but glorified by Auguste Comte.

It has been suggested that Bacon’s thought received 
proper recognition only with 19th-century biology, which, 
unlike mathematical physics, really is Baconian in proce­
dure. Darwin undoubtedly thought so. Bacon’s belief that 
a new Science could contribute to the relief of man’s estate 
also had to await its time. In the 17th Century the chief 
inventions that flowed from Science were of instmments 
that enabled Science to progress further. Today Bacon is 
best known among philosophers as the symbol of the idea, 
widely held to be mistaken, that Science is inductive. Al­
though there is more to his thought than that, it is, indeed, 
central; but even if it is wrong, it is as well to have it so 
boldly and magnificently presented. (A.M.Q.)
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Bacteria are microscopie organisms present in almost 
all natural environments, often in extremely large 
numbers: billions in a gram of rich garden soil and 

millions in one drop of saliva. They constitute the dass 
Schizomycetes, of the division Schizomycophyta. The in­
fluence of bacteria in the biosphere is incalculable. With­
out them, the soil would not be fertile and thus could not 
sustain plants, on which animals ultimately depend for

food. Although some bacteria cause disease, most species 
are benign, and many are involved in processes of direct 
benefit to man. For the history and methodology of the 
study of bacteria, see bio logical  Sc ie n c e s: Microbiology. 
See also disease  and in fe c t io u s  d iseases for coverage of 
bacterial diseases.
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GENERAL FEATURES
Diversity of structure. Bacteria are unicellular micro- 

organisms, among the smallest living creatures known 
(only the related rickettsias and the viruses are small­
er). One of the periods on this page would cover about
250,000 average-sized bacteria, which are measured in 
microns (one micron, \i, equals Vj 000 millimetre, or V25m 
inch). There are three bacterial cell types on the basis of 
shape (see Figure 1): spherical (coccus), rodlike (bacillus), 
and spiral (spirillum). Each type retains its character un­
der Standard conditions of laboratory cultivation but may 
show changes in appearance under different environments. 
When conditions are favourable, bacteria grow rapidly 
(some can reproduce every 15 minutes), forming visible 
colonies on culture plates in the laboratory. The colonies 
are distinctive in colour, shape, and texture for certain 
species and in some cases for the different varieties, or 
strains, within a single species.

Distribution and abundance. Bacteria are ubiquitous, 
occurring in virtually every conceivable environment: from 
polar ice to hot springs; from mountain tops to the ocean 
deeps; from plant and animal bodies to forest soils. Most 
bacteria are active in environments in which the temper­
ature is above 5° C (about 40° F); some marine and soil 
types are exceptional in being active at temperatures near 
or slightly below 0° C (32° F). The upper limit is around 
30° C (86° F) for soil bacteria and 37° C (99° F) for 
animal parasites; the maximum temperature, above which 
growth does not occur, is about 70° C (160° F). Beyond 
these limits bacteria become inactive. Some survive in a 
dormant (or spore) state, reviving when conditions become 
more favourable. This capability has allowed bacteria to 
become perhaps the most widespread organisms on Earth.

Importance. Bacteria are instrumental in performing 
numerous critical biochemical transformations of sub- 
stances in nature, changing them from complex to simple 
compounds that can be used by plants, man, and other 
animals. Bacteria in the rumen (largest compartment of 
the stomach) of the cow digest the cellulose in grasses 
and animal feed, thus making this matter available as 
a nutriënt for the animal. The organic waste substances 
in sewage are degraded by bacteria and transformed into 
compounds that are suitable nutrients for plant growth. 
In fact, all of the remains of animals and plants are even­
tually converted to soil through the activities of bacteria 
and other microorganisms and thus made available again 
to growing plants.

It can be assumed—until evidence disproves it—that any 
naturally occurring substance can be degraded (metabo-

lized) by some species of bacteria. In some instances, these 
biochemical transformations are judged by -man to be 
beneficial: as when Streptomyces griseus produces the an- 
tibiotic Streptomycin as a by-product of its metabolism; or 
when certain strains of bacteria produce cheese and other 
dairy products by metabolizing constituents of milk; or 
when certain nitrogen-aceumulating bacteria add needed 
nitrogen to the soil. Other transformations, however, may 
be detrimental to man’s interests, as when Clostridium 
botulinum exeretes a toxin responsible for botulism (a 
type of food poisoning), or when certain strains of bacte­
ria exerete substances that cause disease. Less detrimental 
are the effects of bacterial deterioration: spoilage of food, 
corrosion of metals, decay of wood, and other undesirable 
alterations of substances. Certain strains of bacteria that 
can attack and partially decompose oil, tar, and related 
petroleum products may someday be useful as Controls 
for these potential pollutants.

Higher animals, including man, live in constant inti- 
macy with large numbers and a great variety of bacteria. 
The oral cavities, intestinal tracts, and skin are inhabited 
by bacteria that, under normal circumstances, create no 
Problems (Figure 2). There are occasions, however, when 
bacteria break through the normal body barriers and cause 
an infection. Certain bacteria are more prone to this be­
haviour than others and are called pathogens, or disease 
producers (Figure 2). Some pathogens have an affinity for 
specific parts of the body: meningococcal bacteria infect 
the meninges, or brain membranes; tubercle bacteria in- 
vade the lungs; and diphtheria-causing bacteria establish 
themselves in the throat. Other bacterial pathogens exhibit 
less specificity: staphylococcal bacteria, for example, may 
infect the skin, causing boils or furuncles; the bloodstream, 
causing septicemia (blood poisoning); or the bones, estab- 
lishing a condition known as Osteomyelitis.

In some cases the biochemical transformations of bacteria 
are actually exploited industrially to convert raw materials 
into products that are economically valuable. When the 
substance is abundant and cheap and the product is valu­
able and in demand, a bacterial industrial process is likely 
to be established. Selected examples of products manu- 
factured on an industrial scale through the utilization of 
bacteria are shown in Table 1. Other industrial processes 
are developed by man to combat the deterioration of ma­
terials by microorganisms (see fo o d  pr o c essin g ).

Bacteria represent a form of life that can be conveniently 
studied under laboratory conditions. Furthermore, and 
more importantly, many of the biological processes that 
take place in the bacterial cell are closely related, if not
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Figure 1: The three major bacterial cell types.
Reprinted from The Spectrum of Life by Harold A. Moore and John R. Carlock.
Copyright ©  1970, Harper & Row, Publishers, Inc.

identical, to processes that take place in higher organisms, 
including man. Thus, the bacterial cell provides an ex­
tremely useful model for the study of intricate biological, 
physiological, and biochemical processes. Indeed, much 
of the knowledge that has been acquired since the end of 
World War II in biochemical genetics, enzymes, and the 
synthesis of vitamins and their functions has resulted from 
investigations of bacteria.

performs metabolic functions including synthesis of intra­
cellular substances. The cell elongates, and the cell wall 
becomes pinched in at the midpoint: finally, a transverse 
cell wall separates the parent cell into two new cells 
(daughter cells) that separate, and the process commences 
again. The reproduction and multiplication process is by 
geometrie progression: one cell forms two, two cells form 
four, four form eight, eight form 16, 16 form 32, and so 
forth. The time required for the populations to double— 
i.e., for one cell to di vide in two—is the generation time 
(G); it can be calculated from the following formula:

n 3.3 log b/B

In the formula, B is the number of bacteria at the start of 
the investigation; b is the number of bacteria at the end of 
the time period; t is the time period; and n is the number 
of generations. The experimental data—that is, the values 
for B, b, and t—must be obtained during the period of the 
total growth cycle known as the log phase of growth (de­
scribed below). The generation times of bacterial species 
vary over a wide range. Escherichia coli, one of the most 
rapidly growing bacteria, has a generation time of approx- 
imately 15 minutes; Mycobacterium tuberculosis, a slow- 
growing bacterium, can have a generation time as long 
as 16 hours.

Although binary fission is the characteristic and typi­
cal mode of reproduction for the true bacteria (order 
Eubacteriales), among some bacterial species, particularly 
those of the higher orders of bacteria, other processes 
of reproduction occur. Rhodomicrobium vannielii (order 
Hyphomicrobiales), for example, exhibits a budding type 
of reproduction; Streptomyces (order Actinomycetales) 
species produce chains of spores; Mycoplasma (order My­
coplasmatales) reproduce by the Segmentation of elemen­
tary units within a body surrounded by a membrane.

There are also instances of sexual reproduction (conjuga- Sexual 
tion) among bacterial species. It occurs at low frequency repro- 
among bacteria found in the intestine (enteric, or coliform, duction 
bacteria—Escherichia, Shigella, and Salmonella). In this 
process, conjugal pairs, or mating types, of bacteria make 
transient physical contact. Conjugal pairs consist of a 
donor (male) and a recipiënt (female) cell. In conjugation, 
a piece of chromosome from the donor cell is transferred 
into the recipiënt cell, in which it becomes a part ofthe  
recipient’s chromosome. This is one way by which genetic 
material is exchanged in bacteria.

The bacterial growth curve. When bacterial cells are 
placed in a medium providing all of the nutrients neces­
sary for growth (growth medium), the population increases 
according to a pattern identified as the bacterial growth 
curve (Figure 4). The four stages are the lag phase, log 
phase, stationary phase, and decline phase.

After their introduction into a medium, bacterial cells do 
not immediately reproduce according to their characteris­
tic generation time; instead, the population remains con­
stant for a period longer than the generation time. During

NATURAL HISTORY
In view of the widespread occurrence of bacteria, it is not 
surprising that measures are taken by man to reduce or 
control their numbers in habitats that are exploited for 
human welfare. In the following sections, therefore, em­
phasis is on those particular environments of bacteria that 
impinge on man’s needs.

Growth and reproduction. The life cycle of bacteria in­
volves growth and reproduction, as in other organisms; 
certain features, however, are unique to microorganisms.

The term growth, in the microbiological sense, refers to 
increase in a given population rather than to increase in 
the size of an individual microorganism, or bacterium, in 
this context. There are, to be sure, changes in the size of 
an individual bacterial cell at certain stages of the multi­
plication process, as is shown below.

Reproduction. Bacteria characteristically reproduce by 
an asexual process called binary fission, in which one 
cell di vides into two new cells (Figure 3). A single bacte­
rial cell, under optimum physical conditions for growth,

Table 1: Examples of Compounds Produced by Bacteria 
on an Industrial Scale

product bacterium Substrate
Lactic acid L actobacillu s acid-hydrolyzed cornstarch, or

delb ru eck ii whey, plus nutriënt and CaCCh
Bacterial B acillu s su b tilis vegetable protein plus sugar for

amylase surface cultivation; starch, 
cereal, grain, and protein for 
subsurface cultivation

Bacterial
protease

B. su b tilis protein, carbohydrate, salts

Dextran L eu con ostoc
m esen tero ides

sucrose plus nutrients

Cobalamin S tre p to m y c e s distiller’s solubles, dextrose,
(vitamin B12) olivaceu s CaCC>3

P ropion ibac teriu m
freu den re ich ii

C0 CI2

Vinegar A c e to b a c te r species alcohol
Streptomycin S tre p to m y c e s  griseus hydrolyzed protein and sugar
Monosodium

glutamate
M icrococcu s species sugar
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Figure 2: T y p ic a l  b o d y  f lo ra  ( t o p  r o w )  a n d  b a c te r ia  fro m  in fe c t io n s  (b o t to m  ro w ).
(Top left) N e is s e r ia  fla va  from the human nasal passage (magnified about 7 X). (Top centre) 
Aerobic L a c t o b a c il lu s  (large colony) and S ta p h y lo c o c c u s  a lb u s  (small colony) from the 
human vagina (magnified 11 X). (Top right) E s c h e r ic h ia  c o l i , grown on eosin methylene blue 
dye, from a normal stool (magnified about 7 X). (Bottom left) Colonies of beta-hemolytic 
Streptococci on blood agar show zones cleared of blood cells surrounding each colony; 
these bacteria were isolated from the sore throat of a child who later developed rheumatic 
fever (magnified about 19 X). (Bottom centre) H e m o p h ilu s  in f lu e n z a e  (small colonies) isolated 
from a child suffering from spinal meningitis. Position of the H . in f lu e n z a e  colonies around 
larger S ta p h y lo c o c c u s  colonies, which provide a factor necessary for their growth, illustrates 
the “satellite phenomenon” (magnified about 14 X). (Bottom right) C lo s t r id iu m  p e r fr in g e n s ,  
isolated from infected human gallbladder, as grown under strict anaerobic conditions on 
blood agar. Zones of complete and partial clearing are characteristic of this species of 
C lo s t r id iu m  (magnified 8.5 X).
A.W. Rakosy— EB Inc.

The
coliform
bacteria

this period individual cells actively metabolize (synthesize 
new cytoplasmic material) and increase in size. After the 
cells have undergone a rigorous physiological adjustment 
to the new medium, they divide.

The first cell division initiates the log phase, during which 
repeated division occurs at a rate consistent with the gener­
ation time. Theoretically, this stage describes a logarithmic 
Progression, the population doubling with each new gen­
eration of cells. In theory, also, all cells grow at the same 
rate and reproduce at the same time. This synchronous 
growth period eventually terminates as cells phase out of 
the regulär reproduction pattem, and some actually die.

Under optimum conditions, in terms of the nutrients 
available and the physical environment, the maximum 
viable population is attained at the end ofthe log phase, 
with some vigorous bacterial species achieving a density 
of 10,000,000,000 cells per millilitre.

For a period of time, the length of which depends on the 
species, the population is stationary. Among the factors 
responsible for this levelling off of the population are the 
following, which generally occur in some combination: 
production of inhibitory substances, depletion of nutri­
ents, and death of cells.

The stationary phase terminates as the death rate of 
the population exceeds that of formation of new cells. 
The population steadily decreases until, eventually, all of 
the cells die.

Ecology. Bacteria in water. Good quality drinking wa­
ter contains very few bacteria per millilitre and no coliform 
bacteria. The coliform bacteria, including Escherichia coli 
and Aerohacter aerogenes, are found in the intestinal tract 
of man and other animals. Their presence in water indi-

cates that the water has been polluted with fecal material 
and hence may contain pathogens. The usual procedures 
employed in municipal water-purification plants—settling, 
filtration, and chlorination—are designed to remove or 
destroy these and other microorganisms.

Sewage, defined as the used water supply of a commu­
nity, contains wastes produced by domestic and industrial 
sources. Bacteria in sewage are of importance for two 
reasons. First, as pollutants: human excrement in sewage 
may contain pathogenic bacteria, which, if not removed 
or killed, may enter domestic water sources or supplies 
(Figure 5). Second, as cleansers: the treatment of sewage, 
particularly the breakdown (dissimilation) of organic ma­
terial (e.g., proteins, carbohydrates, and fats) requires the 
activity of certain types of bacteria. Sewage treatment fa­
cilities, including residential septic tanks, municipal sludge 
digesters, activated sludge digesters, and trickling filter and 
sand filter processes, are all designed to utilize bacteria to 
break down organic matter in sewage.

The breakdown of organic matter, however, imposes a 
biochemical oxygen demand (b o d ) on the environment 
into which sewage is dumped (e.g., a body of water). The 
greater the amount of organic matter, the greater is the 
amount of oxygen required for its oxidation and, hence, 
the greater the b o d . This process can be very disruptive 
to aquatic life in natural streams and lakes. One of the 
objectives in sewage treatment is to oxidize organic matter 
as completely as possible and thereby reduce the bo d  prior 
to the discharge of the sewage (effluent) into natural bod- 
ies of water. Sewage digestion tanks and aeration devices 
are designed to exploit the metabolic capacity of bacteria 
to accomplish this objective.
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Figure 3: A n  e le c t ro n  m ic r o g r a p h  o f  c e lls  o f  M y c o p la s m a  
h o m in is  in  s e v e r a l  s t a g e s  o f  re p ro d u c t io n .
(Centre left) The elongated cell about to undergo binary 
fission. (Bottom) The dividing cell connected by a tubule, 
which, at its thinnest, consists only of the two membranes 
joined back to back. (Centre right) The coccoid-shaped 
daughter cell (greatly magnified).
From Jack Maniloff, "Electron Microscopy of Small Cells: Mycoplasma hominis,"Journal of Bacteriology (December 1969)

The microbial population of the sea consists of bacteria, 
algae, protozoans, and fungi. Bacteria of all physiological 
and metabolic types inhabit the various regions, extending 
from the surface layer of the sea to the bottom mud. 
They are responsible for transformations of both organic 
and inorganic compounds that serve as nutrients for ma­
rine life. The dissimilation of organic compounds, under 
aerobic (oxygenated) conditions, yields ammonia, carbon 
dioxide, and sulfate and phosphate salts. These products 
serve as the nutrients for algae and other planktonic life, 
which, in turn, synthesize organic compounds that may 
eventually serve as food for mollusks and fishes.

Bacteria in air. Air contains bacteria and other micro­
organisms that are suspended and circulated for vary- 
ing periods of time, depending upon atmospheric condi­
tions and the size of the particles that carry the micro­
organisms.

Extremes Generalizations about the microbial component of air 
of bacterial can be made only with reference to a particular environ- 
concentra- ment and the circumstances that prevail at a given time: 
tion for example, a hospital ward during bed-making time (agi­

tation of bed linens and movements of personnel stir dust 
that may bear large numbers of bacteria into the air); a 
city Street following a heavy rain (the air is washed and 
relatively free from bacteria). Air at an altitude of 10,000 
feet (3,000 metres) usually has relatively few dust particles 
and, therefore, considerably fewer bacteria than are com­
mon in air at lower altitudes.
Tremendous numbers of bacteria are ejected into the 

atmosphere by a sneeze or cough. They remain suspended 
in air on particles referred to as droplet nuclei, which may 
consist o f a single bacterium—in which case the partiele 
remains airbome for a long period of time. When the 
particles consist of aggregates o f bacteria coated with mu- 
cus or affixed to other cells, they settle out on surfaces 
in a short time. Airborne bacteria from the respiratory 
tract of man are potentially hazardous; they include My­
cobacterium tuberculosis, which causes tuberculosis; Neis­
seria meningitidis, which causes meningitis; Streptococcus 
pyogenes, which causes strep infections; and Diplococcus 
pneumoniae, which causes pneumonia.

Bacteria occur on plant surfaces and will grow if con­

ditions are favourable. They also invade and infect plant 
tissues, from which they are dispersed periodically into the 
atmosphere. Soil, particularly rich garden soil, contains 
countless bacteria per gram; soil dust dispersed into the 
air contributes a multitude of bacteria and resistant bodies 
formed by them (spores).

Airborne bacteria, as already mentioned, are important 
in the dissemination of diseases of man, of other animals, 
and of plants. They are also important as the source of 
contamination of many materials—e.g., pharmaceutical 
preparations, surgical devices, and foods—thus necessitat- 
ing precautionary procedures when “bacteria-free” condi­
tions are desired (see below Control).

Bacteria in soil. Soil bacteria are extremely active in ef- 
fecting biochemical changes in soil, which is the repository 
of the remains of plant and animal life; through microbial 
attack, materials are eventually transformed into the very 
substances that characterize soil—humus and minerals.

It is customary to view the Chemical changes performed 
by bacteria in the soil as cyclic processes of the various 
elements; e.g., the nitrogen, carbon, and sulfur cycles. At 
some stage of each cycle the element exists in its ele- 
mental form; i.e., uncombined with any other elements.
Certain species of bacteria are capable of Converting the 
element into an inorganic compound that can be utilized 
as a plant nutriënt and thereby transformed into an or­
ganic compound. The plant is consumed by animals, and 
the organic compound is incorporated into animal tissue.
Eventually, animal and plant tissues return to the soil, 
where bacteria decompose them and thereby again release 
the elements as well as other products (see biosphere).

The nitrogen cycle serves to illustrate the role of bacteria 
in performing various Chemical changes. Nitrogen fixa- Nitrogen 
tion, one of the key transformations in the nitrogen cycle, fixers 
is performed by bacteria of several physiological types. 
Nitrogen-fixing bacteria are capable of transforming raw 
nitrogen into a form suitable for use by plants. They live 
in intimate association with a leguminous plant, in which 
case they are designated symbiotic nitrogen fixers; this type 
lives within lumps (nodules) on the plant’s root system.
Species of bacteria that can fix nitrogen in soil that is free 
from the plant-root system are referred to as nonsymbiotic

(Top right, bottom left, bottom right) A W. Rakosy— EB Inc

Figure 4: B a c te r ia l g ro w th .
(Top left) Generalized bacterial growth curve showing: (A) lag 
phase, (B) log phase (period of logarithmic or exponential 
growth), (C) stationary phase, and (D) death, or decline, phase. 
Sequence of bacterial colony growth in B a c illu s  s u b t il is  grown 
at 37° C at: (top right) 18-24 hours (magnified about 6 X), 
(bottom left) 48 hours (magnified about 9 X), (bottom right) 96 
hours (magnified about 9 X).
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Figure 5: C o lo n ie s  o f  b a c te r ia  fro m  w a te r , d u s t , a n d  s o il .
(Left) Rough colonies of P s e u d o m o n a s  p s e u d o m a l le i isolated from surface waters in 
Southeast Asia. These bacteria cause systemic meliodosis, a lethal infection in man. 
(Centre) Smooth colonies of M ic r o c o c c u s  lu te u s , on blood agar, isolated from dust particles 
from a clean room. (Right) Rough colonies of S tr e p to m y c e s  g r is e u s  isolated from soil 
(magnified 13 X).
A.W. Rakosy— EB Ine.

nitrogen fixers. The best known genera are Azotobacter 
and Clostridium, although many others are now known 
to be capable of nonsymbiotic nitrogen fixation.

Bacteria in food. Milk drawn from a healthy cow con­
tains relatively few bacteria per millilitre, but it is not 
sterile (free of living bacteria). Furthermore, procedures 
for handling the milk may add additional bacteria through 
contamination. Because milk is an excellent medium for 
the growth of bacteria, an initial small population (inocu- 
lum) can increase rapidly if the milk is not properly pro­
cessed. Bacteria may merely cause spoilage or may present 
a serious health hazard if they are pathogenic. Bacterial 
pathogens transmitted through milk may originate in the 
cow or in man. A cow infected with the tubercle bacillus 
may transmit this organism, through milk, to man. Bru- 
cellosis, or undulant fever, also can be transmitted from 
cows to man via milk. Alternatively, an infected milk 
handler can contaminate the milk; outbreaks of typhoid 
fever, scarlet fever, and diphtheria have been known to 
occur in this fashion. Proper treatment of milk by the pro­
cess of pasteurization—either the low-temperature, hold­
ing method (63° C [145° F] for 30 minutes) or the high- 
temperature, shorttime method (72° C [161° F] for 15 
seconds)—destroys all pathogens.

Bacterial On the credit side, however, selected species and strains
Konversion of bacteria convert milk and casein (milk protein) into
of milk such desirable products as buttermilk, yogurt, and cheese.

Commercial cultured buttermilk is prepared from skim 
milk that has been inoculated with a starter culture and 
allowed to incubate until the desired changes occur. The 
starter culture consists of Streptococcus lactis or Strep­
tococcus cremoris, together with Leuconostoc citrovorum 
or Leuconostoc dextranicum. Yogurt and other fermented 
milk products are produced in a similar manner but 
through the activities of different selected cultures of 
bacteria.

The formation of cheeses is likewise dependent upon the 
activity of microorganisms. The curd from which cheese 
is made is precipitated (made to settle out) from milk by 
an acid-producing bacterium, such as Streptococcus lactis. 
Following removal of moisture and the addition of salt, 
the curd is allowed to ripen by the action of selected bac­
teria. Lactobacilli, Streptococci, and propionibacteria are 
important for the ripening of Swiss cheese; Brevibacterium 
linens is responsible for the flavour of Limburger cheese; 
and molds (Penicillium species) are used in the manufac- 
ture of Roquefort and Camembert cheeses.

Bacteria in nondairy foods are as significant as those 
in milk and dairy products. The variety of bacteria that 
contaminate foods and the diversity of foods can result in 
a wide array of types of food spoilage. When allowed to 
grow in food, certain bacteria can cause food poisoning; 
they secrete a toxin that, when ingested by humans, can 
cause either a severe gastrointestinal upset— as in Staphy­
lococcus aureus food poisoning—or death—as in botulism

(caused by the toxin of Clostridium botulinum). It follows 
that one of the major concerns of food microbiology is 
the development and assessment of techniques to preserve 
foods from spoilage and contamination.

Food may be the carrier of pathogenic bacteria and thus 
be responsible for food-borne infections, among which 
the more frequently occurring are typhoid fever (Sal­
monella typhosa); salmonellosis (Salmonella species other 
than S. typhosa); and shigellosis, or dysentery (Shigella 
dysenteriae).

N otw ithstanding the detrim ental effects o f  food contam ­
ination, other bacterial populations are responsible for a 
variety o f  special foods, produced through bacterial fer- 
m entation; these include pickles and other pickled prod­
ucts, Sauerkraut, and olives.

Control. Many materials and products, as well as eer- Degrees of 
tain environmental areas, require either the reduction or control 
destruction of microbial populations. In a hospital oper­
ating room, for example, procedures are observed that 
reduce the microbial contents of the air to a very low 
level; on the other hand, the glucose solution used for 
intravenous injection is processed to be sterile—absolutely 
free of any form of life.
Physical and Chemical means are available to accomplish 

sterilization. The method of choice depends upon several 
considerations, not the least of which is the effect of the 
sterilizing procedure on the object being sterilized. If the 
material being sterilized is to be discarded following ster­
ilization, such as used bacteriological media from a lab­
oratory, then there is no problem except effectiveness of 
the sterilization procedure; however, if the material to be 
sterilized is a vitamin solution, for example, the procedure 
must be effective enough to sterilize without affecting the 
quality of the vitamin product.

Heat. High temperature, applied in a variety of ways, 
is one of the most effective sterilizing agents. Heat may be 
applied in the form of incineration, steam under pressure 
(autoclave), or dry heat (hot-air oven).

Incineration procedures range from the passing of an 
object through a bunsen burner flame in the laboratory to 
the burning of infected animal carcasses or contaminated 
bedding in large furnaces.

Steam  under pressure, w hich is the principle o f  Opera­
tion  o f  the autoclave (an elaborate pressure cooker), is 
perhaps the m ost w idely used sterilization procedure. The 
autoclave is a Standard item  o f  equ ipm ent in laboratories, 
hospitals, industries involved  in food  processing, and en ­
terprises concerned with sterilization procedures and the 
m anufacture o f  sterile products.

Dry heat, as in hot-air ovens, also accomplishes steriliza­
tion, but, in contrast to steam heat, higher temperatures 
and longer exposure times are required. Equipment that 
can be sterilized in an autoclave at 1210 C (250° F) within 
ten to 15 minutes requires 160° C (320° F) for a period of 
two hours in a hot-air oven. Hot-air sterilization is used
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for materials that might be adversely affected by moist 
heat or that should not be directly exposed to moist heat 
because of necessary packaging.

The heat afforded by boiling water and pasteurization 
processes markedly reduces the bacterial flora but does not 
truly sterilize. Pasteurization, as previously mentioned, is 
designed to kill only the serious pathogens that might 
occur in milk; some bacteria and, in particular, bacterial 
spores are not killed. Similarly, boiling water kills the 
vegetative (active) bacterial cells but not necessarily the 
spores.

Radiation. Ultraviolet radiation (in the 2650-angstrom 
region [one angstrom =  10-8 centimetre]) is extremely 
bactericidal; that is, capable of killing bacteria. When 
properly used— namely, under conditions that allow direct 
exposure of organisms to the radiation—the microbial 
population can be effectively reduced. Ultraviolet rays, 
however, have a very low order of penetration; a thin film 
of glass filters out most of the rays.
Gamma radiations, which are emitted from radioactive 

isotopes, have great penetrating power as well as a high 
lethal effect. This combination of characteristics—high 
Penetration and high bactericidal activity—makes them 
extremely effective as sterilizing agents. But several techni­
cal problems are associated with practical applications of 
gamma radiations: the development of an adequate sup­
ply of radiation sources and the availability of equipment 
designed to guarantee safety to its operators.

Certain materials cannot be exposed to physical agents 
without being adversely altered in some manner. Many 
medicines, including antibiotics, and other biological S o­
lutions may be destroyed or inactivated by any of the 
methods described so far. In such cases filtration is the 
appropriate method for sterilization. A wide variety of 
filters are available that are porous enough to allow fluids 
to pass through but not microorganisms.

Chemicals. Sterilization can also be accomplished with 
such Chemicals as the gas ethylene oxide. With the appro­
priate concentration, humidity, and temperature, ethylene 
oxide is a powerful sterilizing agent. In addition, it has 
the ability to penetrate considerably through materials. 
Ethylene oxide is widely used for the sterilization of many 
materials, including plastic devices, that could not undergo 
the other procedures.

M any Chemicals for the control o f  m icroorganism s are 
available for application  to  environm ental surfaces or m a­
terials; they are not in tended to  effect sterilization, but 
they do reduce the m icrobial population or elim inate cer­
tain types o f  m icroorganism s. These Chemical agents are 
variously term ed antiseptics, germ icides, disinfectants, and 
sanitizers on  the basis o f  their action.

FORM  A N D  FU N C TIO N

In normal environments bacteria exist not only in large 
numbers but also in great diversity. In order to understand 
the characteristics of the individual species comprising 
these mixed populations, it is necessary to study each 
species as a pure culture, by isolating bacterial cells from 
colonies on a specific nutriënt referred to as the medium. 
This isolation from the colony can be maintained as a 
pure culture by periodic transfer to fresh medium. Alter- 
natively, a pure culture can be lyophilized (dried while 
frozen and sealed under vacuum) and kept viable (capable 
of dividing) in this condition for many years. Characteri- 
zation of a pure culture requires a study of cell morphol- 
ogy, cultural and physiological characteristics, biochemical 
(or metabolic) processes, antigenic characteristics, and 
pathogenicity.

Morphological features. The bacterial cell. The typical 
cell of a species of Eubacteriales, or “true” bacteria, is a 
bacillus approximately one micron in diameter and a few 
microns in length. Coccoid cells may occur in characteris- 
tic arrangements: e.g., Diplococcus pneumoniae occurs in 
pairs; Staphylococcus aureus occurs in grapelike clusters; 
Streptococcus pyogenes occurs in chains; Sarcina lutea oc­
curs as a cuboidal arrangement of cells; and Micrococcus 
tetragenus, as the name suggests, occurs in tetrads, or 
groups of four cells.

In contrast to the true bacteria are the “higher” bacte-

Figure 6: Schematic drawing of structure of a typical bacterial 
cell of the bacillus type.

ria, whose appearance suggests some primitive or abortive 
attempt toward cellular differentiation. They are usually 
much larger than the true bacteria and often bear some 
resemblance to yeasts, molds, algae, or protozoans.

A typical bacterial cell is shown in Figure 6; not all 
bacterial species possess all of the structures shown. All 
bacterial cells contain nuclear substance, but it is not 
organized into a discrete nuclear structure as in higher 
organisms; there is no nuclear membrane, and mitotic 
division, the mechanism by which the cells of plants and 
animals divide, does not occur. The blue-green algae are 
akin to bacteria in this respect; together they are charac­
terized as procaryotes, in contrast to eucaryotes, the cells 
of which possess a discrete nuclear structure.
All bacterial cells possess a membrane and a cell wall. 

There are distinct differences among species in terms of the 
Chemical composition of these structures, however. The 
cells of some bacterial species possess whiplike structures 
called flagella, the number and arrangement of which are 
typical for a species. Shorter, rigid appearing, spikelike 
projections known as pili, or fimbriae, appear on some 
cells. Certain cells are surrounded with a gelatinous or 
slimy material, the capsule (Figure 7). Many bacteria can 
assume a dormant state as a spore; in fact, during sporu-

From W.H. Taylor and E. Juni, "Pathways for Biosynthesis of a Bacterial 
Capsular Polysaccharide,” Journal of Bacteriology (May 1961)

Figure 7: Capsular material surrounding these bacteria 
{A cin e to b acte r ca lco a ce ticu s) is revealed in a suspension of 
India ink and viewed through the light microscope (magnified 
about 2500 X).

lation the entire vegetative cell, in essence, is transformed 
into the spore body.

Staining techniques are used to demonstrate the vari­
ous bacterial cell structures. One of the most important 
staining procedures involves the gram stain (named after 
its inventor, H.C.J. Gram, a Danish physician). This is a 
differential stain; i.e., bacteria are said to be gram positive 
or gram negative depending upon whether they retain the 
purple colour of the original stain (crystal violet) at the 
end of the procedure, or whether it is washed out and the

The typical 
bacterium
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Figure 8: B a c te r ia  is o la te d  a n d  c o lo u r e d  w ith  g ra m  s ta in .
(Left) Gram positive cocci, S ta p h y lo c o c c u s  a u re u s , from a 
laboratory culture. (Right) Gram negative bacilli with a capsule, 
K le b s ie lla  p n e u m o n ia e , from a pneumonia lung abscess  
(magnified 1000 X).
A.W. Rakosy— EB Ine.

red colour of the counterstain (safranin) shows (Figure 8).
More refined characterization of the anatomy of a bac- 

terial cell can be accomplished by electron microscopy, 
in which bacterial cells are sliced into very thin sections 
and then viewed under very high magnification; electron 
micrographs reveal a great deal of complex detail: layers in 
the cell surface, internal structures, as well as connections 
or continuity between certain structures.

The bacterial colony. The gross appearance of bacterial 
growth in or on media defines the cultural characteris- 
tics of a species. When a specimen containing bacteria is 
inoculated onto an agar medium (a Standard preparation 
of nutrients with a gel-like consistency), colonies develop, 
each from an isolated bacterial cell. Such colonies (Figure 
9) vary in characteristics depending upon the species. They 
may be pinpoint in size or several millimetres across; flat 
or raised and convex; smooth or broken edged; stringy, 
brittle, or buttery in consistency; coloured internally or 
excreting substances that colour the surrounding medium; 
and opaque, transparent, or translucent.

Bacteria cultivated as agar slant cultures (slanted medium 
in test tubes) exhibit differences in characteristics much 
like those described for colonial appearance (Figure 10). 
In liquid media (broth), growth may be confined to the 
surface as a film (pellicle); uniformly distributed through- 
out the liquid; or particulate, with a tendency to form a 
sediment.

Figure 9: C o lo n ia l  m o rp h o lo g y .
C it ro b a c t e r  f re u n d ii displaying two forms: (left) smooth colony,
(right) rough colony.
Rhodes Scherer, National Animal Disease Laboratory, Ames, lowa

Physiological features. Physical requirements. On the Tempera­
basis of temperature requirements for growth, bacteria are ture 
grouped into three categories: psychrophiles, 0° to 30° C categories 
(32° to 86° F); mesophiles, 15° to 45° C (59° to 113° F), of bacteria 
with best growth in the range 25° to 40° C (77° to 104°
F); and thermophiles, 45° to 60° C (113° to 140° F) and 
above. Bacteria within each group exhibit specific mini­
mum, maximum, and optimum temperatures for growth; 
for example, Pseudomonas delphinii grows at 1° C and 
30° C (34° F and 86° F), with optimum growth occurring 
at 25° C (77° F), and Bacillus thermoliquefaciens grows 
at 37° C and 70° C (99° F and 158° F), with optimum 
growth occurring at 60° C (140° F).

Atmospheric oxygen is required by some, but not all, 
bacteria; others are inhibited by its presence. Bacteria are 
classified as aerobes when they require oxygen to grow 
and as anaerobes when they cannot grow in the presence 
of oxygen; facultative anaerobes do not require oxygen 
and can grow in its presence.

Some bacteria grow in a wide range of salt concentra- 
tions; others, such as marine bacteria, require salt levels of 
10 to 15 percent for optimal growth. Most bacteria grow 
best in an environment near neutrality (neither acidic 
nor alkaline); some, however, grow under strongly acid 
conditions (Thiobacillus thiooxidans) and others under 
strongly alkaline conditions (Nitrobacter species). Most 
bacteria, especially those intimately associated with man, 
grow best without light. Photosynthetic bacteria, however, 
require light.

A.W. Rakosy— EB Ine.

Figure 10: C h r o m o g e n ic  b a c te r ia .
(Left) Agar slant cultures, left to right: S a rc in a  lu te a ; P s e u d o m o n a s  a e ru g in o s a , from water 
in a hospital humidifier; P s e u d o m o n a s  f lu o re s c e n s ; C h ro m o b a c te r iu m  v io la c e u m ; S a rc in a  
a u ra n t ia c a ; S e r r a t ia  m a rc e s c e n s , from soil; S ta p h y lo c o c c u s  a lb u s ; P s e u d o m o n a s  a e ru g in o s a  
from the urine of a person with cystitis. Agar colonies: (top centre) P s e u d o m o n a s  
a e ru g in o s a  isolated from sputum, (top right) C h ro m o b a c te r iu m  v io la c e u m , from soil, (bottom 
centre) S e rr a t ia  m a rc e s c e n s , from inadequately cleaned eating Utensil, (bottom right) 
P s e u d o m o n a s  a e ru g in o s a  from urine.
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Nutritional requirements. The establishment of the spe­
cific nutritional requirements for various bacterial species 
required the development of media consisting of known 
Chemical compounds in prescribed amounts, on which 
the bacteria could be cultivated in the laboratory. In 
a broad sense, bacteria, on the basis of nutritional re­
quirements, can be divided into two groups: autotrophs 
and heterotrophs. Autotrophs are capable of growing en- 
tirely on inorganic ingredients, with atmospheric carbon 
dioxide as the exclusive source of carbon. Heterotrophs 
require an organic form of carbon and, in addition, may 
require other organic substances, such as amino acids 
and vitamins.

The autotrophic sulfur-oxidizing bacteria can grow on 
powdered sulfur, ammonium sulfate, potassium phos- 
phate, calcium chloride, magnesium sulfate, ferne sulfate, 
water, and carbon dioxide. From these relatively simple 
Chemical substances the autotrophic bacterium can syn- 
thesize and organize the vast array of complex organic 
substances of which it is made.

Heterotrophs exhibit great diversity in their nutritional 
requirements. Escherichia coli, the most frequently stud- 
ied heterotrophic species, can grow on the ingredients 
listed above for autotrophic sulfur-oxidizing bacteria, ex- 
cept that carbon from an organic source (such as the 
sugar glucose) is also essential. Salmonella typhosa has 
a requirement slightly different from that of E. coli in 
that not only glucose but also an amino acid (tryptophan) 
is required. Staphylococcus aureus, another typical het- 
erotroph, requires several amino acids and at least one 
vitamin, thiamin. Lactobacillus species are considerably 
more fastidious; they require many amino acids, several 
vitamins, and purine and pyrimidine compounds.

Some bacteria, especially certain pathogens, such as the 
syphilis bacterium (Treponema pallidum), require a com­
plex medium that is provided only by living animal tissue. 
Such bacteria have so far not been cultivated even in a 
complex bacteriological medium of peptone (a digest of 
animal protein) and meat extract (or meat broth), with 
supplemental substances such as blood, serum, and other 
animal fluids.

Biochemical activities. Bacteria are capable of carrying 
out many Chemical changes, both in the breakdown of 
complex substances and in the synthesis of new products. 
A compound may be degraded to different end products 
by different bacterial species, just as the same nutrients 
may be synthesized into different substances by different 
species.

Decom- Dissimilation. Complex organic carbon compounds, 
Position such as pectin, cellulose, and starch, are readily degraded 
of carbo- by many bacteria. Pectins are complex carbohydrates that
hydrates occur in plants. Enzymes produced by species of Erwinia,

Bacillus, and Clostridium are capable of converting pectin 
to galacturonic acid and further to sugar and other prod­
ucts. Cellulose, the major constituent of plant tissue, is 
transformed to dextrins and then to glucose by species of 
Cellulomonas, Cytophaga, Streptomyces, and Clostridium. 
Several Bacillus and Clostridium species produce enzymes 
that convert starch to sugar.

After the complex carbohydrates have been broken down 
into their constituent units (e.g., glucose), these units are 
utilized in a variety of ways— e.g., to produce a variety 
of other compounds. Bacterial species are characterized 
in part on the basis of the characteristic products they 
form from glucose. Table 2 lists several genera of bacte­
ria, together with representative products of their glucose 
dissimilation.

Protein- The process of protein dissimilation (proteolysis) is ac- 
ases complished by enzymes known as proteinases, which

are produced by species of such genera as Clostridium, 
Bacillus, Proteus, and Pseudomonas. The proteinases de- 
compose the protein molecules, hydrolyzing (breakdown 
involving water) the linkages (peptide bonds) between the 
amino acids that constitute the molecule. The result is the 
formation of peptides, chains of amino acids. Enzymes 
called peptidases then break down the peptides into in­
dividual amino acids. In turn, the amino acids may be 
degraded through several processes; deamination, the re- 
moval of the amino group (—NH2) by enzymes called

Table 2: Bacteria Grouped According to Major Products of
Glucose Dissimilation

groups
(with examples of some genera)

representative products

Lactic acid bacteria
S trep to c o ccu s lactic acid only or lactic acid plus acetic acid,
L a c to b a c illu s formic acid, and ethyl alcohol; those
L e u co n o sto c species producing only lactic acid are 

h o m o ferm e n ta tiv e; those producing lactic 
acid plus other compounds are 
h etero ferm en ta tive

Propionic acid bacteria
P ro p io n ib a c ter iu m propionic acid plus acetic acid and carbon
V eillon ella dioxide
Coli-aerogenes-typhoid bacteria
E sch erich ia formic acid, acetic acid, lactic acid, succinic
A e ro b a c te r acid, ethyl alcohol, carbon dioxide,
S alm o n ella hydrogen, 2,3-butylene glycol (produced in 

various combinations and amounts
depending on genus and species)

Acetone, butyl-alcohol bacteria
C lo str id iu m butyric acid, butyl alcohol, acetone, isopropyl
B u tyrib a c ter iu m alcohol, acetic acid, formic acid, ethyl
B acillu s alcohol, hydrogen, and carbon dioxide 

(produced in various combinations and 
amounts depending on species)

Acetic acid bacteria 
A ce to b a c te r acetic acid, gluconic acid, kojic acid
Source: MJ. Pelczar, Jr., and R.D. Reid, M icro b io lo g y (1972).

deaminases, the end products being ammonia (NH3) and 
a fatty acid; decarboxylation, the removal of the carboxyl 
group (—COOH) by enzymes called decarboxylases, the 
end products being carbon dioxide and an amine; or 
amino acid fermentation, a breakdown more extensive 
than either deamination or decarboxylation, and resulting 
in more complex and varied end products, depending on 
the amino acid being degraded.

Fats, or lipids, composed of fatty acids and glycerol (i.e., 
triglycerides), can be degraded by such bacteria as Pseu­
domonas, Proteus, Achromobacter, Alcaligenes, Bacillus, 
Micrococcus, and Clostridium. The end products of the 
dissimilation of fats are glycerol and fatty acids, which can 
be broken down further.

Synthesis. T he extensive capacity o f  a bacterium  to  
synthesize com plex m olecules is show n w hen the sim ple  
Chemical substances upon which an autotroph grows are 
com pared to  the com plex Chemical com position  o f  the 
bacterial cells that are produced. In addition to the large, 
com plex m olecules that constitute cell structure, other 
substances o f  significance are elaborated by bacterial cells, 
including antibiotics, p igm ents, toxins, and Polysaccha­
rides (com plex carbohydrates).

Pathogenicity. It was implied above that a pathogen Virulence 
has the potential to produce a disease in a given host 
species—a plant, an animal, or even another bacterium 
species. The power of a bacterium to cause a disease, 
termed virulence, varies within a species. Some strains are 
highly virulent; i.e., a small number of cells can establish 
the infection. Other strains have a low degree of virulence 
and produce infection only when transmitted in massive 
numbers. Furthermore, some strains of a pathogen may 
lose their virulence. A quantitative expression of virulence 
can be determined by performing laboratory experiments 
to establish the number of bacterial cells required to infect 
or kill a Standard experimental animal. The expression 
lethal dose50 (LD50) refers to the number of bacteria nec- 
essary to kill 50 percent of the organisms inoculated.

Factors that contribute to the virulence of a bacterial 
pathogen are not yet completely understood, except in 
those instances in which the pathogen causes damage by 
secreting a potent toxin (an exotoxin). Diphtheria bacte­
ria (Corynebacterium diphtheriae), for example, establish 
themselves in the mucous membrane of the upper respira­
tory tract of man; as they grow, they produce an exotoxin 
that is absorbed by the mucous membranes and causes the 
death of cells in the host. It is the exotoxin that does the 
damage to the host; a strain of C. diphtheriae that does 
not produce the exotoxin cannot cause diphtheria.

Not all virulent pathogens produce an exotoxin; most,
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in fact, do not. Salmonella typhosa, the typhoid fever 
bacterium, produces an endotoxin, a complex substance 
associated with, or bound to, the surface structures of 
the bacterial cell. Endotoxins damage host tissues and 
host metabolism in ways not clearly understood. Other 
substances that contribute to the virulence of various 
pathogens are described in Table 3. (M.J.P.)

Table 3: Substances Contributing to the Virulence of 
Pathogenic Bacteria

substance action
Hyaluronidase increases permeability of tissue spaces to 

bacterial cells
Coagulase increases resistance of bacteria to phagocytosis 

(engulfment by defense cells, or phagocytes)
Hemolysins destroy red blood cells
Collagenase dissolves collagen, a connective tissue protein
Leucocidin kills white blood cells (specifically leucocytes) 

and hence decreases phagocytic action
Exotoxins and endotoxins interfere with normal metabolic processes

Antigenic features. When bacterial cells enter the tis­
sues of an animal, it is likely that they will act as antigens, 
agents that evoke the production of substances called an­
tibodies. Antibodies are produced by an animal as part of 
its immunological defense against any foreign substance 
that can threaten its welfare.

Antigen-antibody reactions are highly specific and highly 
sensitive. A bacterial cell consists of many different anti­
gens (e.g., flagellar, capsular, and cell wall antigens). The 
antigen pattern in one bacterial species differs from that in 
another. Although it is not uncommon for related species 
(e.g., Salmonella typhosa and Salmonella paratyphi) to 
share certain antigens, each also contains other antigens 
that are unique.

Variability. The characteristics of one bacterial species 
are sufficiently definitive and constant to delineate it from 
other species. This distinctiveness does not mean, how­
ever, that each characteristic is evident and manifest by 
all strains of all species under all conditions. 

mviron- Reversible changes. Bacteria, under uniform conditions, 
lentally will manifest a constancy of characteristics. If the same 
iduced species of bacteria is placed in different environments— 
ariation different physical conditions or different Chemical compo­

sition of medium—the resultant growth may differ. In fact, 
the morphological and physiological characteristics are not 
identical at all stages of the growth curve of a bacterium. 
The morphology of cells from an “old” culture differs 
from that of “young” cells. In addition, the formation of 
a capsule is significantly influenced by the composition of 
the medium; bacteria that, in a nutriënt broth, exhibit no 
capsules may produce large capsules when grown in milk. 
Some of the enzymes produced by bacteria are produced 
only when the compound on which the enzyme acts 
(substrate) is present; they are called adaptive enzymes, 
in contrast to constitutive enzymes, which are produced 
irrespective of the Substrate.
Changes of the types just described are transient; they 

reflect what occurs during a stage of growth or in response 
to a change in the environment. The genetic endowment 
(genotype) of the organism remains the same, regardless of 
the different expressions (phenotype) that are seen under 
different environmental circumstances.

Permanent changes. Daughter cells that contain genetic 
information different from that of the parent cell con­
stitute a new genotype. Such permanent-type genotypic 
changes may occur through four different processes: mu- 
tation, conjugation, transformation, and transduction.

Mutation involves a sudden alteration of a gene that is 
inherited by subsequent generations. Some bacterial cells 
in the process of normal growth undergo mutation; how­
ever, the ratio of mutant cells to unchanged cells is very 
small. The number of mutants in a population can be 
greatly increased by exposing the bacteria to certain phys­
ical agents (for example, ultraviolet rays and X-rays) or 
to Chemicals (for example, mustard gas and organic per­
oxides). Bacterial mutants exhibit alterations in nutrition, 
drug resistance, pigmentation, and colonial form, among 
other characteristics.

Conjugation (sexual reproduction), a rarity in bacteria, 
results in recombinations of genes in the cells that pair 
(see above Reproduction).

Transformation also involves the transfer of genetic in­
formation from one cell to another, but pairing does 
not occur. Deoxyribonucleic acid ( d n a ) that is released 
from one cell (the donor) is taken up by another cell 
(the recipiënt) and incorporated into the genetic apparatus 
of the latter.

Transduction involves the transfer of genetic substance 
from one cell to another via a bacteriophage, a virus that 
infects bacteria. The bacteriophages produced in a host 
cell are released when the cell is destroyed by the infection. 
Some virus particles may carry fragments of d n a  from the 
host bacterium, which, under certain circumstances, may 
become incorporated into the d n a  of the recipiënt cell, 
thus changing the genetic Constitution of the latter.

EVO LU TIO N

Bacteria have existed from very early periods in the his- 
tory of life on Earth. They have been detected as fossils 
in rocks dating from at least Devonian times (as early as
395,000,000 years ago). On the basis of their indistinct 
nuclear matter, bacteria are assumed to be closely related 
to the blue-green algae. It has been speculated that a 
photosynthetic ancestor may have given rise to both the 
bacteria and the blue-green algae.

Several groups of bacteria show features that suggest re- 
lationships to other classes of organisms: these features do 
not necessarily indicate a close relationship, however. Acti- 
nomycetes form branching units and reproductive stages 
similar to the fungi. Mycoplasmas (formerly called p p l o  
and L forms) are variable organisms that seem to lack in 
Organization. Myxobacteria resemble, in some ways, the 
slime molds.

CLASSIFICATION

Distinguishing taxonomie features. Shape and size of 
the bacterial cell are aids in classifying bacteria, as is 
the appearance of the colonies that are formed. Other 
characteristics, however, assume even greater significance 
because they are more consistent under different envi­
ronmental conditions. These include the kinds of foods 
utilized, the products o f metabolism, reactions to specific 
Chemicals, antigenic composition, and degree of tolerance 
to environmental change.

The 10 orders listed in this Classification are distinguished 
primarily on the shape and rigidity of the bacterial cell 
and on locomotor ability; on the capacity of individual 
bacteria to aggregate in chains or clusters of special shape; 
and on special physiological characteristics.

Annotated Classification. The following Classification is 
based on an edition of Bergey’s Manual o f Determinative 
Bacteriology.
CLASS SCHIZOMYCETES
Unicellular microorganisms generally ranging from 1 to 5 mi­

crons in size; variable in shape and in nutritional needs; lack- 
ing a distinct nucleus; most species without C h lo ro p h y ll; occur 
singly or in chains or clusters and form distinctive colonies; 
about 1,500 species; worldwide distribution.
Order Pseudomonadales
Rigid-walled cells of variable shape, in some species form- 

ing chains; photosynthetic pigment present in certain species; 
cells usually motile by means of a single flagellum. Species 
in soil and in freshwater and saltwater. Examples of genera: 
Vibrio comma (cholera bacteria), Pseudomonas, Nitrosomonas, 
Thiobacillus.
Order Chlamydobacteriales
Rigid-walled cells in many-celled fïlaments (trichomes), fre- 

quently ensheathed; occasionally produce motile spores; tri­
chomes often attached to a surface; species in freshwater and 
marine habitats. Sphaerotilus natans common in polluted water. 
Order Hyphomicrobiales
Rigid-walled cells often attached to surface by a stalk; repro­

duction by budding (as in yeasts) rather than by ordinary diVi­
sion. Genera include Rhodomicrobium and Hyphomicrobium. 
Order Eubacteriales
Rigid-walled cells, coccoid or bacilloid, sometimes in chains; 

motile forms move by means of laterally emergent flagella; not 
acid-fast (i.e., retaining a bacterial dye when treated with an
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acidic solution); includes the largest number of genera of con­
cern to man—e.g., Escherichia, Diplococcus, Staphylococcus, 
Streptococcus, Bacillus, Lactobacillus.
Order Caryophanales
Rigid-walled cells in trichomes; motile by means of lateral 

flagella; very large cells (up to 30p long and 3p across); occur 
in water and decomposing matter as well as in the intestines 
of arthropods and vertebrates. Caryophanon latum, common 
in cow dung, and Simonsiella muelleri, found in the mouths of 
humans and domestic animals.
Order Actinomycetales

Rigid-walled cells that may grow out in a branching system, 
resembling mold colonies; includes Mycobacterium tuberculosis 
(tuberculosis bacterium), Streptomyces.
Order Beggiatoales
Rigid-walled cells, usually large and often in trichomes that 

move by gliding motion as do some blue-green algae; genera 
include Beggiatoa, Thiothrix.
Order Myxobacteriales
Flexible-walled cells that creep on surfaces. Stalked fruiting 

bodies usually develop from a spreading colony, like slime 
molds. Found in soil, compost, manure, and rotting wood; 
genera include Myxococcus, Chondrococcus, Sorangium.
Order Spirochaetales
Spiral cells that swim by flexion; found in water and in the 

bodies of vertebrates; genera include Borrelia, Treponema, and 
Leptospira, all parasites of man and other animals.
Order Mycoplasmatales
Flexible-walled cells, nonmotile, highly variable in shape at 

different life stages; includes Mycoplasma and forms once 
known as pleuropneumonia-like organisms (pplo) and L forms, 
which are apparently intermediate between true bacteria and 
rickettsias.

Critical appraisal. The Classification of bacteria, as 
given above, encompasses 10 orders. The question of 
higher categories, however, remains a subject of study 
and debate. Some biologists favour a taxonomie System 
in which the bacteria (dass Schizomycetes) are grouped 
with the rickettsias and viruses (dass Microtatobiotes) as 
the division Schizomycophyta, which, in tum, is grouped 
with the Phylum Cyanophyta (blue-green algae) as a sub- 
kingdom, Monera, of the kingdom Protista (of equal rank 
with the kingdoms of Plantae and of Animalia). Such a 
scheme obviates the need for assigning these procaryotic 
organisms (i.e., without distinct nuclei) to the kingdom 
Plantae, which is not quite suitable.

For many years the actinomycetes, myxobacteria, and 
mycoplasmas were listed as bacteria even though they have 
unusual life cycles and variable stmeture. It is now fairly 
well established, however, that they do belong in the dass 
Schizomycetes. The rickettsias, which were occasionally

grouped with the bacteria, are now considered an order, 
Rickettsiales, of the dass Microtatobiotes. A completely 
revised taxonomie scheme appears in the latest edition of 
Bergey’s Manual o f Determinative Bacteriology (see Bibli- 
ography below).
BIBLIOGRAPHY. R.s. breed et al. (eds.), Bergey’s Manual of 
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sourcebook accepted as Standard throughout the world for Clas­
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e .h . LENNETTE, and j.p. TRUANT (eds.), Manual of Clinical 
Microbiology (1970), a reference work describing methods and 
techniques for the isolation and Identification of pathogenic bac­
teria and other disease-producing microorganisms; c.J. corum  
(ed.), Developments in Industrial Microbiology, vol. 10 (1970), 
a documentation of the Proceedings of the 25th General Meet­
ing of the Society for Industrial Microbiology on Low Level 
Microbiological Assays, Industrial Microbiology, and World 
Food Problems, with other contributed papers; H.w. doelle, 
Bacterial Metabolism (1969), details of the biochemical reac­
tions and processes of particular microorganisms; w.c. frazier , 
Food Microbiology, 2nd ed. (1967), a textbook on the activities 
of microorganisms important in foods, as well as methods for 
their detection and control; t .r .g . gray  and donald  Parkin­
son (eds.), The Ecology of Soil Bacteria (1968), reports given at 
the International Symposium on Soil Bacteriology, University 
of Toronto; a .e . kriss et al, Microbial Population of Oceans 
and Seas (1967; orig. pub. in Russian, 1964), a synoptic picture 
of the distribution and range of marine microorganisms; c .a . 
lawrence and s.s. block (eds.), Disinfection, Sterilization, and 
Preservation (1968), a handbook on the principles and practi­
cal aspects of the control of microorganisms by Chemical and 
physical methods; joel  mandelstam  and k . mcquillen (eds.), 
Biochemistry of Bacterial Growth (1968), a description of the 
way in which the simple organic and inorganic constituents of 
the medium are transformed into bacterial cell material; m .j . 
pelczar, jR. and r .d . reid , Microbiology, 3rd ed. (1972), a 
textbook presenting the major areas of study in the field of 
microbiology; alan rhodes and d .l . fletcher , Principles of 
Industrial Microbiology (1966), a general survey of industrial 
microbiological processes; a .j . salle, Fundamental Principles 
of Bacteriology, 6th ed. (1967), a textbook concerned with the 
fundamental concepts of basic and applied microbiology; r .y . 
STANIER, M. DOUDOROFF, and E.A. ADELBERG, The Microbial 
World, 3rd ed. (1970), an advanced textbook covering the ma­
jor characteristics of microorganisms—i.e., morphology, physi- 
ology, and biochemistry; f .s. Thatcher  and d .s. clark (eds.), 
Microorganisms in Foods: Their Significance and Methods of 
Enumeration (1968), reports of the meeting of the Interna­
tional Committee on Microbiological Specifications for Foods, 
including Information on occurrence, methods of detection, 
and technical procedures; and a .h . Walters and j .j . elph- 
ick (eds.), Biodeterioration of Materials (1968), a collection of 
scientific papers given at the First International Biodeteriora­
tion Symposium.

(M.J.P./Ed.)

Baghdad

Baghdad (also spelled Bagdad, Arabic Baghdäd) is the 
Capital of Iraq and one of the largest cities in the 
Middle East. Located near the centre of Iraq, about 

330 miles (530 kilometres) from the head of the Persian 
Gulf, Baghdad is famous as the Capital of the 'Abbäsid 
caliphs and the setting of many of the stories in The Thou- 
sand and One Nights. Baghdad exhibits marked contrasts

in architecture and life-styles, combining Oriental bazaars, 
shrines, and mosques with riverfront cafés, Westem-style 
luxury hotels, and modern high-rise apartments. With al­
most a third of the country’s population, Baghdad is the 
centre of Iraq’s political, economic, and cultural life.
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Physical and human geography
TH E LANDSCAPE

The city site. Baghdad is situated on the Tigris River at 
the river’s closest point to the Euphrates, 25 miles to the 
west. The Diyälä River joins the Tigris just southeast of the 
city and borders its eastem suburbs. The terrain surround- 
ing Baghdad is a flat alluvial plain 112 feet (34 metres) 
above sea level. Historically the city has been inundated 
by periodic floods from the Tigris’ tributaries to the north 
and east. These ended in 1956 with the completion of a 
dam on the Tigris at Sämarrä’, north of Baghdad, and the 
ending of the floods has permitted extensive expansion of 
the city to the east and west. To the north, urban expan­
sion has absorbed the medieval townships of al-A'zamlyah 
on the east bank and al-Käzimlyah on the west bank. 

Climate. The climate is hot and dry in summer, cool 
and damp in winter. Spring and fall are brief but pleasant. 
Between May and September the average daily maximum 
temperature is 105° F (41° C), and the high may reach 
120° F (49° C) at midday in July and August. Intense 
daytime heat is mitigated by low relative humidity (10 
to 50 percent) and a temperature decline of 30° F (17° 
C) or more at night. In winter the average daytime tem­
perature is about 55° F (13° C), and the temperature 
occasionally drops below freezing. Rainfall is sparse (six 
inches, or 150 millimetres, annually) and mainly occurs 
between December and April. There is no rain in summer. 
In spring and early summer the prevailing northwesterly 
winds (shamals) bring sandstorms that frequently bathe 
the city in a dusty mist.

The city layout. The districts. The city extends along 
both banks of the Tigris. The east-bank Settlement is 
known as Rusäfah, the west-bank as al-Karkh. A series of 
modern bridges, including one railroad trestle, links the 
two banks. From a built-up area of about four square 
miles (10 square kilometres) at the beginning of the 20th 
Century, Baghdad has expanded into a bustling metropolis 
with suburbs spreading north and south along the river 
and east and west onto the surrounding plains.

The older core of the city consists of a rectangle about 
two miles long and one mile wide located on the east 
bank. Its length extends between two former city gates, al- 
Mu'azzam Gate, now al-Mucazzam Square, in the north 
and ash-Sharqi Gate, now Tahrir Square, in the south. 
From the Tigris the rectangle runs eastward to the inner 
bund, or dike, built by the Ottoman govemor Näzim 
Pasha in 1910. Rashid Street in downtown Baghdad is the 
heart of this area and contains the city’s financial district, 
many govemment buildings, and the copper, textile, and 
gold bazaars. South of Rashid Street a newer commercial 
area with shops, cinemas, and business offices has spread 
along Sa'dün Street. Parallel to Sa'dün, Abü Nuwäs Street 
on the riverfront is the city’s showpiece and its enter­
tainment centre, featuiing cafés, restaurants, luxury ho­
tels, and, along its Southern reaches, rows of ultramodern 
townhouses.

Adjacent to these commercial districts are older, middle- 
class residential areas, such as as-Sulaykh to the north, al- 
Wizariyah to the west, and al-Karrädah to the south, now 
densely settled. Baghdad University and a fashionable new 
residential area are located on al-Jädriyah, a peninsula 
formed by a bend in the Tigris.

Since the late 1950s the city has expanded eastward be- 
yond the bund. Planned middle-class neighbourhoods are 
located between the bund and the Army Canal, which 
connects the Tigris and Diyälä rivers. Beyond the canal, 
at the eastem edge of the city, is a sprawling low-income 
housing development inhabited by more than 1,000,000 
urban migrants.

On the west bank are a number of residential quarters, 
including al-Karkh (an older quarter) and several upper 
middle-class districts with walled villas and green gar- 
dens. Chief among these is al-Mansür, surrounding the 
racetrack, which provides boutiques, fast-food restaurants, 
and sidewalk cafés that appeal to its affluent professional 
residents.
Architecture and monuments. The architecture of the 

city ranges from traditional two- or three-story brick

houses to modern steel, glass, and concrete structures. The 
traditional Baghdad house, usually located in a crowded 
narrow Street, has latticed Windows and an open inner 
courtyard; a few fine specimens from the late Ottoman 
period are tucked away in traditional quarters of al-Karkh, 
Rusäfah, and al-Käzimlyah. The typical modern middle- 
class dwelling is built of brick and mortar and has a gar­
den and wall.

While no monuments survive from the early ‘Abbäsid 
period, examples of late 'Abbäsid architecture include the 
'Abbäsid Palace (late 12th or early 13th Century) and the 
Mustansiriyah (an Islämic law college built by the caliph 
al-Mustansir in 1233), both restored as museums, and the 
Sahräwardi Mosque (1234). The Wastäni Gate, the only 
remnant of the medieval wall, has been converted into the 
Arms Museum.

Another group of buildings dates from the late 13th 
and 14th centuries (the Il-Khanid and Jaläyirid periods). 
These include the minaret of the caliph’s mosque (1289); 
the 'Aqülï Mosque (1328); and two superb buildings con- 
structed by the Jaläyirid governor Marjän ibn cAbd Allah: 
the Maijän Mosque (1356), partly demolished in 1946, 
and the Maijän Khän (1359), a restored caravansary (inn). 
A number of mosques, bazaars, and public baths survive 
from the Ottoman period.

A cultural revival in the post-1958 period has produced 
many modern monuments, the work of Contemporary 
artists and sculptors. Among the best known are Jawäd 
Sallm’s Liberation Monument in Tahrir (“Liberation”) 
Square, depicting the struggle of the Iraqi people to 
achieve liberty before the 1958 revolution, and Muham­
mad Ghänl’s “Murjäna Monument,” which depicts Mur- 
jäna, Ali Baba’s housekeeper in The Thousand and One 
Nights, pouring boiling oil on the 40 thieves. Two monu­
ments are dedicated to the war dead. A large, modemistic 
shield, built by Khälid ar-Rahhäl in 1982, commemorates 
the Unknown Soldier. The Martyr’s Monument, a 150- 
foot split dorne built in 1983, commemorates the casual- 
ties of the Iraqi-Iranian war.

TH E PEOPLE

The population of greater Baghdad has grown tremen- 
dously since World War II, exceeding 4,000,000 by 1987. 
The vast majority of the population is Muslim and Arab. 
The Muslims are divided, however, between the two main 
sects of Isläm, the Sunnites and the ShI'ites. Other eth- 
nic and linguistic groups include Kurds, Armenians, and 
people of Indian, Afghan, or Turkish origin. A substan- 
tial Persian-speaking population departed for Iran in the 
1970s and ’80s in the wake of troubles between Iran and 
Iraq. There are several Eastem-rite Christian communities, 
notably the Chaldeans and Assyrians, and a small Jewish 
community with ancient roots in Mesopotamia; most Jews 
left the country for Israel at the beginning of the 1950s.

Baghdad has a large community of foreign Arabs, in­
cluding hundreds of thousands of Egyptian workers and 
a sizable number of Palestinians, many of whom are the 
second generation to live in the city. The Western com­
munity, once substantial, has been reduced since 1958 
and is limited mainly to businessmen, members of the 
diplomatic corps, and executives of foreign Companies. 

Traditionally, people of the same sect, ethnic group, 
or craft lived together in separate quarters or neighbour­
hoods, but oil wealth and massive migration from rural 
areas to the city have resulted in distribution based on 
socioeconomic stratification. Some pattems persist, how­
ever. As the city expanded physically, the govemment 
offered parcels of land for a minimal fee to various profes­
sional associations. Thus doctors, lawyers, army officers, 
and those of other occupational groups have tended to 
concentrate in new neighbourhoods, each with its own 
mosques, shops, and schools, creating a pattem of cities 
within the city. In the 1970s the govemment attempted 
to curb “horizontal” expansion, and a new phenomenon, 
high-rise apartments, appeared.

Baghdadis have an affinity for gardens and family recre- 
ation. On weekends the city’s restaurants, cafés, and public 
parks are filled with people, particularly along Abü Nuwäs 
Street, where restaurants serve the local delicacy masgüf,
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Tigris fish roasted over an open fire. Other recreational 
centres include two islands in the Tigris that have swim- 
ming pools and cafés, the Lunar Amusement Park, and 
az-Zawrä’ Public Park and Zoo.

THE ECONOMY
Industry. Most of Iraq’s industry, finance, and com­

merce is concentrated in and around Baghdad. At least 
half o f the country’s large-scale industry and much of its 
smaller industry is located in the Baghdad govemorate. 
The exception is heavy industry (petroleum, iron, steel, 
and petrochemicals), which is situated near the oil fields 
in the north (Kirkük) and the south (in Basrah and az- 
Zubayr). Most economic activities are owned or controlled 
by the govemment, which both stimulates and monopo- 
lizes the country’s economic activities.

Modem industry began in the interwar period, spurred by 
Baghdad’s the Law for the Encouragement of Industry in 1929. Early 
modern factofy production centred on textiles (cotton ginning, 
industry spinning, and weaving), food processing, brick making, 

and cigarettes. Beginning in the 1950s, the govemment 
used increased oil revenues to develop industries. The city 
now produces a wide variety of consumer and industrial 
goods, including processed foods and beverages, tobacco, 
textiles, clothes, leather goods, wood products, fumiture, 
paper and printed material, bricks and cement, Chemicals, 
plastics, electrical equipment, and metal and nonmetallic 
products. Despite the growth of modern industry, how­
ever, a large percentage of Baghdad’s labour force still 
works in traditional economic activities, such as retail 
trade, production of handmade consumer goods, auto and 
mechanical repairs, and personal services.
The most important industry in Baghdad is the govem­

ment, the city’s principal employer. Hundreds of thou- 
sands of citizens work for the govemment, directly or 
indirectly, in the civil service, in govemment-run educa- 
tional institutions, and in government-owned industrial 
and commercial enterprises.

Commerce and finance. The main offices of the Central 
Bank of Iraq, which has the sole right to issue currency, 
and the commercial Rafidayn Bank are in Baghdad. No 
foreign banks are allowed. The main offices of the gov­
emment Companies for commerce, trade, and industry are 
located in Baghdad, as are the branches of foreign Compa­
nies öperating in Iraq.

Transportation. Baghdad is the hub of the country’s 
transportation System. Saddam International Airport, west 
of Baghdad, serves numerous international airlines, in­
cluding Iraqi Airways. The major railway lines of the state- 
owned railway meet at Baghdad. These connect Baghdad 
with Basrah and Umm Qasr near the Persian Gulf, with 
Kirkük and Irbil in the northeast, with Mosul in the north, 
and with al-Qä’im near the Syrian border in the northwest.

Baghdad is also the centre of a regional road network, 
connecting the city by overland routes with Turkey, Syria, 
Jordan, Iran, Kuwait, and Saudi Arabia. Baghdad is also 
connected by road with Europe. Within the city, a net­
work of expressways completed in the 1980s relieves traffic 
congestion and links the city centre with its suburbs. The 
main means of public transportation are the red double­
deck bus (introduced by the British) and the public taxi.

ADMINISTRATION AND SOCIAL CONDITIONS
Government. Baghdad is both a national and a provin- 

cial Capital. The governor (muhäfiz) of the Baghdad 
province is nominated by presidential decree but is re- 
sponsible to the minister of interior. The city is governed 
by a mayor, who is appointed by the president. As the seat 
of the national govemment, Baghdad contains the offices 
of the president, the Council of Ministers, the National 
Assembly, and the headquarters of the governing party.

Public services. Since the 1950s the govemment has 
greatly expanded public services in Baghdad, providing 
low-income housing for poor and middle-income families, 
as well as electricity, water, sewage, and medical facilities. 
Baghdad has numerous hospitals and clinics, many of 
them specialized, and a major medical complex, Madïnat 
at-Tub (“Medical City”).

Education. Public school facilities have expanded

rapidly since the 1950s. Education is compulsory through 
primary school, and statistics show nearly total compli­
ance in Baghdad. The Baghdad govemorate has more than
1.000 primary schools, several hundred intermediate and 
secondary schools, and a number of vocational schools, as 
well as numerous technical institutes and teachers’ train­
ing schools. Baghdad is the centre of higher education in 
Iraq. The University of Baghdad was established in 1957, 
although some of its faculties were founded much earlier.
There are, in addition, three other institutions of higher 
leaming: al-Mustansiriyah University, the University of 
Technology, and al-Bakr Military Academy. Education is 
free up to and including the university level.

CULTURAL LIFE
Baghdad has become an active cultural centre for the 
Arab world, producing some of the most prominent mod­
ern sculptors, painters, poets, and writers. Iraqi poets, for 
example, pioneered the free-verse movement in Arabic.

Among the most important of Baghdad’s museums are 
the Iraqi Museum, containing important archaeological 
treasures from ancient Mesopotamian history; the Na­
tional Museum of Modem Art, containing a permanent 
collection of painting, sculpture, and ceramics by Iraqi 
artists; and the Museum of Iraqi Art Pioneers, holding 
the works of Iraqi artists who laid the foundation of the 
modern Iraqi art movement.

Several of the most important mosques and shrines in the The city’s 
Islämic world are found in Baghdad, including the shrine Muslim 
of the Shfite imams Müsä al-Käzim and Muhammad al- shrines 
Jawäd, in al-Käzimiyah; the shrine o f the Sunnite jurist 
Abü Hanifah, in al-A'zamiyah; and the shrine of cAbd al- 
Qädir al-Jiläni, founder of the Qädinyah Süfï order, in 
Rusäfah. All contain libraries and are centres of Muslim 
pilgrimages.

All mass media are controlled by the govemment. Two 
major daily newspapers are published in Arabic, and a 
variety of political, cultural, and professional joumals are 
published. English is the most widely used foreign lan- 
guage, but publications in European and Asian languages 
can be found. Radio Baghdad broadcasts to the entire 
country over several frequencies and in several languages.
Baghdad’s television  station began Operation in  1956.

The National Theatre, one of the best equipped in the 
Arab world, has a regulär schedule of plays, concerts, 
musical productions, and cinema. The National Troupe 
for Populär Arts presents Iraqi dance and folklore and 
tours world capitals. Cinema plays an important role as a 
source of populär entertainment in Baghdad. The Bagh­
dad International Fair, held annually in October, includes 
industrial displays, theatrical productions, and other cul­
tural activities.

History
FOUNDATION AND EARLY GROWTH
Archaeological evidence shows that the site of Baghdad 
was occupied by various peoples long before the Arab 
conquest of Mesopotamia in ad 637, and several an­
cient empires had capitals located in the vicinity. The 
tme founding of the city, however, dates from 762, when Baghdad’s 
the site, then occupied by a Persian village called Bagh- founding 
dad, was selected by al-Mansür, the second caliph of in 762 
the new 'Abbäsid dynasty, for his Capital. His city, built 
within circular walls and called Madïnat as-Saläm (“City 
of Peace”)—and known as the Round City—was located 
between present-day al-Käzimlyah and al-Karkh. More a 
govemment complex than a residential city, it was about
3.000 yards (2,700 metres) in diameter and had three 
concentric walls. Its four equal quarters were used mainly 
to house the caliph’s retinue. Four main roads led from 
the caliph’s palace and the grand mosque at the centre to 
various parts of the empire.

T he lim ited size o f  this city resulted in rapid extramural 
expansion. M erchants built bazaars and houses around  
the Southern gate and form ed a district called al-Karkh.
From the northeast gate the Khuräsän road was joined by 
a bridge of boats to the east bank of the Tigris. There, 
around the palace of al-Mansür’s heir apparent, al-Mahdl,
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grew up the three suburbs of Rusäfah, ash-Shammäslyah, 
and al-Mukharrim, the forerunners of the modern city. By 
946 the seat of the caliphate was fully established on the 
east bank, and Rusäfah grew to rival the Round City.

Baghdad reached the zenith of its economic prosperity 
and intellectual life in the 8th and early 9th centuries, 
under al-Mahdi, who reigned from 775 to 785, and his 
successor, Härün ar-Rashld (786-809). It was then con- 
sidered the richest city in the world. Its wharves were 
lined with ships from China, India, and East Africa. The 
caliph al-Ma’mün (813-833) encouraged the translation of 
ancient Greek works into Arabic, founded hospitals and 
an observatory, and attracted poets and artisans to his 
Capital. The glory of Baghdad in this period is reflected in 
stories in The Thousand and One Nights.

From the mid-9th Century onward the 'Abbäsid caliphate 
was gradually weakened by internal strife, by failure of 
crops caused by neglect of the irrigation System, and fi­
rn ally, in the 10th Century, by the intrusion of nomadic 
clements. A civil war between Härün ar-Rashld’s two sons 
resulted in destruction of much of the Round City. Be­
tween 836 and 892 the caliphs abandoned Baghdad for 
Sämarrä’ in the north, and the city was taken over by the 
unruly Turks they had imported as bodyguards. When the 
caliphs retumed to Baghdad they made their Capital on 
the east bank. Invasions and rule by alien elements (the 
Büyids from 945 to 1055 and the Turkish Seljuqs from 
1055 to 1152) left parts of the city in ruins.

CENTURIES OF DECLINE
This long, slow decline was merely a prelude to the devas- 
tating attacks from which Baghdad would not recover until 
the 20th Century. In 1258 Hülegü, the Mongol conqueror, 

The Mon- overran Mesopotamia, sacked Baghdad, killed the Caliph, 
*ol sack of and massacred hundreds of thousands of residents. He 
Baghdad destroyed the surrounding dikes and headworks, making 

restoration of the irrigation System impossible and thereby 
destroying Baghdad’s potential for future prosperity.
Thereafter Baghdad became a provincial Capital, first of 

the Mongol emperors of Iran, the Il-Khanids (1258-1339), 
and then of their vassals, the Jaläyirids (1339-1410). In 
1401 the city underwent yet another Mongol sack by 
Timur (Tamerlane), after which it feil under the sway of 
two successive Turkmen dynasties (1410-1508), both of 
which did little to restore its fortunes.

In 1508 Baghdad was temporarily incorporated into the 
new Persian empire created by the Safavid shah Ismä'Il I. 
The city was not to remain under the Persians, however. In 
1534 the Sunnite Ottoman sultan Süleyman I retook the 
city. Despite repeated Persian attacks, it remained under 
Ottoman rule until World War I, except for a brief period 
(1623-38) when it was taken and held by the Persians.

BEGINNINGS OF MODERNIZATION
In the 19th Century European influence grew in Bagh­
dad with the establishment of French religious orders and 
increased European trade. In 1798 a permanent British

diplomatic residency was established there, and the British 
residents soon acquired a power and prestige second only 
to that of the governor.

Prosperity began to be restored to Baghdad with the 
opening of steamship travel on the Tigris in the 1860s.
Between 1860 and 1914 several energetic, reforming Ot­
toman governors improved the city, especially Midhat 
Pa§a. Düring his tenure (1869-72), he destroyed the city 
walls, reformed the administration, started a newspaper, 
and set up a modern printing press. The telegraph, mili­
tary factories, and modern hospitals and schools were also 
established, along with a municipal council.

THE MODERN CITY
In 1920 Baghdad became the Capital of the newly created 
state of Iraq. Recognizing British conquest of the state 
in World War I, the League o f Nations granted Great 
Britain a mandate to govem Iraq, and it did so until 1932.
British influence remained dominant until 1958, when the British 
Hashemite monarchy that Britain had helped to establish influence 
was overthrown in a military coup d’état. For a decade 
after 1958 Baghdad underwent a period of political turbu- 
lence, with a succession of coups and military regimes. In 
1968 the Arab Socialist Ba'th Party came to power. The 
Ba'thist govemment achieved relative stability and inter­
nal development, particularly after 1973, when rises in oil 
prices greatly increased revenues to the govemment and 
the populace. It was in this period that Baghdad saw its 
greatest expansion and development. Both were curtailed, 
however, by the emption in 1980 of a bitter war with 
neighbouring Iran.
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Balkans

Since the early 19th Century, the name Balkan, a 
Turkish word meaning mountain, has been applied 
to the eastemmost of the three great Southern penin- 

sulas of Europe. The peninsula shades gradually into the 
European mainland, and it is therefore difficult to assign 
its exact geographical boundaries; but for the purpose of 
this article the Balkans are taken to mean the territory 
of the modem States of Greece, Albania, Yugoslavia, Bul- 
garia, and Romania. (For further treatment of the physical 
and human geography and the history of these States, see 
the articles albania; bulgaria; greece; romania; and 
yugoslavia.) Western Turkey is often included because 
of historical considerations and will be discussed here

where appropriate. The area possesses certain basal resem- 
blances to the Iberian and Italian peninsulas, particularly 
in its relation to the folded mountain chains of Southern 
Europe and in its structural elements. Düring the 19th 
Century, when geographers and geologists were acquiring 
new knowledge of the interior of the region and were 
coming to regard it as an entity, not merely as a back­
ground to Greece and Byzantium, great political changes 
were taking place within it. The people, submerged by 
the Turkish advance, began to organize themselves into 
national States and, as the Turkish empire contracted, new 
names appeared on the map. The growth of the new States 
was accompanied by much turmoil, which had reflex ef­
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fects outside the peninsula limits, however these be drawn; 
but the essential point is that it drew general attention to 
the region. It became increasingly clear that all the older 
European States, if in varying degree, were interested in 
the delimiting of Balkan boundaries, and thus the facts 
disclosed by detailed geographical study had möre than 
purely technical importance.

No mountain banier separates the peninsula from the 
Continental mainland. There is thus no sharp break of con- 
tinuity such as is experienced when the Alps are crossed 
and a new world is disclosed in Italy. This physical conti- 
nuity is accentuated by a notable increase in the width of 
the peninsula toward the north. The line of the Danube 
and its tributary the Sava has sometimes been chosen 
as a convenient northern limit (east to west). This limit 
has a certain justification. The Danube-Sava line, easily 
recognized on a map, served for a period as a boundary 
to the Turkish empire and thus as the frontier of Chris­
tendom. However, a geographically satisfactory frontier in 
this northwestern section is difficult to draw. Even the 
Danube-Sava line, at least to the west of the Danube’s 
Iron Gate, has never been a limit so far as people are 
concemed; it bears no relation to political frontiers, and 
the post-1918 state of Yugoslavia extends well beyond it.

The second outstanding feature is the peculiar structure 
that causes the peninsula to fall into two very unequal and 
very dissimilar parts. To the south is Greece, a secondary 
peninsula, with an average width of only about 125 miles 
(200 kilometres). Although both sections are highly moun- 
tainous, not only is the Greek section much narrower 
but also it has a peculiarly dissected coastline that brings 
sea influences within easy reach of nearly every part. The 
broad, Continental northern section, on the other hand, 
is largely removed from the surrounding seas because of 
its width, the nature of its shorelines and, in part, of 
the direction of its mountains. In climate, in Vegetation, 
and in possible crops, it differs profoundly from Greece. 
No less profound was the effect of the actual remoteness 
from the sea routes so freely open to the people of the 
south. It is this division into two parts—one sharing in 
the full life of the Mediterranean peoples, the other cut 
off from it—rather than the absence of a definite northern 
limit that made the European world so slow to recognize 
the existence of a Balkan peninsula. Until the peoples of 
the Continental segment awoke, the whole northern area 
tended to be regarded only as a broader equivalent of the 
Alps or Pyrenees: the real peninsula was the Grecian one.
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Physical and human geography
THE LAND

Relief. It is the presence within the peninsula of young 
fold mountains that makes it essentially similar to the 
Iberian and Italian peninsulas. Two separate series of 
these can be recognized, one, of transverse direction, lying 
to the east, and the other, which is longitudinal, in the 
west. The Transylvanian Alps swing around in a great 
curve, the Danube breaking through at the Iron Gate at 
the western apex of the curve, and are continued in the 
Balkan Mountains (Stara Planina), which have a roughly 
parallel direction. Fingering out eastward into several sep­
arate ranges and breaking off steeply on the shores of the 
Black Sea, these rise to a maximum height of nearly 8,000 
feet (2,440 metres), and the most noted of their passes, 
the Shipka Pass, has a summit level well above 4,000 feet. 
Northward these mountains sink gradually to a limestone 
tableland, presenting a marked contrast to the alluvial 
Walachian plain (Cimpia Rominä) beyond the river, and 
the presence of this tableland means that the northern 
slopes as far as the passes, relatively high though these 
are, are gentle.

Just as the Balkans are a continuation of the Carpathi- 
an branch of the Alpine chain, so the main chain itself 
bends down the western side of the peninsula. From the 
Julian Alps north of Trieste a series of mountains runs 
in a southeasterly direction close to the coast and paral­
lel with it. These, to which the general name of Dinaric 
Alps may be given, rise to 8,274 feet in the peak Bolotov 
Kuk of Durmitor; but their significance as a barrier does 
not depend upon their height. They are characterized by 
the great development of massive limestones, particularly 
extensive in the area lying behind the peninsula of Is- 
tria. These limestone areas, called karst, display to a very 
marked extent certain peculiar relief features, dependent 
on the effect of rainwater on their constituent rocks. Thus 
the surface soil is very thin, bare rock being frequently

exposed; running water is usually absent at the surface, 
most of the rivers sinking, after a short course, into cav- 
ities of the rocks; and caves and sinks are common, as 
well as elongated depressions called locally polje, or fields, 
because only in them as a rule is there sufficiënt depth of 
soil to permit cultivation.

In places the limestone mountains rise steeply from the 
shore of the Adriatic, but a certain amount of subsidence 
has occurred, with the result that numerous islands fringe 
the coast. Because the mountain folds run parallel to the 
shore, the islands tend to be elongated in the direction of 
the coastline, and the straits and inlets tend to have the 
same direction.

The Dinaric Alps may be said to extend to the neigh- 
bourhood of the mouth of the Drin in Albania. There the 
coast changes in direction, trending almost north-south, 
and the mountain belt thins out and draws back from the 
coast, so that the Albanian lowland invervenes between it 
and the sea. This triangulär area, with its inland apex at 
Elbasan, extends southward to Vlorë (formerly Valona); 
it shows another contrast with the Dalmatian area farther 
north in that several large and permanent rivers flow from 
the mountains across the lowland to the sea; there, then, 
access to the interior becomes at least relatively easy.

Vlorë, with the adjacent sheltering peninsula ending in 
Cape Linguetta (Albanian Kep i Gjuhëzës), marks the 
beginning of a new change. The coast resumes a south­
easterly direction and the fold mountains become more 
conspicuous as the Pindus range, which extends through 
peninsular Greece. Beyond the down-faulted Gulf of Cor- 
inth, in the Peloponnese, the ranges diverge like fingers, 
leaving narrow triangulär plains in between. In the east- 
ern part of the Greek peninsula several ranges diverge 
eastward or southeastward from the Pindus, and between 
them lie the well-watered open plains which, like those of 
the Peloponnese, nourished early centres of civilization.

The central core of the Balkan Peninsula is an old crust 
block, roughly triangulär in shape, with its apex pointing

The
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Peninsula’s
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core
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toward Beigrade and its broad base approaching the shore 
of the Aegean Sea. That sea is believed to overlie a former 
extension of the ernst block that has sunk beneath its 
waters. The numerous Greek islands represent fragments 
of the surface of this lost land that remained above sea 
level when the remainder sank. The narrow staits of the 
Bosporus and Dardanelles are also regarded as flooded 
parts of the courses of rivers which crossed the old land.
The central core of the peninsula, though it has retained 

a Position above sea level, has been greatly modified as a 
result of the formation of the fold mountains on its mar- 
gins. The narrowed northern region, constricted between 
the Dinaric Alps and the curve of the Balkans, is a broken 
hilly country traversed by a continuous longitudinal de- 
pression through which the Morava River flows on its way 
to the Danube. South of NiS (Nish), Yugoslavia, however, 
and extending to the Gulf of Salonika is a region of great 
structural complexity which seems to have received the 
full force of the thrust. Faults are innumerable, and closed 
basins alternate with short and steep highland beits. The 
basins tend to be elongated in a longitudinal direction, and 
the major river courses— for example the Vardar—consist 
of alternating basins and gorges. Many of the basins have 
formerly been lakes, and since they are floored with fertile 
soil, they are fitted to become centres of population; but 
their isolation from each other has had very important 
human effects.

In contrast with this fractured and much subdivided 
region, the southeastern part of the triangle, that lying 
between the Balkans and the Aegean, shows relative sim- 
plicity. There the core reaches its greatest height (9,596 
feet in the Rila Mountains), and there also is the broad- 
est unbroken mass of elevated ground. The general name 
of Rhodope (Rodopi) may be given to the whole block, 
though the separate parts have local names. The Rhodope 
upland is separated from the Balkan Mountains by a con- 
siderable lowland, the Rumelian plain. This is one of the 
most considerable tracts of lowland within the peninsula 
and continues to the shores of the Sea of Marmara. There 
is also an interrupted beit of plain in Thrace, between 
the Rhodope and the Aegean, the total result being to 
make the southeastern part of the peninsula much less 
continuously hilly than the northwest, where lowlands are 
virtually absent.

Settlement patterns. The build of the peninsula has 
influenced the routes and the areas of Settlement within 
and the zones of effective contact with adjacent lands Out­
side. The Balkans have indeed proved in practice much 
less of a banier to human movement than would appear 
from a map.

Yugoslavia. An orographical map shows an almost con­
tinuous area of high ground on the west, continued into 
the Grecian peninsula, which is mostly mountainous. In 
the northwest the way in which the high ground within 
the peninsula passes into the Alps proper means that the 
Danubian plains have no natural, easy exit to the Adriatic. 
But the mountain beit thins out in the karst of the Slov- 
enian Julijske (Julian) Alps. Although this beit is neither 
wide or lofty—it does not rise much above 5,000 feet— 
because of its karstic nature it forms a very effective bar- 
rier. The chief elements of the beit are the Velika Kapela 
and Velebit mountains, both remarkably waterless and 
barren. Continuous river valleys to serve as natural routes 
are generally absent and, where they do occur, the stream 
tends to flow in steepsided canyonlike gorges that form a 
great obstacle to transverse movement. Further, not only 
do these lands form a barrier between the sea and the 
interior but also they can as a rule support only a scanty 
and scattered population, for the local resources are small.

Beyond the karst areas lies a tract of undulating country. 
This area is a continuation of the plains of the Danube 
and, where the Drava and Sava converge toward one an­
other in Slavonija, it includes a considerable area of true 
plain. This whole area of mountain and plain was once 
the kingdom of Croatia-Slavonia; from a physical stand- 
point it is a transition region between central Europe and 
the Balkan Peninsula. Until the creation of Yugoslavia it 
had little direct relation to the Adriatic, though economic 
and political causes led to Hungary’s making great efforts

to develop Rijeka (Fiume) as a grain port during the late 
19th Century. In the past, Croatia-Slavonia was politically, 
economically, and culturally attached to central Europe, 
but ethnically it belongs to the Balkan Peninsula.

The islands off the Dalmatian coast to the south are 
usually fertile and there is often a strip of productive land 
fringing the inlets. Water is also easy to obtain, for the 
streams which were lost ön the heights above emerge as 
full-grown rivers where the rocky hills descend in cliffs to 
the sea margin, or springs even bubble up on the seafloor 
itself. In contrast with the dry and barren lands above, 
therefore, there is possibility of cultivation and Settlement 
on the shore. But the Coastal areas are too narrow and the 
difficulties of communicating with the interior too great tp 
have allowed for the rise of indigenous civilizations there. 
The scattered towns on this Dalmatian coast represent 
islets of ancient but alien (Venetian) culture and, until 
relatively recent times, scarcely influenced the interior of 
the peninsula. They arose as offshoots of areas enjoying 
much greater advantages.
To the south of the Velebit mountains a narrow strip 

of coastline, with the mountain crest behind, forms Dal- 
matia. But the historie Dalmatia is really an interrupted 
series of maritime towns, Zadar, Sibenik, Trogir, Split, and 
Dubrovnik (respectively the former Zara, Sebenico, Trau, 
Spalato, and Ragusa) being among the most important. 
Until the creation of Yugoslavia these towns had little 
connection with the interior.

The actual mountain belt, from the borders of Croatia- 
Slavonia to the confines of Greece, extends through the 
Yugoslav republics of Bosnia-Hercegovina and Montene­
gro, to Albania. In Bosnia the limestone rocks of the Coast­
al area give place to others, including sandstones, which 
allow for the development at once of deeper soils and of a 
more normal drainage System. Numerous rivers drain into 
the Sava, and Bosnia can be reached from that river, and 
thus from the Danubian plains, with relative ease. Other 
route lines connect it with the interior. Hercegovina is a 
karstic area with only one important river, the Neretva, 
which flows to the Adriatic. Montenegro is essentially a 
mountain aerie, a refuge that withstood invasion in the 
past as much perhaps because of its worthlessness as of 
the difficulty of conquest.

Eastern Yugoslavia comprises the western part of the 
crust block, with its marked contrast between the northern 
section, draining into the Danube mainly by the Morava, 
and its complex Southern section, draining into the Gulf 
of Salonika by the Vardar. West of the Morava the coun­
try is undulating, and lowlands fringe the southem bank 
of the Sava. The Western Morava, a tributary entering the 
main stream from the west, also helps to define a block of 
land which affords possibilities of settlement. This was the 
nucleus of 19th-century Serbia, with Belgrade, at the junc- 
tion of the Sava and Danube, as its Capital. The complex 
Southern region is Macedonia, with its jumble of people 
and its long history of turmoil and disorder.
Albania. Albania, with its Coastal lowland, formerly 

malarial, and its mountainous hinterland, is a region of 
much interest. As already seen, it affords the possibilities 
of routes to the interior by the Drin, Shkumbin, and Vi- 
josë valleys.

Greece. Peninsular Greece comprises three relief ele­
ments: (1) the Pindus ranges in the centre and in the west, 
continuing southward beyond the Gulf of Corinth into 
the four-fingered Peloponnese; (2) the western Coastal belt, 
which is more broken than that of Dalmatia, while the off- 
lying Ionian Islands are larger and exhibit less parallelism 
to the coast; (3) the eastern ranges and plains, which in 
the north belong (including Mt. Olympus, 9,570 feet) to 
the old crust block and farther south are offshoots of the 
Pindus. The Continental or truly Balkan portion of Greece 
comprises the uplands and plains of Southern Macedonia 
and Thrace, which provide an east-west passageway be­
tween the Rhodope and the sea. The plains are largely 
spread around the lower courses of the major rivers—the 
Vardar (Axiós), Struma (Strimón), Néstes, and Maritsa 
(Évros). They were formerly swampy, but many drainage 
works were executed between World Wars I and II. 

Bulgaria. Bulgaria has as its northern frontier the Dan-
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ube, except where the river takes its great bend to the 
north; there the frontier leaves it and runs slightly south 
of east to the Black Sea, much of the steppelike Dobruja 
being included in Romania. Southward Bulgaria extends 
to the Rhodope crest, and it is thus nearly bisected by 
the Balkan Mountains. Sofia, the Capital, lies in a small 
basin between the Balkan Mountains and a northwesterly 
Prolongation of the Rhodope, the basin being drained by 
the Iskür River, which breaks through the Balkans to en­
ter the Danube. South of the range, and separated from 
it by a longitudinal depression, lies a parallel upland, the 
Sredna Gora (Middle Forest). The invervening depression 

Bulgaria’s (known, from its principal product, as the “Valley of Ros- 
“Valley of es”) is watered by the Tundzha River, which seems to be 
Roses making for the Black Sea near the port of Burgas, but
* tums instead sharply southward, breaks through the west­

ern end of the Istranca and joins the Maritsa at Edime.
The upper Maritsa, on which stands Plovdiv, flows 

through the wider depression which has been called the 
Rumelian plain. These two fertile lowlands, with their 
bounding uplands, form Eastem Rumelia, which was not 
united politically to northern Bulgaria until 1885. This 
region, with southem Macedonia, formed the granary of 
Turkey in Europe, as it did of the earlier Eastern Em­
pire. The Maritsa depression shows certain analogies to 
the valley of Andalusia in Spain, both in its position be­
tween fold mountains and a crust block and in its value 
to an in vader.

Transportation. Greece within its peninsula, Serbia in 
the Morava region, and Bulgaria astride the Balkan Moun­
tains all became independent States while Turkey still held 
Thrace, Macedonia, Albania, and, at least nominally, a 
large part of the northwest. That the progressive contrac- 
tion o f Turkish territory led to such bitter and prolonged 
conflict was largely the result of the nature of the routes 
within the Continental section of the peninsula, and partic­
ularly of the difficult access o f both Bulgaria and Serbia to 
open water. Thus the natural route lines demand careful 
consideration. But the routeways which were important 
in the historie or even the recent past are not necessarily 
those of most value, for the current political subdivision 
of the peninsula and in particular the interposition of iron 
curtain frontiers across the routeways materially lessen 
their significance.

On the northern, Southern, and eastern margins of the 
peninsula, respectively, are situated the three nodal points 
of Belgrade, Thessaloniki, and Istanbul, all owing their 
importance to the land and water routes which converge 
upon them and all linked together by rail.

Belgrade is situated at the junction of four great routes: 
from the north and the east, the Danube valley; from 
the south, the Morava-Vardar corridor; from the west, 
the Sava valley. The Danube is continuously navigable, 
despite the partial interruption of the Iron Gate, down- 
stream to the Black Sea as well as upstream. The Sava, 
though not a first-class waterway, can be used by steamers 
as far as the Kupa confluence at Sisak. Apart from the 
waterways, no fewer than seven railway routes converge 
on the city; the most important are the Orient Express 
routes from western and central Europe to the Aegean 
and the Bosporus— from France and Italy via Zagreb and 
the Sava valley, from Belgium and Germany via Buda­
pest and the Danube plain; to Athens via the Morava 
and Vardar valleys, to Istanbul via the Morava valley and 
Sofia, and to Bucharest via VrSac. The last-named route 
lost its international significance after Romania became a 
Soviet satellite. An important narrow-gauge railway leads 
southward across the mountains to the Adriatic coast 
at Dubrovnik.

The port Thessaloniki is the only good port on the northern coast 
at Thes- of the Aegean and is the best exit to open water for
Saloniki much o f the interior. Three major land routes and some

minor ones converge upon it. The first group consists of 
the meridional furrow indicated by the direction of the 
Morava and Vardar rivers, the route from Istanbul by the 
Thracian lowland and the route to Athens.
The Morava-Vardar furrow is followed by the railway 

from Belgrade to Thessaloniki by way of Nis and Skopje. 
Although the headstreams of the two rivers, despite their

contrary direction, actually inteijoin in wet weather, it 
must not be assumed that a continuous valley line ex­
tends from the Danube to the Thermaikós Kólpos (the 
Gulf of Thérmai). The Morava, upstream from NiS, and 
the Vardar, downstream from Skopje, both pass through 
gorges which offered considerable resistance to through 
communication in prerailway days. The Morava gorge at 
Vranje was actually the Serbian frontier at one stage in the 
development of that state and at the time the railway was 
built (1887)—a clear indication of the break in the furrow 
there. The Belgrade-Skopje section of this route was ef- 
fectively duplicated in 1931 by construction of a railway 
which leaves the Morava valley at Lapovo and proceeds 
via Kragujevac, the Ibar valley and the Kosovo Polje.

The second major route entering Thessaloniki runs 
through the Thracian plains and hills from Istanbul. It 
dates from 1895 and was essentially strategie in charac- 
ter—it was built at least 12 miles from the coast to be 
beyond what was then the range of naval bombardment, 
and the two major ports which it served, Thessaloniki and 
Dedeagac (modem Alexandroüpolis), were both provided 
with bypass lines. It has had relatively little internation­
al significance, though it remains a possible route from 
central Europe to Istanbul, avoiding the Crossing of the 
iron curtain frontier o f Bulgaria. The third route is the 
southward continuation of the Orient Express route, from 
Thessaloniki to Athens. This, sometimes called the Greek 
Longitudinal railway, was completed after the Balkan 
Wars, in 1916, but its functioning as an international 
route was delayed by World War I and its aftermath until 
1920. It is a difficult route, alternately Crossing plains and 
mountain ranges; its ruling gradiënt is 1:50.

The westward Communications of Thessaloniki are less 
important. A railway runs to the Florina basin and then 
turns north, Crossing the Yugoslav frontier to Bitola and 
eventually linking with the Vardar valley line at Titov 
Veles. The road to the Adriatic, though of no significance 
at all in modem times, was an important Roman route—  
the Via Egnatia—leading from Bitola, Lake Ohrid, and 
the Shkumbin valley to Durrës (Italian Durazzo, Roman 
Dyrrhachium).

The fact that Thessaloniki is politically Greek and not 
attached either to Yugoslavia, despite the presence of the 
Morava-Vardar furrow, or to Bulgaria, despite the relative 
nearness of Sofia, is explicable rather by the strength of 
a cultural and historical tradition than by purely physical 
facts. It is an Aegean port of much importance in the 
modern world, and to the Greeks the idea that control of 
Aegean trade is their national right is one that admits of 
no argument. Part of its basis is of course the geographical 
fact that their somewhat barren land could not support 
them unless supplemented by the sea trade for which they 
have always shown natural aptitude.

Istanbul, with a superb natural position where the wa­
terway from the Black tö the Aegean sea crosses the 
land route from Asia Minor to the Balkan peninsula, 
is connected to Belgrade by a diagonal furrow, certainly 
as important as the north-to-south one from Belgrade to 
Thessaloniki. The route follows the Morava valley to NiS, 
ascends the NiSava tributary and crosses the Dragoman 
pass (2,550 feet) to the basin of Sofia, then by another 
pass it reaches the Maritsa valley and follows this past 
Plovdiv and Edirne until the valley of the Ergene enables 
it to turn east toward Istanbul.

The main international railway routes through the Bal­
kan peninsula were conceived in central Europe about 
1869, when Turkey still held a large part of the penin­
sula. The wars of 1876-78, which materially altered the 
political map, upset the plans, but the main lines, Vien- 
na-Belgrade-Sofia-Constantinople and NiS-Thessaloniki, 
which in any case were to be international and not local 
avenues of transport, were opened in 1888. Subsequently, The 
the political boundaries changed several times, more not- opening 
ably after the Balkan Wars of 1912-13 and after World ofinter- 
War I, and the creation of a railway network thus re- national 
sponded to different national and local stimuli at different railway 
times. For its size and economie development, Bulgaria routes 
has a fair System, with important lines linking Sofia with 
the Danube and with the Black Sea ports of Varna and
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Burgas, an important though difficult route across the 
Balkan Mountains and many branch lines. After World 
War II the construction of a bridge across the Danube at 
Ruse made possible a through route to Moscow. Yugosla­
via, assembled like a jigsaw from Serbia, parts of Austria- 
Hungary, and what remained of Turkey, had to create a 
national railway System from a series of fragments—and 
largely succeeded in doing so between World Wars I and 
II. Its main needs were for better communication between 
the Capital and the Adriatic ports of Split and Dubrovnik, 
for more railways in the south, and for bridges across the 
Danube and Tisza rivers.

Climate. A central European climate prevails through 
the greater part of the broad northern section of the pen­
insula and even extends into the centre of the northern 
part of the Greek section, and elsewhere the climate is 
Mediterranean. No notable difference in climate separates 
the peninsula proper from the adjacent Danubian lands.

The Mediterranean climate is of peculiar interest because 
it is so closely linked to a particular type of culture show- 
ing a very delicate adaptation to local conditions. Three 
essential features differentiate the Mediterranean climate: 
the winters are warm in relation to latitude and the greater 
part of the rain falls during that period; the summers are 
hot and dry and one or more months may be practically 
rainless; throughout the year the skies are clear and there 
is abundant sunshine, for the winter rains come in heavy 
showers of short duration. Two regions within the penin­
sula show typical Mediterranean climate.

One of these is made up by the Greek islands, the Pel­
oponnese, the margins of the northern part of the Greek 
peninsula, and a narrow strip on the coast of Albania. 
Even within the region so defined, however, elevation 
above sea level, as in the mountains, or an upland girdle, 
as in the plain of Thessaly, may produce local modifica- 
tions. Athens and Corfu may be taken as representative 
places within this region. Athens, on the eastern side of a 
peninsula, largely sheltered from rain-bearing winds, has a 
much smaller total rainfall than the island of Corfu, which 
faces the wet winds of winter; but, despite the difference 
in the amount of rain in the two places, its distribution is 
closely similar. At both places winter temperatures, as far 
as monthly averages are concerned, do not fall below 48° 
to 50° F (9° to 10° C). Summer temperatures range from 
78° to 81° F (25° to 27° C; July averages), which permits 
the ripening of subtropical fruits. In Athens, July and 
August are practically rainless and only about one-fourth 
of the total fall occurs in the period April to September, 
so that more than three-quarters of the total falls in the 
cooler half of the year. More than one-third falls in the 
two rainy months of November and December. Corfu 
has a rainfall four times as great as that of Athens, and, 
although only July can be described as practically rainless, 
only about 20 percent of the total rainfall occurs in the 
period April to September.

A narrow strip along the coast of Dalmatia is regarded as 
forming a second major region. Dubrovnik may be taken 
as typical, bearing in mind, however, that it is the most 
southerly of the important towns of Dalmatia. The winter 
temperatures there are closely similar to those experienced 
in the Greek region, much of Dalmatia being remarkable 
for its mild winter climate. The summers are not quite 
as hot as in Athens or Corfu, but the real distinguishing 
feature is the less marked periodicity of the rainfall. There 
is no rainless month, although July continues to be the 
driest period of the year. More than 30 percent of the total 
rainfall occurs during the period April to September, so 
that summer drought is far less marked. Oranges can be 
grown without irrigation, and their coexistence with the 
olive is a distinguishing feature. Not only, however, is the 
strip with this typical Mediterranean climate very narrow, 
but changes occur with considerable rapidity toward the 
north. Except where, as in Split, the form of the coastline 
gives shelter, the more northerly places are often exposed 
to the blast of the bora, or cold northerly wind of winter, 
which at once is a danger to shipping and excludes the 
more delicate Mediterranean fruit trees. When Trieste is 
reached on this eastern Adriatic coast, the somewhat cold 
winters (January average below 40° F) and the fact that

Five major climatic regions of the Balkan peninsula.
From W .G. Kendrew, “ Climates of the Continents," by permission of the Clarendon Press

the period April to September shows rather more than 
half the total amount of rain, with a rainfall maximum in 
October and a secondary one in June, mark the transition 
from the Mediterranean climate to the central European 
one. The northerly Dalmatian towns and the coast of 
Croatia show stages of the transition.

Southern and eastern Macedonia and western Thrace fall 
into a third region, characterized by notable modifications 
of the Mediterranean climate. Thessaloniki may be select- 
ed as a representative locality. The winters are cold for 
the latitude (average January temperature 41° F [5° C]) 
because of the bitterly cold northerly winds which blow 
down the Vardar valley, and this feature is accentuated as 
the coast is left. But the summers are hot and the range of 
temperature between summer and winter is greater than 
at any of the places already discussed. There is no rainless 
month, and, though July is still the driest period and No­
vember and December are the wettest months, there is a 
much more even distribution of rain throughout the year, 
the six colder months having very little more rain than 
the six warmer ones. The colder winters, especially where 
there is exposure to wind, again limit the distribution of 
the more delicate Mediterranean fruit trees, and growth 
even of hardy plants is checked during winter. On the 
other hand the high summer temperatures and the fairly 
heavy summer rainfall, with the possibility of irrigation 
from the mountain snows, make it possible to grow crops 
demanding both heat and moisture but being indifferent 
to winter cold because of their annual nature. Among such 
are cotton, rice, tobacco, corn (maize), and, historically, 
the opium poppy.

As one passes north ward from Thessaloniki into the in­
terior of the peninsula, the change in this fourth region, 
from the modified Mediterranean to the true central Euro­
pean climate, is rapid and is accentuated by the relief. The 
general features o f that climate are the cold winters, the 
temperatures then showing little relation to latitude, the 
warm summers and a rainfall well distributed throughout 
the year, but with a tendency toward an early summer 
maximum. Skopje, in a latitude somewhat lower than that 
of Dubrovnik, though in a more elevated position, has 
mean January temperatures well below the freezing point 
and fully 18° F (10° C) lower than those of Dubrovnik. 
This means that there is a definite winter stoppage of 
agricultural activities, December, January, and February 
all being too cold even for the growth of grass. On the 
other hand, despite its elevation, the summer temperatures 
at Skopje are not more than a few degrees lower than 
those of Dubrovnik. The rainfall is fairly well distributed
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thoughout the year but May, June, and October are the 
rainiest months, the maximum fall coming in May when 
temperatures are already fairly high (more than 62° F [17° 
C]). Belgrade, considerably farther north but less elevated 
than Skopje, has a very similar temperature range, but 
November is already a winter month. June instead of May 
is the rainiest month and the summer rainy period lasts 
for the three months of May, June, and July, again with 
a second rainfall maximum in October. Broadly speaking, 
this climate, with summer heat and summer moisture 
coinciding, is one well suited to com among cereals. With 
local variations caused by height above sea level and by 
degree of exposure, this type of climate prevails through­
out the greater part of the interior of the peninsula, which 
thus falls into a fourth or central major climatic region. 
The total rainfall shows a tendency to increase toward the 
northwest, in Bosnia and northwestem Serbia; it dimin- 
ishes toward the east.

As a fifth major region, eastem Thrace and the plains 
of Bulgaria may be included. Over much of this region, 
especially in Thrace, the total rainfall is very small, giving 
the landscape a steppelike appearance, and the winters 
are very cold as a result o f exposure to winds from the 
Russian plain. The Maritsa valley allows Mediterranean 
influences to penetrate into southem Bulgaria, where also 
the Balkans give a certain amount of shelter from the 
cold winds o f winter. Parts of the valley plains of Bulgaria 
have in consequence much milder winters than northern 
Macedonia or Serbia, and, as there is a tendency for the 
winters to be werter than the summers, the climate is 
sometimes described as modified Mediterranean. The dry, 
sunny summers favour wheat rather than com, and the 
vine is grown in sheltered places. Cotton and rice are 
grown with irrigation.

To this general division of the whole area into five cli­
matic regions, of which the central one covers by far the 
greatest area, it may be added that the fact that so much 
of the surface is elevated introducés numerous modifica- 
tions in detail. Because of the cold winters of the central 
area, much of the winter precipitation falls as snow. No 
mountain within the peninsula rises in the strict sense 
above the snow line, but the higher peaks of the Rhodope 
are only snow-free for about one month in the year, and 
even the Balkan Mountains show some snow until July.

Plant life. The flora of the Balkan peninsula is one of 
the richest in Europe and consists of about 6,600 species 
of vascular plants. The largest families, on the basis of 
numbers of species, are the Compositae, Leguminosae, 
Caryophyllaceae, Labiatae, Gramineae, and Cruciferae. 
The genera with most species arz Centaurea (knapweeds), 
Silene (campions), Dianthus (pinks), Trifolium (clovers), 
Campanula (bellflowers), Carex (sedges), Verbascum (Mul­
leins), and Thymus (thymes). Floristically, Greece is the 
richest area. Apart from the actual number of genera and 
species the flora of the Balkan peninsula is botanically 
noteworthy for the number of its endendes (plants found 
nowhere eise in the world). The central portion of the 
Balkan peninsula is geologically old and has been a land 
surface at least since the advent of the flowering plants. 
Moreover, the effects of the Ice Age were much less dras­
tic than in northern and central Europe and many plants 
found a refuge in the peninsula. There are, therefore, a 
considerable number of old relict types in the flora. Ex- 
amples are Ramonda and Haberlea of the Gesneriaceae, 
related to western Chinese genera, the Serbian spruce (Pi­
cea omorika), the Balkan yam (Dioscorea balcanica), and 
Forsythia europaea, the only native European species of 
this well-known garden genus. In contrast, there are many 
species that are most probably of relatively recent origin 
and may have partly originated by hybridization following 
the clearance of woody communities by man. Thus many 
of the pinks, campions, mulleins, and thymes are closely 
related one to another and appear still to be evolving new 
microspecies.

Given the old Tertiary basis of the flora, the chief migra- 
tion routes have been from the north and the east. From 
the north there was an extension of central European 
species, especially with the oncoming of the glacial period. 
The Aegean Sea is of recent geological origin, and plants

from Asia Minor undoubtedly contributed to the floristic 
wealth of the Greek mainland and islands.

The Vegetation of the Balkan peninsula clearly demon- 
strates the Controlling influence of climate on plant life. 
In the northern and central parts the climax communi­
ties are deciduous forests up to about 4,900 feet (1,500 
metres), then coniferous forests to about 5,900 feet (1,800 
metres) and above these are high mountain scrub and herb 
and mat associations. In the southem and western Coastal 
districts evergreen Mediterranean woods and brushwoods 
naturally dominate, with oak and conifer forests at the 
higher altitudes. Throughout the peninsula there has been 
great destruction of the woody Vegetation by man.

Animal life. The distribution o f the animal life of the 
Balkan peninsula is a fusion of three major elements. 
Mediterranean forms dominate along the southem and 
western borders of Greece, Albania, and Yugoslavia; east­
em steppe species in the lowländs of the east; and central 
European forms in the interior. Some of them are widely 
distributed in Europe, mainly in the mountains, whose 
peaks still have an Alpine element.

Among Mediterranean mammals are wild goat (bezoar), 
jackal, porcupine, and several kinds o f bat. Eastem ele­
ments include the ground squirrel (Citellus), some forms 
of hamster, the mole rat (Spalax), etc. The mole, lynx and 
wildcat, märten, wolf and fox, bear, hare, boar, and red 
and roe deer are some of the central European mammals* 
while the chamois is an example of the Alpine element. 
The same types of distribution are found among the breed- 
ing birds. In the south and in Dalmatia, Mediterranean 
forms predominate, with the great cuckoo, the melodious 
warbler (Hippolais), etc.; and these also penetrate some of 
the great river valleys (e.g., the Vardar) far to the north. 
Central European forms include chaffinch, creeper, and 
some thrushes; among eastern types are the little bustard, 
the lesser gray shrike, and the red-footed falcon; among 
Alpines are the mountain lark (Eremophila alpestris) and 
the Alpine ptarmigan. The big birds of prey include the 
golden imperial eagles and several kinds of vulture. The 
red-legged partridge (Alectoris) and the stork are common.

Among reptiles various forms of lizard are known, espe­
cially in seaside regions, and a certain number of species 
of gecko, turtle, and snake, among which are three kinds 
of poisonous viper. There are amphibians belonging to 
the Palearctic fauna; e.g., the true toads, while central 
European fauna include true frogs, spadefoot toads, and 
salamanders. There are also some Mediterranean forms. 
The fishes of lakes and rivers include carp, barbel, small 
salmon, weis or sheatfish (Silurus), etc.

The same zoogeographical pattern is found in the inver- 
tebrates. Among harmful plant insects are tussock moths 
and Moroccan, Italian, and migratory locusts. After World 
War I the San José scale and the Colorado beetle were 
brought to Europe from America. The Colorado beetle, 
which did not reach the Balkans until after World War II, 
spread quickly.

In low-lying land near water, domestic buffaloes are not 
uncommon. The important meat animal is the pig and the 
chief milk and meat animals are cattle and sheep. Hens 
and turkeys are common among domestic birds.

Very special and localized faunas, not discussed here, live 
in the delta of the Danube, in the islands of the Aegean 
Sea, and in Crete.

THE PEOPLE
Ethnie distribution. Five major ethnic groups or races 

are to be found in the Balkan peninsula. These are the 
Albanians, the Greeks, the Bulgarians, the Southern Slavs 
(Serbs, Croats, Slovenes, Montenegros), and the Turks. 
All of them, with the possible exception of the Southern 
Slavs, have at one time been spread over wider areas 
than those they now occupy. This is particularly true of 
the Turks, who for several centuries were primarily the 
governing occupiers of most of the peninsula. They also 
fairly effectively colonized certain parts of it, particularly 
in Thrace, Macedonia, and in northeastern Bulgaria, and 
were finally ousted after World War II. This is also true 
of the Bulgarians, who at one time extended through­
out much of Macedonia and Thrace. World Wars I and
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Frontier II, and the resultant frontier adjustments and population 
adjust- exchanges, have given the political map a much closer
ments resemblance to the map of nationalities than it has ever

had before. Outside of the northwestern fringes of the pen­
insula, where some Romanians, Hungarians, Austrians, 
and Italians are included in Yugoslavia, the Albanians of 
the Kosovo Autonomous Region are probably the most 
sizeable minority left inside the territory of another coun­
try. The most mixed region is undoubtedly Macedonia. 
There, ethnic differences have been confused by differ­
ences of religion, and adherents of the Greek Orthodox 
Church were long regarded as Greek, whatever their eth­
nic heritage; similarly, all Muslims were formerly regarded 
as Turks, whether they were of Bulgarian, Albanian, or 
Southern Slav stock.

Ethnology. The ethnology of the Balkan peninsula is 
more involved than that of either the Italian or the Iber- 
ian; first, because this peninsula has a more fragmented 
geography; and second, because it is open to entry from 
more directions. On the northwest the plains of the middle 
Danube afford a way to central Europe; on the northeast 
there is a wide corridor through Moldavia from the steppes 
of the Ukraine; on the east, an easy passage is possible 
from Asia Minor across the Bosporus and through Thrace; 
while the coasts of Greece are accessible to all the eastern 
Mediterranean basin, and those of Dalmatia, though cut 
offby mountains from the interior, are easily approached 
by water from across the Adriatic. People entered the 
Balkans from all these directions and left vestiges of racial 
types and customs derived not only from many parts of 
Southern and central Europe but also from wide areas of 
central Asia and the near east.

The main ethnic divisions of the Balkans are based on 
linguistic and religiöus differences rather than on true ra­
cial distinctions. Yet it is remarkable that in many cases 
the cultural group has clearly recognizable physical fea­
tures which it may have acquired through long isolation 
and inbreeding. Moreover, despite repeated immigrations 
into the peninsula from the heart of the continent, certain 
racial types have persisted there and absorbed the new 
blood from outside. Thus there is little doubt that the 
Slav-speaking folk who poured into the Balkans from the 
3rd Century ad , and particularly after the 6th Century, 
were predominantly of Nordic race; yet the present day 
Southern Slavs belong principally to the Dinaric race— 
tall, dark, and with high and broad head and prominent 
nose-—a type that is probably very ancient there and that 
is also found farther west in a highland zone extending 
through northern Italy, Southern Germany as far as Aus­
tria, and Switzerland.

The Southern Slavs. These people, separated by the in- 
trusive Magyars from their linguistic kinsfolk to the north, 
are united by ties of language and political allegiance. 
They are, however, subdivided by differences of religion, 
the Croats and Slovenes being Roman Catholics, the Serbs 
proper and Montenegros mostly Greek Orthodox. More­
over, among the Dalmatians, Bosnians, and Hereegovini- 
ans, who are normally classed with the Serbs, there are in 
addition to the Greek Orthodox Christians considerable 
Roman Catholic minorities, and in the last two cases also 
a fair proportion of Muslims.

The Slovenes of Camiola are physically very similar 
to their Austrian neighbours. They are of low height, 
with small round heads of Alpine type, and include a 
good number of fair individuals. Among the Croats to 
the south, however, there are on the average more tall 
individuals and more broad heads, dark colouring, and 
prominent noses; and farther south still, among the Serbs, 
these Dinaric features become pronounced. Among the 
Serbs there is a preponderance of high broad heads, giving 
a mean cephalic index of about 85; the face tends to be 
long, the colouring of eyes and hair to be dark, and the 
nose to be high-rooted and straight or convex, with a 
downward-tuming tip.

The Bosnians and Hercegovinians are, like the Serbs, on 
the average tall and broad-headed; but there is an interest- 
ing physical difference between the Roman Catholic and 
Muslim communities, doubtless the result of protracted 
inbreeding within each group. The former includes a larger

Proportion of tall, fair, and very broad-headed individuals.
Along the Dalmatian coast, the extreme broad-headedness 

of the population of the mountainous interior is not 
found, and among the inhabitants are more long-headed 
individuals of the Mediterranean race. Farther southeast- 
ward along the coast, from Istria to the borders of Albania, 
the population becomes on the average progressively taller 
and more dark in complexion.

In physique and culture, the Montenegrins, who live in 
rugged and isolated limestone mountains, are the most 
distinctive of the Southern Slavs. Although they speak a 
Slav Serbian language, they resemble the Albanians in 
their loyalty to their exogamous clans. They are probably 
the tallest people in Europe, and at the same time they  ̂
are thickset and very heavily built. Their heads tend to be 
broad and high-backed and their noses large and beaked.
In these respects they resemble the Dinaric type, which 
seems to be very old-established in the western Balkans.
But they differ from the Standard Dinaric type in having 
broad rather than high faces, a high proportion of light 
eyes and, in particular, a preponderance of red hair, red 
beards, and freckling.
Albanians. About half of this group lives outside the 

boundaries of Albania, for the most part in Yugoslavia. Distinc- 
They are distinguished from the Slavs by language in the tions 
first place, the Albanian tongue being a mixture of elements between 
from Illyrian, Thracian, Latin, Slavonic, and Turkic. They Albanians 
are also separated from their neighbours by religion and and Slavs 
general culture, and there is no doubt that they represent 
the survivors of the native inhabitants of the Balkans in 
classical times, the Thracians, Macedonians, and Illyrians, 
who were driven back into isolation by the invading Slavs.
Later, the Albanians became even more alien to the Slavs 
by adopting Islam from their Turkish conquerors in the 
late 15th Century. Nearly all the Albanians in Yugoslavia 
and most of those in Albania are Muslim.
There are two distinct groups of Albanians, each with 

its own dialect, costume, and customs. These are the 
Tosks in the south and the Ghegs in the north and on 
the plain of Kosovo. The Ghegs comprise 10 tribes, each 
of which is subdivided into political groups known as 
bairaks and on a quite separate System into exogamous 
patrilineal clans, or fis. This fts System often leads to 
inbreeding within small areas, through the Institution of 
cross-cousin marriage, with the result that the physique 
of the Ghegs varies from district to district. In the north, 
near the borders of Montenegro, a tall thickset type, like 
the characteristic Montenegrin, is found, while to the east 
the population includes more individuals of the Atlanto- 
Mediterranean strain, tall but not very heavily built, with 
löng head, dark hair, and dark brown eyes. But the most 
characteristic physical type among the Ghegs, which there 
as elsewhere is probably by origin a hybrid, is the Dinaric, 
commonest in the tribe of Dibra. This type is of medium 
height, with a characteristically narrow and convex nose, 
light brown eyes, and dark brown hair, and above all with 
a very broad and flat-backed head. This extreme occipital 
flattening may be partly artificial, resulting from the use 
of a hard cradle, but it appears that this is not the whole 
explanation and that it is also an inherited racial character.

The Tosks, like the Ghegs, are extremely broad-headed; 
in fact, the mean cephalic index measured in a Tosk dis­
trict of southwestern Albania, 90.8, is the highest recorded 
in Europe. But the broad-headed character of the Tosks 
is of a different type from that of the Ghegs. The head 
is globular in shape, with high and bulbous forehead, and 
the back of the head is not flattened. In addition, the 
nose lacks the high bridge and depression of the tip that 
are often observed among the Ghegs. The Tosks, in other 
words, belong to the Alpine variety of the broad-headed 
people of Europe rather than to the more specialized 
Dinaric Variety, and in this respect resemble closely the 
inhabitants of Southern and central France.

Greeks. Inside Greece the population is by no means 
homogeneous. Whole districts, even as far south as Attica, 
still speak Albanian, and wide pastures on the Pindus 
mountains are still the preserve of Romanian shepherds.
The common loyalty of the modern Greeks, therefore, is 
linguistic and religiöus rather than territorial.
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Variation
among
Greek
communi-
ties

The Vlachs

Among the Greek-speaking peoples can be traced a va­
riety of communities of different physical types. These 
physical distinctions are doubtless the result of Segregation 
and inbreeding within the various small compartments 
into which the territory of Greece is naturally divided, and 
it is likely that these distinctions were equally noticeable 
in classical times. Differences of head form from region 
to region afford a good illustration. In the high western 
slopes of the Pindus mountains or the district of Epirus, 
as well as in Macedonia, the Greek population, like their 
Tosk neighbours in Albania, is extremely broad-headed, 
with mean cephalic Indexes of about 85-88. In the Pelo­
ponnese, Attica, and the Ionian Islands, on the other hand, 
the populations have a mean cephalic index of 81 or 82, 
while in Thessaly the inhabitants are comparatively long- 
headed, with a mean cephalic index of 77. There is also a 
regional Variation in the colouring of the complexion, the 
Macedonian Greeks, for example, being noticeably fairer 
than those of the Ionian Islands and the Peloponnese.

Briefly, three main types can be traced within the Greek 
population. The first, with heavy and dark beard, strong 
brow ridges, and eyebrows which run together, clearly be­
longs to the Alpine race. The second is taller, with a fairly 
long head, straight nose, and dark brown hair and eyes, 
and represents a tall variety (Atlanto-Mediterranean) of 
the Mediterranean race. Third, much less common than 
the others, is a Dinaric element, with very dark hair, flat 
back to the head, and narrow facial features. Very oeca- 
sionally also a blond Nordic strain can be observed.

The Greek population, therefore, is of mixed ances- 
try. Yet to judge from measurements taken in a Greek 
community in Boston, there are certain special physical 
features which have become characteristic of these people 
and serve to distinguish them from their neighbours in the 
Balkans. Such are the broad jaws, high nasal bridge, wide 
cheeks, and broad nose with a tendency to turn up rather 
than down at the tip.

Bulgarians. These people were members of a heathen 
Ugrian tribe who entered the Balkans from eastern Russia 
in the wake of the Slavs and soon afterward adopted Greek 
Orthodox Christianity and abandoned their language in 
fayour of the Slavic tongue of their predecessors. Later, the 
country feil under Turkish rule, and Tatar and Circassian 
settlers entered in considerable numbers. Despite these 
repeated incursions, however, the bulk of the population 
of modern Bulgaria still belongs to the very ancient tall 
variety of the Mediterranean stock, usually known as the 
Atlanto-Mediterranean type, which inhabited the territory 
in Neolithic times. The chief characteristics of this type are 
dark colouring, moderate to tall stature, narrow face, and, 
above all, a long head. The Bulgarians, on the average, 
are among the longest-headed folk of the Balkans, and 
only in the west, in the region of Macedonia where they 
come into contact with the Albanians, is there any signifi­
cant broad-headed element in the population. The second 
chief racial constituent in the Bulgarian population is the 
Neo-Danubian, a moderately broad-headed race, general- 
ly of light complexion and with a characteristic concave 
snub-tipped nose. A slight flattening of the face suggests 
Mongoloid admixture, though the basic element of this 
type is undoubtedly Nordic. It is found also in central 
Finland and in the black earth region of Russia, and was 
probably introduced into Bulgaria during the Slavic and 
Ugrian invasions.

Romanians. These people, who are locally called Vlachs, 
are the most scattered of all the people of the Balkans. 
They have a common language, of Latin derivation, and 
a common pastoral nomadic heritage, but their racial type 
varies widely from region to region. In Walachia, for ex­
ample, the main element in the population resembles that 
of Bulgaria to the south, being of medium height, with 
dark hair and eyes, narrow forehead, and nose and head of 
medium breadth. These features indicate a tall variety of 
the Mediterranean race. Farther north in Moldavia, where 
the Romanian plain abuts on the black earth region, there 
is a higher proportion of individuals of the Neo-Danubian 
race, fairer and with flatter and broader faces and more 
snub noses. To the west, however, just over the crest of the 
Carpathians in Bukovina, the Vlach population belongs

to the Dinaric race. Their heads are appreciably broader 
and larger than those of the plainsfolk, their stature taller, 
their faces longer and broader, their noses larger and more 
prominent, and the backs of their heads much flatter. 
The Vlachs of Macedonia and Istria appear also to belong 
substantially to the same tall, dark, prominent-nosed, and 
broad-headed Dinaric race.

In short, the Vlachs have no racial uniformity but rep­
resent the descendants of the aborigines who, during the 
150 years of Roman rule in the province of Dacia, in 
the 2nd and 3rd centuries ad, adopted something of the 
language and civilization of their miers. After the with- 
drawal of Roman rule they were scattered by the various 
incursions of Goths, Slavs, Bulgars, and Turkic peoples, 
but survived in isolated mountain districts in many parts 
of the Balkans, especially in Macedonia, northern Greece, 
and Southern Albania, where they took to a pastoral, 
seminomadic economy. Their physical features no doubt 
varied from one district to another at the time when they 
first came under Roman influence and have since become 
even more localized as a result of intermixture of the 
various groups with their immediate neighbours.

The Slavic word vlach means “foreigner,” and it appears 
to be related to the terms Welsh and Walloon in west­
ern Europe.

Not only are the Vlachs or Romanians proper, as defined 
by language and culture, widely scattered through the Bal­
kans outside Romania, but the inhabitants of Romania 
itself are very mixed, and in the district of Dobruja (a small 
plateau enclosed between the Black Sea and the lower 
reaches of the Danube), for example, there are besides the 
Vlachs, representatives of the following peoples: Bulgars, 
Ottoman Turks, Gaguz, Armenians, Kurds, Circassians, 
Gypsies, and Jews. These last two groups form important 
minorities throughout the Balkans, though their numbers 
were greatly reduced in World War II and, afterward, by 
emigration. The surviving communities are particularly 
concentrated in Romania.

Balkan Jews. The Jewish communities in the Balkans 
are predominantly made up of Sefardim, that is, the de­
scendants of those driven out of Spain in the persecution 
of 1492. Some still speak a form of Spanish known as 
Ladino, and until World War II they often preserved a 
dress and customs that recalled their origins in Spain. 
After the war, the much-reduced community was largely 
assimilated into the general urban population of Roman­
ia. Physically they must be classed, there as elsewhere in 
Southern Europe and the Near East, as a variety of the 
small Mediterranean race. The chief type is slender and 
delicately built and is of moderate stature with fairly long 
head, long narrow face, straight or convex nose, and dark 
colouring. A second type has a shorter and broader face, 
well-developed chin, thicker lips, short and straight nose, 
heavy eyebrows, and deep-set eyes and is altogether of 
broader and more muscular build. The Jewish communi­
ties haye generally preserved their racial characters, which 
are the outcome of a stable combination of several vari- 
eties of the brunette Mediterranean race. Although darker 
than most o f the people of central Europe, they are fairer 
than their neighbours within Romania. Among the Jews of 
Thessaloniki a minority are of blond colouring, although 
in other physical features they are no different from their 
coreligionists.

Balkan Gypsies. The Gypsies of Europe are especially 
concentrated in the Balkans, with a majority living in 
Romania and Hungary, and many in Bulgaria, Greece, 
and Yugoslavia. A great many have now settled and have 
intermarried to a varying extent with their neighbours. 
But wherever they retain their nomadic habit, the orig­
inal racial type can still be traced. This type is of short 
stature, with long and low-vaulted head, small and fairly 
long face, narrow nose, straight black hair, and very dark 
eyes and complexion. The Balkan Gypsies are character­
istic of the dark-complexioned small Mediterranean racial 
type, which is at home in India, and this identification is 
confirmed by their language and traditions. Their speech 
is basically Indian, a derivative of Sanskrit, though it 
includes words borrowed from the languages of numer­
ous countries, such as Iran, Armenia, and Greece, across
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which they tra velled on their way through the Near East or 
during their wanderings in Europe. They appear to be the 
descendants of pariah tribes of northern India who moved 
to the west early in the present millennium and entered 
Europe about ad 1300. In the Balkan countries some of 
them were made landed serfs, while others were allowed to 
wander and to practice their traditional trades as tinkers, 
wood-carvers, gold panners, minstrels, and sorceresses.

Turks. The communities of Turkish-speaking Muslims 
in the Balkans, relics of the long period of Ottoman 
control, have been rapidly depleting in the 20th Century 
because of migration back to Turkey. There has been a 
particularly large exodus from Bulgaria. Away from the 
small area of European Turkey, it is unlikely that many 
of these Balkan Turks are racially akin to the Ottoman 
conquerers. This is shown clearly by the range of physical 
types that is found among these European Turks. For 
example, those of Bosnia-Hercegovina belong to the local 
tall and very high- and broad-headed Dinaric race; while 
a series of measures taken in Sliven (Slivno) in Bulgarian 
Rumelia showed, on the contrary, that the Turks there 
were long-headed and in this and other respects very akin 
to their Bulgarian neighbours. Manifestly, very many of 
the Balkan Turks are indigenous folk whose ancestors, 
from compulsion or self-interest, adopted the Turkish lan­
guage and religion.

An exception must probably be made for the Yürüks, 
or seminomadic shepherds, such as inhabit the Southern 
slopes of Mt. Ograzden in Yugoslavia. There, as in Turkey, 
these people preserve in a very pure form the language, 
economy, and customs, and probably also the physical 
type, of the old Turks who emigrated from central Asia.

The Bektäsh! communities of Turks, however, are much 
more clearly of local origin, as is suggested by their doc­
trines and institutions, many of which are compromises 
with the practices of Greek Orthodox Christians. Such are 
their belief in the Trinity and their celebration of Christ­
mas Eve. Since the dissolution of the dervish orders in 
Turkey in 1925, the Bektäshi communities of the Balkans, 
in particular of Albania and parts of Yugoslavia such as 
the district of Strumica, have become the main survivors of 
this enigmatic sect. A colony was also established in New 
York City by immigrants. The true Bektäshi are the mem- 
bers of an order of Muslim dervishes, who follow the rule 
of Häjji Bektäsh Wali, their 13th-century founder; but the 
villages which take instruction from these dervishes also 
adopted this name. The chief ways in which the Bektäshi 
differ from orthodox Muslims—although they arrogate to 
themselves the title of Sunni—are in their devotion to 
Ali and to his children Hasan and Husayn, in memory 
of whose martyrdom they fast for the first 12 days in the 
month of Muharram; in the privileges they accord to their 
women, who are even allowed to become dervishes; in 
their religiöus proceedings; in their custom of worshipping 
in tekkes (monasteries) and turbehs (mausoleums) rather 
than in mosques; and in their open compromises with the 
feasts and customs of their Christian neighbours.

Ethnic survivals in the Balkans. The Bektäshi villages 
provide an example of the very mixed cultural traditions 
of the Balkans. In this peninsula people with varied cus­
toms and beliefs have come together and though they 
often preserved their old racial and political differences 
and rivalries, they have at the same time interchanged 
ideas, beliefs, crafts, and artistic Symbols. These countries 
may indeed be regarded as a somewhat disorderly ethno- 
logical museum, in which tracés of numerous people are 
haphazardly preserved. Mary Durham’s studies of Balkan 
jewelry and tattoo pattems, for example, demonstrate how 
there are often retained side by side designs from Muslim 
and Christian sources, and even from ancient Illyrian and 
Mithraic sun cults.

Demography. Due to the decreasing isolation of rural 
communities and to the rising Standards of living, partic­
ularly among the ever-increasing proportion of the popu­
lation which is urban-dwelling, both birth and deäth rates 
have tended to decline.

Population density within the four countries of the pen­
insula is relatively low, compared with most of central 
and western Europe. There are, of course, wide differ­

ences within the countries, from region to region, which 
result from differences in altitude, relief, and agricultural 
productivity. In most of the mountainous areas, but par­
ticularly in the Greek Pindus ranges, in northern Albania, 
and in Montenegro, densities are very low, while high 
densities are reached in the plains of northern Yugoslavia 
(particularly the former Serbian area) and in the plains 
and basins of central Bulgaria.

History
BALKANS TO 1815
The Balkan Peninsula has been inhäbited since Lower Pa- 
leolithic (Old Stone Age) times (c. 200,000-100,000 bc), 
but how continuously is not yet known. The Mousteriän 
industries of Neanderthal man from the early part of the 
last glaciation (c. 70,000-40,000 bc) are well represented, 
followed by those of the Upper Paleolithic Aurignacian 
and Gravettian, c. 40,000-c. 8000 bc, associated with the 
physical remains of modern man (Homo sapiens). Evi- 
dence of habitation layers of postglacial food-gatherers in 
caves includes the chipped-stone industry developed from 
the Gravettian, and it continues into the beginning of the 
food-producing era.

The development of the Neolithic Period around 7000 bc 
was characterized by increased sedentariness and reliance 
upon domesticated plants and animals, permitting the ex- 
istence of larger demographic units. From this period On- 
ward, one can speak of the Balkan culture in more detail.

Old European civilization. With east central Europe, 
the Balkans formed the core of the earliest European 
civilization, Old Europe, dated to the period 7000-3500 
bc. Old Europe is not merely a provincial reflection of 
the great civilization of the ancient Near East but rather 
a distinct, unique culture with roots o f its own. The Old 
Europeans discovered the use of copper in the 6th mil­
lennium bc and formed population aggregates that often 
amounted to small townships, which inevitably involved 
craft specialization and religiöus and governmental insti­
tutions. The Old Europeans also evolved a written script.

Old European civilization may be divided into five re- Regional 
gional groups: (1) the Aegean and central Balkan, (2) groupings 
the Adriatic, (3) the middle Danube, (4) the east Balkan, 
and (5) the Moldavian-western Ukrainian. The first re­
gion embraces the culture of the Neolithic Period in 
what is presently Greece, Yugoslavia (except the Adriatic 
seaboard), southeastern Hungary, and western Romania, 
succeeded by the Chalcolithic Vinca, Butmir, and Tisza 
cultures. The second area consists of the painted-pottery 
complex on either side of the Adriatic, including the 
Matera-Serra d’Alto in Southern Itäly and the Danilo in 
Dalmatia. The third variant includes the Lengyel culture 
of the middle Danube Basin, which displays similarities to 
the Adriatic complex. To the eastern bloc belong three cul­
tural groups with individual traditions in art: the Haman- 
gia on the Black Sea coast; the Karanovo in Thrace, and 
its Chalcolithic successors, and the Boian and Gumelnita 
complexes, which occupied most of modern Macedonia,
Bulgaria, and Romania. In the fifth region, Moldavia and

Chronology of Balkan Neolithic and Chalcolithic Complexes*

radiocarbon years bc (5500) (5000) (4500) (4150) (3750) (3250) (2800) 
years bc 7000 6500 6000 5500 5000 4500 4000 3500 3000
Aegean

-central
Balkan

i i i i i i i i
proto-Sesklo-*- Sesklo——► north Greek late neolithic

Dhimini-------- --------*-
( Starcevo-*-Vinca —------- j------- j—---- j--- ►

Adriatic
Butmir------ ------ -----------►

Diana-*-
Matera------- -̂*-Serra D’ Alto-*-

Impresso-*-Danilo------------*-Hvar---------- *-

East
Balkan

Karanovo
I + II—►III—*-IV + V— VI—--- --------- ►

Boian (Gumelnija)
Maritsa
Hamangia

years bc 7000 6500 6000 5500 5000 4500 4000 3500 3000
♦Based on radiocarbon dates adjusted to true age by dendrochronological technique.
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the Western Ukraine, local Neolithic culture was followed 
by the formation of the Cucuteni (Tripolye in Russian) 
civilization. On Coastal and inland plains, mounds cre­
ated by the accumulation of cultural debris attest to the 
permanence of the farming communities, whereas in the 
Danubian region there is evidence that a wandering agri- 
culture was practiced. Houses were arranged either around 
a central structure or in parallel rows. The typical house 
was a rectangular structure of timber posts completed with 
wattle-and-daub walls, semisubterranean dwellings, trape- 
zoidal structures; cultures living in dry Mediterranean con­
ditions built characteristic houses with mud-brick walls, 
stone foundations, and internal buttresses.
The Neolithic complex left a remarkably uniform artifac- 

tual expression, including polished-stone axes, adzes, and 
small Ornaments; clay stamp Seals; bone spatulas; bird- 
shaped vases; and clay models of shrines. Clay and marble 
votive figurines reflect several types of goddesses, notably 
the Snake Goddess, the Bird Goddess, and the Great 
Goddess, and their epiphanies in the form of a bird, toad, 
bee, butterfly, deer, bear, and dog. A male god is also 
represented. Loom weights, spindle whorls, and woven- 
mat impressions on pot bases attest the production of 
textiles. Typical of the fine pottery is a highly burnished, 
hemispherical bowl, often on a ring base; the vessel is com- 
monly coated with a red slip, with red-on-white or white- 
on-red painted decoration. Cemeteries were unknown and 
interments are found within the Settlement. Infants were 
buried inside egg-shaped vessels.

Differentiation into regional groups progressed steadi- 
ly. By the mid-6th millennium bc, there appeared the 
first tracés of metallurgy, the Neolithic thus yielding to 
the Chalcolithic, the age of a mixed copper and stone 
technology.

Central Balkan region. The earliest Neolithic occupa- 
tion of the Aegean and central Balkans is differently 
named in each of the modern European countries in which 
it is distributed—Proto-Sesklo, Starcevo, Körös, Cris—but 
these are regional variants of a widespread, comparatively 
uniform cultural complex.
The subsistence bases relied upon emmer, a primitive 

variety of wheat, and the domesticated sheep or goat. The 
identical bone structure of the sheep and goat makes it 
impossible to distinguish which animal is represented by 
the remains, but, because neither species was indigenous

to Europe in the terminal Pleistocène, or Ice Age, the 
animals in question must have been introduced from their 
natural habitat in Anatolia and the Near East. Though 
their initial introduction was probably a function of eth­
nic movement across the Aegean, subsequent diffusion 
may have resulted from acculturation of the Mesolithic 
population under the stimulus of contact and trade with 
early farming communities. Radioactive-carbon dates and 
typological study show the Thessalian and Macedonian 
pre-pottery and early ceramic sites to be Europe’s earliest 
Neolithic settlements.

Excavations conducted in the late 20th Century on the 
Danube above the Iron Gate pro vide new insight into 
the process of economic transition to a Neolithic way 
of life. The early levels comprise permanent settlements 
without ceramics; their subsistence was based on fishing 
and on hunting with the dog, the only domesticated an­
imal. The subsequent phases belong to the characteristic 
central Balkan Neolithic (Staröevo), with the domesticated 
sheep or goat and wheat. Starëevo farmers increasingly 
exploited domestic cattle and pigs and hunted and fished 
in response to the better forested environment. Two o f the 
systematically excavated sites in this region are Lepenski 
Vir, excavated by D. Srejovic, and Padina, excavated by
B. Jovanovic.

Sites containing Sesklo materials have been discovered 
throughout Greece; most of these were newly founded set­
tlements, implying an increase in population density. The 
beginning of the Sesklo phase is defined by the appear­
ance of fine white-slipped pottery, decorated with flame 
and stair designs, painted in dark red. Shapes included 
globular-necked jars, footed bowls, straight-walled bowls, 
and cups and jugs.

The site of Otzaki, in Thessaly, has disclosed a three- 
phase development of Sesklo ceramic art. Excavation 
has uncovered two close-standing rows of square houses 
constructed of rectangular mud bricks. These houses fre- 
quently rest upon a stone foundation and are occasionally 
strengthened by internal buttresses.

The Vinöa sequence is best documented at the epony- 
mous site, situated 14 kilometres (nine miles) east of Bel­
grade, which has yielded 23 feet of stratified Vinöa deposit 
overlying the Starcevo levels excavated by the Yugoslav 
archaeologist Miloje Vasic. Fine Vinöa ceramic wares are 
burnished in orange or black and decorated with a shallow 
linear channeling.

The origin of the Vinca black burnished ware need be 
sought no farther afield than the Maritsa Valley of central 
Bulgaria. At its greatest extent, the Vinca complex occu­
pied the central Balkans from the Rhodope Mountains 
north as far as the Banat; west to northeast Bosnia; and 
eastward to western Bulgaria, Southwest Romania, and 
Transylvania. In architecture and subsistence economy, no 
marked difference has been discerned between Vinca and 
the Neolithic Period. Wattle-and-daub architecture con- 
tinued to be employed, with evidence of the use of split 
planking in floor and wall construction. Floors were clay 
plastered. Increasing trade is evidenced by the widespread 
occurrence of Aegean Spondylus shell, which was used 
for beads and bracelets. The archaeological data indicate 
gradual social and economie change and an attendant pop­
ulation increase. Vinca sites occupy as much as 20 acres 
of river terrace, with houses organized into lined streets.
Concomitant with this expansion was a remarkable ar- 

tistic development of the Vinëa culture, marked by an 
increase in the quality and number of figurines and other 
objects that served a ritual function. These symbolic fig- 
ures testify to an important intensification of spiritual life 
during the period. Vinöa art remained distinct from that 
of neighbouring groups throughout a millennium or more; 
and its gradual evolution reflects a remarkably stable and 
well-organized social structure.

The 1961 discovery at Tartaria in Transylvania of three 
clay tablets inscribed with pictographs and linear signs has 
encouraged the explanation of import from Mesopotamia 
at about 3000 bc, but this hypothesis has been invalidated 
by the mutually reinforcing evidence of Stratigraphie ty- 
pologies and radioactive-carbon dating, which locate the 
early Vinca period in the latter part of the 6th millennium
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bc. The Tartaria tablets were found in a secure Vinca 
context, and inscribed linear signs on figurines, vases, and 
spindle whorls of definitively local manufacture appear 
to confirm that the late 6th and 5th millennia witnessed 
the development of linear writing. Equivalent inscriptions 
occur in the east Balkan civilization.
Tisza settlements, named after the River Tisza, Contem­

porary to Vinca and distributed in eastem Hungary and 
the Yugoslav Banat, are smaller than Vinca, consisting of 
rectangular and semisubterranean dwellings with pitched 
roofs apparently resting at ground level. Local domesti- 
cation of cattle on a scale unprecedented in temperate 
Europe was proved here by S. Bököny.
The inland Bosnian Butmir variant was strongly influ­

enced by the Vinca culture and was already producing 
copper. It is best known from the eponymous site at But­
mir (Sarajevo), excavated between 1893 and 1896 by W. 
Radimsky and F. Fiala, which yielded a significant number 
of sculptures and fine ceramics, including black-polished 
ones with incised triangle and spiral decoration encrusted 
with red and white paint. Typical shapes were biconical 
bowls; high-pedestal, footed “wine” cups; and hole-mouth 
pyriform vases. At Obre II, a Butmir site in a forested 
upland environment near the upper Bosna, excavated by 
A. Benac and M. Gimbutas, faunal analysis revealed that 
more than half the domestic animals were cattle and that 
a considerable amount of hunting was practiced. Einkorn 
wheat was the chief cereal crop, supplemented by barley 
and lentils; at the Butmir site itself, pear and apple pips 
have been found.
At Obre II, wattle-and-daub houses of two rooms, about 

49 feet long, containing beehive-shaped bread ovens, 
wooden platforms, ash pits, storage and ritual vases, spin­
dle whorls, loom weights and tools, were revealed. The 
calibrated radioactive-carbon dates from this site place the 
three periods of the Butmir culture at 5000-4000 bc.

Adriatic. The Early Neolithic culture of the Adriatic 
region is known as the Impresso complex; it is charac- 
terized by grit-tempered wares impressed with Shells or 
with a stabbing tool. The simple ornamented bowls and 
the farming economy they served are believed to have 
developed as a result of rapid diffusion, a corollary to 
maritime movement and trade along the Adriatic littoral. 
The Impresso culture of western Yugoslavia represents 
only a part of a complex widely dispersed throughout the 
Mediterranean world. The initial stimulus to agriculture 
probably came through eastern seaborne contact with the 
indigenous Mesolithic peoples of the Mediterranean coast- 
lands. No considerable ethnic migration need be invoked 
in explanation.
Impresso sites occupy both caves and open settlements. 

The Dalmatian open-äir settlement of Smilcic near Zadar 
consisted of wattle-and-daub houses and was enclosed by 
a deep ditch.

The beginning of the Danilo period is marked by the 
appearance of elaborate red-on-eream painted wares, with 
geometrie motifs akin to Sesklo designs. This was a flour- 
ishing Neolithic culture of the end of the 6th and 5th mil­
lennia bc, with contacts with Greece and Southern Italy.

Middle Danube. The local indigenous population of 
Cro-Magnon type prevailed in the middle Danube until 
the 5th millennium bc, when the periodically migrating 
farmers were supplanted by the Lengyel complex, named 
after a site in western Hungary that displays different 
architectural and artistic traditions. The Lengyel physical 
type contrasts markedly with the central European Cro- 
Magnon and is related, rather, to the people of the Adriatic 
region. Lengyel settlements are fortified with wide ditch- 
es and palisades, and the typical painted piriform vases 
and “fruit stands” have analogies in the Danilo complex. 
These similarities may reflect an ethnic infiltration from 
the Adriatic to the Sava basin and the region east of the 
Alps. The villagers cultivated wheat, barley, and Italian 
millet; and in addition to tending sheep or goats, they 
hunted and locally domesticated both cattle and pigs.

East Balkan area. The east Balkan civilization began 
around 6000 bc with the first appearance of Neolithic 
occupation along the Maritsa Valley in Bulgaria. The best 
known sites are Karanovo, Azmak, and Kazanlük. The

Karanovo sequence, phases I-VI, has become universally 
adopted as a chronological yardstick for the development 
of east Balkan civilization. (Roman numerals are used 
by archaeologists to designate the successive layers of oc­
cupation found at a particular site, in this case phase I 
representing the earliest known settlement and higher nu­
merals representing later settlements.)

In the villages of the Karanovo I—II period, rectangular 
one-roomed houses of 20-23 feet to a side, with thick, 
wattle-and-daub walls, an aligned plank floor, and an in­
ternal oven, were arranged in parallel rows. The ceramics 
show affinities with central Balkan wares, and a rieh tool 
kit includes numerous millstones and sickles of deer ander 
with flint blades inserted like sawteeth. The plentiful re- 
mains of einkorn and emmer wheat, lentils, and bones of 
domesticated animals confirm the role of mixed farming. 
Karanovo III pottery typically displays a dark, lustrous 
black surface, sometimes decorated with plastic bands 
and knobs or linear incision. The most diagnostic forms 
are cylindrical and pear-shaped vases with single handles. 
Karanovo III complex is also known as Veselinovo, after 
another site in eastern central Bulgaria. Karanovo III cor- 
responds to a considerably increased population; during 
this phase, elements of the Karanovo III assemblage were 
carried, probably by a movement of peoples, northwest 
into the lower Danube region and south beyond the Rhod­
ope Mountains to eastern Macedonia and Thrace. In the 
north, the intruders came in contact with the Hamangia 
group on the coast of the Black Sea and with the settlers of 
the central European Linear Pottery culture. This contact 
along the lower Danube resulted in the amalgamation of 
the individual ceramic traditions within the assimilating 
expansion of the Karanovo III population, bringing about 
the formation of the “Boian” tradition, a northern variant 
of east Balkan civilization (the name Boian is derived from 
an island settlement near the Danube south of Bucharest). 
The “Vädastra culture” in western Romania represents a 
sister branch of the same civilization.
The Boian farmers cultivated einkorn, millet, beans, and 

flax; they also domesticated and kept cattle, pigs, sheep, 
and goats, but cattle were by far the most important. 
Houses arranged in parallel rows in compact villages were 
fortified by ditches. The Boian pottery was ornamented 
with excised, white, encrusted spiral and meander designs. 
There are five subbases of Boian.
During its second phase, Boian material culture spread 

as far as Moldavia in the northeast, influencing the for­
mation and development of the Cucuteni civilization; it 
was this vigorous phase that witnessed the first signs of 
metallurgy. A late Boian temple edifice with trichrome 
wall decorations and with two exquisitely painted pillars 
inside has been discovered in the island site of Cäscioarele, 
southeast of Bucharest. Skeletons from a large cemetery 
at Cernica (near Bucharest) are predominantly of a small- 
statured Mediterranean type.

The advanced stage of east Balkan culture is the Gumel­
nita civilization, known from at least 500 teils (mounds of 
cultural debris) in Romania, Bulgaria, and eastern Mace­
donia. Gumelnita itself lies southeast of Bucharest. Other 
important sites are: Cäscioarele; Tangiru and Hirsova, 
in the lower Danube region of Romania; and Ruse and 
Hotnica, in northern Bulgaria. North of the Aegean, the 
most noteworthy sites are the mounds of Sitagroi and 
Dikili Tajh on the plain of Drama. Sedentary Gumelnita 
communities occupied compact villages or small towns 
for a millennium or more. Ceramic models of houses 
show gabled roofs, round Windows, and plastered walls 
with designs painted in red, yellow, and white. These 
models all attest to the existence of two-story buildings. 
A model of a temple edifice discovered on the Danube 
island of Cäscioarele shows four shrines standing on a 
large substructure.
Gumelnita fine ceramic vessels are distinguished by their 

technological sophistication. Graphite painting required 
special kilns to prevent oxidation of the graphite.

Metal production and trade exhibited steady growth dur­
ing the period: needles, awls, fishhooks, and pins were 
of copper, and, at the end of the period, axes and adz- 
es were manufactured, a development also found in the

Karanovo
I-III

Boian

East Bal­
kan culture

Gumel­
nita



Balkans 573

Vinca, Tisza, Lengyel, and Cucutem civilizations. Work­
shops of flint, copper, gold, Spondylus shell, and pottery 
imply craft specialization and increasing division of la- 
bour. Gold was obtained from Transylvania and copper 
from the Carpathian sources. Evidence of linear writing 
is found on ceramics throughout the duration of Boian- 
Gumelnita civilization.

Hamangia The Hamangia settlements and cemeteries are found 
along the Coastal strip between northern Bulgaria and the 
western Ukraine, Most information comes from the cem- 
etery at Cemavodä, where some 350 graves have been 
excavated by D. Berciu. Examination of the skeletons has 
revealed that the population was predominantly Mediter­
ranean; but also found was a distinct local type with a 
short, broad skull.

The Hamangians practiced mixed farming; they cultivat­
ed wheat and vetch and herded sheep and goats, cattle 
and pigs. Deepsea fishing appears to have been important 
to early subsistence.

Figurine art characteristically shows a standing female, 
breasts and buttocks well-developed, with a columnar 
head and neck, lacking facial features. Less schematic are 
the exceptional pair of seated figures from Cemavodä— 
a male “Thinker” and a comfortably relaxed female, both 
masked. The earliest ceramics were impressed with car- 
dium shell. Ornaments, found abundantly as grave goods, 
include huge bracelets and beads of Spondylus shell. The 
Hamangian complex was superseded by the east Balkan 
Gumelnita civilization.

From the Bronze Age to the coming of the Slavs. Indo- 
Europeanization during Bronze Age. Old Europe was de- 
veloping into an urban culture, but its power was cut short 
by a steadily increasing infiltration of the seminomadic 
pastoralists from the Russian steppes in about 3500 bc.

Kurgan Their culture is called Kurgan because of their burial in
culture tumuli (kurgan means “barrow” in Turkic and Russian),

covering graves in deep shafts. It reveals elements of the 
hypothetical mother culture of the Indo-European speak­
ers as reconstructed with the help of common words. In 
the period c. 3500-2300 bc, their presence is traced in 
Danubian Europe, and, after 2300 bc, their arrival is doc- 
umented in the Aegean and Adriatic regions. Changes in 
social structure, economy, and religion show that people 
of different background imposed their ways of life. Centres 
of the new power are witnessed by strongholds such as 
Vucedol (at Vukovar in northern Yugoslavia) and Nagyär- 
päd (at Pecs in southem Hungary). Cultural uniformity is 
evidenced over the Danubian plain down to Macedonia 
before 3000 bc. The new culture with persisting elements 
of Old European substratum is known by the names of 
Cemavodä in Dobruja, Ezero in Bulgaria, Cotofeni in 
Transylvania, and Baden in the middle Danube region.

By 2000 bc, nuclear groups parent to Indo-European 
Illyrian-, Armenian-, Venetan-, Phrygian-, Mysian-, 
Dacian-, Thracian-, and Greek-speaking units were formed; 
their cultures were typified by military aristocracies, hill 
forts, small villages, horses, and vehicles. Their archaeo­
logical complexes are dubbed Otomani and Wietenberg 
in Transylvania; Monteoru in Moldavia; Tei in the lower 
Danube region and Thrace; and Incrusted Pottery in Pan- 
nonia and northwestern Yugoslavia.

The centres of military power and of bronze metallurgy 
in the mid-2nd millennium were in central Europe and 
Greece: the Unëtice-Tumulus in the upper and middle 
Danube region; the Otomani-Wietenberg in the Carpathi­
an Basin; and the Mycenaean culture in Greece. Trading 
of transcontinental Baltic amber and Transylvanian and 
Mycenaean gold and bronze is richly evidenced from the 
17th through the 15th Century bc.
Around 1400 bc the Tumulus people extended their 

influence over the whole middle Danube Basin and to 
the Adriatic coast. As Urnfield peoples, they caused an 
upheaval in the Balkans in Anatolia and in the east Medi­
terranean region before and around 1200 bc. Their graves 
and pots are found in Macedonia, while their weapons 
are found in Greece, Crete, Cyprus, Syria, Palestine, and 
Egypt. The destruction of the Mycenaean culture is attrib- 
uted to the middle Danubian Urnfield invasion through 
the Balkan Peninsula and the Adriatic Sea. The Urnfield

people were Indo-European speakers, parent to Venetan 
and perhaps Phrygian, Mysian, and Armenian. In past 
research they were assumed to be Illyrians, but this name 
can be used only as a broad cover name and should 
not be confused with the Illyrians proper, known since 
the time of Herodotus in Dalmatia, Bosnia, and Herce- 
govina. This period of raids and migrations, instigated by 
central European Urnfield peoples (misleadingly called an 
“Aegean migration”), resulted in a Phrygian, Mysian, and 
Armenian exodus to Anatolia, the destruction of the Hit- 
tite Empire, the Dorian infiltration into Greece, and the 
introduction of iron technology and a new ethnic config- 
uration in the Balkans.

Illyrians and Thracians during Ist millennium BC. Il­
lyrians proper occupied western Yugoslavia, Albania, and 
Epirus, with the Morava-Vardar line as their approximate 
eastern limit; in the northeast they extended into South­
west Romania. Tribes north of the Sava River, Venetans 
and Pannonians, are usually treated as northern Illyri­
ans. The general name for the period from 750 to 450 The Iron 
bc is “Illyrian Hallstatt.” The exploitation o f  iron ores, Age in 
particularly in northwestern Bosnia, increased commerce. Illyria 
From the 7th to the 5th Century bc, strong tribal centres 
emerged, together with a powerful aristocracy, as witnessed 
by extravagantly furnished royal burials. Autochthonous 
traditions were maintained even after an exchange with 
Greek merchants and colonizers of the Adriatic coast 
started around 600 bc. Glasinac, an Illyrian centre near 
Sarajevo, displayed an uninterrupted development until 
the period of Celtic influence in the 4th Century bc.

From the late 6th and early 5th centuries, the Greek 
influence is evidenced by masterpieces of Greek workman- 
ship, which arrived through southem Italy. To this period 
belongs the treasure of TrebeniSta at Lake Ohrid, which 
includes a large bronze krater, or mixing bowl. Greek 
influence increased markedly in the 4th Century bc after 
the foundation of towns on the islands and coast of the 
Adriatic, among them Issa (Vis), Pharos (Hvar), Corcyra 
Melaina (Korcula), Salonae (Solin), Epidaums (Cavtat), 
lader (Zadar), and Tragurion (Trogir).

Written evidence of an Illyrian kingdom on the borders 
of the Greek world appeared at the end of the 5th Century 
bc; its Capital was at Skodra (Skoütari). Before Illyria was 
annexed to the Roman Empire in 168 bc, it was mied by 
15 monarchs carrying Illyrian names.
The Thracian culture formed of the Bronze Age substra­

tum mixed with that of the seminomadic peoples from the 
Ukraine. The ethnic infiltration is shown by the appear­
ance of an eastern archaeological complex called Noua, 
dated to the 12th Century bc. The cultural melange that 
produced the Basarabi-Babadag complex of the Hallstatt 
era is held to be the basic component of the Daco-Thracian 
culture. Repeated incursion of groups of warriors from the 
northeast occurred at the end of the 8th Century bc, bring- 
ing with them Caucasian elements in art and weaponry.
This period is called Thraco-Cimmerian; it coincides with 
the conquest of the Cimmerians north of the Black Sea 
by the Scythians, but the actual ethnic infiltration of the 
Cimmerians into the Balkans is not evidenced. The Scyth­
ians proper appeared in the middle of the 6th and the 
beginning of the 5th centuries bc; but it was not until the 
beginning of the second half of the 4th Century bc that the 
Scythians tried a violent and massive penetration into the 
territory. Contacts with the Scythian world contributed to 
the wider diffusion of iron metallurgy and the formation 
of a distinctive Thraco-Scythian style of art.

At the end of the 7th and in the 6th Century bc, the 
Greeks founded several colonies along the western shore 
of the Black Sea: Apollonia Pontica (Sozopol), Mesembria 
(Nesebür), Odessus, Callatis (Mangalia), Tomis (Constan­
te), and Istrus (Hystria). The Greek cultural influx was of 
fundamental importance. It included the potter’s wheel, 
which was in use by the local inhabitants at the end of 
the 6th Century bc, and the striking of coins, which the 
Greeks themselves borrowed from the Lydians in Anato­
lia. The Greeks were interested in timber and wheat from Greek 
Moldavia and the Ukraine and in silver and gold from the colonies 
mines of southwestern Thrace. Greek influence steadily on the 
increased. At Panagyurishte, in central Bulgaria, a gold Black Sea
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service weighing more than 13 pounds (six kilograms) in- 
cluded vessels of superb workmanship by Greek artists of 
the late 4th Century bc. Dionysian festivals and worship of 
Bendis (Artemis) and Ares are ascribed to Greek influence.
Dacians, the northern Thracians, are known from Greek 

sources of the 4th and 3rd centuries bc. A good deal 
about Southern Thracian life and manners is revealed by 
the Greek authors Homer, Herodotus, Thucydides, and 
Xenophon. Thracian nobles are shown on Greek vases 
wearing caps of für, decorated cloaks, and leather boots. 
The society was classified into chieftains, warriors, Com­
moners, and slaves. In the mid-5th Century bc, the first 
known Thracian state emerged in the Maritsa Valley, 
mied Over by the Odrysian king Teres. According to 
Thucydides this state enjoyed a large revenue and general 
prosperity. The Odrysian king Sitalces allied himself with 
Athens and in 429 overran Macedonia. The 4th Century 
marks the final flourishing of the Thracian civilization. 
Before mid-century Philip II of Macedon brought unity to 
the area between southem Thrace and Albania and a new 
power—Macedonia—emerged. Philip’s son Alexander III 
the Great crossed the lower Danube in 335 bc and at- 
tacked the Getae.

By about 300 bc, the Getae of Dobruja and the lower 
Danube, a people akin to the Dacians of Transylvania 
and Moldavia, combined to form what was virtually a 
state, an evolved type of military democracy having as its 
leader the basileus Dromichaites, who in 292 conquered 
Lysimachus. Greek cities on the coast of the Black Sea 
found protectors and allies in the Getian basileis.

About the beginning of the 3rd Century bc, bands of 
Celtic warriors appeared east of the Tisza and advanced 

\rrival of toward Oltenia and Transylvania. This movement can
:he Celts be traced by the evidence of their warriors’ graves. The

military superiority of the Celts, which had at its disposal 
a developed iron technology, insured their success. The 
Celtic element, which was present in Romania for several 
centuries, contributed to the development of iron metal­
lurgy and to the adoption of the iron plowshare, which 
led to a great expansion in agriculture. Celtic influence 
left imprints in a novel Getian-Dacian silverwork and 
coinage. The Southern wave of Celtic invasion—toward 
Thrace, Macedonia, Thessaly, and Greece—was broken at 
Delphi in the winter of 279-278 bc.
The Dacian state extended between the Tisza River and 

the lower Danube in the period between 200 and 31 bc, 
reaching its peak during the reign of Burebistas (60-44 bc).

Roman conquest and barbarian colonization. After Mac­
edonia crumbled, Thracians, Illyrians, and Dacians were 
left to their own devices until a major Roman irruption 
at the end of the 3rd Century bc. Thracians and Illyrians 
combined in self-defense, and there followed a struggle 
for 150 years. The Southern Illyrians were conquered and 
annexed in 168 bc, but hostilities continued until ad 9, 
when all Illyrians were subjugated by the Roman general 
Tiberius (later emperor). The territory along the Adriatic, 
Dalmatia, Iapodes, and Liburnia, was united as the Ro­
man province of Illyricum. In 29 bc the area between 
the Danube and the Balkan Mountains was conquered by 
Crassus and became the Roman province of Moesia, while 
the area further south was incorporated into the province 
of Thrace. The emperor Domitian’s expedition against the 
Dacians in ad 85 Consolidated his position north of the 
Danube. In 89 the king of Dacia, Decebalus, was forced 
into a collaboration with Rome against the Germanic 
Marcomanni, the Quadi, and the Iranian Sarmatians, the 
latter coming from the Pontic steppe. The complete con­
quest of Dacia in 106 followed two vigorous campaigns by 
the emperor Trajan in 101-103 and 105-106. The Dacian 
Capital of Sarmizegethusa was captured and the province 
of Dacia was established.

The process of Romanization was swift. In Romania, 
Latin completely supplanted the Dacian and Thracian 
languages. Trade and handicrafts penetrated deep into 
the provinces. Trade routes connected the growing cities: 
the northern road led to Sirmium (Sremska Mitrovicä on 
the Sava), Singidunum, Viminacium, and Ratiaria on the 
Danube; the Southern led to Stobi (south of Titov Veles) 
and Scupi (now Skopje); and the eastern ran from Sardica

(Sofia) via Naissus (NiS) and Margum to Viminacium on 
the Danube; in the west, the road crossed from Salonae 
and Narona on the Adriatic through Bosnia to Sirmium.
Commercial expansion reached its culmination in the 
course of the 2nd Century. Rome became decentralized 
and its art cosmopolitan. At the end of the 3rd Century,
Sirmium became a capita! of the empire. Diocletian built 
his palace near Salonae (near Split), and official art was 
created in Dalmatia, Pannonia, and Moesia. From the 
time of Marcus Aurelius, the empire lived under the pro­
tection of an Illyrian-Thracian army. When Constantine I 
established Constantinople as a second Rome, in ad 330, 
the eastern part of the empire split in two: Thrace was 
included in the prefecture of the Orient, whereas the rest 
of the peninsula was in the prefecture of Illyrium.

In the 3rd Century there began an infiltration of the Goths 
into the peninsula. About ad 214 the Goths clashed with 
the Romans at the Dacian frontier and conquered Dacia.
The Goths then attacked Thrace continually through the 
middle and late 3rd Century. The Gothic state flourished 
for nearly 200 years until the Huns invaded and swept 
across the country.

The devastation of the empire by the Huns, followed by The 
that of the Bulgars at the end of the 5th Century and that coming of 
of the Avars in the late 6th Century, prepared the ground the Slavs 
for a wide Slavic dissemination from their homeland north 
of the Carpathians in the Ukraine.

In the Middle Ages. With the settlement of the Ger­
manic Ostrogoths in Italy and the disintegration of the 
Western Roman Empire in the final decades of the 5th 
Century, the Balkans again came under the direct con­
trol of the Eastern Empire at Constantinople, at least in 
theory. But the barbarian invasions of that Century had 
left the Balkan Peninsula a sparsely populated wasteland 
destined to attract new and more permanent settlers, the 
Slavs. Ari Indo-European people, the Slavs had settled in 
the valley of the upper Vistula in central Poland during 
the great prehistorie migration that brought most of the 
ancestors of the modern Europeans from Asia. Basically 
a sedentary people with a highly developed tradition of 
agriculture and animal husbandry as well as o f hunting 
and fishing, the Slavs were easy prey to the highly mo­
bile and often strongly united nomadic hordes that swept 
across eastem Europe. These barbarian tribes easily super- 
imposed their rule over the native Slavic political System 
of democratically run clans, owing only loose allegiance to 
a chief, or zupan. It was as vassals of such nomadic tribes 
that the Slavs spread into south Russia and Pannonia, a 
former Roman province that occupied parts of modern 
Austria, Hungary, and northern Yugoslavia. From these 
two areas beyond imperial control, the Slavs began their 
steady movement into the Balkans. By ad 517 groups of 
Slavs were Crossing the lower Danube to raid in Thrace, Slav inva- 
Macedonia, Thessaly, and even Epirus. Almost simul- sion of the 
taneously, others were moving into the northwest corner Balkans 
of the Balkans toward the Dalmatian coast. The massive 
military endeavours of the Byzantine emperor Justinian 
I eise where in the empire left no troops free to man 
the fortresses protecting the Danube River boundary of 
his realm. Imperial officials in Constantinople attempted 
to neutralize the northeastern arm of the Slavic pincers 
encircling the Balkans by offering the Slavs on the lower 
Danube the status of foederati, paid border guards for the 
empire. The Slavs, however, became vassals of the Avars, 
a new Turkic horde of nomads who appeared on the south 
Russian steppe.
The Avars, akin to the Huns, attempted to follow the 

route of their predecessors. Driving the remaining Ger­
manic tribes from the Pannonian plain, they established 
there a new state that loosely controlled the Slavs settled 
in modern Czechoslovakia, the Balkans, and even north 
of the lower Danube in south Russia. Both the Avars and 
their Slavic tributaries undertook plundering expeditions 
throughout the Balkans. Eventually, the in vaders took ef­
fective control o f many areas as far south as the tip of the 
Peloponnese and as far east as the great wall of Thrace, 
the first line of defense of Constantinople. Usually, the 
ravaging of territory was followed by permanent Slavic 
settlements being made in the devastated villages. It was
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only after 591 that the Byzantine army, finally withdrawn 
from other theatres of war, attacked the Avar-Slavic ar- 
mies in the Balkan Peninsula; but by then the Situation 
was hopeless. The Byzantine troops committed to driving 
the Avars back beyond the Danube revolted in 602, and 
soon the emperor was paying tribute to the Avars while 
the latter’s Slavic vassals moved unimpeded through the 
Balkan Peninsula, populating it anew. Remnants of the lo­
cal agricultural population probably remained among the 
Slavic settlers, but many of the Greek-speaking and Latin- 
speaking inhabitants took refuge in and around fortified 
Byzantine cities, particularly along the coasts. The safety 
of these cities, however, was in no way guaranteed. Thes- 
salonica, the leading city of Macedonia and the second- 
richest city in the Byzantine Empire, several times came 
close to falling to the Slavs. In the interior, no imperial is­
lands remained. Singidunum (Belgrade), Naissus (now Nis 
in Yugoslavia), Sardica (Sofia), Sirmium (now Sremska 
Mitrovica in Yugoslavia)—the mighty fortresses guarding 
the middle Danube frontier—feil, with the surrounding 
countryside, to the Avars and Slavs. Contemporary sources 
often speak of the Balkans simply as Sclavinia (Slavdom). 
Byzantine control of this region had been so completely 
disrupted that the emperor Heraclius omitted the Balkan 
provinces from the administrative reorganization of the 
rest of his realm. Rather, to preserve his Capital, Constan­
tinople, Heraclius paid massive tribute to the Avar khan 
(chief) before he dared move against the equally serious 
Persian threat on the empire’s eastem border.

In 626, however, the strength of the fabled walls of Con­
stantinople and Byzantine naval superiority gave the Byz- 
antines a wholly unexpected but decisive victory against 
a joint attack by the Avars and Persians. From this point 
on, both the Persian and Avar States began their rapid de- 

Retum of cline. Already weakened by a revolt of their Slavic subjects 
Byzantine in what is now Czechoslovakia, the Avars were further 
power threatened when Emperor Heraclius invited two strong' 

tribes from beyond the Carpathian Mountains, the Croats 
and the Serbs, to settle in land held by the Avars in the 
northwest Balkans. Aided by the Byzantine navy and the 
few fortified imperial cities left on the Dalmatian coast, 
these tribes took control first of Dalmatia and then of the 
territory that, after their occupation, bore their names, the 
Croatia and Serbia of modern Yugoslavia. Once settled, 
theoretically as vassals of Byzantium, they mingled with 
the earlier Slavic settlers.

For the great new empires that emerged in the early 
Middle Ages from settlement of the invading people, see 
separate Balkan country articles.

The 1 Ith Century saw further invasions of the Balkans 
by people from the Volga region, namely the Pechenegs 
and the Kumans. At the beginning of the 13th Century, 
however, Greek Byzantine rule over the south of the pen­
insula was replaced, except in Epirus, by Latin, through 
the diversion of the Fourth Crusade to Constantinople.

Under Ottoman rule. Ottoman conquest. The Ottoman 
Empire had its origins in a small Turkish emirate estab­
lished in the second half of the 13th Century in northwest 
Anatolia, near the Sea of Marmara and close to the bor­
ders of the Byzantine Empire. The name Ottoman was 
derived from Osman I, a Turkish chieftain who ruled 
the emirate from 1281 to 1324. An active and aggressive 
military Organization of dedicated frontier warriors, this 
state first established itself on the European mainland in 
1354 on the Gallipoli Peninsula. In 1362 the Ottoman 
armies took Adrianople, which soon became the Ottoman 
Capital. From this centre the Ottoman armies moved up 
the Maritsa and Vardar valleys against the Christian States 
of the Balkans.

The early Ottoman successes were made possible by 
their superior military power that was based on a mobile 
light cavalry and by excellent leadership and Organization. 
The Christian powers were hampered by their failure ei- 
ther to cooperate among themselves or to secure effective 
European assistance. Pope Boniface DCs army, sent in 
an attempt to aid the Hungarians, was crushed by the 
Ottoman army at Nicopolis in 1396. A second effort in 
the next Century by Pope Eugenius IV collapsed with the 
defeat of the Christian armies led by Jänos Hunyadi and

King Wladyslaw III Warnenezuk of Poland and Hungary 
at Varna in 1444.

The victorious march of the Ottoman forces into Europe 
was checked briefly, at the beginning of the 14th Century, 
by internal problems within the empire and by Timur’s 
threat in the east. Under the leadership of Mehmed I 
(1413-21), who won the struggle for succession, and his 
successor Murad II (1421—51), the march forward was 
resumed. The empire at this time also had to develop a 
navy to deal especially with Venice. Until the end of the 
18th Century this city-state was a major power in the east­
ern Mediterranean and waged with the Ottoman Empire a 
continual duel for control of the islands and the peninsulas 
of this sea—in particular, Crete, Cyprus, and the Morea.

The greatest single Ottoman military achievement oc- 
curred in the reign of Mehmed II the Conqueror (1451 —
81). Although Ottoman territories now reached far into 
Europe, the Byzantine Empire, reduced to the city of Fall of 
Constantinople and a small surrounding area, still stood. Constanti- 
After long and careful preparation, Mehmed took the city nople 
in 1453, a date that compares in Greek history to that of 
Kosovo in the Serbian national memory. The fall of Con­
stantinople marks also the completion of the process of 
the subjugation of the Balkan Peninsula to Ottoman rule.
The empire now held most of Serbia, Bosnia, Bulgaria, 
and Greece. Although some isolated areas still resisted, no 
major centre of Opposition remained. With the capture of 
the imperial city, the Ottoman conquerors made it their 
Capital and developed an administrative System that was 
to dominate the Balkan region for the next five centuries.

The Ottoman Empire reached its height in power and 
prestige during the reign of Supleyman I, known in the 
West as “the Magnificent” and in Ottoman history as “the 
Lawgiver” (1520-66). A great military leader and an able 
administrator, Supleyman extended Ottoman territory far 
into the centre of Europe. Belgrade feil in 1521; in 1526 
Supleyman defeated a Hungarian army at Mohaacs; and 
in 1529 the Ottoman army reached Vienna and lay siege 
to that imperial city. With the failure of this attempt, 
the limits were set to Ottoman westward expansion, but 
Supleyman’s campaigns had left his country with control 
over most of Hungary and Transylvania. Transylvania, 
like the principalities of Walachia and Moldavia, taken 
in the 15th and 16th centuries, became an autonomous 
tributary province of the empire.

Although some territorial changes occurred in the Bal­
kans during the next Century and a half, the Ottoman 
Empire lost no significant territory to Christian Europe 
until after 1683. Moreover, it kept at least titular control 
of the majority of the Balkan lands until 1878. Thus, for 
almost five centuries the greater portion of the Balkan 
people lived under an alien Muslim rule. It is the common 
experience of the peninsula and one that has profoundly 
shaped its present condition.

Character o f Ottoman rule. When the Balkan people 
first feil under Ottoman control, they became a part of 
one of the great empires of world history, a worthy succes­
sor to the Roman and Byzantine States, which, too, once 
had their centres at Constantinople. The negative opinion 
often held of Ottoman civilization is usually based on 
judgments made of conditions in the 18th and 19th cen­
turies, when the state was in a period of obvious decline.
In the 15th and 16th centuries, however, Ottoman insti­
tutions may have offered the Balkan Christian a better 
life than he had led previously under his native feudal 
governments.

To understand the political conditions in the Balkans in 
the Ottoman era, it is first necessary to emphasize that 
the conquering power was a Muslim and not a Turkish 
national state. The Ottoman leaders regarded their peoples 
as divided by religiöus faith rather than by nationality.
Any individual could join the ruling group by Converting 
to Islam. Basing the political structure on this concept, 
the non-Muslim peoples were divided into five religiöus 
communities called millets: Orthodox, Gregorian Armen­
ian, Roman Catholic, Jewish, and Protestant. Each group 
was under the direction of its religiöus head. Thus for the 
Balkan people, the vast majority of whom were Orthodox, 
the titular leader was the patriarch of Constantinople. But
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in practice, during the years of Ottoman rule, the Bal­
kan Orthodox church Organization became divided into 
its national components. Constantinople became a Greek 
centre; the Serbians had their own Patriarchate at Peca, 
and the Bulgarians had a metroplitanate at Ohrid. The 
Romanians had similar national institutions. Thus nation­
al separateness and local tradition were preserved through 
the ecclesiastical organizations. The Ottoman govemment 
expected the church authorities to assume many civil 
functions, in particular judicial and tax-collecting duties. 
The Christian churches thus became, in a sense, part of 
the Ottoman state System.

The Ottoman govemment had a regularly organized ad­
ministrative System with its centre in Constantinople and 
extending over the entire empire. The Balkan lands were 
part of the region (beylerbeylik) of Rumelia; the terri- 
tories under direct administration were subdivided into 
provinces and then into lower administrative units. The 
Principal interest of the Ottoman officials was the Collec­
tion of taxes, which were to pay for the military power 
and the administration of the empire. Soldiers, policemen, 
and judges were also present in the administrative centres 
to maintain conditions beneficial to the proper Collec­
tion of revenue.

Although most of the Balkan lands were administered by 
Ottoman officials, some areas enjoyed unusual rights of 
self-government. The Danubian principalities of Walachia 
and Moldavia, for instance, as well as Transylvania, being 
autonomous tributary regions, were governed by their own 
aristocracy. The merchant city of Dubrovnik was an au­
tonomous republic. Certain other cities and regions either 
had won special rights or were too remote and primitive 
to arouse Ottoman concern. They enjoyed almost com­
plete self-govemment. Even among the areas under direct 
administration, the Ottoman authorities remained chiefly 
concemed with taxation and the maintenance of public 
order. They did not attempt to regulate other details of 
Balkan Christian life. These feil under the jurisdiction of 
the local village authorities or the church.

The Although only Muslims could hold office in the empire
devsirme or serve in its military forces, converted Balkan Christians 
System came to occupy the highest positiqns at this time. In 

fact, these converts came to form the main basis of the 
military and administrative apparatus of the state. By the 
time of Süleyman, the highest state offices were held by 
slave administrators. These were either purchased, were 
prisoners of war, or were acquired through the devsirme 
System: from the 14th Century to about the middle of the 
17th, approximately every five years one out of four boys 
in the Balkans, aged between 10 and 20, was taken from 
his parents, brought to Constantinople, and converted to 
Isläm. The most able of these were sent to the palace 
school, where they were trained as administrators, and 
then assigned posts throughout the empire. Other children 
recruited in this manner became members of the Janissary 
Corps—an elite infantry unit armed with muskets—which 
became the most effective fighting arm of the Ottoman 
army. Forbidden at first to marry, this body of new con­
verts proved to be fanatic and dedicated soldiers.

In the first period of Ottoman rule, conditions for the 
Balkan peasant on the land were probably not overly oner- 
ous; in fact, he may have enjoyed a better position than 
his counterpart in western Europe. In theory, the sultan 
held all of the land taken in war; he was free to dispose 
of it at will. In practice, the Balkan lands were used to 
support cavalry units of the army. The members (spahis) 
were given grants of land (timars) in retum for which 
they had to provide military service. At first, the amount 
that the peasant had to contribute in dues and services 
was carefully regulated. Later, however, the System tended 
to break down. With the introduction of the wide use of 
firearms the effectiveness of the cavalry was reduced. The 
govemment became more interested in increasing the tax 
load to pay for new weapons.

Despite the fact that the Ottoman govemment showed 
a high degree of toleration for non-Muslim faiths, there 
was no question o f equality between religiöus groups. To 
rise in Ottoman society Balkan Christians had to abandon 
their faith. There were few attempts at forced conversion,

but the subordinate position of the Christians was con- 
stantly emphasized. They could not wear conspicuous or 
rieh clothes, for instance, or the colour green, sacred to 
Isläm. If when on horseback a Christian passed a Mus­
lim, he was forced to dismount. Old churches could be 
repaired, but new ones could not be built. They could not 
have bells or bell towers or be constructed in a place or 
manner likely to “offend the eyes o f the faithful.”

Even more important, Balkan Christians were forced to 
carry an unequal share of the tax bürden of the empire.
Although Christians were not subject to military conscrip- 
tion, they were assessed a special tax as a replacement.
Christians were also liable to other services and payments, 
particularly in time of war, which were connected to their 
secondary status within the state. Despite these and other 
severe disabilities, it is interesting to note that there were 
relatively few examples of mass conversions among the 
Balkan people, with the exception of those that occurred 
in Bosnia, Albania, and Crete, where local conditions 
were unusual.

Despite the fact that the Ottoman System of govemment 
served to maintain the Separation of the national groups, 
great similarities nevertheless existed in the conditions of 
life of all of the people who lived under direct Ottoman 
rule. The vast majority of the Balkan population lived 
as farmers or herdsmen, either on estates or in the less 
economically valuable hills and mountains on virtually 
independent family farms. They inhabited small primitive 
houses, clustered in villages, where their local and personal 
affairs were managed by the village elders and the church.
Larger towns and cities served principally as trading and 
administrative centres. Ottoman officials usually resided 
in the largest cities, as did those Muslims who held large 
estates. Handicrafts and trades, with their centres in these 
cities, were organized in a guild System.

The average Balkan peasant in these circumstances lived 
a primitive existence, cut off from the rest of the world.
Since education was controlled by the church and was 
extremely limited, illiteracy was nearly universal. The life 
of the individual was limited to his village. Nevertheless, 
in each region a unique peasant culture was retained.
Each area and national group had its own style of houses, 
decorative patterns, and, most important, its traditional 
songs and stories that substituted for a written literature.

While the smaller Balkan communities reflected the lo­
cal peasant culture, the Balkan cities, as the military and 
administrative centres for the Ottoman authorities, were 
built according to the architectural preferences of the 
ruling group. Typical of Ottoman architecture were the 
massive stone bridges, fortresses, mosques, baths, covered 
markets, and caravansaries.

Although most of the Balkan peoples tended to prefer 
to remain on the lands of their ancestors, they could, of 
course, as citizens of one state, move about within the 
empire. During the four centuries of Ottoman domina- 
tion, there was not only much internal migration, due to 
war and similar causes, but certain nationalities tended to 
specialize in occupations that drew them out of their na­
tional area. For instance, Greek merchants could be found 
in most major Balkan cities; Vlach (Romanian) shepherds 
roamed the mountains of the entire peninsula. Some 
Turks moved from Anatolia to areas such as the Black Sea 
coast, Macedonia, Bosnia, and Thrace. Albanians served 
as guards or police in many localities. This intermixture 
of population caused complications later when it became 
necessary to draw the boundaries of the national States.

Despite the long existence of the empire, signs of weak- The de- 
ness appeared in its structure as early as the reign of cline of the 
Süleyman. The Ottoman System could not function well Ottoman 
without strong direction from the top. Up through Süley- Empire 
man the state had been remarkably fortunate in its rulers, 
but among the 17 sultans who followed, few were men of 
ability. With the lack of firm direction from above, the 
administration based on slave officials who rose by merit 
inevitably changed. Born Muslims and sons of officials 
naturally sought to enjoy the rewards of public office. The 
devsirme System came to an end by the middle of the 17th 
Century. Parallel with these developments was the increas­
ing corruption of all aspects of Ottoman political life. High
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offices were regularly sold; the officials who purchased 
their positions were primarily concerned with recovering 
their expenses and enriching themselves. The breakdown 
of the Ottoman administration, which commenced at the 
centre in Constantinople, spread out to encompass the 
entire governmental network.

Most dangerous for the future of the empire was the 
decline of the Janissary Corps. Though its members had 
gained the right to marry and to enlist their children in 
its ranks, they were soon forced to earn extra money and 
many became craftsmen on the side. Thus, this once- 
powerful military unit degenerated into a weak Organiza­
tion whose chief role in the state was to exert influence on 
the govemment. The corps, like the rest of the Ottoman 
military forces, failed to keep up with Western advances 
in military technology and Organization. The military 
preeminence and the qualities of leadership that had won 
for the Ottoman Empire its vast domain were now lost.

The Christian, together with his Muslim neighbour, was 
directly affected by the decline of Ottoman administra­
tion. His chief grievances became the willful and arbitrary 
manner of the local officials and the grave abuses that 
were now associated with the collection of taxes. The 
central govemment relied for this service on tax farmers 
who competed yearly in bidding for the position. The 
tax farmer was chiefly interested in making a profit from 
his investment. Forceful methods and unfair Standards of 
assessment were regularly used to extract high payments. 
The System was economically ruinous for the peasant and 
the central govemment alike.

The Balkan peasant found his Standard of life also deep- 
ly affected by a change in the landholding System. As 
mentioned previously, under the timar System, strictly 
controlled nonhereditary land grants had been made in 
return for military service. With the relative decline in im­
portance of the cavalry and the reduction in the number 
of military campaigns, large estates tended to pass into 
the hands of those who wished to work them at a profit 
and who now held them as hereditary rights. The peasant 
who worked the fields of the estates (now called chifliks) 
was reduced to the position of a sharecropper; his dues in 
kind and in labour were greatly increased.

Among the most severe consequences of the breakdown 
of the Ottoman govemment was the rise of lawlessness 
throughout the peninsula. As the central authority grew 
weaker, local Muslim leaders throughout the empire estab­
lished what were in effect small principalities from which 
they were able to defy Constantinople and war among 
themselves. The most important of these for Balkan affairs 
were Ali Pasha of Janina and Pasvanoglu of Vidin. Chris­
tian bands of robbers (haiduks or klephts) also existed in 
large numbers. Their activities, together with the destruc­
tion caused by the Ottoman wars of the 18th Century, 
made certain areas uninhabitable for long periods. These 
conditions were the direct cause of both the Serbian revolt 
of 1804 and the Greek revolution in the Morea in 1821.

Although all o f the inhabitants of the empire suffered 
from this Situation, certain Balkan Christians nevertheless 
did benefit from the growing weaknesses in the Ottoman 

The posi- System. Of the non-Muslim people, certainly the Greeks 
tion of the associated with either the Ottoman administration or the 
Greeks in commercial world were in a privileged position. By the 
the empire 18th Century a number of Greek families residing in Con­

stantinople, known as Phanariotes, had come to secure 
regularly certain high appointments in the Ottoman ser­
vice. Most important were the offices of grand dragoman 
(secretary of state) and the governorships (hospodar) of 
Walachia and Moldavia. At the same time, through the 
Patriarchate at Constantinople the Greek hierarchy was 
able to dominate the other national churches. In the mid­
dle of the 18th Century, it secured control of the Bulgarian 
and Serbian ecclesiastical centres at Ohrid and Peca. In 
addition, Greek merchants were established in the cities of 
the peninsula, and they controlled a large part of the trade 
of the Black and the Mediterranean seas. These merchant 
communities were the most susceptible to the influence of 
Western political and social ideas.
After the Greek, the Romanian landowner of the privi­

leged provinces of Walachia and Moldavia held a supe­

rior position within the empire. These principalities were 
never under direct Ottoman administration, although they 
did pay tribute and they were subject to regulation from 
Constantinople. In both, a native aristocracy held control 
over an enserfed peasantry. After the Russian invasions 
of the early 18th Century, during which Romanian lead­
ers cooperated with the enemy, the Ottoman govemment 
appointed Greek rather than Romanian governors for the 
provinces. The Phanariote Greek regime, which lasted un­
til 1821, was extremely corrupt and strongly disliked.

In comparison with these groups, the Serbs and Bulgar­
ians—without a native aristocracy and largely peasants— 
were at a distinct disadvantage. Both nations suffered 
severely from the corruption and lawlessness of the time.
Their lands were the scene of repeated struggles between 
local Muslim leaders and of battles with the invading great 
powers. In the 18th Century, both found their national 
churches taken over by Greeks.

A special word must be said concerning the Albanians 
and the Montenegrins. As the only Balkan people among 
whom a majority (70 percent) converted to Islam, the Al­
banians were not subject to many of the Problems of their 
Christian neighbours. Many rose high in the Ottoman state 
and in military service. Moreover, the central govemment 
made little effort to control closely this distant, backward, 
mountainous region. Relatively content with their status, 
the Albanians were the last to establish an independent 
state. Montenegro, too, although a Christian state under a 
prince-bishop, because of its poverty and the difficulty of 
access to its lands, was usually able to govem itself.

Increased role o f European powers. Although the inter­
nal Problems had become acute long before, in interna­
tional affairs the empire was able to preserve its territories 
almost intact until the end of the 17th Century. In the 
second half of that Century, a last great offensive was 
begun and additional lands in the Ukraine were acquired.
The symbolic turning point for the Ottoman offensive 
against Europe was the second siege of Vienna, in 1683.
The failure to take the city marked a reversal in Ottoman 
fortunes. Henceforth, the European States moved against 
Ottoman possessions. Russia, Venice, Poland, and Austria 
now joined in a victorious coalition. In 1699 the empire 
was forced to sign the Treaty of Carlowitz, the first time 
that the Ottoman govemment appeared on the diplomatic 
stage as a clearly defeated power. By this treaty, Austria 
gained control of most of Hungary, Transylvania, Croa- 
tia, and Slavonia; Venice took Dalmatia and the Morea;
Poland gained Podolia. Thus large numbers of Balkan 
people passed from Ottoman to Austrian and Venetian 
control. The agreement established what was to be until 
1878 a relatively stable Austrian-Ottoman frontier along 
the Danube and Sava rivers. The main territorial gains at 
the expense of the Ottoman Empire in the next Century 
were to be made by Russia.

The Russian advances against Ottoman lands began un- Russian 
der Peter I the Great at the end of the 17th Century. The invasions 
major acquisitions were made, however, by Catherine II 
the Great, who by the end of her reign had won the lands 
north of the Black Sea to the Dnestr River. For the future 
of the Balkan Peninsula the most important agreement 
between Russia and the Ottoman Empire was the Treaty 
of KÜ9 Ük Kaynarca (1774). By its terms, Russia gained 
territory in the Black Sea region and certain trade rights, 
but, most important, because of the ambiguous wording 
of the treaty, Russia was later to claim that it had won 
certain rights to speak in behalf of the Orthodox Chris­
tians of the empire. In 1781 Catherine joined with Joseph 
II of Austria in what was to be the first of numerous 
partition agreements among the great powers. According 
to this agreement, both Austria and Russia were to receive 
territory, but the majority of the lands of the Ottoman 
Empire in Europe were to be organized into a Kingdom 
of Dacia, under Russian influence, and a Greek kingdom 
with its Capital at Constantinople and with Catherine’s 
grandson as its ruler. General European events prevented 
the success of this venture, but, by the end of the Century, 
it was apparent that Russia was both the chief threat to 
the empire and the major hope of the Balkan people 
for outside aid.
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French Revolution and Napoleonic era. The wars of 
this period were to have a deep effect on the Balkans, 
both from the international aspect and because of the re­
sponse that French Revolutionary ideology evoked within 
the peninsula. This period also witnessed the entrance of 
France and Britain actively into the diplomatic and mil­
itary struggle over the control o f the Ottoman Empire. 
That state, in the midst of another grave internal crisis, 
now found its lands under attack from France. In 1797 
France took the Ionian Islands from Venice. A year later, 
Napoleon launched an invasion of Egypt and Syria. As 
a consequence of this action, the empire was in alliance 
with Britain and Russia from 1798 to 1802.
After a period of peace from 1802 to 1806, the Ottoman 

govemment shifted sides and joined France against Rus­
sia. This alliance proved disastrous, because in the next 
year, by the Treaty of Tilsit, France came to terms with 
Russia. It is interesting to note that at this time these 
two governments discussed a partition of the Ottoman 
Empire, but they were unable to agree on the fate of 
Constantinople. In 1812 Russia, faced with an impending 
French invasion, signed the Treaty of Bucharest with the 
Ottoman Empire, which ceded the Romanian territory of 
Bessarabia to Russia.

The Balkan peoples were affected not only by the wars 
that were waged in the area, but also by the political ar- 
rangements made by the several powers. Most influential 
for the future was the introduction into the Balkans of 
French Revolutionary institutions and ideology through 
the Napoleonic conquests. For example, in the Ionian 
Islands, which France held from 1797 to 1799 and again 
from 1807 to 1814, a constitutional govemment on West­
ern patterns was established. The Septinsular Republic 
was the first Greek national govemment in modern times. 
French political experiments also involved South Slav 
lands. In 1809 Austria was forced to cede to France its Bal­
kan territories. From Dalmatia, Slovenia, Istria, Trieste, 
and parts of Croatia a new political entity, the Illyrian 
Provinces, was formed and became a part of the French 
Empire. As in the Ionian Islands, the govemment was 
based on revolutionary principles. The Illyrian Provinces 
has been described as the first Yugoslav state, as it includ- 
ed within its boundaries Serbs, Croats, and Slovenes.

This period also brought about important changes in 
Moldavia and Walachia and in Serbia. The Ottoman Em­
pire was forced to agree to an increase of Russian direct 
influence in the Danubian principalities; henceforth, no 
governor of either province could be dismissed without 
Russian consent. Russia thus acquired what was, in effect, 
a protectorate over the country. This power also played 
a major role in the events of the first Serbian revolution 
(see below).

The defeat of Napoleon in 1815 resulted in the resto- 
ration of the political and territorial status quo in the 
Balkans, with only a few exceptions— Russia, of course, 
retained Bessarabia; the Ionian Islands were placed under 
British protection; the Illyrian Provinces disappeared as 
a political entity; and Austria received back its former 
land and, in addition, acquired Dalmatia. The Ottoman 
Empire, which did not attend the Congress of Vienna in 
the aftermath of the Napoleonic Wars, retained most of 
its territories intact. It was also to be aided by the conser- 
vative reaction that followed in a Europe tired of war and 
revolutionary upheaval.

In Balkan history the French Revolution and the wars of 
Napoleon mark the shift from the long period of Ottoman 
domination into the era of the national revolutions of the 
19th Century. To some extent, the stage had already been 
set in the 18th Century, when both Russia and Austria 
appealed to the Balkan subject populations for assistance 
against the Ottoman Empire. These wars, as well as those 
of Napoleon, had shown how weak the Ottoman military 
forces really were. Moreover, Balkan nationals had fought 
in these wars. They had learned modern military methods 
and they were armed. Equally important, the period of 
war and internal upset had opened the area to outside 
influences. The national and liberal ideology of Revolu­
tionary France provided a program that would allow Bal­
kan leaders to combat not only Ottoman political control

but also the stifling cultural influence o f their Christian 
church hierarchies.

Although the Balkans were now ready for revolt, the 
international Situation was to change to the detriment of 
such actions. After the period of war, which had wast- 
ed the resources and energy of Europe before 1815, the 
powers desired, above all, peace with political and social 
stability. There occurred in all the European States a con- 
servative reaction directed against revolutionary methods 
and liberal-national programs. Subject Christian peoples 
could thus not expect aid or sympathy from abroad. At the 
same time, it was also apparent to the European powers 
that the Ottoman Empire was in a dangerous condition 
of internal decay and military weakness. The question 
of the fate of the Ottoman territories and of the control 
of that govemment became perhaps the most important 
single diplomatic problem for Europe in the Century after 
the Congress of Vienna. This issue, the so-called Eastern 
Question, was the direct cause of the two great wars of that 
period—the Crimean War and World War I—and the oc­
casion of repeated less serious conflicts among the powers.

The basic problem in the disposition of the Ottoman 
lands was their strategie position across three continents. 
Because of its past history and its close links with the 
Balkan people through the Orthodox Church, Russia was 
in the best position to gain predominant influence in the 
area. Russia’s chief rivals were Austria and Great Britain. 
The Habsburg monarchy could not afford to allow Russia 
more political control in lands along its frontiers. The 
British feared for their Communications with their empire, 
which ran through the eastern Mediterranean, and their 
control over India. Moreover, despite its favourable rela­
tions with the Balkan people, the Russian govemment, 
too, because of its abhorrence of revolutionary activity and 
liberal reform programs, stood after 1815 against national 
revolt. Thus, although the era of the French wars had pre- 
pared the Balkan people for revolution, the international 
Situation was not favourable. Nevertheless, the next 65 
years were to witness the establishment of independent, 
or autonomous, governments for almost all of the Balkan 
national groups.

BALKANS FROM 1815 TO 1914
The 19th Century saw the political and social development 
of the Balkans and the formation of independent States. 
During this period the Balkans were drawn, economically 
and culturally, into the orbit of Contemporary Europe. 
While it is somewhat arbitrary to divide this exceedingly 
complex and dynamic era into segments, it is possible to 
delineate four general periods.

The first period brought the beginning of the process 
of national liberation during the first Balkan revolutions, 
1800-30. At the beginning of the 19th Century the Habs- 
burgs ruled the northwestern part of the Balkans, while 
the Ottomans dominated the main central and Southern 
regions of the peninsula. The development of a national 
renaissance of the Balkan peoples varied according to the 
different political and social conditions prevailing in these 
areas: political development occurred under the Habs- 
burgs, and revolutionary upheavals predominated under 
the Ottomans.

Three main factors influenced the national revolutions 
in the areas under the Ottomans: the decline of the Ot­
toman Empire, provoked by a general crisis of Ottoman 
feudalism; the gradual shaping of a new Balkan society, 
as a result of the economic traffic with Europe and the 
development of local autonomy; and the influence of the 
“outer” Balkan world on the “inner” (e.g., the influence 
of the Greek, Bulgarian, and Albanian trading colonies in 
the Mediterranean and Black Sea areas, of the Serbs in 
Southern Hungary, etc.). The Balkan revolutions had two 
general aspects: nationalistic and agrarian. The national 
aspect was expressed in the drive for national liberation, 
the creation of national economies and cultures, and the 
political Organization of national States. The agrarian as­
pect was marked by the endeavours of the peasantry to 
get rid of the Ottoman landlords and take possession of 
the land.

Next came a period (1830-78) of political and social
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development. A third period saw the inclusion of the 
Balkans in Europe during the age of imperialism, 1878— 
1903. Russian designs on the Balkans culminated in the 
Treaty of San Stefano in 1878, which created a great­
er Bulgaria extending from the Danube to the Aegean 
and from the Black Sea to Albania, but at the Congress 
of Berlin in the same year the other European powers, 
alarmed at this extension of Russian influence, redrew 
the map. Bulgaria was limited to the country between the 
Danube and the Balkan Mountains; Serbia received Nish, 
Pirot and Vranje; the Dobruja was ceded to Romania; 
and Austria-Hungary was accorded the right to occupy 
Bosnia-Hercegovina provisionally. Serbia and Romania at 
the same time became independent principalities, while 
the independent status of Montenegro was recognized. In 
1881 Greece secured Thessaly and Aarta from Turkey. 
The Bulgarian occupation of Eastern Rumelia (recognized 
in 1878 as an autonomous Turkish province) in 1885 was 
followed by the Serbo-Bulgarian War. The Greco-Turkish 
War of 1897 led to a rectification of the Thessalian fron­
tier in Turkey’s favour. For further history of this era, see 
separate Balkan country articles.

Before World War I (1903-14). The fourth period in- 
volved the Balkans in European crisis on the eve of World 
War I. At the beginning of the Century the Balkans were 
increasingly the scene of international conflict. The Euro­
pean powers had clashing military, political, and economic 
interests in the peninsula. The Baghdad railway project 
at the tum of the Century symbolized German ambitions 
to push eastward, challenging French financial dominance 
in the Ottoman Empire. The growing weakness of Russia 
upset the Austro-Russian balance in the Balkans, while 
growing Italian strength in the Adriatic stimulated efforts 
by Austria-Hungary to reach the port of Thessaloniki and 
the Aegean.

Among the Balkan countries themselves, developing na­
tional strength resulted in a general movement toward po­
litical and economic emancipation. In the Yugoslav lands 
the year 1903 marked a turning point. Croatian political 
forces began to organize against Hungarian repression, and 
a similar restlessness was apparent in Bosnia. The assassi- 
nation of King Alexander Obrenovica in Serbia prepared 
the way for a dynamic, nationalistic foreign policy (under 
the rule of Peter I Karageorgevic). In Macedonia in 1903, 
the Hinden uprising displayed to Europe the weakness of 
Turkey, the “sick man on the Bosphorus.” In Croatia and 
Dalmatia, a coalition of political parties put forward a 
program calling for Yugoslav unity and social and polit­
ical reform. The movement received support from Serbia 
and Montenegro and began to gather impetus. The Balkan 
States started to arm, buying artillery and ammunition in 
Europe.

Two tendencies were at work in the Balkans: rivalries 
among the States for territorial aggrandizement, and a 
common hostility toward interference from outside pow­
ers. A growing inter-Balkan struggle next occurred over 
Macedonia and was expressed in the activities of armed 
bands from neighbouring States that brought much suf- 
fering to the local populations. The fear of European 
Intervention and the needs of common defense imposed a 
political rapprochement on Serbia and Bulgaria in 1904, 
joined later by Montenegro. A peasant revolt in Romania 
in 1907, put down by the military at the cost of thousands 
of lives, demonstrated that Romania’s agrarian problem 
was far from solved.

Crisis o f1908-09. A diplomatic struggle among the Eu­
ropean powers began in 1908 over railway projects in the 
Balkans. These projects expressed the political tendencies 
of the States involved: Austria’s push toward the Aegean 
(the Novi Pazar railway project), Russia’s and Serbia’s 
toward the Adriatic (the Danube-Adriatic project), Italy’s 
Penetration of southem Albania (the Vlöre-Munushtir 
railway), and the effbrt of Greece and Bulgaria to absorb 
central Macedonia. In July 1908 the Ottoman garrison 
in Thessaloniki rebelled, as a result of the revolutionary 
activity o f the Young Turks. The officers (among them 
Mustafa Kemal, the future leader of the Turkish republic), 
forced the Sultan to proclaim a constitutional era. The 
Young Turks wanted a regime that would give liberty

and equality to all the nationalities within the empire. 
On October 5 the Bulgarians took advantage of the con- 
fusion to proclaim their full independence. On October 
6 Austria-Hungary announced its annexation of Bosnia- 
Hercegovina. Two days later the Cretans proclaimed their 
union with Greece. The System created by the Congress 
of Berlin in 1878 had collapsed. The major crisis was 
over Bosnia-Hercegovina: the Serbs protested vehemently 
against the annexation; England opposed Austria; Russia 
backed Serbia and Bulgaria. The Austro-Turkish conflict 
was settled by an indemnity paid by Austria to the Turks, 
but the Austro-Serbian conflict brought Europe to the 
edge of war. Pressure from Berlin in March 1909 forced 
Russia to yield. Serbia had to follow the Russian example 
and accept Bosnia’s annexation by Austria-Hungary. The 
crisis of 1908-09 foreshadowed coming events.

Balkan Wars o f 1912-13. The Situation in the Balkans 
remained uneasy. The Albanians, after a short-lived col- 
laboration with the Young Turks, revolted against them in 
1909-12. The Cretan énosis with Greece failed because of 
European Opposition. This caused general indignation in 
Greece, opening the way to a military coup and the pre­
miership of the Cretan political leader Eleuthérios Venizé- 
los. The Venizélos govemment introduced reforms, reor- 
ganized the army, and revised the Constitution. Macedonia 
continued to be a magnet for the nationalist ambitions of 
the Serbs, Bulgars, and Greeks. The Young Turks banned 
political parties and national organizations in Macedonia 
in 1909, and, consequently, the armed bands of various 
nationalities reopened their guerrilla warfare. An opportu- 
nity for an effective Cooperation against Turkey presented 
itself in September 1911, when war broke out between 
Turkey and Italy in North Africa.

War against the Ottomans required a Balkan alliance. 
Serbo-Bulgarian negotiations started in the fall of 1911 but 
were troubled by differences in regard to the future delim- 
itation of Macedonia. Finally an agreement was reached 
under Russian auspices in March 1912, providing for the 
division of Macedonia. A Greek-Bulgarian agreement was 
reached in May 1912, without touching the delimitation 
problem. Montenegro then joined the alliance, which dis- 
posed of some 550,000 troops. The war began in October 
1912. The Balkan allies were soon victorious: the Serbs de- 
feated the Ottomans at Kumanovo, joined forces with the 
Montenegrins to enter Skopje, achieved another victory 
at Munushtir, and reached the Adriatic at Dürres. The 
Bulgarians defeated the main Ottoman forces at Kirklareli 
and Lüleburgaz, advancing to the Catalca lines in front of 
Constantinople. The Greeks seizeci Thessaloniki and laid 
siege to Ioännina. The Ottomans lost all their territories in 
Europe, except a small strip around Constantinople. On 
December 3 an armistice was concluded. Peace negotia­
tions opened in London on December 16.
The victories of the Balkan allies affected many Austro- 

Hungarian interests. Vienna reacted vehemently, demand- 
ing the withdrawal of Serbian troops from the Albanian 
coast where an Albanian state had been proclaimed on 
November 28, 1912. The Austro-Serbian conflict auto- 
matically developed into an Austro-Russian one.

The crisis was settled at a conference of ambassadors 
in London in December 1912 that recognized the new 
Albanian state and obliged Serbia to withdraw its troops 
from the Adriatic. But at the end of January 1913, after a 
coup d’etat in Constantinople by the nationalistic Young 
Turks, the war with the Ottomans was resumed. The allies 
were again victorious: Ioännina feil to the Greeks, and 
Adrianople to the Bulgarians. Another crisis arose when 
the Montenegrins refused to leave Shkodër, which the 
London ambassadors’ conference had given to Albania. 
The Montenegrins were forced to yield under the threat of 
a European naval blockade of their coast. A peace treaty, 
signed in London on May 30, 1913, gave all the territory 
west of the Enez-Midye line to the Balkan allies. Crete 
was united with Greece.

The territorial settlement produced discords among the 
Balkan allies. Serbia refused to give up the parts of Mac­
edonia assigned by the 1912 treaty to Bulgaria on the 
ground that it had already been forced to withdraw from 
the Adriatic. A bitter struggle then ensued between the
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Greeks and the Bulgarians over Thessaloniki and Thrace.
Romania, as a price for remaining neutral, demanded 

from the Bulgarians a part of the Dobruja. Both Serbia 
and Bulgaria were reluctant to accept Russian arbitra- 
tion. Austro-Hungarian diplomacy sought to undermine 
the Balkan alliance. Serbia and Greece allied themselves 
against Bulgaria on June 1, 1913. King Ferdinand of Bul­
garia, backed by army circles, ordered his troops to attack 
Serbia and Greece in Macedonia on June 30. But the 
Bulgarian armies were defeated by the Serbs and Greeks. 
At the same time the Romanians entered the Dobruja 
and the Ottomans recaptured Adrianople. An armistice 
was concluded on July 31 and a peace treaty signed in 
Bucharest on August 10, 1913.

Results of wars. As a result of the Balkan Wars, Greece 
obtained Thessaloniki, Kavälla, and a large Coastal part of 
Macedonia; Serbia gained the northern and central part of 
Macedonia; Montenegro acquired a portion of the sanjak 
of Novi Pazar, establishing a common frontier with Ser­
bia; Bulgaria retained a part of eastern Macedonia; and 
Romania procured its part of Dobruja. The long decline 
of Ottoman rule in the Balkans had ended.

The political consequences of the Balkan Wars were con­
siderable. Apart from Turkey, the real loser was Austria- 
Hungary. The partitioning of the sanjak of Novi Pazar 
between Serbia and Montenegro made it impossible, in 
the subsequent crisis of June-July 1914, for Austria- 
Hungary to intervene in the Balkans by occupying the 
sanjak. The success of Serbia and Montenegro stimulated 
the Yugoslav movement for union in the Habsburg Em­
pire. The wars similarly altered the structure of alliances 
in the Balkans. Dissatisfied, Bulgaria henceforth looked to 
Austria-Hungary for support, while Romania tended to 
move away from its allies and toward Russia.

The most alarming result was the growth of tension be­
tween Austria-Hungary and Serbia. Serbia had extensive 
claims upon Albanian territory. Having obtained an as- 
surance of German support, Austria-Hungary delivered an 
ultimatum in October 1913 to compel Serbia to withdraw 
from the Albanian borderlands. This, however, did not 
solved the Southem Slav question for Austria-Hungary, 
and it emerged once again in an acute form with the 
assassination of the archduke Francis Ferdinand on June 
28, 1914, in Sarajevo, Bosnia. This event was followed 
by Austria-Hungary’s ultimatum and by its declaration of 
war on Serbia (July 28, 1914) and the outbreak of general 
war in Europe in August.

BALKANS AFTER 1914
World War I  and peace settlements, 1914-23. Role of 

Balkan States in war. The World War of 1914-18 was 
triggered by Balkan revolutionary nationalism. Gavrilo 
Princip, who shot and killed Archduke Francis Ferdinand, 
heir apparent to the Habsburg throne, was one of many 
young Serbs who pinned so much faith upon the advan- 
tages o f national unification as to risk their lives and flout 
existing political authorities, both in Serbia itself and in 
the adjacent lands o f Bosnia, Hereegovina, Dalmatia, and 
southem Hungary, where Serbian populations lived under 
Habsburg rule.

Nationalist The breakup of traditional peasant styles of life among
movements the South Slav peoples—Slovenians, Croats, Serbs, and 

Macedonians—fuelled this revolutionary movement. Pop­
ulation growth made subdivision of peasant holdings nec- 
essary; but, when a father had to divide his land among 
several sons, the new families could not hope to live as 
their parents had. This pushed innumerable young men 
off the land and into revolutionary activities. The pattern 
was as follows: as life on the farm became impossible, 
ambitious persons tried to get enough formal education to 
qualify for a desk job in town. But even after several years 
of secondary schooling, desk jobs were hard to come by, 
and many young men who had gone that far by desperate 
effort were not willing to wait patiently until something 
tumed up. Instead, they listened eagerly to those who 
preached extreme revolutionary action.
According to Serbian nationalist agitators, justice, free- 

dom, and a decent regard for Serbian dignity required that 
all speakers of the South Slav tongue who were also of the

Orthodox faith should belong to the same state. The fact 
that the end of Habsburg rule over Serbian populations 
would inevitably mean moie govemment jobs for educat- 
ed Serbs was an attractive additional advantage.

Some thought that Muslim and even Roman Catholic 
Speakers of the South Slav language should join their 
Orthodox brethren in a new South Slav state. But this 
Yugoslav (Yug, “South”) ideal had little appeal for most 
Serbs. It attracted support mainly in Dalmatia, where 
rural Serbs (Orthodox South Slavs) and Croats (Roman 
Catholic South Slavs) found it easy to cooperate against 
the Italians, who had long dominated town life along 
the Adriatic.

Despite Serbia’s tiny size compared to the vastness of the 
Habsburg monarchy, many high Austrian officials con­
cluded that intransigent Serbian nationalism constituted a 
serious threat to their state. The power of the nationalist 
ideal in the Balkans had been demonstrated in 1912 by 
the First Balkan War, which all but drove the Ottoman 
Empire from Europe and added substantial new territories 
to Serbia. This success fanned the Serbian nationalist am- 
bition which was already at white heat, to complete the 
task of liberation by disrupting the Habsburg state.

What made such a program so frightening to the Austrians 
was that other nationalities within the Habsburg Empire 
shared in some degree the ambition to win greater control 
over their own affairs; a few even dreamed of achieving 
complete national independence. But in 1914 nationalist 
movements among the Czechs, Germans, Italians, Poles,
Magyars, Slovenes, and Croats were less emotionally in­
tense and, therefore, less immediately threatening to con­
stituted authority than was the case among the Serbs.

Austrian officials, therefore, feit that a showdown was Outbreak 
desirable. They decided to seize upon Archduke Francis of war 
Ferdinand’s assassination to settle accounts with Serbia.
Preliminary investigation failed to tum up definite evi­
dence that the Serbian govemment had been connected 
with the assassination; but historians have since shown 
that the Serbian premier, Nikola Pasic knew what was 
going on and tried indirectly to warn Austrian authorities 
of the plot. Col. Dragutin Dimitrijevic, chief o f intelli- 
gence for the Serbian general staff and leader of the Black 
Hand—a secret society that planned the assassination and 
armed Princip (with several others)—was one of Pasic’s 
political enemies and rivals. In hinting to the Austrians of 
what was afoot, Pasic did as much as he dared to thwart 
Dimitrijevic’s risky, revolutionary plans. But the Austrian 
authorities failed to take the hint. The Archduke was as- 
sassinated, official Europe was horrified, and on July 23,
1914, the Habsburg govemment delivered an ultimatum 
to the Serbs requiring suppression o f patriotic societies and 
the establishment of a joint commission to investigate and 
punish those persons who were responsible for organizing 
the assassination.
The ultimatum was designed to be unacceptable. Despite 

a conciliatory reply, the Austrians declared war against 
Serbia on July 28, exactly a month after the assassina­
tion itself. Within a week Europe’s alliance System swung 
creakily into action, pitting the Triple Entente—Russia,
France, and Great Britain— on Serbia’s side against the 
Central Powers—Germany and Austria-Hungary.

Russia’s entry into the war upset Austrian plans for 
emshing Serbia. Austrian troops had to be diverted to the 
Russian front, and, when the Austrians were finally ready 
to attack the Serbs, on August 13, they were repulsed. A 
Serbian counteroffensive soon petered out, however, and 
by the end of 1914 the battle line stood very close to the 
prewar frontiers.

The outbreak o f hostilities provoked intense diplomatic- 
military activity elsewhere in the Balkans. On August 11,
1914, two German cruisers that had been trapped in the 
Mediterranean Sea at the beginning o f the war arrived 
in Constantinople. A fictitious sale transferred them to 
the Turks, and in October these vessels sailed into the 
Black Sea to bombard Russian Coastal towns. The Allies 
(Entente) promptly declared war against Turkey (Novem­
ber 4-5, 1914).

Both the Entente and the Central Powers sought to rally 
support for their cause among the three remaining un-
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committed Balkan States— Bulgaria, Romania, and Greece 
(Albania was in chaos and lacked a central govemment). 
Bulgaria wanted the parts of Thrace and Macedonia that 
had been annexed by the Serbs and Greeks after the 
Second Balkan War in 1913; Romania wanted the Habs­
burg territories of Transylvania and adjacent regions in 
Bukovina and the Banat; Greece had ambitions in An­
atolia and, above all, desired to possess Constantinople 
(later Istanbul).

The Central Powers were able to promise the Bulgars 
most of what they desired, because Serbia would be the 
main loser. Similarly, the Entente was able to appease 
the Romanian appetite at the expense of the Habsburgs. 
Greece’s ambitions were more difficult, however, because 
Russia, too, aspired to possess Constantinople, and so did 
the Bulgars.

The work of diplomats and intelligence agents in lining 
up allies in the Balkans for one side and the other came 
slowly to fruition in 1915-17. The Bulgars were the first 
to commit themselves, by allying with the Central Powers 
in September 1915. By then the strategie Situation in the 
Balkans had altered greatly. The first important move was 
British. In February 1915 the Royal Navy bombarded 
Turkish forts in the Dardanelles, and a month later British 
warships tried unsuccessfully to force their way through 
the straits. Then, on April 25, 1915, British troops went 
ashore on the Aegean side of the Gallipoli Peninsula in 
order to take the Turkish defenses of the Dardanelles in 
the rear and open a way to Constantinople for the Royal 
Navy; but once again the Turks were able to stop the 
British advance before it could achieve strategie success.
The next major move came from Italy. Despite a de­

fensive alliance with Germany and Austria-Hungary, the 
Italian govemment remained neutral in 1914, arguing 
that, because Austria had attacked Serbia, the terms of 
the alliance had not been fulfilled. Italian nationalists 
wished to add Dalmatia and other Austrian provinces to 
their country; despite Serbian objections, the Allies agreed 
to most of the Italian demands in the secret Treaty of 
London (signed in April 1915). Accordingly, in May the 
Italians declared war and opened a new front against Aus­
tria in the Alps. Italian troops also crossed the Adriatic to 
occupy Albania.

The intervention of Italy, plus Austrian commitments on 
the Russian front, forced the Austrians to postpone large- 
scale action against the Serbs until fall; but by the first 
week in October everything was ready for a major assault. 
The Bulgars saw in this their opportunity to take Mace­
donia from Serbia, and they prepared to join the attack.

In a last-minute effort to aid the Serbs, French and 
British troops landed at the Greek city of Thessaloniki on 
October 3. This touched off a major crisis inside Greece, 
pitting Prime Minister Eleuthérios Venizélos, Champion 
of the Allies, against King Constantine, who favoured con- 
tinued neutrality, at least until it was clearer which side 
would win the war. (In the end, by bombarding the royal 
palace in Athens the Allied powers were able to compel 
Constantine to abdicate in June 1917; and Venizélos, who 
took command of Greek affairs, promptly caused Greece 
to declare war against the Central Powers.)

A combined Austrian and German force attacked Serbia 
on October 6, 1915, with overwhelming strength. Allied 
troops in Salonika were too few to check the simultaneous 
Bulgar advance from the east. In November, the Serbian 
Army began a painful retreat through the mountain passes 
of Albania. A remnant 125,000 strong found refuge on 
the Greek island of Corfu, where the Serbian govemment, 
still being led by the aged and ailing King Peter I, with 
Nikola PaSic as prime minister, established a temporary 
headquarters (January 1916) in what had formerly been 
the German kaiser’s holiday palace.

Meanwhile, the British withdrew their troops from Gallip­
oli, transferring most of them to the Thessaloniki front, 
which soon extended westward to link up with the Italians 
in Albania. Trench warfare then set in along a battle line 
extending all the way from the Adriatic coast to Kavälla 
on the Aegean. Neither side could break through the oth- 
er’s prepared defenses.

This stalemate was demonstrated in 1916, when the last

Balkan neutral, Romania, entered the war on the Allied 
side on August 27. This move was planned to coincide 
both with a Russian offensive against Austria and with 
a major push against Bulgaria along the Thessaloniki 
front. Despite substantial reinforcement by rested and re- 
equipped Serbian troops transferred to Thessaloniki from 
Corfu, the offensive failed. The Romanian Army proved 
ineffective, and by January 1917 most of Romania was in 
the hands of the Central Powers.

The year 1917 saw no large-scale military action in the 
Balkans, but revolutions in Russia changed the realities 
of power profoundly. The Bolsheviks publicly renounced 
Russian claims on Constantinople; instead, Lenin appealed 
over the heads of all governments to the peoples of Europe 
to rise against their exploiters and inaugurate Socialism. 
Balkan response to Lenin’s revolutionary summons was 
slight, partly because the Western Allies forestalled the 
Bolshevik appeal by endorsing a different revolutionary 
formula—national self-determination. The war thus be­
came far more ideqlogical than before, pitting nationalist 
revolutionary ideals against Socialist revolutionary ideals 
through the whole of eastem Europe.

The most complex nationality issue in the Balkans cen­
tred around Serbia’s relationship to the other South Slav 
peoples of the Habsburg Empire. On July 20, 1917, the 
Serb prime minister Pasic signed a document declaring 
that Serbs, Croats, and Slovenes should form a single state 
after the war, under the Serbian Karageorgevic dynasty 
but with appropriate local autonomies. Exiled Dalmatian 
politicians, claiming to represent the Croats and Slovenes, 
also signed this Pact of Corfu. In April 1918 a Congress 
of Oppressed Nationalities met in Rome and, with Ital­
ian blessing, reiterated the idea that Serbs, Croats, and 
Slovenes belonged together, despite the fact that the three 
nationalities distmsted one another profoundly and that 
most Croats remained loyal to the Habsburg cause.

The long military stalemate in the Balkans ended on 
September 30, 1918, when the Bulgars sued for an 
armistice. From the Thessaloniki front, Allied troops un­
der French command marched northward to the Danube. 
As the Allied forces approached, the Romanians, who had 
signed a peace with the Central Powers in May 1918, re- 
entered the war on November 8, just in time to count as 
an Allied and victorious power at the peace conference. 
The Ottoman govemment followed the example of the 

Bulgarians by suing for an armistice on October 30, 1918. 
The armistice terms allowed a British force to advance 
through the Dardanelles and to occupy Constantinople 
on November 13. Amid the crash of falling empires, the 
Habsburg monarch also signed an armistice on November 
3; but events had stripped the Emperor of his power to 
influence affairs. The Romanians (already in possession of 
the former tsarist province of Bessarabia) hastened to take 
possession of as much of Transylvania, Banat, and Buko­
vina as possible; meanwhile, Serbian troops were moving 
into the former Habsburg territory from the south, while 
the victorious Italians also sought to get control o f as 
much of the Adriatic coastlands as they could.

Under these circumstances the Slovenes and Croats had 
little room for manoeuvre. On October 29, 1918, a na­
tional council meeting in Zagreb proclaimed the inde- 
pendence of “Yugoslavia” (meaning the former Habsburg 
lands in which the South Slavs lived). Before a stable set­
tlement with the Serbs could be achieved—a preliminary 
agreement reached at Geneva on November 9 was later 
repudiated—the Zagreb National Council broke apart.

A faction opted for immediate union with Serbia; and, 
accordingly, on December 1, 1918, the Serbian monarch 
formally proclaimed a new Kingdom of Serbs, Croats, 
and Slovenes from his Capital, Belgrade. A political coup 
unseated the Prince of Montenegro, whose state was also 
merged with the new South Slav state. But whether the 
new state would be federal or unitary and the question of 
how Serbs and Croats would come to an understanding 
with one another remained completely unsettled.

Results o f peace conferences. The Paris Peace Confer­
ence that began in January 1919 drew up separate treaties 
for each defeated enemy state. By the Treaty of St. Ger- 
main (signed September 10, 1919) Austria ceded Sloveni-
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an and Dalmatian territory to the new Kingdom of Serbs, 
Croats, and Slovenes; by the Treaty of Neuilly (signed 
November 27, 1919) Bulgaria lost a strip of the Aegean 
coast (acquired in 1912) to Greece and surrendered small 
border territories to Serbia; by the Treaty of Trianon 
(signed June 4, 1920) Hungary transferred Transylvania 
and part of the Banat to Romania and surrendered Croa- 
tia, Slavonia, and the rest of the Banat to the new South 
Slav state; lastly, by the Treaty of Sèvres (signed August 
10, 1920), Turkey assigned most o f Thrace as well as the 
hinterland of Smyrna (ïzmir) in Asia Minor, to Greece.

From L. Stavrianos, The Balkans Since 1453; Holt, Rinehart and Winston, Ine.

The Balkans after World War I.

These treaties settled many of the territorial questions that 
had long distracted Balkan politics and in a comparatively 
enduring way. But “national self-determination” proved a 
difficult formula to apply in lands where mixtures of na­
tionalities were the rule rather than the exception. Some 
issues, such as the delineation of the Italian-Yugoslav 
boundary, were never resolved at the peace conference; 
instead, bilateral negotiation eventually (1924) defined a 
frontier that satisfied neither side.

Albania’s borders were not fixed until 1926, when an 
international commission, established in 1912, finally con- 
cluded its labours. This settlement, which left large Al­
banian populations inside the new South Slav state, made 
little difference politically until after World War II, be­
cause Albanian national self-consciousness was weakened 
by traditional loyalties to rival kindred groupings, on the 
one hand, and by religiöus (Muslim, Orthodox, Roman 
Catholic) and linguistic (Gheg, Tosk) differences on the 
other.

Turkish and Tartar minorities along the Black Sea coast 
in Bulgaria and Romania shared the Albanians’ prepoliti- 
cal status; and Jews, important mainly in Romania and at 
Thessaloniki, offered no systematic resistance to the new 
masters of the Balkans. The case was far different, howev­
er, with other Balkan nationalities. Those who had former­
ly enjoyed a leading position in society and govemment 
found it all but impossible to accept willingly the loss of

former privileges. The victors often retaliated bv subject- 
ing German, Magyar, Turkish, and (in Dalmatia) Italian 
minorities to flagrant administrative discrimination. 

Hence, the territorial settlement of 1919-20 had the ef­
fect of transferring to Romania and the new Kingdom 
of Serbs, Croats, and Slovenes many of the nationality 
Problems that had plagued the Habsburg and Ottoman 
empires before 1914. In Romania, Magyar, German, Jew­
ish, Ukrainian, Bulgarian, and Turko-Tartar minorities 
amounted to at least 4,500,000 in a total population of 
about 18,000,000; but the Romanian majority did give a 
solid core to the new state. The Situation in the Kingdom 
of Serbs, Croats, and Slovenes was less stable, for, although 
the Serbs constituted the largest single nationality, they 
were still a minority in the state considered as a whole. 
German, Magyar, Albanian, and Romanian minorities 

totalled over 1,600,000; about 1,300,000 Muslims (most- 
ly speaking Serbo-Croatian) constituted another distinct 
bloc; Slovenes (about 1,100,000) formed a self-conscious, 
distinct nationality, too; but the really critical matter was 
the relation between the Croats (about 3,500,000) and the 
Serbs (about 5,500,000). A new Constitution went into 
effect on January 1, 1921, establishing a unitary state on 
democratie lines. Croats feit that the Corfu Declaration 
of 1917 had committed the Serbs to federalism, and they 
refused to accept the new arrangement. This was espe­
cially dangerous for the new state, because the Italian 
govemment was dissatisfied with the peace settlement in 
the Adriatic and set out actively to encourage dismptive 
forces. The death of King Peter in 1921 made small dif­
ference; his heir, King Alexander I (reigned 1921-34), had 
already exercised the royal powers for several years.

The Southern Balkans were even more distracted in 
the first postwar years. A Turkish nationalist movement, 
headed by Kemal Atatürk, refused to accept the terms 
of the Treaty of Sèvres. The Greeks, seeking to make 
good their claim to even more extensive territories in Asia 
Minor, invaded the interior in hope of forcing the Turks 
to yield; in 1921 they met defeat, and the angry Turks 
forced all Greeks and other Christian inhabitants from the 
land. About 1,500,000 survivors fled across the Aegean 
in 1921-22.

A new peace, agreed to at Lausanne, Switzerland, in 
1923, provided for the systematic.exchange of populations 
between Greece and Turkey under League of Nations su- 
pervision. Greek and other Christian inhabitants of Con­
stantinople were exempted from this exchange; in return, 
Greece promised to allow Turkish peasants in western 
Thrace to remain on their land. This treaty provided that 
the Greeks relinquish their claim to Asia Minor entirely 
and retroceded eastern Thrace to Turkey.

Exchange of population with Bulgaria was also arranged 
by a separate agreement. The result, by about 1927, when 
major transfers ceased, was the sorting out of the popula­
tions of Greece, Bulgaria, and the western parts of Turkey 
by nationality.

No politically important national minorities remained 
in the Southern and eastern Balkans. This radical surgery 
allowed nationality frictions to subside slowly in later de­
cades. In the northern Balkans, however, such frictions 
continued to constitute a major axis of politics during the 
interwar years.

Interwar developments, 1923-39. The upheavals of 
World War I did little to solve the underlying Problems 
of Balkan society. It is not stränge, therefore, that revolu­
tionary discontent found new channels of expression after 
the war. Success for certain nationalities (Serbs, Roman­
ians) automatically meant fmstration for others (Bulgars, 
Magyars, Croats, Macedonians), so that in some regions 
of the peninsula old-fashioned nationalist conspiracy and 
agitation continued as before, but now directed against the 
new masters of the land.

But national self-determination lost much of its glamour 
as it became clear that old Problems were not really re- 
lieved by the changes in political boundaries and shifts 
in dominating nationalities that had occurred in 1918-19. 
Two new revolutionary movements, therefore, surged to 
the fore: peasantism and Communism.

New revolutionary movements. The three main bearers
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of the peasantist idea were the Peasant Party of Bulgaria, 
led by Aleksandür Stamboliyski; the Croatian Peasant 
Party, led by Stjepan Radic; and the Romanian Peasant 

Peasantism Party, led by luliu Maniu. The latter, based mainly in 
Transylvania, opted for parliamentary and peaceable agi- 
tation and, even when Maniu briefly became prime min­
ister (served 1928-30), accomplished little to reform rural 
conditions. The Croatian Peasant Party quickly became 
identified with Croat nationalism, thanks to Radic’s un- 
bending Opposition to Serbian preponderance in the new 
Kingdom of Serbs, Croats, and Slovenes; by boycotting 
the parliament, Radic showed how shaky the new state 
really was, but his policy, too, accomplished no positive 
ends. Stamboliyski, on the other hand, came to power in 
1919 on a wave of revolutionary feeling; but his efforts to 
end bureaucratie oppression and overthrow the parasitic 
classes that fattened on peasant labour only succeeded in 
putting crude former peasants and party men into ad­
ministrative roles they were poorly equipped to handle; 
in 1923 a coup d’etat led to Stamboliyski’s assassination 
and to the establishment o f a shaky parliamentary regime, 
closely controlled from behind the scènes by royal, mili­
tary, and semi-military manipulators.
The basic reason for the failure of peasant parties to 

achieve their ends lay in their programs. Men who wished 
to destroy the so-calied social parasites (i.e., everyone who 
did not work with his hands and raise his own food) could 
not take power without themselves becoming that which 
they wished to abolish: bureaucrats and paper shufflers.

Opposition to those who ruled was the only role such 
parties and movements could accept comfortably. Only in 
this way, in fact, could they hope to remain faithful to the 
perennial distrust their peasant constituencies feit toward 
govemment in any form and toward city people generally.

The other new revolutionary movement, Communism, 
was better equipped ideologically and organizationally. 

Rise of Communist parties had arisen in each Balkan state by 
Commu- 1921. In Bulgaria and Yugoslavia, the new parties met with
nist parties rapid initial success but subsided into small, quarrelsome 

groups of hunted revolutionaries when the two govern­
ments officially outlawed Communist agitation, in 1921 
(Yugoslavia) and 1923 (Bulgaria). In Romania, Greece, 
and Albania, Communist Organizers met with only slight 
response in the 1920s, but they did succeed in creating 
revolutionary cadres ready and willing to operate outside 
the law.
The fmstration of peasantist aspiration and the prevalance 

of nationalist revolutionary sentiment among such groups 
as the Macedonians seemed in 1924 to offer Communists 
a chänce to unite all the disaffected elements of Balkan 
society into a grand alliance. The Comintem (Communist 
International, formed in 1919 to help in spreading Le- 
ninism around the world) approved the formula of Balkan 
federation as a solution for the peninsula’s political and 
economic ills and instmeted each national party to form 
“populär fronts” with any and all available groups. Radic 
flirted openly with Moscow; so did leaders of the Internal 
Macedonian Revolutionary Organization (im ro ).

But these incompatible bedfellows soon parted. imro 
leaders who cooperated with the Communists were killed 
by rivals within the Organization. Radic became a cabinet 
minister for a brief period (1925-26), but in 1928, during 
a session of the parliament, he was shot and killed by a 
Montenegrin Serb. This assassination provoked a strong 
reaction among the Croats against any kind of Coopera­
tion with the Serbs. King Alexander, therefore, decided to 
scrap the Constitution, which had done so little to heal the 
fissures within his kingdom; he proclaimed a dictatorship, 
dissolved the political parties, and officially renamed the 
state Yugoslavia.

Government reactions. By resötting to authoritarian 
govemment, Alexander openly admitted the breakdown 
of effective govemment by consent. The same thing had 
also happened in Bulgaria, Romania, and Albania; but 
in those countries the pretense of parliamentary elections 
and the rituals of party coalitions were preserved, and they 
sometimes registered real adjustments in public mood.

This was the case, for instance, when Maniu forged a 
coalition of peasant parties in Romania and emerged as

premier in 1928. In Greece, too, the parliamentary elec­
tions that retumed Venizélos to power in 1928 registered 
public feeling quite accurately; but Greek electoral politics 
were frequently punctuated by coups d’etat (1922, 1925,
1933, 1935), that were sometimes successful, sometimes 
not.

Official efforts to cope with the Problems of Balkan so­
ciety and to meet the new revolutionary thrusts directed 
against existing governments were not entirely fmitless.
They took three forms: land reform, industrialization, and 
Police repression.

Widespread redistribution of land shifted ownership 
toward the peasant families who actually worked the soil.
Such reforms went fastest and farthest when land could Land 
be taken from owners of a different nationality. Thus, reform 
Magyar estates in the north and Turkish estates in the 
south disappeäred at once. Gradual reapportionment took 
place elsewhere, too, so that by 1939 large estates had 
almost disappeared from the Balkans, surviving only in 
those parts of Romania where the landlords were politi­
cally powerful Romanian nationals.

The new owners of small peasant plots were often unable 
to cultivate the soil as efficiently as had the large-scale op­
erators. Redistribution of land was no solution to the ills 
of Balkan overpopulation and underdevelopment. Each 
of the Balkan States recognized this fact by attempting to 
forward industrialization. Romania, building upon an oil 
industry that had arisen in the 19th Century, made by far 
the most substantial progress in this direction; Bulgaria 
made almost none. Tariff protection, subsidy, and state 
enterprise were the devices used to develop industry. But 
shortage of Capital and a generally low level o f skills made 
progress painfully slow.

The only important policy difference in the interwar Industrial- 
period with respect to industrialization was about how to ization 
treat foreign Capital. Romania tried to finance industrial 
development from internal sources and actively discour- 
aged further foreign investment in the oil industry, fearing 
that control and the real benefits of such expansion would 
pass exclusively to the foreign capitalists. Albania, under 
Ahmed Zogu (president, 1925-28; king, 1928-39), on the 
other hand, depended wholly on Italian Capital for what- 
ever modemization was achieved. Greece and Yugoslavia 
gave an ambivalent welcome to foreign investment, but 
political instability in these countries kept the flow of 
foreign Capital to modest proportions. Bulgaria was more 
Xenophobie and attracted almost no foreign funds.
The third major official response to the problems of Repression 

Balkan society was repression. High-handed police action 
was common; elections were often “made” to suit the in­
terests of those in power by overt use of army and police 
personnel; and sharp legal restriction, if not outright Pro­
hibition, was generally imposed on revolutionary political 
organizations and propaganda. Such measures were gen­
erally successful, even when the revolutionaries received 
systematic encouragement from abroad.
The Soviet Union provided at least moral support for 

Communists throughout the period. Fascist Italy spun a 
web of intrigue aimed against Yugoslavia; by the late 
1920s Mussolini’s agents had entangled the Bulgaria-based 
im r o , extreme Croat nationalists (UstaSe) based in Rome, 
and some elements of the Hungarian govemment in plots 
to dismember King Alexander’s state.

In Romania, too, a Fascist movement, founded in 1927 
(renamed the Iron Guard in 1928) by Comeliu Codreanu, 
rose quickly to prontiinence; it owed little to foreign 
patronage, however, because Codreanu based his appeal 
mainly upon harsh anti-Semitism, for which the ground 
was already well prepared.

The Balkan governments took steps to counter the Alliances 
foreign threat. A diplomatic alliance of Czechoslovakia,
Romania, and Yugoslavia—the so-called Little Entente— 
dated from 1921. In 1934 a new Balkan Pact allied 
Greece, Yugoslavia, Turkey, and Romania. Such treaties 
were aimed mainly against Hungarian (Little Entente) and 
Bulgarian (Balkan Pact) aspirations for frontier revision.
In the background, France played the role of great-power 
patron vis-ä-vis Romania and Yugoslavia, rivalling Italy, 
the patron of Bulgaria and Hungary; Britain, the patron
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of Greece; and the Soviet Union, the pan-Balkan patron 
of Communists.

Balkans in 1930s. The economic depression that set­
tled upon world trade in the early 1930s put the Balkan 
countries at a great disadvantage. Farm prices plummeted, 
making it all but impossible for high-cost Balkan peasant 
producers to compete on world markets. Hardship and a 
pervasive sense of failure and confusion in official quarters 
encouraged revolutionary sentiment, especially among the 
young. But the enhanced power of revolution, especially 
in Communist guise, provoked more ruthless repression. 
Democratie and parliamentary govemment seemed to 
have failed everywhere, especially after 1933, when the 
rising influence of Nazi Germany began to make itself feit 
in the Balkans.
German trade policy, as a matter of fact, brought an 

effective solution to the economic crisis that had para- 
lyzed the Balkan markets since 1930. The Nazis offered 
to buy agricultural products from the Balkans, at prices 
fixed through bilateral negotiation, and offered manufac- 
tured goods in exchange, again at prices fixed by inter­
state bargaining. Germany often drove a hard bargain in 
these trade negotiations, but only in Germany could high- 
cost Balkan farm products find any kind of sale. Hence, 
these exchanges—administered by state trading agencies 
and kept track of through blocked accounts managed by 
state banks—benefitted all parties. Romania and Bulgar­
ia, in particular, began to market substantial surpluses 
in Germany.

By the late 1930s the resulting economic improvement 
allowed precarious political stabilization in both countries. 
Thus, for example, King Boris III of Bulgaria suppressed 
im ro  by condoning, if not instigating, a coup d’etat in 
1936, which brought to power a military group that dis- 
persed im r o ’s gunmen and drove its leaders from the 
country. Similarly, in 1938 King Carol II of Romania 
was able to have Codreanu killed and to repress the 
Iron Guard through unscrupulous and highhanded police 
methods; the king owed his success to the fact that, despite 
the strong appeal of its anti-Semitism, trade revival had 
taken the cutting edge from the Iron Guard’s revolution­
ary agitation.

Greece followed a similar route. The early 1930s saw a 
rising political crisis, with abortive coups d’etat in 1933 
and 1935. A “managed” plebescite in 1936 led to the recall 
of King George II from exile; but new elections resulted 
in a parliamentary deadlock between royalists and repub- 
licans. A handful of Communist deputies held the balance 
of power, being in a position to make or break any par­
liamentary majority. King George reacted to this Situation 
by entrusting the govemment to Gen. John Metaxas, who 
mied without a parliament until his death in 1941.

In Albania, however, King Zog’s regime collapsed in 
1939, and Italians took over direct administration of the 
country. This allowed Mussolini to threaten both Yugo­
slavia and Greece across a new frontier. Such an advance 
of Italian power was profoundly disturbing to both Balkan 
governments. Ever since 1934, when King Alexander of 
Yugoslavia had been assassinated in Marseilles by an imro 
gunman (supported by Hungary and Italy), Yugoslavia’s 
internal problems had offered the Italians a promising 
field of action. Prince Paul, brother o f the assassinated 
Alexander, took over the reins o f govemment as regent 
for the heir, King Peter II, who was still too young to 
rule. Paul, like other Balkan monarchs, experimented with 
authoritarian rule and worked diligently for diplomatic 
rapprochement with both Bulgaria and Italy.

In the late 1930s Paul decided that the kingdom could 
survive only by coming to a basic understanding with 
the Croats. Prolonged negotiations led to an agreement, 
in August 1939, by which a generously defined Croatia 
would enjoy extensive autonomy; the Croatian Peasant 
Party accepted this arrangement, and only certain extrem- 
ists (the Ustasa) remained irreconcilable. This drastically 
weakened the Italian leverage inside Yugoslavia; but it did 
not solve the state’s Problems, because most Serbs balked 
at the prospect of giving the Croats control over territory 
in which large numbers of Serbs lived. Yet nothing less 
would satisfy Croatian ambitions. As a result, the federal

structure for Yugoslavia as promised in the 1939 agree­
ment had not been fully implemented when the flood tide 
of World War II overwhelmed the Balkan Peninsula. 

World War II, 1939-45. Axis victories and occupation. 
Stalin’s Cooperation with Hitler against Poland (Septem­
ber 1939)turned previously proferred Anglo-French guar- 
antees of Polish and Romanian territorial integrity into 
worthless scraps of paper. The Romanian govemment had 
to yield Bessarabia and Bukovina to the Soviet Union 
(June 1940), part of Transylvania to Hungary (August 
1940), and the southem Dobruja to Bulgaria (September 
1940). King Carol, discredited by such losses, fled the 
country, and Gen. Ion Antonescu became dictator. Anto- 
nescu invited German troops to enter Romania in October 
1940. The Romanian govemment remained a loyal and 
relatively enthusiastic ally of the Nazis in their struggle 
against the Soviet Union until 1944.

The Italian govemment, jealous of Germany’s successes 
in Poland, Scandinavia, and France, decided to make 
Greece into a dependency. When the Greek dictator 
Metaxas refused to yield to Mussolini’s ultimatum (Oc­
tober 1940), Italian troops crossed the Albanian frontier, 
expecting to meet only token Opposition. To their surprise 
and discomfiture, the politically divided Greeks joined 
ranks against the Italians and drove the attacking forces 
back across the Albanian border. Fearing the provocation 
of German military Intervention, the Greek govemment 
reacted coolly to the British offers of air and naval support; 
these fears assumed new plausibility when Nazi troops 
moved secretly into Bulgaria in March 1941.
The German move attempted to forestall Soviet influ­

ence in Bulgaria and to compel Greece and Yugoslavia to 
repudiate ties with Great Britain and align themselves with 
the Nazi cause. As a diplomatic prelude to their planned 
attack on the Soviet Union, the Germans demanded that 
each Balkan state adhere to the Tripartite Pact (conclud- 
ed initially by Germany, Italy, and Japan in September 
1940). Hungary and Romania did so in November 1940; 
Bulgaria followed suit on March 1, 1941; and the Yugo- 
slavs reluctantly did the same a few weeks later (March 
25). News of this act led Serbian radicals, already bitterly 
opposed to the deal the govemment had concluded with 
the Croats, to seize power in Belgrade. This act of defiance 
outraged Hitler, then at the summit of his diplomatic suc­
cess; to safeguard his Southern flank for the thrust against 
the Soviet Union, he determined to crush the Yugoslavs 
and Greeks in a lightning campaign.

Accordingly, on April 6, 1941, German forces attacked 
and speedily overran Yugoslavia. A hastily assembled 
British expeditionary force scarcely reached Greece from 
North Africa when headlong retreat began. In May 1941 
German parachutists invaded Crete, and by the end of the 
month they had won a costly victory there; German arms 
had thus chalked up yet another brilliant success, but it 
forced them to postpone by a few weeks the start of the 
campaign against the Soviet Union. Whether this delay 
actually helped the Soviets survive Hitler’s assault can 
probably never be definitively decided; but Greeks and 
Yugoslavs easily convinced themselves that the defeat of 
their countries was an essential precondition for the later 
Soviet victory.

Greece and Yugoslavia remained under Axis occupation 
until 1944-45. Bulgarian, Italian, and German troops 
carved out separate zones o f  occupation—most of Mac­
edonia was incorporated into Bulgaria; an independent 
Croatia, mied by the Ustachi and under Italian patronage, 
was proclaimed. Romania, too, staked out its territorial 
claims in Bessarabia and adjacent regions of the Ukraine. 
Resistance movements. The first people who actively 

opposed these arrangements were Serbs, who had every- 
thing to lose and whose national tradition of heroic out- 
lawry against the Turks inspired guerrilla action. Bands of 
demobilized Serbian soldiers—“Chetniks”—formed under 
the leadership of Col. Draza Mihailovic and engaged in 
acts of sabotage. When the Germans sent fresh troops into 
Serbia and retaliated bmtally against communities sus- 
pected of harbouring guerrillas, the Chetniks abandoned 
active operations, husbanding their strength against a fu­
ture day of liberation when Germany’s defeat would per-
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mit them to restore the Serbian nation to its accustomed 
and proper position in the Balkans.

After the Nazi attack on the Soviet Union (June 22, 
1941), the Communist parties of the Balkans, which had 
previously cooperated with the Germans, made an abrupt 
about-face. Communist activity in Bulgaria remained mar­
ginal until 1944; in Romania the party was of trifling 
importance, being firmly identified with Jewish and other 
minority groups.

But in Yugoslavia, Albania, and Greece the Communists 
rapidly built up powerful resistance organizations. The 
Communist Party line was to cooperate with all anti- 
Fascist elements in the population; hence, populär fronts, 
uniting Socialists, peasants, nationalists, and anyone eise 
willing to cooperate with Communists, sprang into ex­
istence. Communist policy systematically played down 
Marxism and disguised the extent of party control over the 
network of political and military resistance organizations 
they created.

An essential strength of the Communists in this Situation 
was the availability in each Balkan state of underground 
party cadres already accustomed to survival in face of po­
lice harassment, In addition, the Communists emphasized 
political Organization in towns and countryside, thus pro- 
viding the armed guerrilla bands responsive to their lead­
ership with far firmer support than any rival organizations 
could offer. Finally, Communist policy aimed at helping 
the common cause of Socialist revolution by fighting Ger­
mans wherever they could be found; this simple policy had 
the effect of attracting the support of restless and active 
men throughout the western Balkans. Hence, by degrees 
the Communists were able to live down their traitorously 
antinational past and to far outdistance all rivals.

In Yugoslavia, when the Communist-led Partisans first 
took the field in the summer of 1941, they tried, in accord 
with populär front tactics, to cooperate with Mihailovió’s 
Chetniks. But violent quarrels soon broke out. Two points 
were at issue: whether to persist in active operations against 
the Germans and Italians, despite the cost to civilian 
populations, as Tito (Josip Broz), the Communist leader, 
desired (Mihailovic opposed this); and whether to wel­
come all Yugoslavs into the resistance, as Tito assumed, 
or accept only Serbs, as Mihailovic feit was necessary.

Behind these disagreements lay ri val visions of the future: 
Mihailovic desired above all to protect Serbdom against 
Croat, Bulgar, and other threats, whereas Tito envisioned 
a revolutionary brotherhood of all Balkan nationalities, 
as projected by the Comintern ever since the 1920s. In 
the long-drawn-out struggle that ensued, advantage lay 
overwhelmingly with Tito; his policy of conducting ac­
tive operations against the occupiers of his country won 
the backing of the British, American, and Soviet allies 
(Tehrän Conference, November 1943). In addition, as the 
war continued to bite into their daily lives the peoples of 
Yugoslavia more and more rallied to the only active trans- 
national Yugoslav organizations in sight: Tito’s Partisans 
and the Anti-Fascist Peoples’ National Council (avnoj), 
the political voice and arm of the movement.

In Greece, the Communist resistance also took the form 
of an armed guerrilla Organization, known by the acronym 
elas, and of a political Organization, called National Lib­
eration Front (eam). British policy, however, never aban- 
doned support for the Greek govemment in exile, headed 
by King George II. In Greece itself, anti-Communist guer­
rilla groups that were supported by British agents and 
supplies continued to di vide the ground with elas.

The Situation in Albania was similarly confused; rival 
Albanian resistance groups achieved effective Organization 
only after 1943, when the surrender of the Italian govern- 
ment to the Allies in September put large stocks of arms 
into Albanian hands. The Italian surrender also allowed 
the resistance movements of Yugoslavia and Greece to ac- 
quire large quantities of Italian weapons and briefly to take 
possession of territories formerly policed by Italian troops. 
The Germans were able to reoccupy major cities and lines 

of communication in the former Italian zones of occupa­
tion; but by 1944 the continuing retreat of German armies 
in the Soviet Union made clear the ultimate outcome of 
the war. On August 23, 1944, when the advancing Soviet

forces were close to the Romanian border, King Michael 
kidnapped General Antonescu and adroitly changed from 
the Axis to the Allied side. As a result, Soviet troops were 
able to advance rapidly toward the Danube, and Roman­
ian units, formerly Hitler’s allies, switched allegiances, 
turning their arms against the Germans.

The Bulgarians followed suit on September 9, as the So­
viet advance guard neared their border. The Soviets then 
turned westward, passing through a comer of Yugoslavia 
(Belgrade was liberated, October 20, 1944) on their way 
to Budapest.

This abrupt military reversal compelled the Germans to 
withdraw what forces they could from the western Bal­
kans. Isolated German garrisons, such as that in Crete, 
were left behind; but the main forces moved northward in 
good order, and at the end of the war (May 1945) much 
of Croatia still remained under German occupation.

The last Germans left Greece in October 1944, where- 
upon the royal Greek govemment retumed to Athens 
(October 18) with the protection of a handful of British 
troops; quarrels soon broke out, however, and, during six 
bitter weeks (December 1944 to January 1945), fighting 
flared in Athens between British forces and the resistance 
guerrilla army, elas.

World War II to  p re s e n t . Postwar settlement, 1945-49. 
The armed collision between British- and Communist-led 
forces in the streets of Athens showed how hard it was, as 
the prospect of final victory over Germany came closer, 
for the great Allied powers to keep on cooperating. In 
May 1944 the United States had reluctantly approved a 
division of the Balkans into British and Soviet spheres of 
influence; this was confirmed and adjusted in favour o f the 
Soviet Union when the British prime minister, Winston 
Churchill, visited Moscow that September to settle details 
of armistice arrangements with Romania and Bulgaria and 
to clear the way for the British landing in Greece.

The Soviets were not unhappy to see the British resort 
to high-handed means to enforce their will in Greece. 
They hoped for a similar free hand in Romania, where 
the absence of any strong native Communist party made 
it particularly difficult for them to establish a govemment 
they could depend on. The Bulgarian Communist Par­
ty, though, was relatively strong and, operating through 
a “Fatherland Front,” gave the Russians no cause for 
concern.

In Yugoslavia, however, where Tito easily took power 
as the Germans withdrew, the Soviets found it hard to 
restrain the Partisans’ revolutionary enthusiasm. In the 
first flush of victory, Tito’s followers were eager to put the 
Communist recipe for Balkan federation into effect and 
saw no reason to compromise with the “effete capitalist 
imperialists” of Britain and the United States over such 
an issue as control of Trieste. When the Soviets, in con- 
formity to their deal with Churchill to di vide the Balkans 
into spheres of influence, advised Tito to make concilia- 
tory gestures towards the Royal Yugoslav govemment (in 
exile since 1940), the Yugoslav Communists reluctantly 
complied by allowing King Peter’s representative, Ivan 
Subasic, briefly to join the Cabinet. But the Partisans had 
come to power by taking risks and despising compromise; 
accordingly, many of Tito’s followers were appalled at the 
Soviet Union’s unwillingness to act upon revolutionary 
principles in the immediate postwar period.

The British, American, and Soviet foreign ministers slow- 
ly negotiated peace treaties with the former enemy States 
of the Balkans (1945-47). As long as the Anglo-Americans 
had not recognized the postwar Communist-dominated 
regimes of Bulgaria, Romania, and Hungary, the Soviets 
had a powerful argument for moderation; Stalin accord­
ingly supported collaboration with all anti-Fascists and 
opposed further revolutionary adventures in the Balkans.

In Romania and Hungary there were strong practical 
reasons why out-and-out Communist Party dictatorships 
could not come to power—national feeling was distinctly 
anti-Soviet Union and, therefore, anti-Communist, and 
pre-existing Communist Party structures were extreme- 
ly weak. But even where there were strong Communist 
parties, as in Bulgaria and Yugoslavia, until 1947 Soviet 
policy continued to support anti-Fascist populär fronts in
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which Communist preponderance was at least partially 
camouflaged.

In 1947 two events altered Soviet policy toward the 
Balkans. First, the United States and Great Britain signed 
peace treaties with Bulgaria, Romania, and Hungary in 
February. These treaties did not much alter interwar 
boundaries, although Romania did lose Bessarabia and 
Bukovina to the Soviet Union once again and ceded a 
small strip of Dobruja to Bulgaria; Greece acquired the 
Dodecanese Islands in the Aegean from Italy; and Yugo­
slavia annexed a strip of territory in the Istrian peninsula. 
The treaties did, however, disband the Allied armistice 
commissions, which had exercised some control over local 
affairs in both Bulgaria and Romania following 1944.
The cancellation of British and American legal claims to 

authority in these countries freed local Communists from 
what had been a real, if modest, hindrance. At the same 
time, because the treaties authorized the Soviets to main­
tain their forces in Romania as “lines of communication” 
troops to forward garrisons in Austria, the Communists 
retained what was still an essential guarantee of their hold 
over Romania.

The second event that altered Soviet policy occurred in 
March 1947, just a month after the peace treaties came 
into effect, when Pres. Harry S. Truman asked the United 
States Congress to authorize military and economic aid 
to Greece and Turkey, both of which were under Com­
munist pressure. After prolonged debate, Congress voted 
to approve Truman’s request and thereby endorsed the 
“Truman Doctrine,” according to which the United States 
undertook to defend the rule of law internationally by 
coming to the aid of any govemment threatened with 
Communist Subversion.

The U.S. decision to back the Greek govemment against 
a renewed Communist guerrilla movement signalized a 
sharp shift of American policy vis-ä-vis the Soviet Union. 
Quarrels over the peace treaties, over Poland, over the 
occupation regimes in Germany and Japan, as well as 
over the rising tide of Communist power in China and 
several other parts of Asia, all contributed tö the change 
of American public attitudes; but events in the Balkans 
were also important.

In 1945 and 1946, through a series of diplomatic notes, 
the Soviets tried to convince the Turks to give them mil­
itary bases on the straits between the Black Sea and the 
Aegean. In addition, Tito and other Balkan Communists, 
most notably Georgi Dimitrov of Bulgaria, set about ac- 
tively implementing their ideal of Balkan confederation. 
A first step was to federalize Yugoslavia itself. A new 
Constitution, closely modelled on that of the U.S.S.R., was 
accordingly promulgated in January 1946; it established 
six federal republics (Serbia, Slovenia, Croatia, Montene­
gro, Macedonia, Bosnia) and several autonomous regions. 
King Peter lost his throne, and Communist Party control 
came fully into the open.
A second step was to bring a reliable Communist regime 

to power in Albania. The Yugoslavs sent troops and tech- 
nical advisers to help Albanian revolutionaries seize firm 
control (January 1946). Soon the entire country began to 
behave much like another constitutive republic of Tito’s 
emerging Balkan superstate.

The next item on the Communists’ agenda was never 
realized: the creation of a united Macedonia that would 
combine the portions of that land belonging to Greece, 
Bulgaria, and Yugoslavia into a single whole. Bulgaria did 
in fact briefly cede Pirin Province to the new Macedonia, 
but the Greeks refused to cooperate. Accordingly, Tito 
sent Greek veterans of the wartime guerrilla force (who 
had retreated into Yugoslavia at the end of the war) back 
to Greece, where they formed the core around which fresh 
bands of guerrillas quickly formed in 1946 and 1947.

The Greek government’s efforts to repress this renew- 
al of guerrilla activity were ineffective; British resources 
were too straitened at home to permit fresh involvement 
in Greece. Hence, for a few months—until the United 
States committed itself fully to stopping the Communist 
advance—Tito’s revolutionary policy seemed on the verge 
of paying off.

Such heady prospects encouraged the Yugoslavs to be ag­

gressive along their frontier with Italy, demanding further 
territory to unite all Slovenes in the new Slovene republic. 
They also entered into negotiations with the Bulgarians 
(and perhaps also with Romanian Communists) for merg- 
ing their countries into the proposed Balkan federal state.

Tito’s activity antagonized the United States and was a 
potent factor in persuading the U S. Congress to support 
the embattled Greek govemment in 1947. Tito’s effect 
on Soviet policy remains a matter for speculation; Stalin 
probably backed the idea of abandoning the popular-front 
tactic and the placing of out-and-out Communist regimes 
in power. Soviet diplomatic agents played the key role in 
driving King Michael from the Romanian throne (Decem­
ber 1947), thus instituting Communist Party dictatorship 
in that country. Bulgarian Communists needed no outside 
help to achieve the same result by the end of 1947.

Eventually, Tito’s efforts to overthrow the royal govern- 
ment in Greece and to press ahead with Balkan federation 
alienated the Soviets. Perhaps Stalin feared Tito’s inde- 
pendence or attributed the United States’ involvement in 
Greece and Turkey to what he saw as Tito’s recklessly 
revolutionary policies.
At any rate, in 1948 the Soviet dictator decided to Call 

Tito to heel. With characteristic guile, Stalin set out to 
overthrow Tito by stirring up an intrigue within the ranks 
of the Yugoslav Communist Party. It did not work; Ti­
to’s prestige inside his own country was too great for an 
Outsider—even Stalin—to succeed in unseating him.

When the quarrel between the Soviet Union and Tito 
came out into the open (June 1948), the entire strategie 
Situation in the Balkans altered abruptly. Albanian Com­
munists, warmly backed by the Soviet Union, broke away 
from Tito and unceremoniously evicted all the Yugoslav 
experts and advisers who had until then been running the 
country. Bulgaria and Romania disclaimed all sympathy 
for Tito and hurried to participate in Stalin’s economie 
blockade and propaganda war against the stubbom Yugo­
slavs (all the more energetically because of their previous 
associations with the new heretic).

In Greece, the Tito-Stalin split meant, first of all, the 
cessation of Yugoslav aid to the Greek guerrillas. This 
crippled the guerrilla cause. Then, in an effort to get the 
Macedonians to imitate the Albanians and secede from 
Tito’s dominion, the Cominform (Communist Informa­
tion Bureau, established in 1947) announced its program 
of a united Macedonia. Radio broadcasts failed to stir the 
Yugoslav Macedonians to action; but the news did create 
consternation in the ranks of the Greek guerrillas, who 
were unwilling to fight for a cause that, it now appeared, 
would lead, if successful, to the surrender of Greek terri­
tory to a Slav people. Greek Communist morale therefore 
collapsed, so that Greek govemment troops—equipped, 
advised, and assisted by a large American military mis- 
sion—found it easy to win a decisive victory in the sum­
mer of 1949.

Changes caused by the war. By August 1949, therefore, 
active military operations in the Balkans ceased; nearly a 
decade of war thus came to a conclusion. By that date 
Communist Party dictatorships were firmly established in 
all the Balkan countries except Greece and Turkey.

Yet, in spite of this fact, the changes World War II 
brought to the Balkans were distinctly less drastic than 
those that came during the 20th century’s earlier decade of 
Balkan fighting, 1912-23. Boundaries shifted only slightly 
after 1945; and war or postwar population movements 
wiped out or greatly reduced the numbers of some na­
tional minorities—Germans and Jews in particular. The 
effect was to confirm and enhance the sorting out of Bal­
kan populations into territorially defined national States, 
according to the patterns of 1918-19. From a political 
and social point of view the one-party regimes of the 
northern Balkans, set up by Communists, proved a little 
more ruthless and persistent in pursuit of the same goals 
that interwar Balkan governments had pursued: economie 
and political mobilization of the peasant mass—by police 
hectoring and controlled elections if need be—to hasten 
the development of industries and cities.

All in all, the major crisis of transition from a traditional 
peasant and premodern style of life apparently took place
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in the Balkans before and after World War I, whereas af­
ter 1949 so me what more stable patterns of modernization 
and mobilization established themselves in Greece as well 
as in Communist lands. The waning force of revolution­
ary movements of every kind, a marked feature of the 
post-World War II Balkan scene, is an index óf this basic 
transformation.

1950s and after. Though Balkan politics after 1949 were 
less tumultuous and also less bloody than was the case 
earlier, confusion and upheavals were not lacking. Among 
the Communist States, fluctuating relations with the Soviet 
Union defined major shifts of govemment policies.

From 1948 to 1953 all of Stalin’s satellites in eastern Eu­
rope purged real or imagined “Titoists”— i.e., Communist 
leaders suspected of putting national interests ahead of 
subservience to the Soviet Union. The countries formerly 
closest to Tito were, not surprisingly, the most energetic 
in carrying out such purges.
Albania broke away from Yugoslavia and became for a 

while the Soviet Union’s most enthusiastic satellite. The 
Bulgarian govemment staged a show trial against Titoists 
and used the occasion to implicate personnel of the United 
States embassy, with the result that official U.S.-Bulgarian 
relations were broken off in 1950, not to be resumed until 
1966. Yet, in spite of a trade blockade and various kinds 
of subversive activity aimed against the Yugoslav regime, 
Tito’s power remained unshaken. By cautiously accepting 
proffered American aid, the Yugoslavs managed to survive 
even Stalin’s wrath.

After Stalin’s death in 1953, the Soviet govemment tried 
to mend its fences with Tito. As a result, the Yugoslav 
govemment was able to balance itself between the Soviet 
Union and the United States—playing one off against the 
other and even getting economic and military aid from 
both great powers at once. The advantages of such an 
independent policy were obvious to other Balkan Com­
munist States. But not until after 1961, when a quarrel 
between Chinese and Soviet Communists came into the 
open, did first the Albanians and then the Romanians 
venture to defy the Soviet Union.

Albania’s policy was governed mainly by fear of a lasting 
Yugoslav-Soviet rapprochement; when that seemed likely 
in 1961, the Albanians threw out their Soviet advisers, as 
they had earlier ejected Yugoslavs from similar roles, and 
allowed the distant Chinese to become their new patrons. 
The Chinese sent substantial aid to Albania in the ensuing 
years, but after Mao Tse-tung’s death in 1976, the Albani­
ans quarrelled with Mao’s successors. In 1978 the Chinese 
accordingly cut off all aid, leaving Albania without a for­
eign protector for the first time since 1912.
A far more serious break in the Communist ranks oc­

curred in 1964, when Romania declined to accept the role 
assigned to it by the Soviet Union in the Comecon (Coun­
cil for Mutual Economic Assistance) plan for economic de­
velopment of eastern Europe. Instead öf concentrating on 
agriculture for export, the Romanian govemment wished 
to continue to emphasize industry, even if this meant 
duplicating Czech or East German factories. Romanian 
national feeling, always strongly anti-Soviet, surged to the 
surface in support of the government’s stand. In the fol- 
lowing 15 years, until Polish trade unionists began to chal- 
lenge Communist practices, Romania remained the Soviet 
Union’s most vocal eastern European critic and gadfly. In 
late 1979, however, President Nicolae Ceausescu found it 
necessary to import Soviet, in lieu of Iranian, oil. It was 
thought that this new link might diminish friction between 
the two countries, or at least muffle its public expression. 

In Greece, U.S. policy played a dominating role after 
1947. Until 1956 U.S. funds continued to provide the 
Greek govemment with substantial aid for economic re- 
habilitation; the United States thus was able to control a 
number of important aspects of govemment policy.
After 1956, aid tapered off, and U.S. diplomats deliber- 

ately tried to pull out of Greek politics. Such aloofness was 
all the more attractive to the United States because Greece 
seemed to have attained a relatively stable parliamentary 
regime under Marshal Alexandros Papagos—hero of the 
Albanian war of 1940 and of the guerrilla war of 1947- 
49—and, after his death (1955), Konstantinos Karaman-

lis, who survived three elections to remain prime minister 
for an unprecedentedly long period (1955-63).

Yet the fact that Greece had become a member of the 
North Atlantic Treaty Organization (n a t o ) in 1952 meant 
that U.S. influence upon the Greek armed forces remained 
strong even after other forms of aid had stopped. And, be­
cause the political attitudes of the army mättered in Greek 
politics, U.S. efforts to leave the Greek politicians alone 
were never very successful. Thus, in April 1967, when a 
clique of army officers seized power by coup d’état, U.S. 
agents were generally suspected of being responsible for 
what was probably planned in secret by a narrow and 
purely Greek circle. The policy of the new Greek govern- 
ment lent some colour to the charges, however, because 
the officers who emerged as miers of the country com­
bined an enthusiastic anti-Communism with an eamest 
courtship of private foreign (principally U.S.) investment, 
which they needed to balance their international accounts. 
The authoritarian military dictatorship, headed by Col. 

Georgios Papadopoulos, lasted until 1974, when intrigues 
aimed at bringing Cyprus into union with Greece misear- 
ried and the military miers of the country were discredit- 
ed. Kararrianlis was recalled from his self-imposed exile in 
Paris and organized new elections, thus restoring the legal 
forms of parliamentary democracy. In a national referen­
dum in December 1974 the Greeks rejected the monarchy 
and became a republic. Relations with Turkey, which had 
nearly come to war over Cypms, were not easily healed; 
and indignation at the failure of n a t o  commanders to 
support the Greek cause against Turkey led Karamanlis 
to cancel most of the agreements that had bound the 
Greek armed forces to n a t o . Subsequently, long drawn- 
out negotiations restored some links with n a t o , but the 
Greek govemment retained fuller control over n a to  and 
U.S. bases on Greek soil than before. Efforts to normalize 
relations with Turkey met with more limited success. Far 
more important was the fact that on January 1, 1981, 
Greece became a member of the European Economie 
Community (eec). Important changes in the Greek econ- 
omy were likely to flow from this move, which also 
symbolized a psychological and cultural commitment on 
the part of the Greeks to the Western style of life.

The political upheavals and often noisy public debate that 
characterized Greece stood in sharp contrast to the strict 
Controls on public discussion that Communist regimes en- 
forced in other Balkan countries. This difference, however, 
should not disguise some important resemblances in the 
pattern of economie development pursued by all Balkan 
governments in the post-World War II era. Everywhere 
officials preferred industrial to agricultural investment and 
subjected most economie activities to elaborate, often 
cumbersome, bureaucratie control. Everywhere, too, cities 
grew rapidly, offering scope for peasant sons and daugh- 
ters to pursue new careers more attractive than those their 
parents had known. This permitted a general relaxation 
of political and economie dissatisfactions, despite the nu­
merous unsolved problems that persisted within all the 
Balkan nations.
The only important difference in economie policies was 

that Greece continued to import private foreign Capital 
and linked internal prices to world markets, whereas Com­
munist countries maintained a command price system at 
home and regarded all private investment as detestable 
capitalist exploitation. When importing foreign Capital, 
the Communist countries were willing only to borrow 
from other governments—a policy that seemed unlikely 
to make borrowers any less dependent on lenders. 

Tangible increases of industrial output occurred in every 
Balkan state. This did not mean, however, that problems 
of distribution and assortment of products to suit the 
consumers had been solved. Quite to the contrary, in the 
Communist lands shoddy goods and insufficiënt supplies 
of some Commodities were still the rule; and many of the 
new factories, built as a result of political decisions, were 
distressingly inefficiënt when it came to costs. In Greece, 
unsolved problems were primarily those of income distri­
bution among the different speial classes, although inef­
ficiënt and high-cost factories that sheltered behind tariff 
and quota protection were not absent.
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Recognition of the difficulty of adjusting a command 
economy to consumer needs led the Yugoslavs to experi­
ment with freer market prices on the one hand and with 
worker-management partnership in factory administra­
tion on the other. A new Constitution, effective in 1963, 
gave enhanced power in economic matters to the federal 
republics in the hope that this, too, would bring planning 
and management closer to the people. Yugoslavia met 
some success in this effort at decentralization and bureau­
cratie simplification. But divisive tendencies among the 
various nationalities of the state were perhaps reinforced 
by allowing greater populär participation in management 
decisions. Nevertheless, on June 30, 1971, the federal 
govemment instituted amendments that further enhanced 
the powers of the republics and municipalities, granting 
the right, for example, to initiate investment projects. The 
federal govemment reserved for itself sole power in the 
areas of defense, foreign policy, and general economic 
policies. A new Constitution promulgated in 1974 went 
even further toward institutionalizing “workers’ ” manage­
ment, but frictions among the separate nationalities of Yu­
goslavia were not completely damped down by the policy 
of decentralization; and Marshal Tito’s death in May 1980 
brought the regime a new test of its stability. Tito was suc- 
ceeded by a collective presidency representing each of the 
six republics and two autonomous provinces into which 
Yugoslavia was juridically divided. Internal diversity was 
thus proclaimed symbolically, but a far more centralized 
Communist party stmeture continued to counterbalance 
fissiparous tendencies.
In the 1970s, all of the Balkan countries faced new dif- 

ficulties in economic management. Sharp increases in the 
international price of oil on the one hand and rising ex- 
pectations at home on the other made planned investment 
in heavy industry difficult to achieve and, in fact, planned 
expansion was not realized. Deficit accounts in interna­
tional trade and domestic inflation at rates considerably 
higher than those experienced by the more highly indus- 
trialized nations of Europe registered the gap between cur­
rent productivity and the demand for goods and services.

Despite these unsolved difficulties and the repressive po­
lice regimes that supported the Communist monopoly of 
political power, Balkan history since 1949 must be con- 
sidered an overall success, at least when compared to the 
earlier decades of the 20th Century. Peace prevailed as sel- 
dom before, coups d’etat were far fewer, and urbanization 
increased by leaps and bounds. Most significant of all, age- 
old routines of peasant life altered profoundly. Family pat­
tems changed so that lower birth rates prevailed in every 
country except Albania. This reduced population pressure 
and made rising Standards of living easier to attain. Even 
in poor villages, new, powerful farm machinery lightened 
the labour of cultivation and increased production. The 
Balkan peasantries also accepted new ideas about the 
world and its possibilities, largely through daily exposure 
to radio and television broadcasts.

The Balkan nations, in short, stmggled to transform 
themselves into provincial variants of the world-girdling 
Western style of civilization. Their success provoked new 
dissatisfaction to be sure, but nothing to compare with 
the fierceness of older revolutionary aspirations that had 
kept the Balkans in turmoil from 1850 to 1950. (For 
additional information on Contemporary affairs in the 
Balkans, see albania; greece; romania; bulgaria; and
YUGOSLAVIA.)
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Bangkok

Bangkok is the Capital and chief port of Thailand. It 
is the only cosmopolitan city in a country of small 
towns and villages and is Thailands cultural and 

commercial centre.
Bangkok is located on the delta of the Chao Phraya 

River, about 25 miles (40 kilometres) from the Gulf of 
Thailand. It was formerly divided into two municipali- 
ties—Krung Thep on the east bank and Thon Buri on the 
west—connected by several bridges. In 1971 the two were 
united as a city-province with a single municipal govem­
ment. In 1972 the city and the two surrounding provinces 
were merged into one province, called Krung Thep Maha 
Nakhon (Bangkok Metropolis). Bangkok Metropolis has a 
total area of 604 square miles (1,565 square kilometres). It 
is a bustling, crowded city, with temples, factories, shops, 
and homes juxtaposed along its roads and canals.

The name Bangkok, used commonly by foreigners, is, 
according to one Interpretation, derived from a name that 
dates to the time before the city was built—the village or 
district {bang) of wild plums {makok). The Thai call their 
Capital Krung Thep, which is the first part of its melliflu- 
ous and lengthy official name meaning “the City of Gods, 
the Great City, the Residence of the Emerald Buddha, the 
Impregnable City (of Ayutthaya) of God Indra, the Grand 
Capital of the World Endowed with Nine Precious Gems, 
the Happy City Abounding in Enormous Royal Palaces 
Which Resemble the Heavenly Abode Wherein Dweil the 
Reincamated Gods, a City Given by Indra and Built by 
Vishnukarm.” The abbreviated name Krung Thep is often 
translated “City of Angels.”

This article is divided into the following sections:

Physical and human geography 589 
The landscape 589 
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Physical and human geography
THE LANDSCAPE

Climate. The climate of Bangkok is hot throughout the 
year, ranging from 11° F (25° C) in the “cold” season 
in December to 86° F (30° C) at the height of the hot 
season in April. The mean annual rainfall totals 60 inches 
(1,500 millimetres), four-fifths of which falls in brief tor- 
rential downpours during the late aftemoons of the rainy 
season, which lasts from mid-May through September; 
the dry season lasts from December to February. Mean 
monthly relative humidity varies from a low of 60 percent 
in the cold season to more than 80 percent during the 
rainy season.

The city layout. Modem Bangkok has undergone ex­
plosive growth, which the authorities have only recently 
attempted to direct by means of a series of master plans. 
The city centre, formerly enclosed by a wall, has long been 
densely developed, while later expansion has sprawled 
outward well beyond the administrative boundaries into

the surrounding agricultural areas. Some districts have 
evolved into functional units as the inner city has be­
come more institutional and commercial and the outer 
city more residential and industrial. Throughout the city, 
walled Buddhist temples and monasteries called wats, of­
ten sumptuously ornamented, serve as focal points for 
religiöus, cultural, and even commercial life.

Traditional areas. The governmental and commercial 
districts of the city occupy traditional sites. Government 
offices were originally housed in the walled compound 
of the 18th-century Grand Palace, but by the late 19th 
Century they occupied surrounding palaces and mansions. 
The bureaucracy then spread outward into nearby colo- 
nial-style or Thai-style office buildings and homes along 
Ratchadamnoen Road. Multistoried buildings have been 
erected to meet the ever-increasing demand for space, 
and the traditional govemment compounds have become 
overbuilt. A number of large camps around and north of 
the National Assembly Hall constitute the military area.

When Bangkok became the national Capital in the 18th 
Century and its citadel was moved to the east bank of the 
Chao Phraya River, Chinese merchants and tradesmen oc- 
cupying the site moved a short distance southward to the 
area now known as Sam Peng. Business was at first car- 
ried on in one-story wood and thatch houses. By the early 
1900s a number of streets had been lined with two-story 
masonry shop-houses. This ever-expanding district now 
contains rows of shop-houses that are sometimes five or 
more stories high. Warehouses line both banks of the river 
just south of Sam Peng, while industry is concentrated at 
Sam Rong, south of the port. Nightlife flourishes on Pat 
Pong Road. The financial district straddles Silom Road.

In the Floating Market a variety of foods and merchan- 
dise are sold daily from boats on the canals near Wat Sai. 
Formerly several such markets and innumerable door-to- 
door floating vendors served the daily needs of the city’s 
residents.

Housing. Homes generally consist o f small, detached 
one- or two-story wooden houses or row houses. Most 
of these are overcrowded because there are far too few 
of them to house the expanding population. Government 
programs alone are insufficiënt to meet the housing short- 
age, and funds from the World Bank have been used to 
build low-income housing, such as the Din Daeng and 
Hua Mak developments.
The govemment allows squatters to occupy unused public 

land. The number of squatters is small, and most of them 
are concentrated in the Khlong Toei area near the port. 
Private real-estate developers pro vide homes for middle- 
income groups, and many govemment agencies provide 
homes for their employees. Homes may be crowded onto 
small lots with rudimentary sanitation facilities. These 
developments have spread out haphazardly on the periph- 
ery of the city.

Luxury housing, mostly for the wealthy foreign com­
munity, usually takes the form of large, modern, two- 
story masonry stmctures set in private compounds and 
equipped with separate servants’ quarters and kitchens. 
Bang Kapi is perhaps the most affluent neighbourhood. 
High-rise offices, hotels, and condominiums are increas- 
ingly common.

THE PEOPLE
The population’s outstanding demographic characteris­
tics—its youth and the low proportion of non-Thais—  
are explained by the high rate of natural increase and by 
the restrictive foreign immigration quotas adopted after 
World War II. Two-fifths of the residents are under 20 
years of age; another one-fifth is under 30. The birth 
rate has declined since the introduction of a birth-control 
program. At the same time, the net in-migration of young
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adults, particularly females, has increased greatly, so that 
more than a quarter of the resident population of the city 
is made up of migrant Thais from all parts of the country.

Less than 3 percent of the population is non-Thai. The 
Chinese are by far the largest minority, but there are sizable 
communities of other Asians, North Americans, and Eu­
ropeans. Despite their small size, the foreign communities 
tend to live in certain areas. The Chinese concentrate in 
the commercial area of Sam Peng, Indians gather around 
mosques in the Wang Burapha section, and the Western 
and Japanese communities reside in the affluent, modern 
eastem section of the city.

Of the foreign groups, the Chinese enter the most in- 
timately into city life. They appear to assimilate readily, 
and intermarriage is frequent. Their offspring are Thai 
citizens, and many Chinese families take Thai surnames 
and are naturalized.

Population density is highest in the Chinese district of 
Sam Peng, where it reaches about 390,000 persons per 
square mile (150,000 per square kilometre).

THE ECONOMY
Industry. There are many factories in the metropolitan 

area, but most operate on a small scale. Larger plants 
are located in the vicinity of the port, near the ware- 
houses that store imported materials. Manufacturing is 
chiefly confined to food processing, textiles, the assembly 
of electronic equipment, and the production of building 
materials. After 1976, however, no new factories were 
permitted to be built in Bangkok, and the govemment has 
given high priority to locating industry in industrial parks 
on the outer fringes of Bangkok. Tourism has increased 
greatly and is now a major source of revenue in Bangkok.

Finance. Bangkok houses about one-third of the coun­
try’s banking units, holding three-fourths of all deposits. 
The Industrial Finance Corporation of Thailand, the Board 
of Investment, and the Securities Exchange of Thailand 
are also located in the city.

Transportation. Bangkok’s transportation System was 
originally based on water travel. The city’s maze of canals 
connected with the river earned it the name Venice of 
the East. The advent of the automobile, however, brought 
drastic changes. The number of vehicles in the city (includ­
ing three-wheeled taxis, private cars, and buses—colour 
coded according to the region of service) has increased, 
and a shortage of road space has developed. The problem 
was met first by filling in most of the smaller and a 
number of the larger canals. This proved to be more than 
an aesthetic loss, however, because the waterway System 
had served to drain the waterlogged delta; flooding of 
the lower-lying parts of the city thus became increasingly 
frequent. Fürthermore, the measure did not solve the 
problem of lack of space; traffic became so congested that 
movement was increasingly difficult. To help ameliorate 
these problems, an authority was established in the 1970s 
to oversee bus transportation in the city.

Lines of communication radiate outward from the city. 
Roads run north to Laos and Chiengmai, east tp Kam- 
puchea, and south to Malaysia; railways mn to the borders 
of Laos and Malaysia, to Chiengmai in the north, and 
to Ubon Ratchathani and the Kampuchean border in the 
east. Don Muang airport, one of the busiest in Southeast 
Asia, is served by international airlines.

The port of Bangkok, located on the Chao Phraya, at 
Khlong Toei, is connected to the sea by a channel dug 
through the sandbar at the river mouth some 17 twisting 
miles downstream. The port handles nearly all of the na- 
tion’s Imports and exports.

ADMINISTRATION AND SOCIAL CONDITIONS
Government. The govemment of Bangkok Metropolis is 

administeréd by a govemor and deputies. Developmental 
responsibilities rest with a large number of governmental 
agencies. Bangkok houses the headquarters of the United 
Nations Economic and Social Commission for Asia and 
the Pacific (ESCAP). In addition, the city houses various 
other UN agencies, including branch offices of the World 
Health Organization (WHO), the International Labour 
Organisation (ILO), the United Nations Children’s Fund

(UNICEF), and the International Bank for Reconstruction 
and Development (World Bank).

Public Utilities. Most of the city’s water supply comes 
from purification plants; it is drawn from the Chao Phraya 
and from deep wells. The pumping of water from wells 
has caused subsidence in parts of the city, which has in­
creased flooding.

Sanitation facilities consist partly of sewage storm drains 
and the canals; large buildings are often equipped with 
septic tanks. Bangkok consumes more than half of the 
country’s electric power.

Health. Bangkok has rnost of the country’s hospitals 
and clinics. Special services are offered for patients with 
tuberculosis and venereal disease, and there are govern- 
ment homes for the indigent, handicapped, and aged. The 
Pasteur Institute and WHO supply vaccines. Family-plan- 
ning clinics have proliferated in recent years.

Education. Because of its high proportion of school- 
age citizens, Bangkok’s educational facilities are overbur- 
dened. There are too few schools, and the Standard of 
instruction varies. Literacy is extremely high, however.

Many of the government-built preprimary and primary 
schools are located on monastery grounds. Private primary 
and secondary schools mn by foreign religiöus missions 
train the children of the elite. There are many private 
Chinese primary schools and night schools. The city has 
several universities.

CULTURAL LIFE
The most important cultural feature of Bangkok is the 
wat. There are more than 300 such temples, representing 
classic examples of Thai architecture. Most are enclosed

© Robert Frerck—CLICK/Chicago

Buddhist monk at the Wat Arun in Bangkok.
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by walls. Many wats have leased a portion of their grounds 
for residential or commercial use.

The National Museum houses prehistorie and Bronze 
Age art relics, as well as royal objects dating to the 6th 
Century a d . The city also houses the National Library 
and the Thai National Documentation Department. Jim 
Thompson’s Thai House, named for a U.S. entrepreneur 
and devotee of Thai culture, is composed of several tra­
ditional Thai mansions; it contains the country’s largest 
collection of 17th-century Thai religiöus paintings. There 
are also collections of Dvaravati and Khmer sculpture, 
in addition to examples of Thai and Chinese pottery 
and porcelain.

All of the country’s daily newspapers and most of its 
weeklies and monthlies are published in Bangkok. News­
papers are printed in Thai, English, and Chinese.

Radio and television are controlled by govemment agen­
cies and by the military. Most of the nation’s radio stations 
and all of its television stations are located in or near 
Bangkok. Most programs are in Thai, but some special 
programs are in English and Chinese.

Motion pictures are extremely populär. There is a thriv- 
ing Thai cinema industry, but films are also imported. 
Fairs, festivals, and “kite-fighting” contests are held in 
the parks; the Ratchadamnoen and Lumphini stadiums 
present exhibitions of Thai boxing. Silapakorn National 
Theatre presents dancing, drama, and music.

History

Bangkok became the Capital of Siam (as Thailand was 
previously known) in 1782, when General Chao Phraya 
Chakkri, the founder of the ruling Chakkri dynasty, as- 
sumed the throne as Rama I and moved the court from 
the west to the east bank of the Chao Phraya River. The 
move appears to have been dictated by strategie consider- 

Strategic ations: the wide westward bend in the river constituted a 
location of wide moat guarding the northern, western, and Southern 
the city perimeters of the new site. To the east stretched a vast, 

swampy delta called the Sea of Mud, which could be 
traversed only with extreme difficulty. Rama I modeled 
the new city on the former Capital, Ayutthaya, 40 miles to 
the north. By the end of his reign the city was established. 
The walled Grand Palace complex and Bangkok’s oldest 
temple, Wat Po, were completed. A new city wall, perhaps 
the most imposing structure, skirted the river and Khlong 
Ong Ang to the east; it was four and a half miles long, 
10 feet thick, and 13 feet high, and it had 63 gates and 
15 forts. The area enclosed amounted to one and a half 
square miles.
More wats were built during the reigns of Rama II (1809- 

24) and Rama III (1824-51). They served as schools, li- 
braries, hospitals, and recreation areas, as well as religiöus 
centres. During these years Wat Arun, noted for its tall 
spire, Wat Yan Nawa, and Wat Bowon Niwet were com­
pleted, Wat Po was further enlarged, and Wat Sutat was 
begun. There were, however, few other substantial build­
ings and fewer paved streets; the river and the network of 
interconnected canals served as roadways.

Rama IV (1851-68) developed the city while continu- 
ing, at a reduced rate, the traditional building of wats. 
The Grand Palace was improved, a number of substantial 
dwellings were constructed for members of the royal fam- 
ily, several new streets were laid down, and a reduction 
was made in the large number of floating houses anchored 
along the river front. A new route, Charoen Krung (New 
Road), leading southward was constructed, and a new 
city moat, Khlong Phadung Krung Kasem, parallel to 
the city’s first canal, was dug and fortified; a long canal

led from it to the present port area (Khlong Toei), thus 
allowing small boats to bypass the large bend in the river 
immediately south of the city. A pony path, now Phra 
Ram Thi 4 Road, was laid atop the mud heaped up beside 
this waterway.

During the long reign of Rama V, King Chulalongkom The trans- 
(1868-1910), the city was transformed through a program formation 
of public works. The great triple-spired Chakkri Building of the city 
in the Grand Palace was completed by 1880; the Dusit under 
Palace and an ancillary garden city were later built beyond Rama V 
the wall, being connected to the Grand Palace by the 
European-inspired Ratchadamnoen Nok Road. A road- 
and bridge-building program was embarked on in eamest, 
because King Chulalongkom, an early automobile enthu- 
siast, foresaw the effect that the motor vehicle would have 
on city development. Most of the now obsolete city wall 
was pulled down to build the roads, but two forts, a 
large gate, and a section of the wall were preserved. The 
centenary of the city, in 1882, was marked by the inau- 
guration of many social reforms, manifested in the public 
buildings used for their administration, as well as by the 
completion of the great royal temple, Wat Phra Kaeo, 
which housed the Emerald Buddha. A post and telegraph 
service was organized in the 1880s, an electric tram service 
was instituted on Charoen Krung in 1892, and the first 
line of the State Railway, running from Bangkok to Phra 
Nakhon Si Ayutthaya, opened in 1900. Nor were aesthetic 
considerations forgotten, for other new buildings included 
the marble temple of Wat Benchamabopit (1900), elegant 
bridges in the French style, and the Italian-inspired Na­
tional Assembly Hall (Throne Hall).

Rama VI (1910-25) continued the program of public 
works. He established Chulalongkom University in 1916, 
built a system of locks to control the level of waterways 
throughout the city, and gave the public its first and 
largest recreational area—Lumphini Park. During Rama 
VII’s reign (1925-35) municipal areas were delimited as 
part of a general administrative reorganization aimed at 
decentralization. In 1937 Bangkok was formally divided 
into the municipalities of Krung Thep and Thon Buri.
At the time of their establishment, the two municipali­
ties, approximately equal in area, together covered about 
37 square miles; about four-fifths of the city’s population 
lived in Krung Thep.

Since World War II Bangkok has grown with unprece- 
dented rapidity. As a result of this growth, problems 
with transportation, communication, housing, water sup­
ply, drainage, and pollution have become acute. That 
those responsible for modemizing the metropolis are cop- 
ing with these problems suggests the appropriateness of 
its official emblem: the God Indra seated atop a sacred 
white elephant, the four tusks of which denote its celestial 
status and its ability to accomplish the impossible. The 
city’s uniquely Thai character, while perhaps diminishing, 
provides a vibrant backdrop for Bangkok’s increasingly 
cosmopolitan image.
BIBLIOGRAPHY. WILLIAM WARREN and MARC RIBOUD,
Bangkok (1972), gives a panorama of life in the city through 
imaginative text and evocative photographs. erik  seiden- 
faden , Guide to Bangkok, with Notes on Siam, 2nd ed. (1928, 
reprinted 1985), is a beautifully illustrated guide with a wealth 
of historical data. Three useful works are larry sternstein ,
Planning the Developing Primate City: Bangkok 2000 (1971), 
a translation and critique of three Thai plans, Thailand: The 
Environment of Modernisation (1976), a profusely illustrated 
study that includes a long section on Bangkok, and Portrait of 
Bangkok (1982), a series of 11 essays, with rare pictures and 
maps, on historical and contemporary affairs, published on the 
occasion of the bicentenary of the city.

(La.S.)



592 Bangladesh

Bangladesh

Bangladesh (in full People’s Republic of Bangladesh; 
Bengali: Gana Prajätantri Bangladesh) is an inde­
pendent Asian state located in the delta of the 

Ganges and Brahmaputra rivers in the northeastern part 
of the Indian subcontinent. As the eastern portion of 
the historie region of Bengal, it formed, with the Indian 
state of West Bengal, the province of Bengal in British 
India. From the partition of 1947 until 1971 it was, as 
East Pakistan, one of five provinces of Pakistan, separated 
from the other four by 1,100 miles (1,800 kilometres) of 
Indian territory.

Bangladesh has an area of 55,598 square miles (143,998 
square kilometres) and is one of the most densely pop- 
ulated areas in the world. It is bounded by the Indian 
States of West Bengal to the west and north, Assam to the 
north, Meghälaya to the north and northeast, and Tripura 
and Mizoräm to the east, by Burma to the southeast, and 
by the Bay of Bengal to the south. The Capital is Dhäkä 
(formerly spelled Dacca).
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Physical and human geography
THE LAND

Relief. Bangladesh constitutes the eastem two-thirds of 
the Ganges-Brahmaputra deltaic plain, which Stretches 
northward from the Bay of Bengal. Except for small higher 
areas of jungle-covered old alluvium (rising to about 100 
feet [30 metres]) in the northwest and north-centre— 
called, respectively, the Bärind and Madhupur tracts—the 
plain is a flat surface of recent alluvium, having a gentle 
slope and generally with an elevation of less than 30 feet 
above sea level. In the northeast and southeast the allu­
vial plains—called, respectively, the Sylhet and Chittagong 
hills—give place to ridges running mainly north-south, 
which form part of the mountain divide with Burma and 
India. Bangladesh is fringed on the south by the Sundar- 
bans, a huge expanse of marshy deltaic forest.

In northwestern Bangladesh the Bärind Jract comprises 
a triangulär wedge of land between the floodplains of the 
Ganges and Brahmaputra rivers. The soil of this region

is hard, reddish clay, and the region is comparatively ele­
vated. A depression called the Bhar Basin extends south­
east of the Bärind Tract for about 100 miles between the 
floodplains of the Ganges and Brahmaputra rivers to their 
confluence. This area is inundated during the summer 
monsoon season. The drainage of the western part of the 
basin is centred in the vast marshy area called the Chalan 
wetlands, also known as Chalan Lake. The floodplains of 
the Brahmaputra (Jamuna), which lie north of the Bhar 
Basin and east of the Bärind Tract, stretch from the border 
with India (Assam) in the north to the confluence of the 
Ganges and Brahmaputra in the south. The Brahmaputra 
frequently overflows its banks in devastating floods. South 
of the Bhar Basin is the floodplain of the Ganges.

In north-central Bangladesh, east of the Brahmaputra 
floodplains, is the Madhupur Tract. It consists of an el­
evated plateau, with hillocks varying in height from 30 
to 60 feet, and cultivated valleys. The Madhupur Tract 
contains sal trees, whose hardwood is comparable in value 
and utility to teak. East of the Madhupur Tract, in north­
eastern Bangladesh, is a region called the Northeastern 
Lowland. It encompasses the Southern and southwestern 
parts of the Sylhet area (including the valley plain of the 
Surma River) and the northern part of the Mymensingh 
area and has a large number of lakes. The Sylhet Hills 
in the far northeast of the region consist of a number 
of hillocks and hills ranging from 100 feet to more than
1,100 feet in height.
In east-central Bangladesh the Brahmaputra River in its 

old course built up the Meghna Flood Basin, which in­
cludes the low and fertile Meghna-Lakhya Doäb (the land 
area between those rivers). This area is enriched by the 
Titäs distributary, as well as the land areas formed and 
changed by the deposition of silt and sand in the riverbeds 
of the Meghna River, especially between Bhairab Bazar 
and Daudkandi. Dhäkä is located in this region.

In Southern Bangladesh the Central Delta Basins include 
the extensive lakes in the central part of the Bengal Delta, 
to the south of the Ganges (Padma). The basin’s total area 
is about 1,200 square miles. The belt of land in southwest­
ern Bangladesh bordering the Bay of Bengal constitutes 
the Immature Delta. The belt—a lowland of some 3,000 
square miles—contains, in addition to the vast mangrove 
forest known as the Sundarbans, the reclaimed and culti­
vated lands to the north of it. The area nearest the Bay of 
Bengal is crisscrossed by a network of streams that flow 
around roughly oblong islands. The Active Delta, located 
north of the Central Delta Basins and east of the Imma­
ture Delta, includes the Dhaleswari-Padma Doäb and the 
estuarine islands of varying sizes that are found from the 
Pusur River in the Southwest to the island of Sandwlp 
near Chittagong in the southeast.

Lying to the south of the Feni River in southeastern 
Bangladesh, the Chittagong region has many hills, hillocks, 
valleys, and forests and is quite different in aspect from 
other parts of the country. The Coastal plain is partly sandy 
and partly composed of saline clay; it extends southward 
from the Feni River to the town of Cox’s Bäzär and varies 
in width from one to 10 miles. The region has a number 
of offshore islands and one coral reef, St. Martin’s, off the 
coast of Burma. The hilly area known as the Chittagong 
Hill Tracts in the far southeast consists of low hills of soft 
rocks, mainly clay and shale. The north-south ranges are 
generally below 2,000 feet in height.

Drainage. The rivers of Bangladesh have molded not 
only its physiography but also the way of life of the people. 
They may be divided into five Systems—(1) The Ganges, 
or Padma, as the united streams of the Ganges and 
Brahmaputra are known, and their deltaic streams; (2) the 
Meghna and the Surma river System; (3) the Brahmaputra 
and its adjoining channels; (4) the North Bengal rivers;
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and (5) the rivers of the Chittagong Hill Tracts and the 
adjoining plains.

The Ganges is the pivot of the deltaic river System of 
Bengal. The river and its tributaries enclose a large area of 
southwestem Bangladesh. The Ganges Delta itself covers 
about 20,000 square miles. The Ganges enters Bangladesh 
from the west and forms, for about 90 miles, the bound- 
ary between Bangladesh and West Bengal (India). It flows 
southeast to join the Brahmaputra and forms numerous 
distributaries and spill channels. Except at places where it 
is confined by high banks, the main channel of the river 
changes its course every two or three years; consequently 
no description of Bangladeshi topography retains its ab­
solute accuracy for long. The river carries an immense 
volume of water mixed with silt, which gives it a muddy 
look. Silt deposits build temporary islands that reduce 
navigability but are so highly fertile that they have been 
for decades a source of feuds among peasants.

The Meghna is formed by the union of the Sylhet-Surma 
and Kusiyära rivers. These two rivers are branches of the 
Barak River, which rises in the Nagar-Manipur watershed 
in India. The main branch of the Baräk, the Surma, is 
joined near Azmiriganj in northeastem Bangladesh by the 
Kälni and farther down by the Kusiyära branch. The 
Dhaleswari, a distributary of the Jamuna River, joins the 
Meghna a few miles above the junction of the Ganges and 
the Meghna. As it meanders south, the Meghna grows 
larger after receiving the waters of a number of rivers, 
including the Buriganga and the Sitallakhya.

The Brahmaputra and its adjoining channels cover a large 
area from north-central Bangladesh to the Meghna River 
in the southeast. The Brahmaputra receives waters from a 
number of rivers, especially on its right bank. The river, 
with its notoriously shifting channels, not only prevents 
permanent settlement along its banks but also inhibits 
communication between the northern area of Bangladesh 
and the eastern part, where Dhäkä is situated.

The Tista is the most important water carrier of north- 
westem Bangladesh. Rising in the Himalayas near Daijee- 
ling (India), it flows southward. After the floods of 1787, 
however, the Tista changed its course, moving southeast- 
ward to join the Brahmaputra. A number of small and 
medium-sized rivers in the Southwest are silting up, ad- 
versely affecting the economic life of that region.

Four main rivers constitute the river System of the 
Chittagong Hills and the adjoining plains—the Feni, the 
Kamaphuli, the Sangu, and the Mätämuhari. Flowing 
generally west and Southwest across the Coastal plain, they 
empty into the Bay of Bengal. Of these rivers the longest 
is the Kamaphuli. It is dammed at Kaptai, about 30 miles 
upstream from its mouth near the city of Chittagong.

None of the major rivers of Bangladesh originates within 
the country’s territory. The headwaters of the Surma are 
in India; the Ganges rises in Nepal and the Brahmaputra 
in China (Tibet), but they, too, reach Bangladesh across 
Indian territory. Thus, Bangladesh lacks full control over 
the flow of any of the streams that irrigate it. The con- 
stmction of a barrage upstream at Farakka in West Bengal 
has led to the diversion of a considerable volume of water 
from the Ganges, and the flow to western Bangladesh is 
insufficiënt in the dry season from November to April. 
The equitable distribution of the river’s waters has been 
since the 1970s a source of friction between India and 
Bangladesh.

Each year between June and October the rivers overflow 
their banks, rising most heavily in September or October 
and receding quickly in November. The inundations are 
both a blessing and a curse. Without them, the fertile 
silt deposits would not be replenished. But severe floods 
regularly damage crops and min hamlets and sometimes 
take a heavy toll on human and animal populations. 

Three Soils. There are three main categories of soils: the old
main types alluvial soils, the recent alluvial soils, and the hill soils, 
of soils which have a base of sandstone and shale. The fertile 

recent alluvial soils, found mainly in flooded areas, are 
usually pale brown, sandy, micaceous, and chalky clays 
and loams. They are deficiënt in phosphoric acid, nitrogen, 
and humus but not in potash and lime. The old alluvial 
soils in the Bärind and Madhupur jungles are dark-brown

clays and loams. They are sticky during the rainy season 
and hard during the dry. The hill soils are permeable and 
can support dense forest growth.

Climate. Bangladesh has a typical monsoon climate 
characterized by rain-bearing winds, moderately warm 
temperatures, and high humidity. In general, maximum 
temperatures in the summer months, from April to 
September, range between 91° and 96° F (33° and 36°
C). April is the wärmest month in most parts. January is 
the coolest month in the winter season, which lasts from 
about November to March.

The conditions o f lowest atmospheric pressure occur in 
Bangladesh in June and July, the storm season. Winds are 
mostly from the north and northeast in winter, blowing 
at a rate of one to two miles per hour in northern and 
central areas and two to four miles per hour near the 
coast. During the period o f the northwesters (March to 
May), wind speeds may rise to 30 or 40 miles per hour.

Bangladesh receives heavy rainfall; except for some parts Rainfall 
in the west, it generally exceeds 60 inches (1,500 millime- 
tres) annually. Large areas of the south, southeast, north, 
and northeast receive from 80 to 100 inches, and the 
northern and northwestern parts o f the Sylhet area receive 
from 150 to 200 inches. The maximum rainfall occurs 
during the monsoon period, from June to September or 
early October.

In the early summer (April and May) and late in the 
monsoon season (September to November), storms of very 
high intensity often occur; they may create winds with 
speeds of more than 100 miles per hour, piling up the 
waters of the Bay o f Bengal to crests as high as 20 feet that 
crash with tremendous force onto the Coastal areas and 
the offshore islands, inundating them and causing heavy 
losses o f life and property. Since the early 18th Century, 
when records were first kept, more than 1,000,000 people 
have been killed in such storms, 815,000 of them in three 
storms occurring in 1737, 1876, and 1970. Another severe 
storm occurred in May 1985.

Plant and animal life. Bangladesh in general possesses 
a luxuriant Vegetation, with villages appearing to be vir- 
tually buried in groves of mango, jackfruit, bamboo, betel 
nut, coconut, and date palm. About 15 percent of the 
country’s land surface is covered with forests.

Bangladesh has four different areas of Vegetation. The 
eastem zone, consisting of parts of the Sylhet and Chit­
tagong areas, has many low hills covered with jungles of 
bamboo and rattan. The central zone, covering parts of 
the country extending north of Dhäkä, contains a large 
number of lakes and swampy Vegetation, as well as the 
Madhupur jungles. The area lying to the northwest of the 
Brahmaputra and to the Southwest of the Padma forms a 
flat plain, the Vegetation of which consists mostly o f cul­
tivated plants and orchards. Babul (Acacia arabica) is the 
most conspicuous plant. The southem zone along the Bay 
of Bengal contains the Sundarbans, with their distinctive 
mangrove Vegetation. Many commercially valuable trees, 
such as the sundri, for which the Sundarbans are named 
(Heritiera fomes or minor); gewa, or gengwa (Excoecaria 
agallocha), a softwood tree used for making newsprint; 
and goran (Ceriops roxburghiana), a type of mangrove, 
grpw in this vast forest.

Elephants are found in the Chittagong Hill Tracts and Elephants 
northeastem Sylhet. The domesticated, or water, buffalo 
are used for plowing and pulling carts. The barking deer, 
the barosinga (or 12-homed deer), and the sambar deer, 
with its maned neck, are well-known. Of the camivores, 
the royal Bengal tiger is the best known. The clouded 
leopard, dark gray and with spots that are oval or oblong 
in form, is smaller than the leopard. The ferocious leopard 
cat is about the size of the domestic cat but with longer 
legs.

There are three types of bear: the sloth bear, the Hi- 
malayan black bear, and the Malayan sun bear. The sloth 
bear is the most numerous. The jackal is a common ani­
mal, as is the mongoose. The Bengal, or rhesus, monkey 
is the most common primate.

The common house crow is seen everywhere. The bul- 
bul, the magpie robin, and a wide variety of warblers are 
also found; some are migrants that appear only in winter.
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Other species include the common game birds, parakeets, 
cuckoos, hawks, owls, kingfishers, hombills, woodpeckers, 
and vultures. Among the eagles, the crested serpent eagle 
and the ring-tailed fishing eagle are the most common. 
There are also hoopoes, herons, storks, ducks, and wild 
geese.

Settlement patterns. The extremely high population 
density of Bangladesh, averaging 1,900 persons per square 
mile, varies widely according to the distribution of flat 
land. The highest density, over 2,800 persons per square 
mile, occurs in and around the Capital, which is also the 
centre of the most fertile zone; the lowest, at just over 100 
persons per square mile, occurs in the hills of Chittagong.

Rural settlement. The rural area throughout Bangladesh 
is very densely settled. The inundation of most of the 
fields during the rainy season makes it necessary to build 
houses on higher ground. Continuous strings of settle­
ments along roads are common in areas south of the 
Ganges and in the floodplains of the Mahänanda, Tista, 
Jamuna, Ganges, and Meghna rivers. Similar settlements 
are also found in the hilly regions of Southern Sylhet and 
in the Chittagong region. In central and western Sylhet 
and in the Chittagong Hill Tracts, settlements occur in a 
nucleated, or clustered, pattem. The traditional character 
of rural villages has changed with the addition of prefab- 
ricated one- or two-storied structures scattered among the 
thatched bamboo huts.

Urban settlement. Although industrial development has 
prompted migration to the cities, Bangladesh is one of the 
least urbanized areas in South Asia. Eighty percent of the 
population lives in villages. There are only three major 
cities: Dhäkä, Chittagong, and Khulna. Dhäkä, the Capital, 
is the largest. Chittagong, the country’s major port, is sec­
ond in importance. A number of industrial areas, such as 
Kalurghat, Sholäshahar, and Faujdär Hät, have developed 
around Chittagong. Khulna, in the Southwest, has become 
a commercial and industrial centre; the opening of the 
port of Chälna nearby and the growth of the Daulatpur 
industrial area has increased its population.

THE PEOPLE

Ethnic composition and distribution. The proto- 
Australoids, sometimes called Veddas, were one of the 
earliest groups to enter the area. According to some eth- 
nologists, they were followed by Mediterranean Cauca- 
soids (whites), also known as Aryans. Xrmenoids (of Indo- 
European stock) are believed to have entered as well. With 
the coming of the Muslims in the 8th Century a d , new 
elements were introduced. Persons of Arab, Persian, and 
Turkish origin moved in large numbers to the subconti­
nent. By the end of the 12th Century they had entered 
what is now Bangladesh. A substantial proportion of the 
population is descended from these Muslim immigrants.

Most of the tribal peoples of Bangladesh inhabit the 
Chittagong Hill Tracts in the southeast. They are predom- 
inantly Buddhist, and some of the tribes are related to 
the peoples of Burma. Of the approximately 12 ethno- 
linguistic groups of the Chittagong Hill Tracts, the four 
largest are the Chakmä, the Marma, the Tripura (Tipra), 
and the Mro. Tribal peoples in other parts of Bangladesh 
include the Santäls, of the proto-Australoid group, the 
Khäsis, the Gäro, and the Hajang. The Santäls live in the 
northwestern part of Bangladesh, the Khäsis in Sylhet in 
the Khäsi Hills near the border with Assam, and the Gäro 
and Hajang in the northeastern part of the country.

Apart from these tribes, the rest of the people are Ben­
galis—an ethnic as well as a linguistic group. The Bengalis, 
however, are not homogeneous in origin. In general, the 
people of the Coastal areas with whom the Muslim mer- 
chants of the Middle East were in close touch show physi­
cal features that seem to be the result of the admixture of 
local people with those of Turkish and Semitic origin.

Linguistic composition. Bengali, the language spoken in 
Bangladesh, belongs to the Indo-Aryan group of languages 
and is related to Sanskrit, not directly but by way of 
Gaudiya Prakrit, the language from which it is derived. 
Bengali is the mother tongue of about 98 percent of the 
people. Tribal peoples have their own distinct dialects, 
some of which are related to the Tibeto-Burman group of
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Barisäl....................22-42n 90-22e
Barkal.....................22-44n 92-23e
Bera........................ 23*59n 89-40e
Bhairab Bäzär.. .24-04n 90-58e
Bhätiäpära Ghät.23-13n 89-42e
Bhurungamäri.. .26-07n 89-41 e
Bogra....................24-51 n 89-22e
Brahmanbäria.. .23-59n 91 -07e
Chälna....................22-38n 89-30e
Chändpur.............. 23-13n 90-39e
Chandraghona.. .22-28n 92-09e
Chhätak..................25-02n 91-40e
Chiringa.................21-45n 92-05e
Chittagong............ 22-20n 91-50e
Chuädänga........... 23-38n 88-51 e
Comilla...................23-28n 91-10e
Cox’s Bäzär...........21-26n 91-59e
Dacca..................... 23-43n 90-25e
Daudkändi.............23-32n 90-43e
Dinäjpur.................25-38n 88-38e
Durgäpur
(Susang)..............25-08n 90-41 e

Farïdpur................. 23-36n 89-50e
Feni......................... 23-01n 91-20e
Gaibända...............25-19n 89-33e
Ghoräsäl................23-56n 90-38e
Goläpganj..............24-52n 92-01 e
Gopälganj..............23-01 n 89-50e
Habiganj................24-23n 91 -25e
Hilli..........................25-17n 89-01e
Husainpur............. 24-25n 90-40e
Ishurdi....................24-09n 89-03e
Jagannäthganj

Ghät...................... 24-45n 89-49e
Jaintiäpur..............25-08n 92-07e
Jamälpur............... 24-55n 89-56e
Järia Jhänjail___ 25-02n 90-39e
Jaydebpur............. 24-00n 90-26e
Jessore...................23-1 On 89-13e
Jhälakäti................ 22-39n 90-12e
Kaptai.....................22-21 n 92-17e
Khulna................... 22-48n 89-33e
Kishorganj............ 24-26n 90-46e
Kuläura..................24-32n 92-02e
Kungräm...............25-49n 89-39e
Kushtia.................. 23-55n 89-07e
Läkshäm................ 23-14n 91-08e
Lälmanir Hät.........25-54n 89-27e
Mädänpur............. 23-10n 90-12e
Mägura.................. 23-29n 89-25e
Maulvi Bäzär........ 24-29n 91 -42e

M ym e n s in g h .........24-45n 90-24e
N a o g a o n ................. 24-47n 88-56e
N ä rä ya n g a n j.........23*37n 90-30e
N a ria ..........................23-18n 90-25e
N a to r......................... 24-25n 88-59e
N a w ä b g a n j............24-36n 88-17e
N ä z ir  H a t ................22-38n 91-47e
N e trakona ...............24-53n 90-43e
N o ä k h ä li..................22-51 n 91-06e
P ä b n a ....................... 24-00n 89-15e
P ä k se y......................24-05n 89-03e
P ä rb a tip u r..............25-39n 88-55e
P atuäk häli..............22-21 n 90-21 e
P iro jp u r ................... 22-34n 89-59e
R ä jb ä r i. ...................23-46n 89-39e
R ä jsh ä h i________ 24-22n 88-36e
R ä m ga rh .................22-59n 91-43e
R ä m u ........................ 2T25n 92-07e
R ä ng ä m ä ti.............22-38n 92-12e
R a n g p u r..................25-45n 89-15e
R u h e a .......................26-10n 88-25e
R u p p u r .................... 23-41 n 89-40e
S a id p u r ....................25-47n 88-54e
S a rd a h ......................24-18n 88-44e
S a tk än ia ..................22-04n 92-03e
S h e rp u r ................... 24*41 n 89-25e
S h e rp u r ................... 25-01 n 90-01e
S irä jg a n j.................24-27n 89-43e
S r ïp u r ........................24-12n 90-29e
S u n ä m g a n j............25-04n 91 -24e
S u s a n g ,s e e  

D u rg ä p u r
S y lh e t ........................24-54n 91-52e
T a n g a il .....................24-15n 89-55e
Z o p u i.........................23-39n 92-14e

P h ys ica l fea tu res 
and p o in ts  o f in te re st
A tra i, r i v e r ..............24-29n 89-03e
B ä rin d , p h y s ic a l

r e g i o n  ............ 25-00n 88-40e
B engal, B ay o f . . .21-00n 90-00e 
B rahm aputra ,

r i v e r ...........................24-02n 90-59e
B u rh i G a nga ,

r i v e r ..........................23-37n 90-26e
C h a la n  B ïi,

w e t la n d ....................24-27n 89-13e
D halesw a ri,
r i v e r .......................... 23-32n 90-34e

Feni, r i v e r ................22-46n 91 -26e
G a nge s, M ouths 

of the , r i v e r
m o u t h ...................... 22-00n 90*30e

G a nge s (Padm a),
r i v e r ...........................23-22n 90-32e

Ja m u na , r i v e r ___ 23-51 n 89-45e
K ä ln i, r i v e r .............24-21 n 91-13e
K aratoya , r i v e r : .  .24-07n 89-36e 
K a m a p h u li

R e s e rv o ir ..............22-30n 92-20e
K u s iyä ra , r i v e r . . .24-36n 91-44e 
K u tu b d ia  Is la n d ..21-50n 91-52e 
M a d h u p u r
Ju n g le , f o r e s t . . .24*43n 90*04e 

M aiskhäl Is la nd . .21 -36n 91 -56e 
M ätäm uhari,

r i v e r ............................21-39n 92-00e
M eghna , r i v e r ____ 22-50n 90-50e
N orth  Hätia

Is la n d ........................ 22-40n 91 -00e
Padm a, see 

G a nge s 
P ürnabha ba,

r i v e r ............................24-50n 88-18e
P u su r, r i v e r ..............21-45n 89-36e
S a nd w lp  Is la n d . ,22-30n 91-25e
S a n g u , r i v e r ............ 22-08n 91-51e
South  Hätia

Is la n d ........................ 22-19n 91-07e
S u n d a rb a n s ,

p h y s ic a l  r e g io n . .22-00n 89-30e
S urm a, r i v e r ............24-34n 91-14e
T ïs ta , r i v e r ................ 25-23n 89-43e

languages. English is spoken in urban centres and among 
educated groups.

Bengali has two distinct styles: sädhu bhäsä, the literary 
language, contains many words derived from Sanskrit, 
and calit bhäsä, the colloquial language. Until the 1930s 
sädhu bhäsä was the Standard medium of formal writing, 
but calit bhäsä is now the basic form. There are a number 
of dialects. Bengali contains a large number of loanwords 
from Portuguese, English, Arabic, Persian, and Hindi.

Religions. More than 85 percent of the population fol­
lows the religion of Isläm. Most Muslims belong to the 
Sunnl sect, but there are a small number of Shfite Mus­
lims, mostly descendants of immigrants from Iran. Hin­
dus, who constitute about 10 percent of the population, 
are divided into scheduled (low) and nonscheduled castes. 
Buddhists form less than T percent of the population. 
Of the tribes in the Chittagong Hill Tracts, the Chakmä,
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Marma, and Mro are mostly Buddhists. The Kuki, Kho- 
moi (Kumi), and some of the Mro are animists. While 
most of the Lushai are Christians, the Tripura are Hindus.

Demographie trends. Almost half of Bangladeshi pop­
ulation is under 15 years of age; the birth rate is high, 
and average life expectancy is about 50 years. The rate of 
infant mortality remains high. There has been almost no 
immigration since the 1970s. A relatively small number 
of Bangladeshis work in Britain and in Middle Eastern 
countries, and there has been a steady emigration of farm 
labourers into neighbouring Assam.

THE ECONOMY
Agriculture. Bangladesh is overwhelmingly agricultural, 

with some three-fifths of the population engaged in farm­
ing. Jute and tea, which are principal sources of foreign 
exchange, follow rice as the most important agricultural 
products. The country produces about one-fifth of the 
world’s supply of raw jute. Other important agricultural 
products are wheat, pulses (leguminous plants, such as 
peas, beans, and lentils), sweet potatoes, oilseeds of vari­
ous kinds, sugarcane, tobacco, and fruits such as bananas, 
mangoes, and pineapples.
Agriculture has in the past been wholly dependent upon 

the vagaries of the monsoon. A poor monsoon has always 
meant poor harvests or none and the threat of famine. 
Among the remedial measures adopted has been the con- 
struction of a number of irrigation projects designed to 
control floods and to conserve rainwater for use in the dry 
months. The most important are the Kamaphuli Multi­
purpose Project in the southeast, the Tista Barrage Project 
in the north, and the Ganges-Kabadak Project, to serve 
the southwestem part of the country. Economic planning 
has encouraged double and triple cropping, intercropping, 
and the increased use of fertilizers.

Fisheries. The rivers of Bangladesh are suitable for the 
breeding and raising of fish. Its rivers and seacoast offer

opportunities for the Operation of the usual types of fish­
eries, mostly in the estuaries of the Bay of Bengal. Among 
the varieties of fish caught are the marine rupehanda, or 
pomfret, and the freshwater hilsa, a relative of the shad.

Industry. The excessive—until recently almost exclu­
sive—dependence upon agriculture leads to seasonal un- 
employment among peasants, as well as to a low Standard 
of living. To counteract this imbalance, a policy of in­
dustrialization was adopted after 1947 and was pursued 
through five-year plans. The main obstacle to its fulfill- 
ment has been the comparative lack of mineral resources.

Power resources. Oil in marketable quantities has not 
been struck anywhere in Bangladesh. The country’s first 
oil well, near Sylhet, was discovered in 1986. Natural gas 
is used mainly in the manufacture of fertilizer and for 
thermal power. More than half the proven gas reserves are 
in the Comilla area, and nearly all the rest in Sylhet.

Some deposits of coal have been found in northwestern 
Bangladesh in the Räjshähi area. The thickest seams are 
located at relatively inaccessible depths of 3,000 to 3,500 
feet. Smaller deposits of coal exist in northwestern Sylhet. 
The Chittagong Hill Tracts contain some brown coal and 
lignite. Peat deposits exist in several places, but some of 
the beds remain under water for half the year, making 
extraction difficult. Limestone is found in the Sylhet and 
Chittagong areas. Radioactive minerals have been detected 
in sand deposits along the beaches south of Cox’s Bäzär.

Bangladeshi electricity is produced by thermal and hy- 
droelectric processes. The main source of hydroelectricity 
is the Kaptai Dam in the Chittagong Hill Tracts.

Industrial development. Industrial policy between 1947 
and 1971 was to give priority to industries based on indige­
nous raw materials such as jute, cotton, hides, and skins. 
The principle of free enterprise in the private sector was 
accepted, subject to certain conditions, which included 
the national ownership of public Utilities. The policy also 
aimed to develop as quickly as possible consumer-goods
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industries with a view to avoiding dependence on imports.
Under Pakistani administration, new types of au- 

tonomous corporations were established to deal with in­
dustrial development, electricity, water and sewerage man­
agement, the development of forest industries, and road 
transportation. The Bangladesh govemment in 1972 na- 
tionalized these corporations and then established several 
new corporations to manage the nationalized enterprises. 
But hasty change, coupled with the inexperience of those 
placed in charge of the corporations, produced widespread 
disruptions, and industrial production came almost to a 
halt. The policy of nationalization was gradually revised 
and was replaced by a 19-point program announced in 
1979. This program emphasized greater productivity and 
efficiency. In an attempt to encourage private investment, 
the govemment also retumed many state-owned enter­
prises to the private sector.

Manufacturing and other industries. Because the export 
of raw jute is not highly remunerative, efforts were made 
between 1947 and 1971 to establish mills to produce 
and export jute products and thus eam foreign exchange. 
About 45 percent of the jute produced during that period 
was processed in the territory; the balance was exported 
raw. Next to jute, Bangladeshi main exports are tea and 
hides and skins. Among the minor exports are newsprint, 
ready-to-wear garments, shrimp, and frogs’ legs.

The bamboo in the Chittagong Hill Tracts and the var­
ious softwood trees growing in the Sundarbans provide 
excellent raw material for papermaking. There are paper 
mills at Chandraghona, Chhätak, and at Päksey, as well as 
a paper and board mill at Khulna.

Bangladesh has fertilizer factories, textile mills, sugar fac­
tories, glass works, and aluminum works. Its two cement 
factories, located at Chhätak, in the Sylhet area, are unable 
to meet the growing demand for cement. A shipyard has 
been opened at Khulna for repairing and reconstructing 
ships, and a steel mill is located at Chittagong.

By far the most important cottage industry centres on 
the production of yarn and textile fabrics—mostly coarse 
and medium-quality fabrics. Carpets, ceramics, and cane 
furniture are also products of cottage industries.

Transportation. Central to the country’s transportation 
System are its networks of waterways, roads, and railways, 
the latter mostly built during British mle. Inland water­
ways are of major importance, providing low-cost trans­
port and access to areas where land transport cannot be 
economically developed. They carry most of the domes­
tic and foreign cargo. The chief seaports are Chittagong 
and Chalna, and there are international airports at Dhäkä 
and Chittagong.

The forms of transport used on Bangladeshi roads range 
from automobiles and buses to the bullock cart. Two- 
wheeled horse-drawn jigs and buffalo carts are still used in 
the north in Räjshähi. Town- and city-dwellers both rely 
largely on the cycle rickshaw and two types of motorized 
transport, known locally as auto and tempo, both of which 
are three-wheeled.

ADMINISTRATION AND SOCIAL CONDITIONS
Government. The Constitution of 1972 specified a par­

liamentary form of govemment under a prime minister 
and a president elected by a national assembly. In 1975, 
however, a military coup led to a regime of martial law. 
The form of govemment that obtained thereafter was a 
mixture of presidential and parliamentary Systems, effec­
tive power remaining with the army. Following another 
coup in 1982, the Constitution was suspended and the 
country placed under martial law. In 1986 martial law 
was lifted and parliamentary elections were held, but in 
1987, following a series of strikes and riots, the govern- 
ment dissolved the parliament. A new parliament was 
elected in 1988.

A large-scale administrative reorganization was carried 
out in the 1980s. While the revenue divisions remained 
the same— namely, Dhäkä, Chittagong, Räjshähi, and 
Khulna—the older districts were subdivided and each 
subdivision raised to the status of a district. A new admin­
istrative unit, called upazilla, or subdivision, was created 
to facilitate decentralization of power. The upazillas are

headed by an executive officer who has administrative and 
judicial functions.

Bangladesh has continued with substantially the same ju­
dicial System as had been in Operation when the territory 
was a province of Pakistan, and which owed its origins to 
the System in Operation under the British raj.

The 1972 Constitution divided the Supreme Court of 
Bangladesh into Appellate and High Court divisions and 
mandated a complete Separation of the judiciary and 
executive branches. During the subsequent authoritarian 
regime, however, the power of the Supreme Court was 
greatly reduced. In 1977 a Supreme Judicial Council was 
established to draw up a code of conduct for Supreme 
Court and High Court judges, who may be removed from 
office by the president upon the council’s recommenda- 
tion. The fragmentation of the High Court into five divi­
sions located in different parts of the country—which had 
been decreed by the military in the 1970s—was rescinded 
in 1986. Provision was made, however, for the judges to 
go on circuit for part of the year to hear cases in other 
parts of the country.

Education. The foundation of the educational System 
in Bangladesh was laid down during the period of British 
rule; the System has three levels—primary, secondary, and 
higher education. Primary education, which is free but 
not compulsory, is for children up to about 10 years old. 
Only about half of all children attend primary school. 
Secondary education is divided into three levels—junior 
secondary, high school, and higher secondary (intermedi- 
ate college)—with public examinations being held at the 
conclusion of each level of schooling. Schools in cities and 
towns are generally better staffed and financed than those 
in rural areas.

There are more than 600 colleges, most of them affiliated 
with the University of Dhäkä, the University of Räjshähi, 
or the University of Chittagong. Other institutions include 
Jahangirnagar University on the outskirts of the Capital, 
the Bangladesh Agricultural University at Mymensingh, 
the Bangladesh University of Engineering and Technology 
at Dhäkä, and the Islämic University at Tongi. Medical 
education is provided by several medical colleges and an 
institute of postgraduate medicine at Dhäkä.
For vocational training Bangladesh relies on several en­

gineering colleges and a network of polytechnics and law 
colleges. In addition, there exist a college of arts and crafts, 
an agricultural college, a college of home economics for 
women, and an institute of social welfare and research.

The demand for higher education has continued to rise. 
One of the problems that has continued to impede educa­
tional progress is student unrest.

Health and welfare. Malaria, cholera, and tuberculosis 
are the most serious threats to health. An effective ap- 
proach to the treatment of cholera and tuberculosis has 
been developed by research laboratories and hospitals in 
Dhäkä and Comilla. The incidence of malaria has been re­
duced by a malaria eradication program in which swamps 
and marshes are regularly sprayed with insecticides. A 
family planning program has also been introduced.

Social services are provided by private agencies and gov- 
ernment departments. These services include community 
development projects, schools for handicapped children, 
youth centres, orphanages, and training institutes for so­
cial workers.

CULTURAL LIFE
The Bengali language, Islämic religion, and rural charac­
ter of Bangladesh all serve to unify the country’s culture, 
although variations occur among ethnic, religiöus, and 
social minorities and in the urban centres.

Daily life. The typical household in Bangladesh, partic­
ularly in the villages, includes several generations of ex­
tended family. Most marriages are arranged by parents or 
other relatives, but educated men and women have tended 
increasingly to choose their own partners. Divorce is per- 
missible among Muslims. Hindu marriage is sacramental, 
but a Hindu can obtain a Separation by application to a 
court of law. Muslim law permits limited polygamy.

The main festivals in Bangladesh are religiöus. The two 
most important are ïd  al-Fitr, which comes at the end

Higher
education

Religiöus
festivals
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of Ramadän, the Muslim month of fasting, and cId al- 
Adhä, or the festival of sacrifice, which follows two and a 
half months later. On both occasions families and friends 
exchange visits.
While rice, pulses, and fish continue to constitute the 

staple diet of Bangladeshis, shortages of rice since World 
War II have forced the acceptance of wheat and wheat 
products as alternatives. Meat, including goat and beef, is 
also eaten, especially in the towns.

The arts. There are four main types of music in 
Bangladesh—classical, light-classical, devotional, and pop­
ulär. Classical music has many forms, of which dhrupad— 
Hindustani devotional songs— and khayal—a biending of 
the Perso-Arab and Indian musical Systems—are the best 
known. Devotional music also is represented by qawwäli 
and klrtan, forms that are part of the common musical 
heritage of the subcontinent. It is, however, in the field of 
populär music that Bangladesh can best claim originality. 
The forms known as bhatiali, bhawaiya, jari, sari, marfati, 
and baul have no exact equivalents outside the country. 
While they may lack the sophistication and artistry of the 
classical forms, they are characterized by a spontaneity 
and vigour missing in classical music.

Apart from such classical dances as kathakali and bharata 
natya— forms that are populär throughout the subconti­
nent— Bangladesh has evolved highly original indigenous 
dances. The best known are the dhäli, baul, Manipuri, 
and snake dances. Each form expresses a particular aspect 
of tribal or communal life and is danced on specific oc­
casions. The best known among the academies devoted 
to music and dancing are the Bulbul Academy and the 
Nazrul Academy.

Painting in Bangladesh is a recently introduced art form. 
The main figure behind the art movement was Zainul 
Abedin, whose sketches of the Bengal famine of 1943 first 
attracted attention. He was able, after 1947, to gather 
around him a school of artists who experimented with 
various forms, both orthodox and original.

Traditional architecture in Bangladesh is represented by 
the many mosques, mausoleums, forts, and gateways that 
have survived from the Mughal period. These, like Mus­
lim architecture elsewhere in the subcontinent, are char­
acterized by the pointed arch, the dorne, and the minaret. 
Although in style and conception traditional architecture 
belongs to the same school as medieval buildings in north­
ern India, Bangladeshi distinctive contribution lay in the 
translation into brick and mortar of the sloping, four- 
sided, thatched roof found in the countryside.

Recreation. Association football (soccer) has in the 
course of the 20th Century supplanted practically all tra­
ditional Sports. Field hockey, cricket, tennis, badminton, 
and wrestling are also practiced. The best known of the 

The game indigenous games is ha-do-do. The rules require each team 
of ha-do-do in turn to send out a player to raid the other’s territory.

The raider must, while chanting, touch as many opposing 
players as he can without taking a breath. Kite-flying is 
another traditional pastime enjoyed by young and old 
alike. The making of elaborate kites from cloth or paper 
is a distinctive visual folk art as well.

All towns and most villages have cinema houses. Plays 
are occasionally staged by amateur groups and drama 
societies in educational institutions and are broadcast reg­
ularly on radio and television. Musical concerts, though 
not as populär as the cinema, are well-attended. Especially 
populär in the countryside is jatra, a rudimentary form of 
opera that draws on local legends.

Press and broadcasting. Programs are broadcast on ra­
dio and television in English and Bengali; news on radio 
is also broadcast in Urdu, Hindi, Burmese, and Arabic. 
The Bengali newspapers have relatively small circulations, 
a fact that reflects the low level of literacy in the country. 
But for each reader there are commonly five or six lis- 
teners, sometimes more, so that the influence of the press 
on opinion is greater than the sales suggest. Although the 
circulation of the English dailies is even less, because their 
patrons are the educated classes they exercise a dispropor- 
tionate influence. Both radio and television are controlled 
by the govemment. The majority of newspapers are pri- 
vately owned, and the press is relatively free. (S.S.H.)

For statistical data on the land and people of Bangladesh, 
see  the Britannica World Data section in the b r it a n n ic a

WORLD DATA ANNUAL.

History

Bangladesh (“Land of Bengal,” or “of the Bengalis”) has 
existed as an independent state only since 1971, yet its 
national character dates to the ancient past (see also the 
history sections of the articles in d ia  and Pa k is t a n ). This 
identity consists in three distinctive attributes—a land, a 
language, and a religion.

The land is shaped by the two great rivers Ganges and 
Brahmaputra, which join in central Bangladesh to become 
the Padma. They are the greatest of a series of rivers wind­
ing down to the Bay of Bengal. This region has always 
been isolated from the north Indian plain. In early times 
eastern Bengal was called Vanga, while western Bengal 
was known as Gauda.

The Bengali language began to assume a distinct form in 
the 7th Century a d  and by the 1 Ith Century had acquired 
its own literature. The “Bengali Renaissance” of the 19th 
Century was centred in Calcutta, and its greatest figure was 
the poet Rabindranath Tagore. Almost all of the move- 
ment’s literary and artistic celebrities were Hindus.

The Buddhism that under the Mauryan emperor Asoka’s 
patronage spread across the whole subcontinent in the 3rd 
Century bc  was driven out after the decline of Maurya 
power, as Brahmanical Hinduism reestablished its hold. 
However, in remote eastern Bengal Buddhism lingered 
on under the Päla kings (8th-12th Century) until their 
overthrow by the Vaishnavite Hindu Senas. The Senas 
encouraged the settlement of high-caste Hindus as lords 
of the land, but this did not greatly affect the general 
populace. Then, in about a d  1200, Muslim in vaders from 
the northwest overthrew the Senas. Islam found a mass 
following among the Vanga people. In the eastern part 
of the country—Noakhali, Chittagong, and Sylhet—Arab 
traders also spread Islämic teaching. Whereas in northern 
India the strength of caste Hinduism was enough to with- 
stand centuries o f Muslim dominance, culminating in the 
Mughal dynasty (16th-18th Century), in eastern Bengal, 
Isläm became the religion of the majority.
As Mughal authority declined, the Suba, or Dominion, 

of Bengal—including Bihär and Orissa—became semi- 
independent. The threat to the Muslim miers of the Suba 
came first from the east— from Arakanese pirates and 
Portuguese raiders. The Capital was moved to Dhäkä in 
1608. When further invasion threatened from central In­
dia, from the rising power of the Maräthä kingdom, the 
Capital was shifted to Murshidäbäd in 1704. It was during 
this period that the English East India Company estab­
lished its base at Calcutta. From 1757 the British were the 
dominant political power in Bengal.

Reluctant to become involved in Indian administration, 
the British confirmed the landed magnates, or zamindars, 
in their charge of vast estates. Some were Muslims (such 
as the Nawab of Dhäkä), but most were Hindu rajas, even 
in eastern Bengal. They were required to collect revenue 
from the land, and they appointed agents to ensure regu­
lär collection. These agents formed the new middle dass 
of Bengal, the bhadralok (“respectable people”). Mainly 
upper-caste Hindus, they collected the revenue from peas- 
ants, who were mainly Muslims. The bhadralok resided 
in Calcutta and the larger towns; in time they became the 
most active advocates of Indian self-government.

The province of Bengal was almost impossible to admin- 
ister, even though Assam was made a separate province in 
1874. In 1905, largely at the initiative of the viceroy, Lord 
Curzon, two new provinces were created: Western Bengal, 
with Bihär and Orissa, and Eastern Bengal and Assam. The 
division followed one of the branch rivers of the Ganges 
from Räjmahäl in the north to the sea. The division was 
on a geopolitical rather than an avowedly communal ba­
sis. It gave Eastern Bengal, with its Capital at Dhäkä, a 
population of 31,000,000, all but 6,000,000 being Ben­
galis. Behind Curzon’s move, besides greater efficiency, 
was the intention of encouraging the Bengali Muslims as 
a counterweight to the “seditious” Bengali Hindus.

Introduc- 
tion of 
Isläm

The
partition of 
Bengal
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The partition elicited vociferous protest in Western Ben­
gal, especially in Calcutta. A prominent part was played 
by Tagore, whose family had vast holdings along the 
Padma. The campaign included a boycott of British 
manufactures under the slogan “swadeshï” (“of our own 
country,” or “India-made goods”). The Muslim notables, 
still loyal to the British, decided that they also needed to 
organize. Their principal leaders were in northern India, 
but in December 1906 they gathered at Dhäkä under the 
patronage of Nawab Salimullah and set up the All-India 
Muslim League. Their efforts secured separate electorates 
and separate constituencies for the Muslims under the 
1909 Reforms, but the campaign against the partition of 
Bengal went on, and in 1912 the province was reunited 
(Bihär and Orissa being separated and Assam reverting to 
separate status).

Despite the separate electorates, the Muslim League had 
no majority in any province. In reunited Bengal, where 
Muslims formed a majority of the population (33,000,000 
in a total of 60,000,000), they received 117 seats in the 
Bengal Legislative Council numbering 250. It was neces- 
sary to adopt coalition tactics. The politician most adept 
at this was Fazl ul-Haq, chief minister of Bengal from 
1937 to 1943. He set up his own Peasants and Tenants 
Party, but he was also active in the Muslim League from 
its inception. When in 1940 the Muslim League held its 
annual gathering at Lahore, Fazl ul-Haq proposed a res- 
olution calling for “independent States” for the Muslims. 
The press labeled this the “Pakistan Resolution,” but for 
Fazl ul-Haq and many others it implied a plurality of 
States. Distrusted by the influential Indian Muslim politi­
cian Mohammed Ali Jinnah (the first governor general of 
Pakistan [1947-48]), Fazl ul-Haq was expelled from the 
league. In his place Khwaja Nazimuddin became chief 
minister. Nazimuddin, a relative of the Nawab of Dhäkä, 
was loyal to Jinnah but lacked political finesse. He was 
displaced in 1945 by the more sophisticated Hussein Sha- 
heed Suhrawardy. Suhrawardy was the main architect of 
the Muslim League’s success in Bengal in the 1946 elec- 
tion. He became chief minister of Bengal in 1946.

After protracted negotiations it became clear that the 
Congress Party (Indian National Congress) could not ex- 
pect to preserve a united India. A major factor was the 
intense intercommunal conflict in August 1946 known as 
the “Great Calcutta Killing.” On his arrival as the new 
viceroy the following year, Admiral Lord Mountbatten 
of Burma drafted a plan to partition the subcontinent. 
Suhrawardy met with Sarat Chandra Bose, the acknowl- 
edged Hindu political leader in Bengal, and the two agreed 
that they should claim a separate, independent united 
Bengal. Jinnah was prepared to agree, as was Mountbat­
ten, but Mahatma Gandhi and the Congress Party refused. 
Hence, when partition came it was decided by religion 
rather than language.

The boundaries of East Pakistan, as the region became, 
were determined by Sir Cyril Radcliffe, chairman of the 
Boundary Commission, there being total disagreement 
among his Hindu and Muslim colleagues. The boundary 
he defined did not follow any clear natural feature, as in 
the 1905 partition, nor was it wholly based on communal 
proportions. Excluded wholly or partly from East Pakistan 
were Murshidäbäd, Nadia, Jessore, and Dinäjpur, each 
approximately 60 percent Muslim. Included were Khulna 
(49 percent Muslim) and the Chittagong Hill Tracts, where 
Muslims formed only 3 percent of the population. In ad­
dition, following a plebiscite, the Sylhet area (61 percent 
Muslim), formerly a part of Assam province, and a small 
area of Cachar (38 percent) were included.
On both sides of the new boundary, those who believed 

themselves a threatened minority moved into what they 
perceived as a place of refuge. Along with Muslim Bengalis 
am ving from Hindu majority districts, there were many 
Muslims who came from Bihär. One district, Pumea, had 
an actual Muslim majority and had been claimed by Jin­
nah. About 1,000,000 Bihäris settled in the new state.

At independence, Suhrawardy lingered in Calcutta, and 
Nazimuddin became chief minister of East Pakistan. From 
the beginning, the link between the two parts of Pakistan 
was tenuous; indeed, their only common interest was fear

of Indian domination. Jinnah and his advisers believed 
that unification might be achieved through a common 
language, Urdu, which was used in the army and admin­
istration. The Bengalis perceived this as a threat. Their 
other major grievance was that their export products, jute 
and tea, provided most of Pakistan’s foreign exchange; yet 
the central govemment mainly stimulated development 
in the West.
The Bengalis began to feel that they had no real power in 

Pakistan. When Jinnah died, Nazimuddin became gover­
nor general; but when Liaquat Ali Khan, the prime min­
ister, was shot in October 1951, Nazimuddin took over, 
installing a Punjabi, Ghulam Mohammad, as govemor 
general. Although Nazimuddin had a majority in the legis- 
lature, Ghulam Mohammad dismissed him in April 1953. 
The East Bengal electorate demonstrated its dissatisfaction 
when an election was held in March 1954. A “United 
Front” was formed, including the extreme right (religiöus 
fundamentalist) and left (quasi-Marxist). Its main leaders 
were the aged Fazl ul-Haq and his revamped Workers 
and Peasants Party and Suhrawardy, who made his come­
back with a new party, the Awami League. The Front 
won 300 seats, while the Muslim League retained only 
10. The Front ministers were dismissed after two months. 
Ghulam Mohammad appointed Major General Iskander 
Mirza governor o f East Bengal. He announced a tough 
regime, and his task was simplified by the quarrels among 
the different elements of the United Front. The deputy 
speaker was killed in an assembly brawl.

In 1956 Pakistan at last obtained a proper Constitution 
in which both wings were equally represented. Thus far, 
prime ministers had come and gone; Suhrawardy, who 
took office in September 1956 with a motley group of 
supporters, lasted only one year. In 1958, govemment by 
politicians was superseded by a military regime.

Under the military the elite civil servants assumed great 
importance, which adversely affected the East wing. In 
1947 there had been only one Bengali Muslim in the In­
dian Civil Service (ICS), whereas the West wing had pro­
duced about 40. Although recruitment policy was designed 
to diminish the difference, by 1960 only about one-third 
of the personnel in the Civil Service of Pakistan (successor 
to the ICS) were Bengalis, with none in senior positions.

Bengali discontent festered, finding a spokesman in Mu- 
jibur Rahman (known as Sheikh Mujib). Like previous 
leaders, Mujib belonged to a landed family. Mujib was 
one of the founders of the Awami League in 1949 and, 
after Suhrawardy’s death, became its leading figure. Jailed 
repeatedly by the military, he acquired an aura of martyr- 
dom, but he was an orator, not a statesman. He announced 
a six-point demand for autonomy. When in December 
1970 President Yahya Khan ordered elections, the Awami 
League won 167 of the 169 seats allotted to East Pakistan, 
or Bangladesh as it was now popularly called, in the Na­
tional Assembly. This gave the League an overall majority 
in a chamber of 313 members. In West Pakistan, however, 
the Pakistan People’s Party, led by Zulfikar Ali Bhutto, 
won 81 of 144 seats; Bhutto saw himself as Mujib’s rival.

Throughout March 1971 President Yahya Khan nego- 
tiated at length in Dhäkä with Mujib while govemment 
troops poured in from West Pakistan. Then, on March 25, 
the army launched a massive attack in which there were 
heavy casualties, including many students. Mujib was ar- 
rested and flown to West Pakistan. Most of the Awami 
League leaders fled and set up a government-in-exile in 
Calcutta, declaring Bangladesh an independent state. In­
ternal resistance was mobilized by some Bengali units of 
the regulär army, notably by Major Zia ur-Rahman, who 
held out for some days in Chittagong before the town’s 
recapture by the Pakistan army. He then retreated to the 
border and began to organize bands of guerrillas. A dif­
ferent resistance was started by student militants, among 
whom Abdul Kader Siddiqi with his followers, known as 
Kader Bahini, acquired a reputation for ferocity. Some
10,000,000 Bengalis, mainly Hindus, fled over the frontier 
into India. The Indian govemment watched the struggle 
with alarm. The Awami League, which they supported, 
was a moderate middle-class body like the Congress Party; 
but many guerrillas were leftist. The United States and
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China, for different reasons, were committed to a united 
Pakistan; India and the Soviet Union wanted a Bangladesh 
dependent on India. Eventually, on Dec. 3, 1971, the 
Indian army invaded the territory of its neighbour. The 
Pakistani defenses surrendered on December 16. Mujib 
was released from jail and returned to a hero’s welcome, 
assuming leadership of the new Bangladesh govemment 
in January 1972.

Revenge was brought against those who had collabo- 
rated. Local paramilitary forces, known as Razakars, had 
been raised. The Bengali force was called Al-Badr, while 
another, Al-Shams, was recruited from Urdu speakers— 
still called Bihäris, though most had been born locally. A 
terrible retribution ensued, with Kader Siddiqi as public 
executioner. The Bihäris had to flee into enclaves where 
their numbers gave some security; many were killed. 
Their pleas to be allowed to go to (West) Pakistan were 
ignored by Bhutto. Ten years later, most remained in 
refugee camps.

Mujib preached a secular state: the new national anthem 
was a poem by Tagore. In 1973 an election gave Mujib 
a landslide majority, but the euphoria soon turned sour. 
Prices escalated, and in 1974 a great famine claimed
50,000 lives. Faced with crisis, Mujib became a virtual 
dictator; corruption and nepotism reached new depths. On 
Aug. 15, 1975, Mujib was assassinated along with most 
of his family.

Right-wing, pro-Pakistan army officers were behind the 
killing; there have been allegations of U.S. support. The 
reconstructed army split into rival factions. Some of those 
who had fought in the resistance were politicized, espe­
cially the soldiers. The 1,000 officers and 28,000 soldiers 
who had been serving in the West since 1970 were not 
repatriated until 1973-74; they were allegedly pro-Pakistan 
and jealous of the fighters whom Mujib had favoured. A 
third military group comprised those who had worked with 
the Pakistanis in their brutal repression. A second coup in 
November 1975 brought Major General Zia ur-Rahman 
into power. Despite his own resistance record he turned 
against India and favoured those considered pro-Pakistan. 
A referendum held in May 1977 gave him an enormous 
vote of confidence. This did not prevent several military 
coup attempts, and on May 30, 1981, he was assassinated 
by radical officers. The prompt action of the chief of staff, 
Lieutenant General Hossain Mohammad Ershad, foiled 
their plans, and the conspirators were hanged.

The civilian vice-president, Abdus Sattar, was confirmed 
as president by a nationwide election in 1981; but he was 
ill, and real power was exercised by Ershad and a National 
Security Council. On March 24, 1982, Ershad ejected Sat­
tar and took over as chief martial-law administrator. In 
December 1983 he assumed the office of president. To 
legitimize his authority he called elections for a National 
Assembly. He formed his own National Party. The elec­
tion of May 1986 was contested by many parties. The 
National Party won 210 of the 330 seats in the legislature, 
just short of the two-thirds majority required to pass a 
fundamental law to legalize the martial-law regulations 
and revert to constitutional practice.

Ershad retired from the military command the follow­
ing August, demonstrating his confidence that the army 
was now under control. He called a presidential election 
for October. The main Opposition remained the Awami 
League, now led by Mujib’s daughter, Sheikh Hasina Wa- 
jad. One of Mujib’s murderers, Lieutenant Colonel Farooq 
Rahman, who had been in exile, was also a candidate. 
Ershad received 84 percent of the total.

The political turmoil had little relevance to the country’s 
basic problems. At the 1951 census the East Pakistan 
population numbered 42,000,000 (about 12,000,000 be­
ing Hindus); by the late 1980s there were more than
100,000,000, despite massive emigration to neighbouring 
Assam and Tripura in India and a smaller exodus over 
the Arakan border with Burma. Agriculture was still the 
occupation of more than half the labour force, and what 
economie development there had been was confined to 
the environs of Dhäkä and Chittagong. (H.R.T.)

For later developments in the history of Bangladesh, see 
the Britannica Book o f the Year section in the b r it a n n ic a
WORLD DATA ANNUAL.

For coverage of related topics in the Macropcedia and 
Micropcedia, see the Propcedia, sections 968 and 976.
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T he principal types of banking in the modern in­
dustrial world are commercial banking and central 
banking. A commercial banker is a dealer in money 

and in substitutes for money, such as checks or bills of 
exchange. The banker also provides a variety of financial 
services. The basis of the banking business is borrowing 
from individuals, firms, and occasionally governments— 
i.e., receiving “deposits” from them. With these resources 
and also with the bank’s own Capital, the banker makes 
loans or extends credit and also invests in securities. The 
banker makes profit by borrowing at one rate of interest 
and lending at a higher rate and by charging commissions 
for services rendered.

A bank must always have cash balances on hand in order 
to pay its depositors upon demand or when the amounts 
credited to them become due. It must also keep a propor­
tion of its assets in forms that can readily be converted 
into cash. Only in this way can confidence in the banking 
System be maintained. Provided it honours its promises 
(e.g., to pro vide cash in exchange for deposit balances), a 
bank can create credit for use by its customers by issuing 
additional notes or by making new loans, which in their 
turn become new deposits. The amount of credit it extends 
may considerably exceed the sums available to it in cash. 
But a bank is able to do this only as long as the public be- 
lieves the bank can and will honour its obligations, which 
are then accepted at face value and circulate as money. 
So long as they remain outstanding, these promises or 
obligations constitute claims against that bank and can be 
transferred by means of checks or other negotiable instru- 
ments from one party to another. These are the essentials 
of deposit banking as practiced throughout the world to-

day, with the partial exception of Soviet-type institutions.
Another type of banking is carried on by central banks, 

which are bankers to governments and “lenders of last 
resort” to commercial banks and/or other financial insti­
tutions. They are often responsible for formulating and 
implementing their country’s monetary and credit poli­
cies, usually in cooperation with the govemment. In some 
cases—e.g., the U.S. Federal Reserve System—they have 
been established speeifically to lead or regulate the banking 
System; in other cases— e.g., the Bank of England—they 
have come to perform these functions through a process 
of evolution.

Some institutions often called banks, such as finance 
Companies, savings banks, investment banks, trust Com­
panies, and home-loan banks, do not perform the bank­
ing functions described above and are best classified as 
financial intermediaries. Their economie function is that 
of channelling savings from private individuals into the 
hands of those who will use them, in the form of loans 
for building purposes or for the purchase of Capital assets. 
These financial intermediaries cannot, however, create 
money (i.e., credit) as the commercial banks do; they can 
lend no more than savers place with them.

This article describes the historical development of var­
ious banking functions and institutions, the basic princi­
ples of modern banking practice, and the structure of a 
number of important national banking Systems. Certain 
concepts not addressed here that are nonetheless funda­
mental to banking are treated in the articles accounting 
and money.

The article is divided into the following sections:
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The development of banking Systems

Banking is of ancient origin, though little is known about 
it prior to the 13th Century. Many of the early “banks” 
dealt primarily in coin and bullion, much of their business 
being money changing and the supplying of foreign and 
domestic coin of the correct weight and fineness. Another 
important early group of banking institutions was the 
merchant bankers, who dealt both in goods and in bills 
of exchange, providing for the remittance of money and 
payment of accounts at a distance but without shipping 
actual coin. Their business arose from the fact that many 
of these merchants traded internationally and held assets 
at different points along trade routes. For a certain consid- 
eration, a merchant stood prepared to accept instructions 
to pay money to a named party through one of his agents 
elsewhere; the amount of the bill of exchange would be 
debited by his agent to the account of the merchant 
banker, who would also hope to make an additional profit 
from exchanging one currency against another. Because 
there was a possibility of loss, any profit or gain was not 
subject to the medieval ban on usury. There were, more-

over, techniques for concealing a loan by making foreign 
exchange available at a distance but deferring payment for 
it so that the interest charge could be camouflaged as a 
fluctuation in the exchange rate.
Another form of early banking activity was the accep- 

tance of deposits. These might derive from the deposit 
of money or valuables for safekeeping or for purposes of 
transfer to another party; or, more straightforwardly, they 
might represent the deposit of money in a current account. 
A balance in a current account could also represent the 
proceeds of a loan that had been granted by the banker, 
perhaps based on an oral agreement between the parties 
(recorded in the banker’s Journal) whereby the customer 
would be allowed to overdraw his account.

English bankers in particular had by the 17th Century 
begun to develop a deposit banking business, and the tech­
niques they evolved were to prove influential elsewhere. 
The London goldsmiths kept money and valuables in safe 
custody for their customers. In addition, they dealt in 
bullion and foreign exchange, acquiring and sorting coin 
for profit. As a means of attracting coin for sorting, they 
were prepared to pay a rate of interest, and it was largely
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in this way that they began to supplant as deposit bankers 
their great rivals, the “money scriveners.” The latter were 
notaries who had come to specialize in bringing together 
borrowers and lenders; they also accepted deposits.

It was found that when money was deposited by a num­
ber of people with a goldsmith or a scrivener a fund of 
deposits came to be maintained at a fairly steady level; 
over a period of time, deposits and withdrawals tended to 
balance. In any event, customers preferred to leave their 
surplus money with the goldsmith, keeping only enough 
for their everyday needs. The result was a fund of idle 
cash that could be lent out at interest to other parties. 

About the same time, a practice grew up whereby a Cus­
tomer could arrange for the transfer of part of his credit 
balance to another party by addressing an order to the 
banker. This was the origin of the modern check. It was 
only a short step from making a loan in specie or coin 
to allowing customers to borrow by check: the amount 
borrowed would be debited to a loan account and cred- 
ited to a current account against which checks could be 
drawn; or the customer would be allowed to overdraw his 
account up to a specified limit. In the first case, interest 
was charged on the full amount of the debit, and in the 
second the customer paid interest only on the amount 
actually borrowed. A check was a claim against the bank, 
which had a corresponding claim against its customer. 
Another way in which a bank could create claims against 

itself was by issuing bank notes. The amount actually 
issued depended on the banker’s judgment of the possible 
demand for specie, and this depended in large part on 
public confidence in the bank itself. In London, goldsmith 
bankers were probably developing the use of the bank note 
about the same time as that of the check. (The first bank 
notes issued in Europe were by the Bank of Stockholm in 
1661.) Some commercial banks are still permitted to issue 
their own notes, but in most countries this has become a 
prerogative of the central bank.

In Britain the check soon proved to be such a conve- 
nient means of payment that the public began to use 
checks for the larger part of their monetary transactions, 
reserving coin (and, later, notes) for small payments. As 
a result, banks began to grant their borrowers the right 
to draw checks much in excess of the amounts of cash 
actually held, in this way “creating money”— i.e., claims 
that were generally accepted as means of payment. Such 
money came to be known as “bank money” or “credit.” 
Excluding bank notes, this money consisted of no more 
than figures in bank ledgers; it was acceptable because 
of the public’s confidence in the ability of the bank to 
honour its liabilities when called upon to do so.

When a check is drawn and passes into the hands of 
another party in payment for goods or services, it is usu­
ally paid into another bank account. Assuming that the 
overdraft technique is employed, if the check has been 
drawn by a borrower, the mere act of drawing and passing 
the check will create a loan as soon as the check is paid 
by the borrower’s banker. Since every loan so made tends 
to return to the banking System as a deposit, deposits will 
tend to increase for the System as a whole to about the 
same extent as loans. On the other hand, if the money 
lent has been debited to a loan account and the amount 
of the  ̂loan has been credited to the customer’s current 
account, a deposit will have been created immediately. 

One of the most important factors in the development 
of banking in England was the early legal recognition of 
the negotiability of credit instruments or bills of exchange. 
The check was expressly defined as a bill of exchange. In 
Continental Europe, on the other hand, limitations on the 
negotiability of an order of payment prevented the exten- 
sion of deposit banking based on the check. Continental 
countries developed their own System, known as giro pay­
ments, whereby transfers were effected on the basis of 
written instructions to debit the account of the payer and 
to credit that of the payee.

The business of banking

The business of banking consists of borrowing and lend­
ing. As in other businesses, operations must be based on

Capital, but banks employ comparatively little of their own 
Capital in relation to the total volume of their transactions. 
The purpose of Capital and reserve accounts is primarily 
to provide an ultimate cover against losses on loans and 
Investments. In the United States Capital accounts also 
have a legal significance, since the laws limit the propor­
tion of its Capital a bank may lend to a single borrower. 
Similar arrangements exist elsewhere.

FUNCTIONS OF COMMERCIAL BANKS
The essential characteristics of the banking business may 
be described within the framework of a simplified balance 
sheet. A bank’s main liabilities are its Capital (including 
reserves and, often, subordinated debt) and deposits. The 
latter may be from domestic or foreign sources (corpo­
rations and firms, private individuals, other banks, and 
even governments). They may be repayable on demand 
(sight deposits or current accounts) or repayable only after 
the lapse of a period o f time (time, term, or fixed de­
posits and, occasionally, savings deposits). A bank’s assets 
include cash (which may be held in the form of credit 
balances with other banks, usually with a central bank but 
also, in varying degrees, with correspondent banks); liquid 
assets (money at call and short notice, day-to-day money, 
short-term govemment paper such as treasury bills and 
notes, and commercial bills of exchange, all of which can 
be converted readily into cash without risk of substantial 
loss); Investments or securities (substantially medium-term 
and longer term govemment securities— sometimes in­
cluding those of local authorities such as States, provinces, 
or municipalities—and, in certain countries, participations 
and shares in industrial concerns); loans and advances 
made to customers of all kinds, though primarily to trade 
and industry (in an increasing number of countries, these 
include term loans and also mortgage loans); and, finally, 
the bank’s premises, furniture, and fittings (written down, 
as a rule, to quite nominal figures).

All bank balance sheets must include an item that relates 
to contingent liabilities (e.g., bills of exchange “accepted” 
or endorsed by the bank), exactly balanced by an item 
on the other side o f the balance sheet representing the 
customer’s Obligation to indemnify the bank (which may 
also be supported by a form of security taken by the 
bank over its customer’s assets). Most banks of any size 
stand prepared to provide acceptance credits (also called 
bankers’ acceptances); when a bank accepts a bill, it lends 
its name and reputation to the transaction in question 
and, in this way, ensures that the paper will be more 
readily discounted.

Deposits. The bulk of the resources employed by a 
modern bank consists of borrowed money (that is, depos­
its), which is lent out as profitably as is consistent with 
safety. Insofar as an increase in deposits provides a bank 
with additional cash (which is an asset), the increase in 
cash Supplements its loanable resources and permits a 
more than proportionate increase in its loans.

An increase in deposits may arise in two ways. (1) 
When a bank makes a loan, it may transfer the sum to 
a current account, thus directly creating a new deposit; 
or it may arrange a line of credit for the borrower upon 
which he will be permitted to draw checks, which, when 
deposited by third parties, likewise create new deposits.
(2) An enlargement of govemment expenditure financed 
by the central bank may occasion a growth in deposits, 
since claims on the govemment that are equivalent to 
cash will be paid into the commercial banks as deposits. 
In the first instance, with the increase in bank deposits 
goes a related increase in the potential liability to pay out 
cash; in the second case, the increase in deposits with the 
commercial banks is accompanied by a corresponding in­
crease in commercial bank holdings of money claims that 
are equivalent to cash.

Taking one bank in isolation, an increase in its loans 
may result in a direct increase in deposits. This may occur 
either as a result of a transfer to a current account (as 
above) or a transfer to another customer of the same bank. 
Once again, there is an increase in the potential liability 
to pay out cash. On the other hand, if there has been an 
increase in loans by another bank (including an increase
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in central bank loans to the govemment), this may give 
rise to increased deposits with the first bank, matched by a 
corresponding claim to cash (or its equivalent). For these 
reasons a bank can generally expect that, if there is an in­
crease in deposits, there will also be some net acquisition 
of cash or of claims for receipt of cash. It is in this way 
that an increase in deposits usually provides the basis for 
further bank lending.

Except in countries where banks are small and insecure, 
banks as a whole can usually depend on their current 
account debits being largely offset by credits to current 
accounts, though from time to time an individual bank 
may experience marked fluctuations in its deposit totals, 
and all banks in a country may be subject to seasonal 
variations. Even when deposits are repayable on demand, 
there is usually a degree of inertia in the deposit structure 
that prevents sharp fluctuations; if money is accepted con- 
tractually for a fixed term or if notice must be given before 
its repayment, this inertia will be greater. On the other 
hand, if a significant proportion of total deposits derives 
from foreign sources, there is likely to be an element of 
volatility arising from international conditions.

In banking, confidence on the part of the depositors is 
the tme basis of stability. Confidence is steadier if there 
exists a central bank to act as a “lender of last resort.” 
Another means of maintaining confidence employed in 
some countries is deposit insurance, which protects the 
small depositor against loss in the event of a bank failure. 
Such protection was the declared purpose of the “national- 
ization” of bank deposits in Argentina between 1946 and 
1957; banks receiving deposits acted merely as agents of 
the government-owned and government-controlled central 
bank, all deposits being guaranteed by the state.

Vlaintain- Reserves. Since the banker undertakes to provide de- 
ng positors with cash on demand or upon prior notice, it is
iquidity necessary to hold a cash reserve and to maintain a “safe” 

ratio of cash to deposits. The safe ratio is determined 
largely through experience. It may be established by Con­
vention (as it was for many years in England) or by Statute 
(as in the United States and elsewhere). If a minimum 
cash ratio is required by law, a portion of a bank’s assets is 
in effect frozen and not available to meet sudden demands 
for cash from the bank’s customers. In order to provide 
more flexibility, required ratios are frequently based on 
the average of cash holdings over a specified period, such 
as a week or a month. In addition to holding part of the 
bank’s assets in cash, a banker will hold a proportion of 
the remainder in assets that can quickly be converted into 
cash without significant loss. No banker can safely ignore 
the necessity of maintaining adequate reserves of liquid 
assets; some prefer to limit the sum of loans and Invest­
ments to a certain percentage of deposits, not allowing 
their loan-deposit ratio to run for any length of time at 
too high a level.

Unless a bank held cash covering 100 percent of its de­
mand deposits, it could not meet the claims of depositors 
if they were all to exercise in full and at the same time 
their rights to demand cash. If that were a common phe- 
nomenon, deposit banking could not long survive. For the 
most part, the public is prepared to leave its surplus funds 
on deposit with the banks, confident that they will be re- 
paid if needed. But there may be times when unexpected 
demands for cash exceed what might reasonably have 
been anticipated; therefore, a bank must not only hold 
part of its assets in cash but also must keep a proportion 
of the remainder in assets that can be quickly converted 
into cash without significant loss. Indeed, in theory, even 
its less liquid assets should be self-liquidating within a 
reasonable time.

A bank may mobilize its assets in several ways. It may de­
mand repayment of loans, immediately or at short notice; 
it may sell securities; or it may borrow from the central 
bank, using paper representing investments or loans as 
security. Banks do not precipitately call in loans or sell 
marketable assets, because this would disrupt the delicate 
debtor-creditor relationships and increase any loss of con­
fidence, probably resulting in a run on the banks. Ready 
cash may be obtainable in this way only at a very high 
price. Banks must either maintain their cash reserves and

other liquid assets at a high level or have access to a “lend­
er of last resort,” such as a central bank, able and willing 
to provide cash against the security of eligible assets. In a 
number of countries the commercial banks have at times 
been required to maintain a minimum liquid assets ra­
tio. But central banks impose such requirements less as 
a means of maintaining appropriate levels of commercial 
bank liquidity than as a technique for influencing directly 
the lending potential of the banks (see below).

Among the assets of commercial banks, investments are Kinds of 
less liquid than money-market assets such as call money assets of 
and treasury bills. By maintaining an appropriate spread commer- 
of maturities, however, it is possible to ensure that a pro- cial banks 
portion of a bank’s investments is regularly approaching 
redemption, thereby producing a steady flow of liquidity 
and in that way constituting a secondary liquid assets 
reserve. Some banks, particularly in the United States and 
Canada, have at times favoured the “dumbbell” distribu­
tion of maturities, a significant proportion of the total 
portfolio being held in long-dated maturities with a high 
yield, a small proportion in the middle ranges, and another 
significant proportion in short-dated maturities. Follow­
ing redemption the banks usually reinvest all or most of 
the proceeds in longer term maturities that in due course 
become increasingly short-term. Interest-rate expectations 
frequently modify the shape of a maturity distribution, 
and, in times of great uncertainty with regard to interest 
rates, banks will tend to hold the bulk of their securities at 
short term, and something like a T-distribution may then 
be preferred (mainly shorts, supported by small amounts 
of medium to longer dated paper). Investments and 
money-market assets merge into each other. The dividing 
line is arbitrary, but there is an essential difference: the li­
quidity of investments depends primarily on marketability 
(though sometimes it also depends on the readiness of the 
govemment or its agent to exchange its own securities for 
cash); the liquidity of money-market assets, on the other 
hand, depends partly on marketability but mainly on the 
willingness of the central bank to purchase them or accept 
them as collateral for a loan. This is why money-market 
assets are more liquid than investments.

INDUSTRIAL FINANCE
Long-term and medium-term lending. Banks that do a 

great deal of long-term lending to industry must ensure 
their liquidity by maintaining relatively large Capital funds 
and a relatively high proportion of long-term borrowings 
(e.g., time deposits, or issues of bonds or debentures), 
as well as valuing their investments very conservatively.
Such banks, notably the French banques d ’affaires and the 
West German commercial banks, have developed special 
means of reducing their degree of risk. Every investment 
is preceded by a thorough technical and financial investi- 
gation. The initial advance may be an interim credit, later 
converted into a participation. Only when market condi­
tions are favourable is the original investment converted 
into marketable securities, and an issue of shares to the 
public is arranged. One function of these banks is to nurse 
an investment along until the venture is well established.
Even assuming its ultimate success, a bank may be obliged 
to hold such shares for long periods before being able to 
liquidate them. In addition, they often retain an interest 
in a firm as an ordinary investment as well as to ensure a 
degree of continuing control over it.

The long-term Provision of industrial finance in Britain 
and the Commonwealth countries is usually handled by 
specialist institutions, with the commercial banks pro- 
viding only part of the necessary Capital. In Japan, the 
long-term financial needs of industry are met partly by 
special industrial banks (which also issue debentures as 
well as accepting deposits) and partly by the ordinary com­
mercial banks. In West Germany the commercial banks 
customarily handle long-term finance.

Since World War II the commercial banks in the United Term loans 
States have developed the so-called term loan, especially 
for financing industrial Capital requirements. The attempt 
to popularize the term loan began in the economie depres­
sion of the 1930s, when the banks tried to expand their 
business by offering finance for a period of years. Most
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term loans have an effective maturity of little more than 
five years, though some run for 10 years or more. They 
are usually arranged between the customer and a group 
of lending banks, sometimes in Cooperation with other in­
stitutions such as insurance Companies, and are normally 
subject to a formal term loan agreement. Banks in Britain, 
western Europe, the Commonwealth, and Japan began 
during the 1960s to give term loans both to industry and 
to agriculture.

Short-term lending. Short-term loans are the core of 
the banking business even in countries where commercial 
banks make long-term loans to industry. Much short-term 
lending consists in the Provision of working Capital, but 
the banks also provide temporary finance for fixed Capital 
development, aiding a customer until long-term finance 
can be found elsewhere.

Much of this short-term lending is done by overdraft, 
particularly in the United Kingdom and a number of the 
Commonwealth countries, or by way of “current account 
lending” in many western European countries. The over­
draft permits a depositor to overdraw an account up to 
an agreed limit. In theory, overdrafts are repayable on de­
mand or after reasonable notice has been given, but often 
they are allowed to run on indefinitely, subject to a pe­
riodic review. An advance is reduced or repaid whenever 
the account is credited with deposits and recreated when 
new checks are drawn upon it, interest being paid only on 
the amount outstanding.

An alternative method of short-term lending is to debit 
a loan account with the amount borrowed, crediting the 
proceeds to a current account; interest is usually payable 
on the whole amount of the loan, which normally is for a 
fixed period of time. (In Britain arrangements are some­
times more flexible, and the term of the loan may be set 
by oral agreement.)

In a number of countries, including the United States, 
the United Kingdom, France, West Germany, and Japan, 
short-term finance is often made available on the basis 
of discountable paper—commercial bills or promissory 
notes. Söme of this paper is usually rediscountable at the 
central bank, thus becoming virtually a liquid asset, unlike 
a bank advance or loan.
Credit may be offered with or without formal security, 

depending on the reputation and financial strength of the 
borrower. In many countries a customer may use a num­
ber of banks, and these institutions usually freely exchange 
Information about joint credit risks. In Britain and The 
Netherlands, however, most concerns tend to use a single 
banking institution for most of their needs.

Traditionally bankers took the view that the liabilities of 
a bank (in particular, its deposits) were more or less stable 
and concerned themselves primarily with the investment 
of these funds. Since the late 1950s and 1960s, especially 
in North America and latterly in the United Kingdom, 
there has been a change in emphasis. Banks began to find 
it more difficult to obtain deposits. Interest rates rose to 
high levels, and banks were obliged to compete with each 
other and with other institutions for funds. At the same 
time, there was little point in paying a high rate of interest 
for money unless it could be employed profitably. Bankers 
began to relate the cost of borrowed money directly to 
the return on loans and investments. Previously the main 
limitation on a bank’s expansion had been its ability to 
find profitable new business, but now the determining 
factor became the availability of funds to lend out. The 
essence of assets and liabilities management, as it came to 
be called, was deciding what kinds of new money to buy 
and what to pay for it. In the United States the liabilities 
side of bank balance sheets now included, int er alia, in 
much larger proportion than during the 1960s, repurchase 
agreements (under which securities are sold subject to an 
agreement to repurchase at a stated date), federal funds 
purchases (on the assets side, federal funds sales), excess 
balances of commercial banks and other depository in­
stitutions (regularly traded throughout the United States), 
negotiable certificates of deposit (which can be traded on 
a secondary market), and, for the larger banks, Eurocur- 
rency borrowings, mostly Eurodollars (dollar balances held 
abroad). In the United Kingdom, “bought” money con-

sisted of Wholesale (i.e., large) deposits (on which money 
market rates were paid), negotiable certificates of deposit, 
interbank borrowings, and Eurocurrency purchases. This 
bought money could then be used to finance the loan de­
mand, including term loans, long favoured in the United 
States but a more recent innovation in the United King­
dom and elsewhere, where they were developed consider- 
ably in the 1970s. Although much of the lending financed 
by bought money was by way of term loans, these could 
be “rolled over,” with an interest rate adjustment, ev- 
ery three or six months, and there could therefore be a 
measure of interest-rate matching and also sometimes a 
matching of maturities. In less sophisticated environments 
than North America and the United Kingdom, there was 
again an increasing emphasis on bought money to meet 
any expansion in loan demands (much of which was now 
term lending), with an adjustment at the margin when 
more funds were needed—e.g., Wholesale deposits, certifi­
cates of deposit, interbank borrowings, and purchases of 
Eurocurrencies.

The principles of central banking

The principles of central banking grew up in response to 
the recurrent British financial crises of the 19th Century 
and were later adopted in other countries. Modem market 
economies are subject to frequent fluctuations in output 
and employment. Although the causes of these fluctua­
tions are various, there is general agreement that the abil­
ity of banks to create new money may exacerbate them. 
Although an individual bank may be cautious enough in 
maintaining its own liquidity position, the expansion or 
contraction of the money supply to which it contributes 
may be excessive. This raises the need for a disinterested 
outside authority able to view economic and financial 
developments objectively and to exert some measure of 
control over the activities of the banks. A central bank 
should also be capable of acting to offset forces originating 
outside the economy, although this is much more difficult.

RESPONSIBILITIES OF CENTRAL BANKS
The first concern of a central bank is the maintenance 
of a soundly based commercial banking structure. While 
this concern has grown to comprehend the operations of 
all financial institutions, including the several groups of 
nonbank financial intermediaries, the commercial banks 
remain the core of the banking System. A central bank 
must also cooperate closely with the national govemment. 
Indeed, most governments and central banks have become 
intimately associated in the formulation of policy.

Relationships with commercial banks. One source of 
economic instability is the supply of money. Even in rela­
tively well-controlled banking Systems, banks have some­
times expanded credit to such an extent that inflationary 
pressures developed. Such an overexpansion in bank lend­
ing would be followed almost inevitably by a period of 
undue caution in the making of loans. Frequently the 
turning point was associated with a financial crisis, and 
bank failures were not uncommon. Even today, failures 
occur from time to time. Such crises in the past often 
threatened the existence of financial institutions that were 
essentially sound, and the authorities sometimes inter- 
vened to prevent complete collapse.

The willingness of a central bank to offer support to the 
commercial banks and other financial institutions in time 
of crisis was greatly encouraged by the gradual disappear- 
ance of weaker institutions and a general improvement in 
bank management. The dangers of excessive lending came 
to be more fully appreciated, and the banks also became 
more experienced in the evaluation of risks. In some cases, 
the central bank itself has gone out of its way to educate 
commercial banks in the canons of sound finance. In the 
United States the Federal Reserve System examines the 
books of the commercial banks and carries on a range 
of frankly educational activities. In developing countries 
such as India and Pakistan, central banks have also set up 
departments to maintain a regulär scrutiny of commercial 
bank operations.

The most obvious danger to the banks is a sudden and
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overwhelming run on their cash resources in consequence 
of their liability to depositors to pay on demand. In the 
ordinary course of business, the demand for cash is fairly 
constant or subject to seasonal fluctuations that can be 

The foreseen. It has become the responsibility of the central
zentral bank to protect banks that have been honestly and com-
>ank as petently managed from the consequences of a sudden and
‘lender unexpected demand for cash. In other words, the central
>f last bank came to act as the “lender of last resort.” To do
esort” this effectively, it was necessary that the central bank be

permitted either to buy the assets of commercial banks or 
to make advances against them. It was also necessary that 
the central bank have the power to issue money accept- 
able to bank depositors. But if a central bank was to play 
this role with respect to commercial banks, it was only 
reasonable that it or some related authority be allowed to 
exercise a degree of control over the way in which the 
banks conducted their business.

ilole of Most central banks now take a continuing day-to-day 
zentral part in the operations of the banking System. The Bank of 
>anks England, for example, has been increasingly in the market
n the to ensure that the banks have a steady supply of cash,
nanking even during periods of credit restriction. It also lends regu- 
lystem larly to the discount houses, supplementing their resources 

whenever the commercial banks feel the need to call back 
money they have on loan to them. In the United States 
the Federal Reserve System has operated in a similar 
way by buying and selling securities on the open market 
and by lending to dealers in govemment securities on 
the basis of repurchase agreements. The Federal Reserve 
may also discount paper submitted by the commercial 
banks through the Federal Reserve banks. The various 
techniques of credit control in use are discussed in greater 
detail below.

The evolution of those working relations among banks 
implies a community of outlook that in some countries is 
relatively recent. The whole concept of a central bank as 
responsible for the stability of the banking System presup- 
poses mutual confidence and Cooperation. For this reason, 
contact between the central bank and the commercial 
banks must be close and continuous. The latter must be 
encouraged to feel that the central bank will give careful 
consideration to their views on matters of common con­
cern. Once the central bank has formulated its policy after 
a full consideration of the facts and of the views expressed, 
however, the commercial banks must be prepared to ac­
cept its leadership. Otherwise, the whole basis of central 
banking would be undermined.

The central bank and the national economy. Relation­
ship s with other countries. Since no modern economy is 
self-contained, central banks must give considerable at­
tention to trading and financial relationships with other 
countries. If goods are bought abroad, there is a demand 
for foreign currency to pay for them. Alternatively, if 
goods are sold abroad, foreign currency is acquired that the 
seller ordinarily wishes to convert into the home currency. 
These two sets of transactions usually pass through the 
banking System, but there is no necessary reason why, over 
the short period, they should balance. Sometimes there is 
a surplus of purchases and sometimes a surplus of sales. 
Short-period disequilibrium is not likely to matter very 
much, but it is rather important that there be a tendency 
to balance over a longer period, since it is difficult for a 
country to continue indefinitely as a permanent borrower 
or to continue building up a command over goods and 
services that it does not exercise.

Maintain- Short-period disequilibrium can be met very simply by 
ing the diminishing or building up balances of foreign exchange. 
balance If a country has no balances to diminish, it may borrow,
of foreign but normally it at least carries working balances. If the
payments commercial banks find it unprofitable to hold such bal­

ances, the central bank is available to carry them; indeed, 
it may insist on concentrating the bulk of the country’s 
foreign-exchange resources in its hands or in those of an 
associated agency.

Long-period equilibrium is more difficult to achieve. It 
may be approached in three different ways: price move­
ments, exchange revaluation (appreciation or depreciation 
of the currency), or exchange Controls.

Price levels may be influenced by expansion or contrac- 
tion in the supply of bank credit. If the monetary au­
thorities wish to stimulate imports, for example, they can 
induce a relative rise in home prices by encouraging an 
expansion of credit. If additional exports are necessary in 
order to achieve a more balanced position, the authorities 
can attempt to force down costs at home by operating to 
restrict credit.

The objective may be achieved more directly by revalu- 
ing a country’s exchange rate. Depending on the circum­
stances, the rate may be appreciated or depreciated, or 
it may be allowed to “float.” Appreciation means that 
the home currency becomes more valuable in terms of 
the currencies of other countries and that exports con- 
sequently become more expensive for foreigners to buy.
Depreciation involves a cheapening of the home currency, 
thus lowering the prices of export goods in the world’s 
markets. In both cases, however, the effects are likely to be 
only temporary, and for this reason the authorities often 
prefer relative stability in exchange rates even at the cost 
of some fluctuation in internal prices.

Quite often governments have resorted to exchange Con­
trols (sometimes combined with import licensing) to allo- 
cate foreign exchange more or less directly in payment for 
specific imports. At times, a considerable apparatus has 
been assembled for this purpose, and, despite “leakages” of 
various kinds, the System has proved reasonably efficiënt 
in achieving balance on external payments account. Its 
chief disadvantage is that it interferes with normal market 
processes, thereby encouraging rigidities in the economy, 
reinforcing vested interests, and restricting the growth of 
world trade.

Whatever method is chosen, the process of adjustment is 
generally supervised by some central authority—the cen­
tral bank or some Institution closely associated with it— 
that can assemble the information necessary to ensure that 
the proper responses are made to changing conditions.

Economic fluctuations. As noted above, monetary in- Moderat- 
fluences may be an important contributory factor in eco- ing booms 
nomic fluctuations. An expansion in bank credit makes and slumps 
possible, if it does not cause, the relative overexpansion 
of investment activity characteristic of a boom. Insofar as 
monetary policy can assist in mitigating the worst excesses 
of the boom, it is the responsibility of the central bank 
to regulate the amount of lending by banks and perhaps 
by other financial institutions as well. The central bank 
may even wish to influence in some degree the direction 
of lending as well as the amount.
An even greater responsibility of the central bank is 

that of taking measures to prevent or overcome a slump.
Recessions, when they occur, are often in the nature of 
adjustments to eliminate the effects of previous overex­
pansion. Such adjustments are necessary to restore eco­
nomic health, but at times they have tended to go too 
far; depressive factors have been reinforced by a general 
lack of confidence, and, once this has happened, it has 
proved extremely difficult to stimulate recovery. In these 
circumstances, prevention is likely to be far easier than 
eure. It has therefore become a recognized function of the 
central bank to take steps to preclude, if possible, any such 
general deterioration in economic activity.

For the central bank to be effective in regulating the 
volume and distribution of credit so that economic fluctu­
ations may be damped, if not eliminated, it must at least 
be able to regulate commercial bank liquidity (the supply 
of cash and “near cash”), because this is the basis of 
bank lending. Monetary authorities in a number of coun­
tries have begun to resort increasingly to the management 
o f monetary aggregates as a basic policy. This does not 
mean an uncritical acceptance of monetarist philosophy 
but rather what the U.S. economist and banker Paul A.
Volcker has called “practical monetarism.” In addition 
to the Federal Reserve in the United States, a growing 
number of western European countries have adopted the 
practice of setting growth targets for the money supply and 
sometimes other monetary targets as well (like domestic 
credit expansion), usually setting some range of allowable 
Variation. Japan has had reservations and has preferred to 
indicate monetary projections or forecasts, partly because
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of the difficulty of changing a set target should it become 
necessary. Nor is there any great degree of consensus as 
to which target or aggregate to employ. In general terms, 
choice of a particular aggregate as a basis for reference 
would be linked to the theories—more or less explicit— 
on which the actions of a particular central bank are based 
and also on the state of the country’s economy and its 
financial environment. Where there are publicly declared 
targets, these can have an important effect by the very fact 
of being announced.

There is now little dispute about the broad objectives, 
though the techniques of control are various and depend 
to some extent on environmental factors. It would be in­
correct to suppose, however, that the actions of the central 
bank can, unaided, achieve a high degree of stability. It 
can by wise guidance contribute to that end, but mon­
etary action is in no sense a panacea; at all times, the 
degree to which it is likely to be effective depends on the 
Provision of an appropriate fiscal environment (see Gov­
ernment finance).

Banking services. Another responsibility of the central 
bank is to ensure that banking services are adequately sup- 
plied to all members of the community that need them. 
Some areas of a country may be “under-banked” (e.g., the 
rural areas of India and the northern and more remote 
parts of Norway), and central banks have attempted, di­
rectly or indirectly, to meet such needs. In France, this 
need underlay the early extension of branches of the Bank 
of France to the départements. In India the authorities 
encouraged the opening of “pioneer” branches by the for­
mer Imperial Bank of India and its successor, the State 
Bank of India, latterly by all the nationalized banks, and 
particularly their extension to rural and semirural areas. In 
Pakistan, officials of the State Bank of Pakistan played an 
active part in the foundation of the semipublic National 
Bank of Pakistan with a similar objective in view.
A different sort of problem arises when the business 

methods of existing banks are unsatisfactory. In such cir­
cumstances, a System of bank inspection and audit orga­
nized by the central banking authorities (as in India and 
Pakistan) or of bank “examinations” (as in the United 
States) may be the appropriate answer. Alternatively, the 
supervision of bank operations may be handed over to 
a separate authority, such as France’s Banking Control 
Commission or South Africa’s Registrar of Banks.
In developing countries, central banks may encourage the 

establishment and growth of specialist institutions such 
as savings institutions and agricultural credit or industrial 
finance corporations. These serve to improve the mecha- 
nism for tapping existing liquid resources and to supple­
ment the flow of funds for investment in specific fields.

Responsibilities to the govemment. Central banks have 
over the years acquired a number of well-defined respon­
sibilities to their respective national governments. Some, 
notably the Bank of England, developed into central banks 
after being, in origin, bankers to the govemment. More 
recently it has become a matter of course for a new central 
bank to accept responsibility for the financial affairs of 
its govemment. The reasons are self-evident. Government 
transactions have become of increasing importance in in- 
fluencing the workings of the economy, and the institution 
that holds the government’s account is in a strategie Posi­
tion to cushion the commercial banks against the impact 
of large movements of cash originating in this way. As 
banker to the govemment, furthermore, the central bank 
has an obvious responsibility to provide routine banking 
services, such as arranging loan flotations and supervising 
their service, renewal, and redemption. The central bank 
also usually issues the currency.
Equally important are its responsibilities as an adviser 

on the probable monetary consequences of any proposed 
action. In this role the central bank should scrutinize the 
government’s proposals with a certain amount of objectiv- 
ity and state its point of view with vigour. One may eite a 
now-famous dictum of Montagu Norman as governor of 
the Bank of England:

I think it is o f the utmost importance that the policy of the
Bank and the policy o f  the Government should at all times
be in harmony— in as complete harmony as possible. I look

upon the Bank as having the unique right to offer advice and
to press such advice even to the point o f “nagging”; but always
o f  course subject to the supreme authority o f  the Government.

Many central banks are now nationalized, reflecting the 
increasingly general recognition of the significance of the 
central bank’s role as a servant, if not a creature, of the 
govemment. This development is also, in a way, a final 
recognition of the central bank as a responsible public in­
stitution whose major function is to serve the community 
as a whole, untrammelled by narrow dictates of profit and 
loss. Most central banks, nevertheless, make very hand­
some profits.

TECHNIQUES OF CREDIT CONTROL
Central banks have developed a variety of techniques for 
influencing, regulating, and Controlling the activities of 
commercial banks. These may be divided into (1) the 
so-called classical, or indirect, techniques and (2) vari­
ous direct Controls. The classical techniques make use of 
open-market purchases or sales by the central bank of 
certain types of assets that are invariably associated with 
fluctuations in interest rates. Direct, or quantitative, credit 
Controls are employed to influence the cash and liquidity 
bases of commercial bank lending by means o f freezing or 
unfreezing their liquid resources; sometimes ceilings are 
imposed on bank loans.

Open-market operations. The way in which open- 
market operations influence the cash reserves and, through 
them, the general liquidity of the commercial banks is 
essentially simple. If the central bank buys securities in 
the open market, the cash it offers in exchange adds to the 
reserves of the banks; if the central bank sells securities 
in the open market, the cash necessary to pay for them is 
either withdrawn from the banks’ reserves or obtained by 
diminishing holdings of other assets (with the possibility 
of Capital losses in consequence of these sales). It does 
not matter whether this buying and selling takes place be­
tween the central bank and the commercial banks directly 
or between the central bank and other financial sectors, 
including the public at large, since these are the customers 
of the commercial banks.
Open-market operations are invariably associated with 

related changes in one or more “strategie” rates of interest, 
the most influential of these rates being the minimum 
rate at which the central bank does business (the bank 
rate, or the discount rate), since other rates tend to move 
in sympathy with it. The central bank seeks to achieve 
an appropriate and consistent structure of interest rates. 
If a particular rate structure is desired (e.g., prior to a 
new issue of govemment securities or in order to change 
the emphasis of institutional investment between, say, 
long-term and short-term securities), it may be necessary 
to precondition the market by means of open-market op­
erations. To achieve its purposes the central bank must 
possess (if it is selling) or be willing to absorb (if it is 
buying) the appropriate types of securities.

In London the specialist banks known as discount houses 
effectively put to work the revolving fund of cash that 
circulates through the British banking system. If temporar- 
ily there is an inadequate supply of cash, the Bank of 
England either lends on a short-term basis or buys some 
of the assets held by the discount market. (From 1980 
there was a shift in emphasis from lending to open-market 
operations, especially by dealing in bankers’ acceptances.) 
Alternatively, the Bank of England may buy assets from 
the clearing banks (the large joint-stock banks), which 
then make the relevant moneys available to the market. 
On the other hand, if the discount market is oversupplied 
with funds, the Bank of England sells treasury bills, in this 
way mopping up the excess of cash. These transactions 
are known as smoothing-out operations. In addition, the 
Bank of England is also responsible for managing the 
national debt, and, whether the object is to influence the 
flows of money or not, such transactions in fact have 
monetary effects.
In the United States the Federal Reserve System regulates 

the money supply. Within the Federal Reserve System, the 
Federal Open Market Committee is the most important 
single policy-making body. It is presided over by the chair-

Purchases 
and sales 
of secu­
rities by 
the central 
bank



60 6  Banks and Banking

The Open
Market
Committee
of the
Federal
Reserve

Variations 
in reserves

man of the Board of Governors, with the president of the 
Federal Reserve Bank of New York as its permanent vicé 
chairman. The main responsibility of the Open Market 
Committee is to decide upon the timing and amount of 
open-market purchases or sales of govemment securities. 
Since open-market operations must obviously be consis­
tent with other aspects of monetary and credit policy, 
it is in the committee that broad agreement is reached 
on matters such as changes in discount rates or reserve 
requirements.
One of the big differences between London and New 

York is that the central banking authorities in New York 
maintain direct relationships more or less continuously 
with the nonbank govemment securities dealers as well as 
with the commercial banks. The Federal Reserve Bank of 
New York may make temporary accommodation avail­
able to some 35 primary dealers (including certain banks) 
under a repurchase agreement, whereby securities are sold 
to the bank under an agreement that they be repurchased 
after a stipulated time. These agreements are made only 
for the purpose of supplying reserves to the banking Sys­
tem, but from the dealer’s standpoint they are helpful in 
financing portfolios. Such repos, as they are called, may 
also be done with foreign official accounts. Since early 
1966 the bank has also been prepared to mop up money by 
undertaking reverse repurchase agreements, in which the 
dealers act as intermediaries for large commercial banks 
with temporarily surplus money that they are prepared 
to place against bills, subject to the bank’s repurchasing 
them a few days later; the commercial bank concerned 
lends the dealer the money to finance the holding of the 
bill. Similar arrangements are also made by the Federal 
Reserve directly with bank dealers.

All member banks of the Federal Reserve System, and 
now also other depository institutions, have direct access 
to the discount service of their Federal Reserve Bank, 
of which there is one in each of 12 districts. This is a 
privilege, however, and not a right. In the early years of 
the System the banks would sell discountable paper to the 
Federal Reserve, but now they usually borrow against a 
pledge of govemment securities held in safe custody with 
the Federal Reserve Bank in question. The Federal Re­
serve lends for a number of purposes but always at a time 
of general stress. It is assumed that, as the pressure abates, 
borrowing banks will repay their indebtedness as quickly 
as possible. Under ordinary conditions, the continuous 
use of Federal Reserve credit by a member bank over a 
considerable period is not regarded as appropriate.

Direct Controls. The so-called classical techniques of 
credit control—open-market operations and discount pol­
icy—can only be employed where there is a sufficiently 
developed complex of markets in which to buy and sell 
assets of the type that commercial banks ordinarily hold. 
Direct credit Controls have a wider range of application. 
They may be used either as a substitute for the classical 
techniques or as a supplement to them. Direct Controls are 
more likely to be resorted to when the money market is 
undeveloped, because then a central bank can only impose 
its authority by means of direct action. This is often the 
Situation facing a newly established central bank. Rather 
than wait for the slow evolution of a money market, the 
authorities may provide the central bank from the start 
(as in Pakistan, the Philippines, Sri Lanka, and Malaysia) 
with very füll powers to control the banking system.

The aim in imposing a direct, quantitative regulation 
of credit is to curb inflationary pressures that may result 
from an expansion of commercial bank lending. This can 
be done in four main ways: (1) the commercial banks may 
be required to maintain stated minimum reserve ratios 
of cash to deposits, a stated liquid assets ratio, or some 
combination of both; (2) part of the cash resources of the 
commercial banks may be immobilized at the discretion 
of the central bank; (3) ceilings may be imposed on the 
amount of accommodation to be made available to the 
commercial banks at the central bank (sometimes referred 
to as “discount quotas”); and (4) a ceiling may be pre- 
scribed for commercial bank lending itself.
Minimum reserve requirements. The Variation of min­

imum cash reserve requirements as a direct means of

quantitative credit control has become increasingly gen­
eral in recent years. The practice has largely derived 
from experience in the United States. In its origin the 
U.S. insistence on stated minimum reserve requirements 
for commercial banks was simply a means of prescribing 
minimum Standards of sound behaviour. Only later did 
such ratios come to be seen as a useful supplementary 
quantitative credit control.
The power granted by the Banking Act of 1935 to the 

Federal Reserve System to determine the cash reserves 
of the commercial banks in the United States was em­
ployed for the first time during the boom of 1936-37, 
and periodic Variation of minimum reserve requirements 
subsequently came to be recognized as an appropriate 
technique for Controlling the money supply. The Federal 
Reserve Board’s decisions were sometimes subject to con­
siderable criticism, but, as it became more experienced in 
the use of this technique, Variation in reserve requirements 
combined with other measures came to be regarded as a 
useful means of cushioning the economy against a reces- 
sion. The Variation of reserve requirements did not prove 
as effective in preventing inflation, largely because of the 
government’s insistence that the Federal Reserve simulta- 
neously support the prices of govemment bonds through 
open-market operations. This insistence was abandoned 
by the Treasury in March 1951. Since then, much greater 
emphasis has been placed on the use of open-market 
operations, which had become more effective, and the im­
portance of varying minimum reserve requirements as a 
means of controlling the credit base has diminished in the 
United States. The technique is still widely used, however, 
in many countries.

In some countries the authorities require the maintenance 
of minimum liquid assets ratios. This is often combined 
with minimum requirements for cash reserves, as in In­
dia, Pakistan, and West Germany, though not always (in 
France, for example, until 1967 there were no minimum 
cash reserve requirements). Where prescribed minima re- 
late to liquid assets and not to cash as such, reserves are 
held in the form of earning assets—an important distinc- 
tion from the point of view of the commercial banks.

An important step toward a uniform and explicit min­
imum liquidity ratio for the London clearing banks was 
taken in 1951, when the governor of the Bank of England 
indicated to the banks that a liquidity ratio of from 32 to 
28 percent would be regarded as normal and that it would 
be undesirable for the ratio to be allowed to fall below 
25 percent. By 1957 a fairly rigid 30 percent minimum 
was in place (it was reduced to 28 percent in 1963). After 
1946 the London clearing banks (but not the Scottish 
banks) also observed a more or less fixed cash ratio of 8 
percent. A new element was introduced in 1960, when the 
Bank of England launched its system of “special deposits” 
as a means of reinforcing other methods of credit con­
trol. Calls were made from time to time on the London 
clearing banks to deposit with the Bank of England by a 
specified date some specified percentage of their gross de­
posits; similar arrangements applied to the Scottish banks, 
but the calls were smaller. This system lasted until 1971, 
when a new 12.5 percent minimum reserve ratio (exclud- 
ing till cash) was introduced. This ratio related to “eligible 
liabilities” (primarily sterling deposits of up to two years 
maturity, including sterling certificates of deposit). The 
banks could also be required to place special deposits with 
the Bank of England. These arrangements were replaced in 
August 1981 by a voluntary holding of operational funds 
with the Bank of England by the London clearing banks 
(“for clearing purposes”) and a uniform requirement of 
0.5 percent of an institution’s eligible liabilities that would 
be applied to all banks and licensed deposit-takers with 
eligible liabilities averaging more than £10,000,000. All 
banks that were eligible acceptors were also normally re­
quired to hold an average equivalent to 6 percent of their 
eligible liabilities either as secured money with discount 
houses or as secured call money with money brokers and 
gilt-edged jobbers, but the amount held in the form of 
secured money with a discount house was not normally 
to fall below 4 percent of eligible liabilities. This money 
became known as “club money.”
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The use of variable minimum reserve requirements as a 
means of credit control can, if carried far enough, produce 
results, especially when the requirements include the hold­
ing of cash balances. It is more useful as an anti-inflation- 
ary weapon than as a means of counterihg recession, since 
it cannot overcome a possible unwillingness of the banks 
to lend or of their customers to borrow. It is a somewhat 
clumsy technique, however, and cannot make adequate 
allowance for the special needs of different institutions.

Immobilization o f cash resources. A second group of 
direct quantitative credit Controls involves keeping a por­
tion of the cash resources of commercial banks immobi- 
lized at the discretion of the central bank. Two leading 
examples of this technique were the use of the Treasury 
Deposit Receipt (t d r ) in the United Kingdom during and 
after World War II and the “special account procedure” 
adopted in Australia in 1941. Both were means of im- 
mobilizing the increased liquidity deriving from wartime 
govemment expenditure.

The direct issue of Treasury Deposit Receipts at a nomi­
nal rate of interest to banks in the United Kingdom began 
in July 1940. They were not negotiable in the market nor 
transferrable between banks, but they could be tendered 
in payment for govemment bonds (and tax certificates); 
hence, during the war years they had a limited degree 
of liquidity. The Bank of England communicated to the 
banks collectively the amount of the weekly call, which 
was divided among them in proportion to their deposits. 
After the war, t d r ’s were replaced by treasury bills; in 
order to reduce the consequent high liquidity of the banks, 
there was a “forced funding” of £1,000,000,000 of trea­
sury bills in November 1951, which were required to be 
invested in Serial Funding Stocks.

The special account procedure introduced in Australia in 
1941 had a similar objective. The surplus investable funds 
of the Australian trading banks, defined as the amount 
by which each bank’s total assets in Australia at any time 
exceeded the average of its total assets in Australia in 
August 1939, were required to be placed in special deposit 
accounts with the Commonwealth Bank (then the central 
bank) at a nominal rate of interest. A bank was not to 
withdraw any sum from its special account except with the 
consent of the Commonwealth Bank; during the war years, 
the bank generally directed the trading banks to lodge in 
their special accounts each month an amount equal to 
the increase in their total assets in Australia during the 
preceding month, although as a rule a lodgment was not 
required if it was known that a rise in assets would be 
followed by an early fall. Legislation in 1945 adopted the 
special account procedures as a means of general credit 
control (e.g., to curb inflation), but the provisions were 
made more flexible. In 1953 a more complicated formula 
was introduced, and in 1960 the system was abandoned 
in favour of minimum reserve ratios.
Accommodation ceilings. Some countries have tried 

placing a limit on the amount of accommodation that the 
central bank may make available to the commercial banks. 
The difficulty in this type of quantitative credit control 
is to make it effective while at the same time allowing 
for changes in the economy; its most obvious use is as a 
means of checking inflation, but if the upward pressures 
on prices are strong, there is a temptation to increase the 
ceilings so that the restraint then becomes little more than 
a temporary check.

Usually, it is only when a control begins to be feit and to 
affect bank profits that the banks become really sensitive 
to changes in credit policy and the implementation of the 
control becomes truly effective. The postwar experience 
of France is a case in point. Plafonds, or “ceilings,” were 
first introduced in France in 1948. Rediscount ceilings (or 
discount quotas) were fixed for each bank, though some 
categories of paper were excluded. Ceilings could be in­
creased or (after 1957) reduced.
From the authorities’ point of view, the chief difficulty 

in operating this control was the persistent building up 
of pressure against the ceilings. This was met partly by 
upward revisions in the ceilings themselves and partly by 
instituting a number of safety valves. The degree of elas- 
ticity required constituted the chief weakness of the ceiling

technique. The central bank was constantly under pressure 
to adjust the ceilings upward. Some upward revisions were 
unavoidable, but the problem was to decide which claims 
were legitimate and which not. Much bilateral bargaining 
took place between the Bank of France and individual 
commercial banks, but the banks continued to complain 
that the strictness of the control was excessive and that 
the technique was lacking in flexibility.

The inadequacies of the plafonds technique in its original 
form became apparent when prices began to rise rapidly 
during the Korean War boom, and even the built-in 
safety valves failed fully to accommodate the pressures 
on bank liquidity. The need to strengthen the mechanism 
was obvious, and this was attempted in 1951. Previously, 
rediscounts had frequently exceeded the ceilings during 
the month and were only brought within the plafonds 
by special action (e.g., through open-market purchases). 
The Situation was brought under control by introducing a 
secondary ceiling to which a penalty rate of interest was 
applied. This was extended in 1958 to permit rediscounts 
even beyond the secondary ceiling, provided a further 
penalty was paid; each application, however, was scruti- 
nized by the Bank of France. The system lasted until about 
the spring of 1964, though it did not finally disappear un­
til 1968, when it was largely replaced by Bank of France 
operations in the open market. After early 1967 banks 
also were subject to minimum reserve requirements.
Plafonds, or discount quotas, have also been employed 

in West Germany, being introduced in 1952 and strength- 
ened in 1955. Quotas may be reduced periodically (after 
1964 they were also used to discourage institutions from 
borrowing abroad). Again there were safety valves (al­
though less generous than in France) and the possibility of 
extra accommodation (Lombard credits) at a higher rate. 
In some circumstances, supplementary quotas might be 
approved for up to six months. A bank might also raise 
funds through the money market, though likely at higher 
cost. Discount quotas are still an important tool of credit 
control in West Germany.

Other countries have employed this technique, including 
Sweden, where for a time the central bank imposed formal 
or informal ceilings on banks and sometimes on finance 
Companies. If the banks failed to observe the ceiling, a 
penalty was applied based on the amount of the excess 
borrowing and its duration. In Finland, commercial banks 
have at times been able to borrow limited amounts from 
the Bank of Finland by way of traditional credit quotas. 
Beyond these quotas, funds could formerly be obtained 
as supra-quota credit at a higher rate, but banks now 
are forced into the official call money market. Denmark, 
too, has permitted borrowing from the central bank in 
tranches, with higher (penalty) rates applying after the first 
tranche of the loan quota has been resorted to, a practice 
that can be expensivé.

General ceilings on credit. Attempts have been made to 
prescribe a general ceiling within which the quantity of 
commercial bank lending must be held. This is even more 
difficult to achieve. One example of such an attempt was 
the adoption of a “rising ceiling” by Chile in 1953. All 
banks were required not to expand the volume of their 
loans to businesses and individuals by more than 1.5 per­
cent a month, using as their basis the average of a bank’s 
advances on selected dates in 1953. Certain types of loans 
were forbidden, and bank resources were to be directed 
to productive and distributive activities that really con- 
tributed to the expansion of the national economy. Banks 
were also required to provide information on the destina- 
tion of their loans. In succeeding years adjustments were 
made on several occasions in the maximum permitted 
credit increase, expressed either as a percentage of advances 
or sometimes as a total for the banking system as a whole. 
In 1959 all quantitative credit restrictions were removed, 
and banks were permitted to advance funds up to their 
financial capacity, provided that they operated within the 
general banking law. There was no evidence the Controls 
had been effective, but the major problem in Chile was 
budgetary rather than monetary. A temporary ceiling on 
loans was imposed by agreement in Canada (in 1951-52), 
The Netherlands (1957-58), and France (1958-59).
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The United Kingdom had considerable experience with 
this type of ceiling, introducing it as a temporary measure 
in 1955, when the banks were asked to bring their ad­
vances down by an average of 10 percent. Later an attempt 
was made to impose a true ceiling, requiring that bank 
advances not exceed the average of the period October 
1956 to September 1957. This was continued until July 
1958. Again, in 1961, the authorities indicated the banks 
must aim at checking the rate of rise in bank advances; 
this came to be interpreted as a request that the level of 
advances at the end of 1961 be no higher than in the 
previous June. The banks also were not to encourage an 
increase in the volume of commercial bills. The request 
was modified in May 1962 and largely withdrawn in Octo­
ber; but it was made again in May 1965, when the clearing 
banks were requested not to increase their advances to 
the private sector, at an annual rate of more than about 
5 percent, in the 12 months to mid-March 1966 (likewise 
with commercial bills). Other financial institutions were 
requested to observe a comparable degree of restraint. For 
12 months after March 1966, advances and discounts, 
all o wing for seasonal factors, were not permitted to rise 
above levels set for March 1966. This represented an 
intensification of the credit squeeze because prices were 
rising. The credit restriction led to a falling off in business 
confidence, and, consequently, toward the end of 1966 
bank lending was well below the official ceiling. In April 
1967 authorities announced a change in techniques, with 
an emphasis on making calls to special deposits, but the 
ceilings returned again in November 1967. There was to 
be no increase in bank advances to the private sector 
(excluding exports and shipbuilding) except for seasonal 
reasons. In May 1968 a new ceiling was instituted for all 
such lending (including that for exports and shipbuilding); 
the clearing banks were asked to restrict the total of this 
lending, after seasonal adjustment, to 104 percent of the 
November 1967 figure, with priority to be given to finance 
for exports and for activities directly related to improving 
the balance of payments. The restrictions also extended to 
other types of credit. Credit became even tighter (in March 
1969) when the ceiling was reduced to 98 percent of the 
November 1967 level. The banks had considerable diffi­
culty in meeting this requirement and agreed merely to 
“do their best.” Advances increased above the ceiling, and, 
as a penalty, the interest paid by the Bank of England on 
special deposits was halved. Not until late 1969 did it be­
come clear that the authorities were prepared to abandon 
their long campaign to get bank loans down to the target 
figure. The ceiling was subsequently replaced by minimum 
reserve requirements. The system of quantitative credit 
control requires, for its successful implementation, the Tuil 
cooperation of the banking community. In the United 
Kingdom, where banks base much of their lending on the 
overdraft technique, the system was very unpopulär.
In France, however, the encadrement du crédit, as it is 

called, temporarily imposed in 1958-59, was revived dur­
ing the first half of 1973. Subject to certain exclusions 
(e.g., certain investment credits, agricultural credits, export 
credits, the financing of energy savings and innovation, 
leasing transactions, and special medium-term construc- 
tion loans), the mechanism chosen was to permit a certain 
percentage rate of growth in bank credits in relation to a 
particular month in the previous year, these limits being 
fixed quarterly and subject to Variation from time to time. 
Subsequently, in early 1975, reference was made to a fixed 
base defined as equal to an index of 100, in relation to 
which the index might be increased (or decreased) and 
credit expanded (or contracted). The system was further 
refined to vary the rate of change of credits within differ­
ent financial sectors, and over the years it has been subject 
in the interests of flexibility to many amendments. In 
effect, there has been a combination of quantitative and 
qualitative credit Controls.

In addition to regulating the quantity of credit, central 
banks have sometimes attempted to influence the direc­
tions in which the commercial banks lend. A loose system 
of control prevailed in the United Kingdom during World 
War II and afterward, based initially on directives from 
the Capital Issues Committee and later on requests from

the Bank of England. A highly formalized technique was 
employed in Australia during the war and earlier postwar 
years; detailed and specific instructions were given to the 
trading banks, marginal cases being referred to the cen­
tral bank. The system of Voluntary Credit Restraint in 
the United States in 1951 was similar. The more formal 
Controls seemed to be no more effective than the looser 
system employed in the United Kingdom.
Selective Controls have been imposed on consumer in- 

stallment finance in the United States and elsewhere (e.g., 
by stipulating the percentage of deposit that is required 
and the length of the term over which repayments may be 
made). Even when these are not varied in order to serve as 
a control over credit, there is a case for insisting on such 
requirements for Prudential reasons. In the United States, 
under the Securities Exchange Act of 1934, the Federal 
Reserve can vary the margins that purchasers of securities 
must pay in cash, thereby limiting the credit available for 
this purpose.

The structure of modern banking systems

The banking systems of the world have many similarities, 
but they also differ, sometimes in quite material respects. 
The principal differences are in the details of organization 
and technique. The differences are gradually becoming less 
pronounced because of the growing efficiency of interna­
tional communication and the tendency in each country 
to emulate practices that have been successful elsewhere.

Banking systems may be classified in terms of their 
structure as unit banking, branch banking, or hybrids of 
the two. For example, unit banking prevails in large areas 
of the United States. In other countries it is more usual 
to find a small number of large commercial banks, each 
operating a highly developed network of branches. This 
is the system used in England and Wales, among others. 
Examples of hybrid systems include those of France, West 
Germany, and India, where banks that are national in 
scope are supplemented by regional or local banks. Some 
of these hybrid systems are slowly changing their charac­
ter, the banks becoming fewer in number and individually 
larger, with a larger number of branches.

UNIT BANKING: THE UNITED STATES 
Bank organization in the United States during the years 
after World War II was still passing through a phase of 
structural development that many other countries had 
completed some decades earlier. Development in the 
United States has been subject to constraints not found 
elsewhere. The federal Constitution permits both the na­
tional and state governments to regulate banking. Some 
States prohibit branch banking, largely because of the po­
litical influence of small local bankers, thus encouraging 
the establishment and retention of a large number of unit 
banks.

Even in its early years the United States had an unusu- 
ally large number of banks. As the frontiers of settlement 
were pushed rapidly westward, banks sprang up across the 
country. One reason for this was the demand for Capital in 
the expanding frontier economy. There was also an obvi­
ous need for a large number of banks to serve the diverse 
and rapidly expanding demands of a growing and con- 
stantly migrating population. It must be remembered, too, 
that at this time Communications between the frontiers of 
settlement and the established centres of commerce and 
finance were still inadequately developed.

As long as Communications remained imperfect, the 
existence of large numbers of competing institutions is 
not difficult to explain. The subsequent failure of bank 
mergers or amalgamations to produce a concentration of 
financial resources in the hands of large banking units can 
be attributed in part to the character of the federal Consti­
tution as noted above. Among the people, moreover, there 
was a widespread distrust of monopoly and a deep-rooted 
fear that a “money trust” might develop. This went hand 
in hand with a political philosophy that emphasized the 
virtues of individualism and free competition; restrictions 
on branching, merging, and on the formation of holding 
Companies were a feature of both the state and the federal
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banking laws. Where permitted, however, bank branches 
are numerous in the United States (especially in California 
and in New York); in States in which branching is pro- 
hibited, one often finds local bank monopolies in small 
towns. Interstate banking is prohibited by federal law, but 
large banking organizations have provided financial ser­
vices (e.g., through loan offices and offices of nonbank 
subsidiaries) for many years across state lines. A number 
of States have passed limited interstate or reciprocal bank­
ing laws, so that banks in other States with similar laws can 
acquire or merge with local banks. The banking system of 
the United States would not work without a network of 
correspondent bank relationships, which are more highly 
developed there than in any other country.
From the 1970s there was an acceleration in the evolu- 

tion of U.S. banking patterns. Unregulated financial insti­
tutions (and some nonfinancial institutions) moved into 
traditional banking activities; at the same time, depository 
institutions began offering a fuller range of financial ser­
vices. Money-market mutual funds, for example, secured 
access to open-market interest rates for investors with 
relatively small amounts of money. Securities firms and 
insurance Companies moved aggressively into providing a 
range of liquid financial instruments. Likewise, large man- 
ufacturing and retail firms moved into the commercial 
and retail lending businesses—e.g., by acquiring a savings 
and loan association, a securities brokerage house, an in­
dustrial loan Company, a consumer banking business, or 
even a commercial bank. Meanwhile, depository institu­
tions developed a number of new services, most notably 
the Negotiable Order of Withdrawal (now) account, an 
interest-bearing savings account with a near-substitute for 
checks. These appeared first in 1972 in New England 
and after 1980 spread to the whole nation; they were of­
fered both by commercial banks and by thrift institutions. 
Share drafts at credit unions also became a means of 
payment, and after 1978 the automatic transfer services of 
commercial banks permitted savings-account funds to be 
transferred automatically to cover overdrafts in checking 
accounts. So-called Super-Now accounts (with no inter­
est rate ceilings and unlimited checking facilities with a 
minimum balance) were subsequently introduced, along 
with money-market deposit accounts, free of interest rate 
restrictions but with limited checking.

Rapid changes in financial structure and the supply of 
financial services posed a host of questions for regulators, 
and, after much discussion, the Depository Institutions 
Deregulation and Monetary Control Act was passed in 
1980. The object was to change some of the rules—many 
of them obsolete—under which U.S. financial institutions 
had operated for nearly half a Century. The principal 
objectives were to improve monetary control and equal- 
ize more nearly its cost among depository institutions; to 
remove impediments to cornpetition for funds by deposi­
tory institutions, while allowing the small saver a market 
rate of return; and to expand the availability of financial 
services to the public and reduce competitive inequalities 
among financial institutions offering them. The major 
changes were: (1) Uniform Federal Reserve requirements 
were phased in on transaction accounts (demand deposits, 
now accounts, telephone transfers,. automatic transfers, 
and share drafts) at all depository institutions—commer­
cial banks (whether Federal Reserve members or not), 
savings and loan associations, mutual savings banks, and 
credit unions. (2) The Federal Reserve Board was autho- 
rized to collect all data necessary for the monitoring and 
control of money and credit aggregates. (3) Access to the 
discount window at Federal Reserve banks was widened 
to include any depository institution issuing transaction 
accounts or nonpersonal time deposits. (4) The Federal 
Reserve was to price its services, to which all depository 
institutions would now have access. (5) Regulation Q, 
which had long set interest-rate ceilings on deposits, was 
to be phased out over a six-year period. (6) An attempt 
was made to grasp the nettle of the state usury laws. (7) 
now accounts were authorized on a nationwide basis and 
could be offered by all depository institutions. Other ser­
vices were extended. (8) The permissible activities of thrift 
institutions were broadened considerably. (9) Deposit in­

surance at commercial banks, savings banks, savings and 
loan associations, and credit unions was raised from $40,- 
000 to $100,000. (10) The “truth in lending” disclosure 
and financial regulations were simplified to make it easier 
for creditors to comply.

BRANCH BANKING: THE UNITED KINGDOM
If the United States banks can be taken as representa­
tive of a unit banking system, the British system is the 
prototype of branch banking. Its development was linked 
to the growth of transportation and Communications, for 
otherwise banks cannot clear checks drawn on other banks 
and effect remittances speedily and efficiently. The Scots 
favoured branch banking from the very beginning (the 
Bank of Scotland was founded in 1695), but at first they 
were not very successful—largely because of poor Com­
munications and the difficulty of supplying branches with 
adequate amounts of coin. Not until after the Napoleonic 
Wars, when the road system of Scotland had been greatly 
improved, did branch banking begin to develop vigorously 
there. As the Industrial Revolution progressed and as the 
size of businesses increased, the structure of English bank­
ing underwent a corresponding change. Greater resources 
were required for lending, and banks also needed more ex­
tensive interconnections in order to provide an increasing 
range of services. Where banks remained small, they were 
frequently unable to take the strain of the larger demand; 
they tended to become overextended and often failed.

The growth in size of banks was also greatly encouraged 
by legislation that encouraged joint-stock ownership, be­
ginning in 1826. Joint-stock ownership, which reduced the 
risk to any individual, must be distinguished from limited 
liability, which did not become widely accepted until the 
failure of the City of Glasgow Bank in 1878 demonstrated 
the need for a legal device to protect the stockholder. 
The early joint-stock banks tended to remain localized in 
their business interests; it was only gradually (with the 
spread of limited liability and disclosure of accounts) that 
amalgamations began to convert the banking system in 
England and Wales into its highly concentrated modern 
form. The main movement was completed before World 
War I, though there was to be a further degree of concen- 
tration in the years after World War II. By these means, 
British banks were able to attract deposits from all parts 
of the country and to spread the banking risk over a wide 
range of industries and areas.

HYBRID SYSTEMS
A third group of banking systems differs from the unit 
banking system of the United States and also from 
the branch banking systems of countries that have fol­
lowed the British model (such as Australia, Canada, New 
Zealand, and South Africa). This group is characterized by 
the existence of a small number of banks with branches 
throughout the country, holding a significant part of total 
deposits, along with a relatively large number of smaller 
banks that are regional or local in emphasis. Such systems 
exist in France, West Germany, and India. Japan has a 
small number of large city banks with branch networks 
but a larger number of local banks.

France. Banking institutions in France were classified 
after World War II into three main groups: deposit banks, 
banques cTaffaires (or investment banks), and institutions 
that were either specialized or operated mainly outside 
France. New banking legislation in 1966 greatly reduced 
the importance of the distinction between deposit banks 
and banques d ’affaires. There was also (1) a further con- 
centration of banking resources, as a result of several large 
mergers and also of greater financial integration through 
share-exchange agreements and interlocking directorates, 
and (2) the conversion of a number of banques d ’affaires 
into deposit banks, which hived off their investment in­
terests into separate investment or holding Companies.

Further legislation in 1982 nationalized the remaining 
large and medium-sized banks (36 in all, plus two financial 
holding Companies—those of Indosuez and Paribas); the 
largest deposit banks had already been nationalized after 
World War II. Another new law in 1984 abolished the old 
divisions between the several categories of banks, which
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were now defined simply as établissements de crédit, able 
to receive deposits from the public, undertake credit oper­
ations (including loans), and provide means of payment. 
The intention was to move cautiously toward a system 
of “universal banking.” The new law was extended to 
cover the Caisse Nationale de Crédit Agricole, the banques 
populair es, the crédit mutuel, the central organizations of 
the cooperatives and the savings banks (and thereby insti­
tutions affiliated with them), and semipublic institutions 
like the Crédit Foncier and the Crédit National, but not 
the Caisse des Dépots et Consignations nor the central 
banking institutions.

All of the regional banks and some local banks have 
branches. The balanced character of the regional econo- 
mies often provides these banks with a good portfolio of 
risks; they serve not only a prosperous agriculture but also 
a number of local industries. Some of the local banks are 
also very sound institutions, despite their small size.

The survival of a hybrid system in France, despite 
the long-run trend toward centralization, reflects certain 
characteristics of French society. These included, until re- 
cently, a strong emphasis on small business, together with 
a preference for individual and personal service. Particu- 
larism in some parts of France manifests itself in support 
for local institutions, and the local banker also often has 
the advantage of special knowledge of local industries and 
people, which makes possible the acceptance of risks that 
the big banks decline.

West Germany. An even more direct conflict between 
the forces favouring concentration and those working 
against it may be seen in Germany, where banking grew in 
the latter part of the 19th Century along with industry. The 
banks were inclined to rely mainly on their own Capital 
resources and did not at first try to attract deposits from 
the public. Not until 1874 did the Deutsche Bank A.G. 
begin to seek deposits through offices specially opened for 
the purpose. This was done to provide cheap finance for 
traders, the deposits being invested in mercantile bills that 
were regarded as both safe and liquid. In pursuit of de­
posits, the banks built up a widespread network of branch 
offices, which were also used to establish and maintain 
industrial contacts throughout the country. The unifica- 

The tion of Germany in 1871 removed the political obstacles
Berlin to a more integrated banking system, and the selection of
banks Berlin as the Capital made that city the country’s financial

centre. Four of the largest banks were already established 
there; the new Reichsbank was set up in 1876. In addition, 
the larger and more enterprising of the provincial banks 
were attracted to the Capital. The Berlin stock exchange 
rapidly displaced that of Frankfurt am Main as the coun­
try’s leading securities market.
The Berlin banks extended their influence by developing 

correspondent relationships and subsequently by acquir- 
ing a financial interest in the provincial banks and being 
represented on their boards. Each of the big Berlin banks 
came to be associated with a group of provincial banks 
more or less under its control. At the same time, all 
of the banks, Berlin and provincial alike, expanded their 
business by opening branches.

During World War I the degree of centralization in­
creased; by 1918 the big Berlin banks held more than 65 
percent of total deposits. In the early 1920s there were 
amalgamations, and branch Systems became much larger. 
Bank failures and the financial crisis of 1931 resulted in 
further consolidation until the German banking system 
was dominated by three giants. But there were counter- 
vailing forces. Probably the most important of these was 
the establishment of publicly owned banking institutions, 
such as the communal savings banks and their central in­
stitutions, the Girozentralen, which became of increasing 
importance after World War II.

West German savings banks, which were permitted to 
have checks drawn on them from 1909 and which had 
giro clearing from the 1920s, now offer a wide range of 
services, especially to lower income groups and smaller 
businesses. The large commercial banks have concerned 
themselves more with big business and with wealthy in­
dividuals. The savings banks now compete in Wholesale 
banking as well. A number of them, together with their

Girozentralen, are to all intents and purposes “universal 
banks,” like the Big Three and the larger regional banks.
The Big Three (the Deutsche Bank, the Dresdner Bank, 
and the Commerzbank) remain unchallenged only in stock 
exchange and foreign banking business.

Of the private bankers, only about a half-dozen are of 
any size. The bigger private banks are important in the 
fields of investment and Wholesale banking, while the 
smaller ones flourish in the leading stock-exchange cities, 
such as Düsseldorf and Frankfurt am Main. Many of 
these private bankers, however, are not bankers in the true 
sense; they subsist mainly on stock-exchange transactions, 
investment services, portfolio management, and insurance 
and mortgage brokerage. There are also consumer finance 
institutions, mortgage and other specialist banks, and a 
large number of cooperatives.

Regional and private banks are often within the sphere of 
influence of the Big Three. In some cases the latter have 
a financial interest in these banks, and in some cases they 
own them. The Big Three also have shares in certain of 
the private mortgage banks. There are also “cooperation 
agreements,” and a number of mergers have taken place.
In these several ways, much more integration exists than 
appears on the surface. While banking in West Germany 
remains a hybrid system, a trend toward greater concen­
tration is evident.

India. Until the 1950s, banking in India was carried 
on by a large number of banks, many of them quite 
small. India is still primarily an agricultural country, with 
an economie and social structure based largely on the 
village. The integration of banking has been impeded by Problems 
poor Communications, by illiteracy, and by the barriers in the 
of language and caste. Banking and credit have remained integration 
largely in the hands of the so-called indigenous banker of banking 
and the village moneylender. Although their influence has in India 
been greatly reduced in recent years, they still remain 
important in many an up-country area. The indigenous 
banker, who is also a merchant, offers genuine banking 
services: accepting deposits and remitting funds; making 
loans quickly and with a minimum of formality; and, by 
means of the hundi (a credit instrument in the form of a 
bill of exchange), financing a still significant, if declining, 
portion of India’s internal trade and commerce.
Efforts were made to eliminate the moneylender by de­

veloping a network of rural credit cooperatives. When 
progress proved to be slow, a more successful alternative 
was found in requiring banks to open “pioneer” branches 
in rural areas. The first branches were those of the 
semipublic Imperial Bank of India and its nationalized 
successor, the State Bank of India (and its subsidiaries).
Many smaller banks began to disappear, sometimes by 
merger and sometimes as a result of failure. Between 1952 
and 1967 the number of “reporting” banks feil from 517 
to 90. Nationalized banks, including the State Bank of 
India and its seven subsidiaries, the 14 large commercial 
banks taken over in 1969, and the six additional banks na­
tionalized in 1980, accounted for more than 90 percent of 
aggregate deposits in commercial banks. Banking services 
are also provided by chit funds, which accept and pay 
interest on monthly deposits against which it is possible to 
draw only by way of loan, and by Nidhis, mutual loan so- 
cieties that have developed into semibanking institutions 
but deal only with their member shareholders.

The main path of banking development in India is the 
expansion of bank branches into the under-banked areas.
The authorities have sought to expand the number of 
branches but to avoid their concentration in the larger 
towns and cities and, in particular, to provide the rural 
areas with adequate facilities. The ultimate objective is 
to encourage the mobilization of deposits on a massive 
scale throughout the country, a formidable challenge in a 
country of 575,000 villages, and a stepping up of lending 
to weak sectors of the economy.
Japan. Banking business in Japan is largely concen­

trated in the hands of the big banks (some of which are 
specialized), though a number of small banks still sur­
vive. The principal classes of banks are city banks and 
regional banks, but it should be noted that the distinction 
has no legal basis, though they are separately supervised.
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Both belong to the Federation of Bankers’ Associations 
of Japan. The city banks service mainly manufacturing 
industry and commerce, particularly the big firms, while 
the regional banks are based on a prefecture, though some 
extend their operations into neighbouring prefectures, col- 
lecting deposits and lending to local business and smaller 
firms. The regional banks have city bank correspondents, 
not only to hold surplus balances but also for assistance 
in investing their funds, especially in the call-money mar­
ket. In addition, a city bank may introducé certain of its 
large customers to a regional bank (e.g., a big Company 
having a local factory). City correspondents in Japan do 
not, however, provide the wide range of ancillary services 
common in the United States.

Since World War II there has been much stability in 
Japanese banking, but the city banks have suffered a 
relative decline in the importance of their business in 
competition with other institutions, especially the agri­
cultural cooperatives, which attract the larger part of the 
Treasury’s payments on account of govemment purchases 
of the rice crop. There has also been a relative increase 
in the importance of the life insurance Companies and the 
trust funds, which have attracted sizable funds from the 
general public.

BANKING IN PLANNED ECONOMIES
The Soviet Union. The present-day Soviet banking Sys­

tem was established by the credit reforms of the early 
1930s, which centralized practically all short-term credit 
in the hands of the Gosbank (State Bank, established in 
1921). There was much restructuring of banking during 
succeeding years, mainly to ensure that the system became 
an effective instrument for carrying out the national eco­
nomic plan. The Gosbank’s control over payments flows 
was also tightened in order to maintain stability of prices. 
The activities of the Gosbank are by no means limited 
to purely financial operations, and it actively Controls the 
implementation of production and financial plans and the 
spending of wages funds. In addition, it has a monopoly 
of the note issue and is responsible for putting money 
into circulation.
The Gosbank was originally concerned with the Provi­

sion of short-term credit; a number of other banks were 
created to finance Capital investment in the socialized 
economy. Even in the 1930s there was a tendency to con- 
solidate these banking units, and this continued into the 
postwar period. In 1959 there were further mergers and a 
reallocation of activity, as a result of which the Stroybank 
emerged as the credit and financial institution responsi­
ble for canalizing state budgetary appropriations and also 
short- and long-term credits into Capital investment in 
various sectors of the economy. The savings bank system, 
with 79,000 branches, became part of the Gosbank in 
1963. The only other banking institution is the Vnesh- 
torgbank (Bank for Foreign Trade), whose operations 
were considerably expanded in 1961. Originally concerned 
mainly with the Provision of currency for tourists and 
diplomatic missions and with remittances from abroad, 
the Vneshtorgbank came to handle all foreign-exchange 
transactions, including those relating to trade.

Since the functions of the Stroybank are essentially ad­
ministrative (supervising the disbursement of funds), the 
Gosbank is the only domestic bank servicing the cash, 
credit, and payment needs of a population exceeding 273,- 
000,000. The organization of the Gosbank is as follows: 
it has a policymaking head office and principal offices in 
the various Soviet republics. There are also regional offices 
and a network of 4,500 local branches; the latter are the 
bank’s main points of contact with a variety of economic 
enterprises, collective farms, and lower level govemment 
units. The Gosbank serves the needs of the urban popula­
tion through its network of branches, which collect rent, 
taxes, and other compulsory payments and contributions. 
It maintains a small number of special cash service agen­
cies in large industrial establishments and at construction 
projects. Seasonal agencies are operated at remote places 
where large purchases of farm products are made.
In the industrial area, the Gosbank services hundreds of 

thousands of state enterprises that operate on the basis

of cost accounting. Each of these enterprises has its own 
working Capital and prepares a balance sheet and a State­
ment of income; it may borrow regularly or occasionally, 
depending on its needs. The Gosbank has hundreds of 
thousands of other customers comprising collective farms, 
party, trade union, cultural and other organizations, and 
individuals. The aggregate balances maintained by Gos­
bank customers are small in comparison with the cash 
balances held by business and govemment accounts in the 
United States.

Transactions o f individuals. Although consumer loans 
are extended by stores rather than by banks, there has 
also been a rapid increase in the transactions of individu­
als. This has resulted from rising incomes, an increase in 
savings, and the Provision of facilities for crediting wages 
to savings accounts and making periodic payments from 
them. Housing loans and tourism have also been growing 
in importance. As savings bank offices handle virtually all 
the accounts and transactions of individuals, the consid­
erable increase in the volume of these transactions was 
probably the main reason for absorbing the savings bank 
system into the Gosbank in 1963.

Transactions o f collective farms. An even greater prob­
lem has been created by the rise in transactions involving 
the collective farms. Before 1953 the collectives paid in 
kind for the services performed by the state-owned tractor 
and farm-machinery stations. Since 1953 these transac­
tions have gradually shifted to payment in cash. As a first 
step, the tractor and machinery stations were closed down 
and their equipment sold to the collectives. The farms 
now had to pay in cash for all machinery and fuel, as well 
as for building materials, fertilizers, and other supplies. 
Subsequently, they were enabled to sell their output to the 
state for money.

Farm labour likewise has come to be remunerated in 
cash rather than in kind. In 1953 only one-third of the 
“compensation” for work contributed by members of the 
collectives was in cash; by 1963 the proportion was nearly 
three-quarters. In 1965 the flow of money income to the 
farm population was increased further by the introduc- 
tion of state pensions for collective farmers. In 1966 it 
was decided to make minimum monthly payments to the 
members of collective farms, and this resulted in an even 
greater use of money in the farm sector.

The growth of money flows and of bank lending in rural 
areas, as well as the need to service a growing clientele in 
the villages, greatly added to the complexity of Gosbank 
operations, which had been geared primarily to the needs 
of industry and govemment. The Gosbank attempted to 
resolve its problems by simplifying payments procedures, 
through its efforts to work out a system of offsetting mu­
tual claims were not initially very successful.

After the credit reforms of 1930-32, a uniform system of 
interest rates was applied to all short-term credits, irrespec- 
tive of the purpose of the loan or the financial condition 
of the borrower. Higher rates were charged as a penalty 
on overdue loans. In the 1960s there was a move to dif- 
ferentiate rates, it being accepted as a matter of principle 
that bank funds should be more expensive than an en- 
terprise’s own working Capital and that borrowings made 
necessary by shortcomings of management (e.g., excessive 
inventories or the erosion of working Capital) should carry 
higher rates than loans to finance normal needs. Penalty 
rates for overdue loans and for late payments were also 
increased, and collection was more vigorously enforced. 
Today, interest rates in the Soviet economy are seen as an 
integral part of the relationship between the bank and the 
enterprises that it both services and regulates.

Yugoslavia. Yugoslavia’s banking system is very differ­
ent from those of non-Communist countries and also from 
that of the Soviet Union. It derives from basic principles 
incorporated in the federal Constitution. For example, the 
monetary and credit system is based on “self-management 
by workers in associated labour working with social re­
sources,” and it pro vides for uniform currency and mone­
tary and foreign-exchange Systems.

Until 1971 the central bank, or bank of issue, was the 
National Bank of Yugoslavia, with its head office in Bel­
grade and six offices in the main cities of the federal
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republics. Following constitutional amendments in 1971, 
separate National Banks for the republics and the two au- 
tonomous provinces were established, and in 1972 a new 
central system was set up consisting of the National Bank 
of Yugoslavia and the National Banks for the republics 
and the autonomous provinces. Under the federal Con­
stitution of 1974 and federal laws of 1976, the National 
Banks have responsibility for regulating the quantity of 
money, for ensuring the stability of the currency and the 
general liquidity of payments at home and abroad, for im- 
plementing joint monetary and foreign-exchange policy, 
and for providing the bases of credit policy.

The nine National Banks operate as a uniform central 
banking system. Integration of the system is carried out 
though the Council of Governors of the National Bank of 
Yugoslavia. The Yugoslav concept of central banking thus 
reflects the federal structure of the nation, accommodating 
the principle of a single Yugoslav market, within which, 
however, the republics and the autonomous provinces are 
responsible for their own development.

Below the level of National Banks, the banking system 
consists of two types of organizations—the banks proper, 
and savings-credit organizations. The banks are classi- 
fied as internal banks, basic banks, and associated banks. 
The savings-credit organizations include chiefly savings 
banks. There is also Provision for banking consortia and 
associations.

An internal bank provides a financial nexus between its 
members such that funds can be transferred from sectors 
that are in surplus to other sectors which have need of 
funds. It also attracts savings deposits from workers em­
ployed by its members and from the general public; the 
latter deposits may be earmarked for special purposes. 
In addition, it may grant consumer credits. An internal 
bank cannot receive sight deposits. It is managed by 
its members.

A basic bank may be founded by organizations of asso­
ciated labour, internal banks, self-managing communities 
of interest, and other social-legal entities; it is managed 
by those parties that have entered into a self-management 
agreement. Basic banks are the only banking organiza­
tions that can carry out all credit and banking operations, 
including the acceptance of sight deposits. Subject to spe­
cial conditions, these banks can carry out payments and 
credit operations abroad. In order to maintain adequate 
liquidity, every such bank must hold a reserve fund with 
a National Bank; an additional reserve must be held in a 
separate account with a National Bank. Banks may pool 
surpluses of liquid resources as well as part of their reserve 
fund, and they may obtain short-term credits from the 
pool in order to maintain current liquidity.

The associated banks are the third form of legally con­
stituted banking organization in Yugoslavia. Only basic 
banks may be members of such a bank. The associated 
bank carries out operations of common interest to the 
members of two or more basic banks—e.g., credit opera­
tions and payments abroad, and operations of exceptional 
significance for the development of large economic com- 
plexes. The associated bank cannot accept sight deposits in 
home currency nor carry out operations with the general 
public. If the associated bank effects payments abroad, 
it may keep part of the resources of its reserve fund in 
foreign exchange, thereby ensuring its liquidity abroad.
The Yugoslav Bank of International Economie Cooper­

ation is a specialized banking organization set up under 
a federal law in 1978. The basic task of the bank is to 
stimulate expansion of production over the long term and 
financial Cooperation between domestic social-legal enti­
ties and foreign parties and joint action in third markets.

Savings banks may be established by organizations of 
associated labour and other social-legal entities to attract 
savings deposits and deposits in current and giro accounts 
from the public, to effect payments, and to grant business, 
consumer, or house construction or purchase credits to 
the public. There is also a Post Office Savings Bank, es­
tablished jointly with the associations of organized labour, 
that conducts the whole range of savings bank business

throughout Yugoslavia. It may grant credits through basic 
and associated banks and the National Bank of Yugoslavia 
or directly on the basis of their guarantees. Other sav­
ings-credit organizations are savings-credit cooperatives 
(founded by citizens) and savings-credit services provided 
by agricultural, artisan, and other cooperatives.
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On his visit to the city in 1862, Hans Christian An­
dersen remarked that Barcelona was the “Paris of 
Spain.” The city is, indeed, a major cultural centre 

with a remarkable history. The Capital of the autonomous 
region of Catalonia, it abounds with archives, libraries, 
museums, and buildings of interest, and it contains superb 
examples of modernist and Art Nouveau decor and archi­
tecture. Since the late 1970s, with the official recognition 
of the Catalan language and the granting of significant

levels of self-government, cultural life has been revitalized, 
bringing a new awareness of the depth and variety of 
Catalan culture. This vitality combines with the striking 
physical setting of Barcelona, between scenic mountains 
and the Mediterranean Sea, its benign climate fostering 
Street life, and its significance as an economic power and 
a major port, to create a city of infinite variety.
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Physical and human geography
THE LANDSCAPE
The city site. Barcelona, facing the Mediterranean to 

the southeast, is located on a plain generally confined by 
the Rio Besós and Rio Llobregat, the rocky outcrop of 
Montjuich (630 feet, or 192 metres), and the semicircle of 
mountains, of which Tibidabo (1,745 feet) is the highest 
point. Throughout its past Barcelona has had to con- 
tend with the consequences of its strategie location and 
political significance. The city was heavily fortified until 
relatively recent times and did not spread much beyond 
its medieval confines until the 19th Century, a factor that 
contributed to the emergence of industrial satellite sub­
urbs and towns around the city proper. This combination 
of a concentrated core with a highly developed industrial 
belt has made Barcelona one of the most congested cities 
in the world.

Climate. Although Barcelona is sometimes windy, its 
protective semicircle of mountains shields it from the 
harsh, cold winds that blow out of the north and west. 
The average annual temperature is 61° F (16° C); January 
is the coldest month, averaging 49° F (9° C), and August 
is the hottest, at 76° F (24° C). Precipitation amounts to 
about 23 inches (600 millimetres) per year.
The city layout. At the core of the city lies the Barrio 

Gótico; located between the Ramblas, a series of connected 
boulevards, and the Via Layetana, it is a close-packed 
maze of narrow streets, punctuated by magnificent me­
dieval buildings. The cathedral, episcopal palace, and 
churches bear witness to Barcelona^ importance as a 
religiöus centre. The govemment buildings, such as the 
Palau de la Generalität, the Casa de la Ciudad (a 14th- 
and 15th-century building with Baroque and Neoclassical 
facades), and the Palacio Real Mayor, attest to the city’s 
importance as an administrative Capital. The Roman walls 
survive in places largely because Stretches of them were 
incorporated into the medieval city, and the wall built in 
the 13th Century along the Ramblas effectively hemmed 
it in. The defenses that played such a large part in the 
battle for Barcelona during the War of the Spanish Suc- 
cession (1701-14) were augmented by the construction of 
a citadel after the city was taken.
By the mid-19th Century the need for elaborate defenses 

had passed, and the city was bursting at the seams. Ac­
cordingly, plans were devised to extend the city. The final 
plans were based on geometrie blocks, allowing for open 
spaces, greenery, and social areas. The area into which the 
town expanded, now called the Ensanche (“extension”),

was open land left originally to give a clear field of fire from 
the city walls. Unfortunately, the city plan was not carried 
out completely, and within 30 years the open areas were 
being exploited, causing the density of buildings to triple. 
Urban sprawl and uncontrolled speculative development 
during the Francisco Franco era added to the congestion.

For the visitor, the main attraction still tends to be in 
the city centre, particularly around the Ramblas. The fa- 
mous promenade is separated from the Ensanche by the 
monumental Plaza de Cataluna, and it leads down to the 
port and the Plaza Puerta de la Paz, where the Columbus 
monument stands in commemoration of the discovery 
of America and the explorer’s announcement of it in 
Barcelona. The Ramblas form one of the most delightful 
aspects of the city, their broad treelined centre strips given 
over to a series of Stalls and kiosks selling items such as 
flowers, pets, and books and newspapers.
The skyline of the modern city inevitably reflects the 

style of the present age, but Barcelona has always attracted 
distinguished and original architects. Some people find the 
more modern buildings along the Diagonal quite striking, 
but little of it can compare with the work of the Catalan 
sculptor and architect Antonio Gaudi, whose huge and 
elaborate Templo Expiatorio de la Sagrada Familia has 
become a Symbol of the city itself. He made a number 
of other notable contributions, including the multistory 
apartment buildings Casa Batlló and Casa Milä. Other 
architects, such as Luis Doménechy Montaner, produced 
remarkable structures in the modernist style, such as the 
Palacio de la Müsica.

THE PEOPLE
Immigration has played a key part in the economic growth 
of the region. Up to 30 percent of the population of mod­
ern Barcelona was born outside Catalonia, a condition 
that has caused some social strain, given the Catalans’ firm 
sense of national identity and their aloof attitude, which 
is often displayed toward the rest of Spain as a whole. 
In many respects, however, the city is outward-looking, 
conscious of cultural trends in the rest of Europe and of 
its historical links with other Mediterranean countries.

THE ECONOMY
Industry and trade. Barcelona’s industry is relatively 

up-to-date, and the city has long-established external mar­
kets to give it stability. Almost a quarter of Spanish exports 
come from Catalonia, and three-quarters of Catalan indus­
try is concentrated in the Barcelona area, which provides 
some 20 percent of Spain’s industrial output. The textile
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Spires of the Tem plo Expiatorio  de la Sagrada Familia, the 
unfinished church by Antonio Gaudi in Barcelona; begun 
in the 1880s.
© John Elk III— Bruce Coleman Inc.

industry, set up in the second half of the 18th Century, 
was the driving force behind the development of other 
major industries, such as metals and machinery, which 
overtook textiles in economic importance. The textile in­
dustry, however, received some impetus to modernize as 
a result of the agreement in 1985 for Spain to join the 
European Communities. Other industrial products include 
Chemicals, pharmaceuticals, cosmetics, and leather goods.

Commerce and finance. The Catalans are renowned 
\  thriving for their business acumen. Emphasis commercially is on 
)usiness small firms, and among the Companies registered in Cat-
kommun- alonia few have more than 200 people on their payrolls.
ty Nonetheless it has become policy to attract major interna­

tional investors to the region. The city has a free economic 
zone near the port, the zona franca, where distribution 
centres are concentrated. Barcelona is a major site for 
conferences, exhibitions, and trade fairs. The main event, 
the Feria de Barcelona, has been held annually since 1929 
at the Palacio de las Naciones, the exhibition centre on 
Montjuich. Barcelona’s stock exchange is one of the most 
active in Spain.

Transportation. Public transportation is provided by 
buses, subways, and surface railways. There are also cable 
cars. Freeways link Barcelona to the Catalonia highway 
network, which joins the service up to the Cadi mountain 
tunnel in the Pyrenees, providirig access to the French 
highway network. The metropolitan subway, opened in 
1924, connects with the urban railway and provides regu­
lär service to the international airport at Prat de Llobregat, 
about eight miles Southwest of the city. Connections can 
be made there to major world cities. The port of Barcelona 
accommodates ships from all parts of the world, as well 
as providing ferry service to the Balearic Islands and to 
Genoa in Italy.

ADMINISTRATION AND SOCIAL CONDITIONS
Government. Barcelona, the traditional centre of Cata­

lan movements for independence, is the Capital of both 
the province of Barcelona and the autonomous region of 
Catalonia. The city is governed as a municipality of Spain, 
and its elections are held every four years. The councillors 
elect the mayor, who selects three deputies from their 
number to assist in the duties of the mayor’s office.
Services and education. Under the present govemment 

services have been decentralized and made more account- 
able to the public. Electricity is supplied from sources in 
France as well as elsewhere in Spain, and some hydro- 
electric power comes from the Pyrenees. Nuclear power 
plants at Vandellós, in the province of Tarragona, are 
of particular importance to the city. A receiving terminal 
for natural gas has been installed in the port to supply 
a regional distribution network, but most private houses 
rely on bottled butane gas. With the rapid growth of the 
population after World War II water supply has become 
a problem. Local rivers cannot supply both industrial and 
domestic needs. Some drinking water is drawn off up­
stream from the Llobregat, but more is provided by the 
Rio Ter in the province of Gerona.
The tradition for higher education in Barcelona goes 

back to 1430, the year that its major school, the Univer- 
sidad de Barcelona, was founded. It is one of the coun­
try’s 22 state universities and one of three universities in 
the city. The other two are the Universidad Autonoma 
de Barcelona (1968) and the Universidad Politécnica de 
Cataluna (1971). Courses in most of the municipality’s 
schools are taught in Spanish and Catalan.

CULTURAL LIFE
Barcelona has long been a major cultural centre. The city 
abounds in archives and libraries, including dozens of spe- 
cialized collections, many of which are in private hands. 
Barcelona is, in fact, one of the major Publishing centres 
for the Spanish-speaking world, and the Fiesta del Libro, 
held on April 23, is a major event for the book trade. It is 
also the day of Catalonia’s patron saint, St. George.
The more classical forms of culture are well represented. 

The Gran Teatro del Liceo, founded in 1847, presents 
opera and ballet performances; the Teatro Romea has 
been a focal point of Catalan-language drama since the 
last Century. Classical music is amply provided for by the 
Palacio de la Müsica and the city’s symphony orchestra. 
Museums range from the monumental maritime museum, 
which houses a full-size replica of a galley from the Battle 
of Lepanto in 1571, to the waxworks museum. Art of 
past ages is housed in the Museo de Arte de Cataluna 
(Romanesque and Gothic paintings) and the Federieo 
Marés museum (12th- to 18th-century sculpture), while 
the Museo de Arte Moderno displays works by Contem­
porary Catalan artists. There are also collections dedicated 
to famous artists connected with Barcelona, most notably 
the painters Joan Miró and Pablo Picasso. The Casa de 
Cervantes commemorates Barcelona’s association with the 
writings of Miguel de Cervantes. Perhaps the most striking 
feature of culture in Barcelona is its easy availability at 
many levels—from major art exhibitions at the Palacio de 
Pedralbes to the pavement artists in the Ramblas. There 
are amusement parks on Tibidabo and Montjuich and a 
zoo in the Parque de la Ciudadela.

History
FOUNDATION AND MEDIEVAL GROWTH
According to tradition Barcelona was founded by either 
the Phoenicians or the Carthaginians, who had trading 
posts along the Catalonian coast. It is no longer thought, 
however, that the city owes its name to the family of 
the Carthaginian leader Hamilcar Barca. In Roman times 
the Colonia Faventia Julia Augusta Pia Barcino did not 
become a centre of any real importance until the 3rd 
centum ad . During the three centuries of Visigothic oc­
cupation the city was known as Barcinona. It became an 
important religiöus centre before the arrival of the Islämic 
Moors in ad 717. Barjelünah, as the Moors called the city, 
was seen as a prime objective by the Carolingian Franks, 
who gained control of Barcelona in 801 and, under an 
appointed count, established the Rio Ebro on the edge of
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Catalonia as the southerly limit of their power. In 985 the 
city was sacked by the forces of al-Mansür, chief minis­
ter of the Umayyad caliphate of Cordoba. The counts of 
Barcelona Consolidated their influence over Catalonia in 
the 10th and 1 Ith centuries, and after the union of Cat­
alonia and Aragon in 1137 Barcelona grew into a major 
trading city.

Barcelona, weakened by outbreaks of plague in the 14th 
Century, began to decline when Naples became the Capital 
of the Catalan-Aragonese kingdom in 1442. The advent of 
the Habsburg monarchy, the rise of Turkish power in the 
Mediterranean, and the discovery of America all furthered 
this decline. Relations with the court in Madrid worsened 
in the 17th Century. After 1705, when the Catalans per­
mitted the archduke Charles III of Austria to establish his 
court in Barcelona, honouring his claim to the Spanish 
throne during the War of the Spanish Succession, Philip 
V of Spain besieged Barcelona. After the city feil in 1714, 
Philip dismantled all forms of local self-government. Iron- 
ically, this led to a period of prosperity spurred largely by 
the development of the cotton industry.

THE MODERN CITY
Barcelona found itself occupied again, this time by Napo- 
leon’s troops, from 1808 to 1813. The war with the French 
left the province ravaged, but the postwar period saw the 
start of modern industrialization. The growth of textiles 
was to have a twofold effect: it led to the development 
of a modern industrial sector and to the emergence of 
Catalonia as Spain’s wealthiest region. It also led to rapid 
population growth through immigration, largely from out­
side the province, and the development of dass conflict 
between the bourgeoisie and industrial workers. Anarchist 
movements flourished, and the period up to the Spanish 
Civil War was punctuated by unrest. Notable incidents 
included the uprising of 1835 in which a number of Con­
vents were burned; the riots in the mid-1850s over the 
introduction of automated machinery; and the Setmana 
Tragica (Catalan: “Tragic Week”) in 1909, which led to 
more church burning.

On a positive note, the exhibition of 1888 attracted
400,000 visitors, and by 1900 nearly half of Spain’s im­
ports came via Catalonia. Economic strength led to the 
reemergence of calls for self-rule, culminating in a period 
of semiautonomy from 1913 to 1923. In 1931 a Catalan 
republic was declared in Barcelona. The following year the 
region attained a significant level of self-govemment, and 
it was the main centre of Republican strength when the 
Civil War broke out in 1936. Its fall in January 1939 led 
to the final surrender of the republic. Defeat brought the 
loss of many rights and privileges, and even the Catalan 
language was prohibited for a time. Only in 1977 was 
the Generalität, an autonomous Catalan govemment, re­
stored. Agreements with the national govemment, signed 
in 1979, outlined new areas for self-govemment and en­
couraged a wide range of developments in Barcelona.
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works in English and Spanish tend to include Barcelona within 
the scope o f  Catalonia overall, or as part o f  a broader canvas. 
A good starting point for geographical research is provided in 
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gall , “Barcelona,” in Gran enciclopèdia catalana, vol. 3, pp. 
188-225 (1971). robert ferras, Barcelone: Croissance d ’une 
métropole (1977), is lavishly supplied with charts, maps, and 
Statistical data. Serviceable guidebooks include All Barcelona, 
4th ed. (1982). For the more informed visitor there are josé 
pamias RUiz (ed.), Gui'a urbana de Barcelona, 2 vol., 22nd ed. 
(1981-82); Bertram  strauss and frances strauss, Barcelona 
Step by Step (1974); jaum e  fabre and josep m . huertas, Tots 
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Beethoven

A universal genius widely regarded as the greatest 
composer who ever lived, Ludwig van Beethoven 
dominates a period of musical history as no one 

eise before or since. Rooted in the Classical traditions 
of Haydn and Mozart, his art reaches out to encompass 
the new spirit of humanism expressed in the works of 
Goethe and Schiller, his elder contemporaries in the world 
of literature, and above all in the ideals of the French 
Revolution, with its passionate concern for the freedom 
and dignity of the individual. He revealed more vividly 
than any of his predecessors the power of music to convey 
a philosophy of life without the aid of a spoken text; 
and in certain of his compositions is to be found the 
strongest assertion of the human will in all music, if not 
in all art. Though not himself a Romantic, he became 
the fountainhead of much that characterized the work of 
the Romantics who followed him, especially in his ideal 
of program or illustrative music, which he defined in 
connection with his Sixth (Pastoral) Symphony as “more 
an expression of emotion than painting.” In musical form 
he was a considerable innovator, widening the scope of 
sonata, symphony, concerto, and quartet; while in the 
Ninth Symphony he combined the worlds of vocal and 
instrumental music in a manner never before attempted. 
His personal life was marked by a heroic struggle against 
encroaching deafness, and some of his most important 
works were composed during the last 10 years of his life 
when he was quite unable to hear. In an age that saw 
the decline of court and church patronage, he not only 
maintained himself from the sale and publication of his

works; he was also the first musician to receive a salary 
with no other duties than to compose how and when he 
feit inclined.

LIFE AND WORK
The early years. Baptized on December 17, 1770, in 

Bonn, northwest Germany, Beethoven was the eldest sur- 
viving child of Johann and Maria Magdalena van Beetho­
ven. The family was Flemish in origin and can be traced 
back to Malines. It was Beethoven’s grandfather who had 
first settled in Bonn when he became a singer in the 
choir of the Archbishop-Elector of Cologne. He eventu- 
ally rose to become Kappellmeister. His son Johann was 
also a singer in the electoral choir; thus, like most 18th- 
century musicians, Beethoven was bom into the profes- 
sion. Though at first quite prosperous, with the death of 
his grandfather in 1773 and the decline of his father into 
alcoholism, the Beethoven family became steadily poorer. 
By the age of 11 Beethoven had to leave school; at 18 he 
was the breadwinner of the family.

Having observed in him signs of a talent for the piano, 
Johann had tried to make of his son a child prodigy like 
Mozart but without success. It was not until his adoles- 
cence that Beethoven began to attract mild attention.

When, in 1780, Joseph II became sole ruler of the 
Holy Roman Empire, he appointed his brother Maximil­
ian Francis as adjutant and successor-designate to the 
archbishop-elector of Cologne. Under Maximilian’s rule, 
Bonn was transformed from a minor provincial town into 
a thriving and cultured Capital city. A liberal Roman
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Beethoven, oil painting by Ferdinand Schim on, 
1819. In the B eethoven-Haus, Bonn.
By courtesy of the Beethoven-Haus, Bonn, West Germany

Catholic, he endowed Bonn with a university; limited the 
power of his own clergy; and opened the city to the full 
tide of the German literary renaissance, associated with 
Lessing, Klopstock, and the young Goethe and Schiller. A 
sign of the times was the nomination as court organist of 
Christian Gottlob Neefe, a Protestant from Saxony, who 
became Beethoven’s teacher. Although somewhat limited 
as a musician, Neefe was nonetheless a man of high ideals 
and wide culture, a man of letters as well as a composer of 
songs and light theatrical pieces; and it was to be through 
Neefe that Beethoven in 1783 would have his first extant 
composition (Variations on March by Dressier) published 
at Mannheim. By June 1782 Beethoven had become 
Neefe’s assistant as court organist.

In 1783 he had also been appointed continuo player to 
the Bonn opera. By 1787 he had made such progress that 
Maximilian Francis, archbishop-elector since 1784, was 

itudy with persuaded to send him to Vienna to study with Mozart. 
4ozart The visit was cut short when, after only two months, 

Beethoven received the news of his mother’s death. Ac­
cording to tradition, Mozart was highly impressed with 
Beethoven’s powers of improvisation and told some friends 
that “this young man will make a great name for himself 
in the world.” For the next five years Beethoven remained 
at Bonn. To his other court duties was added that of 
playing viola in the theatre orchestra; and, although the 
archbishop for the time being showed him no further 
mark of special favour, he was beginning to make valu- 
able acquaintances. Sometime previously he had come to 
know the widow of the chancellor, Joseph von Breuning, 
and she engaged him as music teacher to two of her four 
children. From then on the Breunings’ house became for 
him a second home, far more congenial than his own. 
Through Mme von Breuning, Beethoven acquired a num­
ber of wealthy pupils. His most useful social contact came 
in 1788 with the arrival in Bonn of Count Ferdinand von 
Waldstein, a member of the highest Viennese aristocracy 
and a music lover. Waldstein became a member of the 
Breuning circle, where he heard Beethoven play and at 
once became his devoted admirer. At a fancy dress ball 
given in 1790, the ballet music, according to the Almanach 
de Gotha (a journal chronicling the social activities of the 
aristocracy), had been composed by Count Waldstein; but 
it was generally known that Beethoven had written it for 
him. The same year saw the death of the emperor Joseph 
II. Through Waldstein again, Beethoven was invited to 
compose a funeral ode for soloists, chorus, and orches­
tra; but the scheduled performance was cancelled because 
the wind players found certain passages too difficult. He 
then added to it a complementary piece celebrating the 
accession of Joseph’s brother Leopold II; but there is no 
record that either was ever performed until the end of the 
19th Century, when the manuscripts were rediscovered in 
Vienna and pronounced authentic by Johannes Brahms. 
But in 1790 another great composer had seen and ad-

mired them: that year Haydn, passing through Bonn on
his way to London, was feted by the elector and his
musical establishment; when shown Beethoven’s score, he
was sufficiently impressed by it to offer to take Beethoven
as a pupil when he returned from London. Beethoven
accepted Haydn’s offer and in the autumn of 1792, while Study with
the armies of the French Revolution were storming into Haydn
the Rhineland provinces, Beethoven left Bonn, never to
return. The album that he took with him (preserved in the
Beethoven-Haus in Bonn) indicates the wide circle of his
acquaintances and friends in Bonn. The most prophetic
of the entries, written shortly after Mozart’s death, runs:

The spirit o f Mozart is mourning and weeping over the death 
of her beloved. With the inexhaustible Haydn she found re- 
pose but no occupation. With the help o f  unremitting labour 
you shall receive Mozart’s spirit from Haydn’s hands. (Count 
Waldstein.)

The compositions belonging to the years at Bonn— 
excluding those probably begun at Bonn but revised 
and completed in Vienna—are of more interest to the 
Beethoven student than to the ordinary music lover. They 
show the influences in which his art was rooted as well as 
the natural difficulties that he had to overcome and that 
his early training was inadequate to remedy. Three piano 
sonatas written in 1783 demonstrate that, musically, Bonn 
was an outpost of Mannheim, the cradle of the modern 
orchestra in Germany, and the nursery of a musical style 
that was to make a vital contribution to the classical 
symphony. But at the time of Beethoven’s childhood, the 
Mannheim school was already in decline. The once fa- 
mous orchestra was, in effect, dissolved after the war of 
1778 between Austria and Prussia. The Mannheim style 
had degenerated into mannerism, which took the form 
of trivial and often inappropriate experimenting with dy- 
namic contrasts as reflected even in Mozart’s Piano Sonata 
in C major, K. 309. The preoccupation with extremes of 
piano (soft) and forte (loud), often in contradiction to the 
musical phrasing, is found in Beethoven’s early sonatas 
and in much eise written by him at that time—which is 
not surprising since the symphonies of later Mannheim 
composers formed the staple fare of the Bonn court or­
chestra. But what was for Mozart only a deviation from 
his normal style was to remain a fundamental element 
in that of Beethoven. The sudden pianos, the unexpected 
outbursts, the wide leaping arpeggio figures (chord notes 
played rapidly up or down over several octaves) known 
as “Mannheim rockets”—all these are central to Beethov­
en’s musical personality and were to help him toward the 
liberation of instrumental music from its dependence on 
vocal style. Beethoven may, indeed, be described as the 
last and finest flower on the Mannheim tree.

Early influences. Like other composers of his genera- 
tion, Beethoven was subject to the influence of populär 
music and of folk music, influences particularly strong in 
the Waldstein ballet music of 1790 and in several of his 
early songs and unison choruses. Heavy Rhineland dance 
rhythms can be found in many of his mature composi­
tions; but he could assimilate other local idioms as well—
Italian, French, Slavic, and even Celtic. Although never a 
nationalist or folk composer in the 20th-century sense, he 
often allowed the unusual contours of folk melody to lead 
him away from traditional harmonie procedure.

French music impinged on him from two main direc­
tions: from Mannheim, whose artistic links with Paris had 
always been strong; and from the Bonn Nationaltheater, 
which relied mainly for its repertory on comic operas 
translated from the French. In fashionable Bonn society, 
sympathy with the French Revolution was very strong, 
and the flavour of the French Revolutionary march is 
present in many of Beethoven’s Symphonie allegros. The 
jigging rhythms to be found in several of his Scherzos are 
also clearly of French provenance.

Like all pianists of the late 18th Century, Beethoven was Influence 
raised on the sonatas of Carl Philipp Emanuel Bach, the of C.P.E. 
chief exponent of “expressive” music at a time when music Bach 
was regarded as the art of pleasing sounds. These sonatas, 
with their quirks of rhythms and harmony and their occa- 
sional wordless recitative, were equally familiär to Haydn 
and Mozart; but in Beethoven they evoked a much readier
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response, not only for reasons of temperament, but also 
because of the intellectual climate in which he himself was 
reared. The favourite literary fare of the Breunings and 
their friends was associated with the Sturm und Drang, a 
reaction against the rationalism of the early 18th Century, 
an exaltation of feeling and instinct over reason. Its gospel 
was enshrined in Goethe’s early novel Die Leiden des jun­
gen Werthers (The Sorrows o f Werther), the language of 
which finds an echo in certain of Beethoven’s letters and 
especially in the “Heiligenstadt Testament” (see below).
In such a movement music took on a new importance as 

an art of feeling. The sharp conflicts of mood that char- 
acterize the sonatas of C.P.E. Bach appear much more 
powerfully again in Beethoven; to Beethoven “feeling” 
was as important in practice as it was in theory to his 
master Neefe, who proclaimed it the only condition of 
artistic value. All of this does not make Beethoven a Ro­
mantic, although Romantics attempted to claim him as 
one of themselves. His literary world—he read widely and 
voraciously despite a formal education that in arithmetic 
had not carried him as far as the multiplication table— 
was rooted in the German classics, above all Goethe and 
Schiller. Like them he was to achieve in music a balance 
of form and emotion that can only be called classical.

The Bonn compositions of most enduring interest date, 
as might be expected, from the last years: a Rondino and 
an Octet, for wind instruments, composed in 1792, prob­
ably for the elector’s harmonie (wind band); a Trio in G 
Major for Flute, Bassoon, and Piano (1791); and the two 
cantatas. The songs, which were doubtless written under 
Neefe’s inspiration, show no great feeling for the solo 
voice. This is stränge in one whose father and grandfather 
both had been singers, but it remained a limitation that 
pursued Beethoven throughout his career. Of particular 
interest are 24 variations on a theme by Vincenzo Righ- 
ini, an Italian composer, which, like the String Trio in 
E Flat Major, Opus 3, Beethoven revised and then pub­
lished at a much later date. These variations, representing 
a compendium of Beethoven’s piano technique, for a long 
time were to serve as the mainstay of his repertory in the 
salons of Vienna.

Beethoven Vienna. Before Beethoven left Bonn he had acquired a
as pianist very considerable reputation in northwest Germany as a 

piano virtuoso, with a particular talent for extemporiza- 
tion. Mozart had been one of the finest improvisers of his 
age; by all accounts Beethoven surpassed him. In the age 
of sensibility he could move an audience to tears more 
easily than any other pianist of the time. For this reason 
especially he was taken up by the Viennese aristocracy 
almost from the moment he set foot in Vienna. Count 
Waldstein had, of course, prepared the way with his talk of 
a successor to Mozart; and it is significant that Beethoven’s 
earliest patrons in Vienna were Baron van Swieten and 
Prince Karl Lichnowsky, who alone among the aristocracy 
had remained Mozart’s supporters until his death. In the 
Vienna of the 1790s, music had become more and more 
the favourite pastime of a cultured aristocracy, for whom 
politics under the reactionary emperor Francis II were 
now discreditable and dangerous and who had, moreover, 
never shown a like appreciation of any of the other fine 
arts. Many played instruments themselves well enough to 
be able to take their place beside professionals. Probably 
at no other time and in no other city was there such a high 
Standard of amateur and semiprofessional music making 
as in the Vienna of Beethoven’s day.
As a composer, however, Beethoven still had many tech- 

nical problems to overcome, and it soon became clear that 
Haydn was not the best person to help him. Outward- 
ly their relations remained cordial; but Beethoven soon 
began taking extra lessons in secret. One of his teachers 
was the organist of St. Stephen’s Cathedral, Johann Georg 
Albrechtsberger, a learned contrapuntist of the old school 
who equipped him with the comprehensive technique that 
he needed. He also studied vocal composition with Anto­
nio Salieri, the imperial Kappellmeister. By 1794, when 
Haydn had left for his second visit to London, there was 
no longer any question of Beethoven’s returning to Bonn, 
which was then in French hands. The elector himself had 
left, and consequently Beethoven’s subsidy came to an

end. But he had no need to worry for, apart from what 
he was able to eam by teaching and playing, he received 
free board and lodgings from Prince Lichnowsky. The 
year 1795 marked Beethoven’s first public appearance as 
a pianist in Vienna. He played a concerto (No. 2, Opus 
19) of his own and one by Mozart and also took part 
in a benefit concert for Haydn. More important still, his 
Three Trios for Piano, Violin and Cello, Opus 1, were 
published with a long list of aristocratie subscribers. In the 
next three years he undertook concert tours in Berlin and 
Prague and might have travelled more widely still had the 
international Situation permitted. In 1800 he launched a 
public concert on the grand scale, in which one of his own 
piano concerti, the Septet (Opus 20), and First Symphony 
were given, together with works by Haydn and Mozart. 
The event did much to spread Beethoven’s fame abroad.

The tum of the Century concluded what is generally 
referred to as Beethoven’s first period, a period during 
which his art stayed within the bounds of 18th-century 
technique and ideas. Most of his published works during 
that time are for the piano, alone or with other instru­
ments, important exceptions being the String Trio in E  
Flat Major, Opus 3; the Three String Trios, Opus 9; the 
Six String Quartets, Opus 18; and the First Symphony. 
Beethoven extended his range slowly and methodically, 
but he was still a piano composer par excellence.

Approaching deafness. The change in direction oc­
curred with Beethoven’s gradual realization that he was 
becoming deaf. The first Symptoms had appeared even 
before 1800, yet for a few years his life continued un- 
changed: he still played in the houses of the nobility, in 
rivalry with other pianists, and performed in public with 
such visiting virtuosos as Violinist George Bridgetower (to 
whom the Kreutzer Sonata was originally dedicated). But 
by 1802 he could no longer be in doubt that his malady 
was both permanent and progressive. During a summer 
spent at the (then) country village of Heiligenstadt he 
wrote the “Heiligenstadt Testament.” Ostensibly intended 
for his two brothers, the document begins:

O ye men who think or say that I am malevolent, stubborn 
or misanthropic, how greatly do you wrong me. You do not 
know the cause o f  my seeming so. From childhood my heart 
and mind was disposed to the gentle feeling o f  good will. I 
was ever eager to accomplish great deeds, but reflect now that 
for six years I have been in a hopeless case, made worse by 
ignorant doctors, yearly betrayed in the hope o f  getting better, 
finally forced to face the prospect o f  a permanent malady 
whose eure will take years or even prove impossible.

The
“Heiligen­
stadt
Testament”

He was tempted to take his own life, “But only Art held 
back; for, ah, it seemed unthinkable for me to leave the 
world forever before I had produced all that I feit called 
upon to produce. . . . ” There is a Werther-like postscript: 

As the leaves o f autumn wither and fall, so has my own life 
become barren: almost as I came, so I go hence. Even that 
high courage that inspired me in the fair days o f summer has 
now vanished.

More significant, perhaps, are his words in a letter to his 
friend Franz Wegeier: “I will seize fate by the throat.. . . ”
Elsewhere he remarks, “If only I were rid of my affliction 
I would embrace the whole world.” He was to do both, 
though the condition he hoped for was not fulfilled.

From then on his days as a virtuoso were numbered.
Although it was not until about 1819 that his deafness 
became total, making necessary the use of those conver- 
sation books in which friends wrote down their questions 
while he replied orally, his playing degenerated as he be­
came able to hear less and less. He continued to appear in 
public from time to time, but most of his energies were 
absorbed in composing. He would spend the months from 
May to October in one or another of the little villages 
near Vienna. Many of his musical ideas came to him on 
long country walks and were noted in a sketchbook.
These sketchbooks, many of which have been preserved, Beetho- 

reveal much about Beethoven’s methods of work. The ven’s 
man who could improvise the most intricate fantasies on sketch- 
the spur of the moment took infinite pains in the shaping books 
of a considered composition. In the sketchbooks such fa- 
mous melodies as the adagio of the Emperor Concerto or 
the andante of the Kreutzer Sonata can be seen emerging
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from a trivial and characterless beginning into their final 
form. It seems, too, that Beethoven worked on more than 
one composition at a time and that he was rarely in a hur- 
ry to finish anything that he had on hand. Early sketches 
for the Fifth Symphony, for instance, date originally from
1804, although the finished work did not appear until 
1808. Sometimes the sketches are accompanied by verbal 
comments as a kind of aide-mémoire. Sometimes, as in 
the sketching of the Third (Eroicä) Symphony, he would 
leave several bars blank, making it clear that the rhythmic 
scheme had preceded the melodie in his mind. Many of 
the sketches consist merely of a melody line and a bass— 
enough, in fact, to establish a continuity. But in many 
works, especially the later ones, the sketching process is 
very elaborate indeed, with revisions and alterations con- 
tinuing up to the date of publication. If, in general, it 
is only the primitive sketches and jOttings that have sur- 
vived, this is because Beethoven kept them beside him as 
potential sources of material for later compositions. The 
working out of a musical composition in all its detail 
ceased to interest him once the piece had been completed.

Beethoven and the theatre. The next few years were 
those of Beethoven’s short-lived connection with the the­
atre. In 1801 he had provided the score for the ballet 
Die Geschöpfe des Prometheus (The Creatures o f Prome­
theus). Two years later he was offered a contract for an 
opera on a classical subject with a libretto by Emanuel 
Schikaneder, who had achieved fame and wealth as the 
librettist of Mozart’s Magic Flute and who was then im­
presario of the Theater an der Wien. Two or three com­
pleted numbers show that Beethoven had already begun 
work on it before Schikaneder himself was ousted from 
the management and the contract annulled—somewhat to 
Beethoven’s relief, as he had found Schikaneder’s verses 
“such as could only have proceeded from the mouths of 
our Viennese applewomen.” When the new management 
re-engaged Beethoven the following year, it was largely on 
the strength of his now almost forgotten oratorio, Christus 
am Olberg (Christ on the Mount o f Olives), which had 
been given in an all-Beethoven benefit concert, together 
with the first two symphonies and the Third Piano Con­
certo. The year 1804 was to see the completion of the 
Third Symphony, regarded by most biographers as a land- 

Mature mark in Beethoven’s development. It is the answer to the 
master- “Heiligenstadt Testament”: a symphony on an unprece-
pieces dented scale and at the same time a prodigious assertion

of the human will. The work was to have been dedicated 
to Napoleon, one of Beethoven’s heroes, but Beethoven 
struck out the dedication on hearing that Napoleon had 
taken the title of emperor. Outraged in his republican 
principles, he later substituted the words “for the memory 
of a great man.” From then on the masterworks followed 
hard on one another’s heels: the Piano Sonata in F  Minor, 
Opus 57, known as the Appassionato; the Piano Con­
certo No. 4 in G Major, Opus 58; the three Razumovsky 
Quartets, Opus 59; the Fourth Symphony, Opus 60; the 
Violin Concerto, Opus 61. To this period also belongs his 
one opera, Fidelio, commissioned for the winter season of
1805. The play concerns a wife who disguises herseif as a 
boy in order to rescue her imprisoned husband, and, in 
setting this to music, Beethoven was influenced by Paer 
and by Luigi Cherubim, composer of similar “rescue” 
operas and a musician whom he greatly admired. Fidelio 
enjoyed no great success at first, partly because the pres­
ence of French troops, who had occupied Vienna after 
the Battle of Austerlitz, kept most of the Viennese away. 
With great difficulty Beethoven was persuaded to make 
certain changes for a revival in the following spring, with 
modified libretto. This time the opera survived two per­
formances and would have run longer, but for a quarrel 
between Beethoven and the management, after which the 
composer in a fury withdrew his score. It was not until 
eight years later that Fidelio, heavily revised by Beethoven 
himself and a new librettist, returned to the Vienna stage, 
to become one of the classics of the German theatre. 
Beethoven later turned over many other operatic projects 
in his mind but without bringing any to fruition.

The established composer. During all this time, 
Beethoven, like Mozart, had maintained himself without

the benefit of an official position—but with far greater suc­
cess insofar as he had no family to support. His reputation 
as a composer was steadily soaring both in Austria and 
abroad. The critics of the Leipzig Allgemeine musikalische 
Zeitung, the most authoritative music journal in Europe, 
had long since passed from carping impertinence to un- 
qualified praise, so that, although there were as yet no 
copyright laws to ensure a system of royalties, Beethoven 
was able to drive far more favourable bargains with the 
Publishing firms than Haydn and Mozart before him or 
Schubert after him. Despite the restrictions on Viennese 
musical life imposed by the war with France, Beethoven 
had no difficulty in getting his most ambitious works per- Beethoven 
formed, largely because of the generosity of such patrons and his 
as Prince Lichnowsky, who at one point made him a patrons 
regulär allowance of 600 florins a year. Others would pay 
handsomely for a dedication; e.g., Count Oppersdorf, for 
the Fourth Symphony. Also, Beethoven’s pupils included 
the archduke Rudolf, youngest brother of the emperor. 
Consequently, poverty was never a serious threat. But, 
doubtless because of increasing deafness combined with a 
habitual readiness to take offense, Beethoven’s relations 
with the Viennese musicians, on whose Cooperation he 
depended, became steadily worse; and in 1808, at a ben­
efit concert where the Fifth and Sixth symphonies were 
first performed, together with the Choral Fantasia, Opus 
80, there occurred a quarrel so serious that Beethoven 
thought of leaving Vienna altogether. But the threat of 
his departure was sufficiënt to stir his patrons into ac­
tion. The archduke Rudolf, Prince Lobkowitz, and Prince 
Kinsky banded together to provide him with an annuity 
of 4,000 florins, requiring only that he should remain in 
Vienna and compose. The agreement remained in force 
until Beethoven’s death, though it was to be affected 
by circumstances, one of which was the devaluation of 
1811; although the Archduke increased his contribution 
accordingly, it was some time before his partners could 
do the same. Nevertheless, from 1809 onward Beethoven 
remained adequately provided for, although his habits of 
life often gave visitors the impression that he was mis- 
erably poor. Inevitably, his public appearances became 
less frequent.

Beethoven and women. In this period, too, he consid- 
ered more seriously than before the idea of marriage. As 
early as 1801, letters to his friend Wegeier refer to “a dear 
sweet girl who loves me and whom I love.” This is thought 
to have been the Countess Giulietta Guicciardi, a piano 
pupil and the cousin of two other pupils, Therese and 
Josephine, daughters of Count von Brunsvik. It was to the 
Countess Giulietta that he dedicated the Piano Sonata in 
C Sharp Minor, Opus 27, No. 2, known as the Moonlight 
Sonata. But Giulietta married Count Gallenberg in 1803, 
and in later years Beethoven seems to have remembered 
her only with mild contempt. It seems clear, however, that 
he did propose marriage to her cousin Josephine, whose 
elderly husband, Count von Deym, died in 1804; and the 
understanding appears to have continued for about three 
years, until it was brought to an end partly by Beethoven’s 
own indecisiveness and partly by pressure from Josephine’s 
family. The prospective bride of 1810 is thought to have 
been Therese Malfatti, daughter of one of Beethoven’s 
doctors, but, like the other marriage projects, this, too, 
lapsed, and Beethoven remained a bachelor. A curious 
item, however, was found among his effects, locked away 
in a drawer, at the time of his death: three letters, written 
but never sent, to the “Immortal Beloved.” The content, 
which varies from high-flown poetic sentiments to banal 
complaints about his health and discomfort, makes it clear 
that this is no literary exercise but was intended for a real 
person. The month and day of the week are given, but 
not the year. The periods 1801-02, 1806-07, and 1811—
12 have been proposed, but the last is the most probable.
The identity of the person addressed is uncertain.

Wider recognition. In 1810 E.T.A. Hoffmann in Berlin 
produced an appreciation of the Fifth Symphony, which 
undoubtedly did much to launch that work on its tri- 
umphant career throughout the world and, above all, to 
interest the Romantics in its composer. The same year,
Beethoven made the acquaintance of the writer Bettina
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Brentano, the sister of the German poet and novelist 
Clemens Brentano and, later, wife of Achim von Arnim, 
the two compilers of the famous collection of German folk 
poetry, Des Knaben Wunderhorn. Of the letters that Bet­
tina gave out as having been written to her by Beethoven, 
only one can be accepted as genuine; at least one of the 
others, in which the composer is made to philosophize 
on music in the most uncharacteristically romantic terms, 
must be dismissed as spurious. Bettina also performed the 
questionable service of bringing together Beethoven and 

Meeting Goethe at Teplitz in 1812. The admiration had been all 
with on Beethoven’s side; to Goethe, Beethoven was little more
Goethe than a famous name. The meeting was not a success.

“Goethe is too fond of the atmosphere of the courts,” 
Beethoven wrote to Breitkopf and Härtel, the music pub- 
lishers, “more so than is becoming to a poet.. . . ” Goethe 
considered Beethoven to be “an utterly untamed Person­
ality, who is not altogether in the wrong in holding the 
world to be detestable, but surely does not make it any 
the more enjoyable either for himself or for others by his 
attitude.” He showed a certain interest in the incidental 
music written in 1810 for Egmont “out of pure love for 
the subject.”
The chief compositions of 1811 — 12 were the Seventh and 

Eighth symphonies, the first of which had its premiere in 
1813. Another novelty at the same concert was the so- 
called Battle Symphony, written to celebrate Arthur Wel- 
lesley’s (later duke of Wellington) decisive victory over 
Joseph Bonaparte at Vitoria. Composed originally for a 
mechanical musical instrument, the Panharmonicon, in- 
vented by J.N. Maelzel, Beethoven later scored the work 
for orchestra. He frankly admitted it was program music 
of the worst kind, so different from the ideals of “mehr 
Ausdruck der Empfindung als Malerei” (“more as an ex­
pression of feeling than painting”) expressed in his own 
Pastoral Symphony; but in view of its success he was ready 
enough to score it for orchestra and even to send a copy 
of the score to the English prince regent, who, much to 
Beethoven’s annoyance, made no acknowledgment. The 
concert, profitable as it was for the composer, led to a bit­
ter quarrel with Maelzel, from which Beethoven emerged 
with little credit.

Despite the difficulties over the annuity caused by the de- 
valuation of 1811, the years 1813-14 were profitable ones 
for Beethoven. The first performance of the Seventh Sym­
phony was a huge success, and the audience insisted on 
the allegretto being repeated. When the Congress of Vien­
na assembled in 1814, Beethoven’s music was universally 
known, and he himself was courted by the crowned heads 
of Europe. Fidelio was revived with tumultuous success, 
and Beethoven celebrated the fall of France with a grand 
patriotic cantata, Der glorreiche Augenblick (The Glorious 
Moment). In 1814, after years of war, Vienna was to 
enjoy a brief hour of glory before the Austrian economy 
collapsed and the city sank into a state of dowdy provin- 
cialism that lasted for nearly 40 years.

The last years. With the start of Metternich’s long reign 
and the so-called Biedermeier period, marked by simplici- 
ty and homeliness in art and design, Beethoven’s Creative 
life entered its third and final phase. Because of his deaf­
ness he became more of a recluse than ever. His rate of 
composition, too, began to decrease. The works written 
between 1815 and 1827 comprise a mere fraction of his 
output after 1792; but they have a density of musical 
thought far surpassing anything that he had composed be­
fore. Though he now went less into society, he concerned 
himself more and more with business matters, not always 
with happy results.

At about this time he was brought in touch with the 
Philharmonie Society of London. Earlier, in 1803, he 
had been approached by the Edinburgh publisher George 
Thomson with a proposal that he should write sonatas 

Commis- based on Scottish folk tunes. Although nothing came of 
sions from this, Thomson somewhat later succeeded in contracting 
England him to arrange national folk melodies for voice, violin, 

cello, and piano, each with an introduction and coda. 
These remained an easy and profitable source of income 
to Beethoven for many years. It was in 1815, however, 
when Beethoven’s pupil Ferdinand Ries settled in London

and became one of the founder-members of the Philhar­
monie Society, that English music lovers began to take 
an active interest in the promotion of Beethoven’s works.
Another society member, Charles Neate, visited Beetho­
ven in Vienna and later brought about the Commission of 
three new overtures to be performed by the society. The 
overtures König Stephan, Namensfeier, and Die Ruinen 
von Athen were, however, late in am  ving, and the disco v- 
ery that they were not new, after all, caused considerable 
bad feeling; for a time, relations became strained on both 
sides. Ries did much to effect a reconciliation, but a visit 
to London, planned as early as 1813, never materialized, 
though Beethoven continued to hope that it would. The 
Philharmonie Society never ceased to interest itself in Bee­
thoven’s music and it undoubtedly played an important 
part in the genesis of the Ninth Symphony, which in a 
sense it commissioned. The society’s archives contain an 
autograph of the first movement with a dedication by the 
composer. The first performance of the work was not, 
however, given in London but in Vienna, and the printed 
edition was dedicated to Frederick William III, king of 
Prussia. Beethoven, on his deathbed, received from the 
society a gift of £100, which moved him profoundly.
In 1815 all prospects of foreign travel were cut short 

for Beethoven by the death of his brother Caspar Anton 
Carl, who left a widow, Johanna, and a son, Karl, aged 
nine. The will, which appointed Beethoven and the widow 
as joint guardians, was contested by Beethoven on the 
grounds of the widow’s immorality; and after three years 
of litigation he won his case. But, for all the affection that 
he lavished on young Karl, Beethoven was far from being 
an ideal guardian. Quarrels between uncle and nephew 
were frequent and bitter and came to a head in 1826 
when, just before sitting for his university examination,
Karl attempted suicide. He recovered in a hospital, and 
Beethoven, on the advice of friends, agreed reluctantly 
that the boy should be launched on an army career. Once 
away from his uncle, Karl seems to have led a successful, 
law-abiding life. But the events of 1826 upset Beethoven 
profoundly and almost certainly hastened his death.

The important compositions of the final period begin Late 
with the Two Sonatas for Piano and Cello, Opus 102, master- 
the Piano Sonata in A Major, Opus 101, and the Piano works 
Sonata in B Flat Major, Opus 106, the latter known as 
the Hammerklavier. Beethoven then reverted to sketches 
he had begun for the Ninth Symphony. This was broken 
off when the news came that the archduke Rudolf was 
to be appointed archbishop of Olmütz, and Beethoven 
decided to write a large-scale solemn mass for the instal- 
lation ceremony. Work on this progressed slowly, and, 
like the early cantata for Joseph II, it was not completed 
in time for the intended occasion. Not until 1823, three 
years after the enthronement, was Beethoven able to send 
to the new archbishop the completed manuscript of the 
Missa Solemnis.

In the meantime, Beethoven had written the three final 
piano sonatas (1820-22) and had worked desultorily on 
the Symphonie sketches. The mass was followed by his last 
important piano work (completed 1823), variations on a 
theme that the publisher and composer Anton Diabelli 
had sent to a number of composers, Beethoven among 
them. Most of them, including Schubert and the archduke 
Rudolf himself, obliged; Beethoven at first declined, then 
changed his mind and decided to write a complete set of 
33 variations himself.
The Ninth Symphony had begun to take shape; by the 

following year (1824) it was finished and was performed, 
together with movements from the Missa Solemnis and 
the overture from Opus 124, with great success at the 
Kärntnertor Theatre. The composer, who conducted the 
symphony’s premiere, remained unaware of the applause 
until one of the soloists made him turn to face the au­
dience. The Ninth Symphony was Beethoven’s last work 
for large-scale forces. His final commission came in 1823 
from Prince Nikolas Galitzin, who offered 50 ducats each 
for three string quartets. Beethoven accepted with alacrity, 
though only in 1825 was the first of the three, the String 
Quartet in E Flat Major, Opus 127, completed. Not two 
but four more followed, including an extra movement,
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which was substituted for the original fugal finale (Grosse 
Fuge) of the String Quartet in B Flat Major, Opus 130. 
The last quartet was finished in 1826, about the time of 
Karl’s attempted suicide. Beethoven spent that summer on 
the estate belonging to his surviving brother, Nikolaus Jo­
hann. On his return to Vienna he contracted pneumonia, 

Death from which he never fully recovered. He remained bed- 
ridden and died from cirrhosis of the liver in Vienna on 
March 26, 1827. The funeral three days later was attended 
by 20,000 people. Pallbearers included the famous pianist 
Hummel; Schubert was among the torchbearers; Franz 
Grillparzer, Austria’s greatest living dramatist, wrote the 
funeral oration.

REPUTATION AND INFLUENCE
Beethoven’s achievement. Beethoven’s greatest achieve- 

ment was to raise instrumental music, hitherto considered 
inferior to vocal, to the highest plane of art. During the 
18th Century, music, being nonimitative, was ranked be­
low literature and painting. Its highest manifestations were 
held to be those in which it had the aid of a text—that 
is, cantata, opera, and oratorio—the sonata and the suite 
being relegated to a lower sphere. A number of factors 
combined to bring about a gradual change of outlook: the 
instrumental prowess of the Mannheim Orchestra, which 
made possible the development of the symphony; the 
reaction on the part of writers against pure rationalism in 
favour of feeling; and the works of Haydn and Mozart. 
But, above all, it was the example of Beethoven that made 
possible the late-Romantic dictum of the English essayist 
and critic Walter Pater: “All arts aspire to the condition 
of music.”

After Beethoven it was no longer possible to speak of 
music merely as “the art of pleasing sounds.” His instru­
mental works combine a forceful intensity of feeling with 
a hitherto unimagined perfection of design. He carried to 
a further point of development than his predecessors all 
the inherited forms of music (with the exception of opera 
and song), but particularly the symphony and the quartet. 
In this he was the heir of Haydn rather than of Mo­
zart, whose most striking achievements lie more in opera 
and concerto.
Three periods of work. It was his biographer Wilhelm 

von Lenz who first divided Beethoven’s output into three 
periods, omitting the years of his apprenticeship in Bonn. 
The first period begins with the completion of the Three 
Trios for Piano, Violin and Cello, Opus 1, in 1794, and 
ends about 1800, the year of the first public performance 
of the First Symphony and the Septet. The second period 
extends from 1801 to 1814, from the Piano Sonata in C 
Sharp Minor (Moonlight) to the Piano Sonata in E  Minor, 
Opus 90. The last period runs from 1814 to 1827, the 
year of his death. Though the division is a useful one, 
it cannot be applied rigidly. A composition begun in one 
period may often have been completed in another, hence 
the existence of such transitional works as the Third Piano 
Concerto and the Second Symphony, which belong partly 
to the first period and partly to the second. Again, the tide 
of Beethoven’s maturity advanced at a rate that varied 
according to his familiarity with the medium in which he 
happened to be writing. The piano was his home ground; 
therefore, it is in the piano sonatas that the middle-period 
characteristics first make their appearance, even before 
1800. The mass, on the other hand, was unfamiliar territo­
ry, so that the Mass in C Major, written during the same 
period as the Fourth Piano Concerto and the Razumovsky 
String quartets, sounds in many ways like an early work.

First period. Apart from the First Symphony and first 
two piano concerti, the works of the first period consist 
entirely of chamber music, most of it based on Beethoven’s 
own instrument, the piano. All show a preoccupation with 
craftsmanship in the 18th-century manner. The material, 
for the most part, has a family likeness to that of Haydn 
and Mozart but, in keeping with the Contemporary style, 
is slightly coarser and more blunt. Beethoven’s treatment 
of the forms in current use is usually expansive. The 
expositions are long and polythematic; the developments 
are relatively short. Slow movements are long and lyrical 
with copious decoration. The third movement, though

sometimes called a scherzo, remains true to its minuet 
origins, though its surface is often disturbed by unminuet- 
like accents. Finales are at once high-spirited and elegant.
Two characteristics, however, mark Beethoven out strong- Use of 
ly from other composers of the time: one is an individual dynamics 
use of contrasted dynamics and especially the device of and impro- 
crescendo leading to a sudden piano; the other, most no- visation 
ticeable in the piano sonatas, is the gradual infiltration of 
techniques derived from improvisation—unexpected ac­
cents, rhythmic ambiguities designed to keep the audience 
guessing, and especially the use of apparently trivial, al­
most senseless material from which to generate a cogent 
musical argument.
Second period. The second period may be said to begin 

in the piano music with two sonatas “quasi una fantasia,”
Opus 27, of 1801, but in the symphony and concerto it 
is not fully apparent before the Eroica (1804) and the 
Fourth Piano Concerto (1806). Here the use of impro- 
visatory material is more and more marked; but, whereas 
in the earlier period Beethoven was more concerned to 
show how it could fit naturally into a traditional 18th- 
century framework, here he explores in greater detail the 
logical implication of every departure from the norm. His 
harmony remains basically simple—much simpler, for in­
stance, than much of Mozart’s; what is new is the way it 
is used in relation to the basic pulse. From this Beethoven 
creates in his main themes an infinite variety of stress 
and accent, out of which the form of each movement is 
generated. The result is that, of all composers, Beethoven 
is the least inclined to repeat himself; all his works, but 
especially those of the middle and late period, inhabit 
their own individual formal world. Other characteristics of 
the middle period include shorter expositions and longer 
developments and codas; slow movements, too, become 
much shorter, sometimes vanishing altogether. The third 
movement is now always a scherzo, not a minuet, with 
frequent use of unexpected accents and syncopation. Fi­
nales tend to take on much more weight than before and 
in certain cases become the principal movement. Decora­
tion begins to disappear as each note becomes more func- 
tional, melodically and harmonically. Another feature of 
these works is their immediacy. Here Beethoven’s power 
is most evident; and the majority of the repertory works 
belong to this period.

Third period. The third period is marked by a grow­
ing concentration of musical thought combined with an 
increasingly wider range of harmony and texture. Bee­
thoven’s enthusiasm for Handel began to bear fruit in a 
much more thoroughgoing use of counterpoint. But he 
never lost touch with the simplicity of his earliest manner, 
so that the range of expression and mood in these last 
works is something that has never been surpassed. A form 
to which he gave more and more attention at this time Use of 
was that of the Variation. As an improviser he had always variations 
found it congenial, and, though some of the sets he had 
published in earlier years are merely decorative, he had 
created such outstanding examples of the genre as the fi­
nale of the Eroica and the Prometheus variations, both on 
the same theme. It is this type of Variation that Beethoven 
began to pursue in his final period. A unique feature of 
the sets that occur in his last String quartets and sonatas 
is the sense of cumulative growth, not merely from Vari­
ation to Variation but within each Variation itself. In the 
quartets, everything in the composer’s musical equipment 
is deployed—fugue; Variation; dance; sonata movement; 
march; even modal and pentatonic, or five-tone, melody.

Structural innovations. Beethoven remains the supreme 
exponent of what may be called the architectonic use of 
tonality. In his greatest sonata movements, such as the 
first allegro of the Eroica, the listener’s subconscious mind 
remains oriented to E-flat major even in the most distant 
keys, so that when, long before the recapitulation, the mu­
sic touches on the dominant (B flat), this is immediately 
recognizable as being the dominant. Of his innovations 
in the symphony and quartet, the most notable is the 
replacement of the minuet by the more dynamic scherzo; 
he enriched both the orchestra and the quartet with a new 
range of sonority and variety of texture.

The same is true of the concerto, in which, strictly
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speaking, he introduced no formal innovations, the entry 
of solo instrument before an orchestral ritornello in the 
Fourth and Fifth piano concert! having been already an- 
ticipated by Mozart. Although, in the finale of the Ninth 
Symphony and the Missa Solemnis, Beethoven shows 
himself a master of choral effects, the solo human voice 
gave him difficulty to the end. His many songs form, 
perhaps, the least important part of his output. His one 
opera, Fidelio, owes its pre-eminence to the excellence of 
the music, rather than to any real understanding of the 
operatic medium. But even this lack of vocal sense could 
be made to bear fruit, in that it set his mind free in other 
directions. A composer such as Mozart or Haydn, whose 
conception of melody remained rooted in what could be 
sung, could never have written anything like the opening 
of the Eroica, in which the melody takes shape from three 
instrumental Strands each giving way to the other. Wag­
ner was not far wrong when he hailed Beethoven as the 
discoverer of instrumental melody.
Beethoven holds an important place in the history of the 

piano. In his day, the piano sonata was the most intimate 
form of chamber music that existed—far more so than 
the string quartet, which was often performed in public. 
For Beethoven, the piano sonata was the vehicle for his 
most bold and inward thoughts. He did not anticipate the 
technical devices of such later composers as Chopin and 
Liszt, which were designed to counteract the percussive- 
ness of the piano, partly because he himself had a pianistic 
ability that could make the most simply laid-out melody 
sing; partly, too, because the piano itself was still in a fairly 
early stage of development; and partly because he himself 
valued its percussive quality and could turn it to good ac­
count. Piano tone, caused by a hammer’s striking a string, 
cannot move forward, as can the sustained, bowed tone of 
the violin, although careful phrasing on the player’s part 
can make it seem to do so. Beethoven, however, is almost 
alone in writing melodies that accept this limitation, mel- 
odies of utter stillness in which each chord is like a stone 
dropped into a calm pool. Beethoven was less successful 
in combining the piano with one other instrument, and 
his duo sonatas remain on a slightly lower level. But it is 
above all in the piano sonata that the most striking use 
of improvisatory techniques as an element of construction 
is found. Among later composers it was chiefly Liszt who 
extended Beethoven’s principle of transferring structural 
weight from the first movement to the finale, making it 
the basis of his Symphonie poems as well as of his two 
concertos. The two works of Beethoven that undoubtedly 
had most influence over succeeding generations were the 
Fifth and Ninth symphonies, with their progression from 
storm and stress to triumph. Brahms’ Symphony No. 1 
in C Minor, Tchaikovsky’s Symphony No. 5 in E  Minor, 
César Franck’s Symphony in D Minor, and Mahler’s Sym­
phony No. 2 in C Minor are all examples of Beethoven’s 
spiritual progeny, though few will grant that they equal, 
let alone surpass, their models.
MAJOR WORKS 
Orchestral music

symphonies: No. 1 in C Major, op. 21 (1800); No. 2 in D 
Major, op. 36 (1802); No. 3 in E Flat Major, op. 55 {Eroica;
1804); No. 4 in B Flat Major, op. 60 (1806); No. 5 in C Minor, 
op. 67 (1808); No. 6 in F Major, op. 68 {Pastoral; 1808); No. 
7 in A Major, op. 92 (1812); No. 8 in F Major, op. 93 (1812); 
No. 9 in D Minor, op. 125 {Choral; 1824). Wellingtons Victory, 
op. 91 (also known as The Battle of Vitoria and the Battle 
Symphony; 1813).

concerti: (piano): “No. 1” in C Major, op. 15 (1798), “No.
2 ” in B Flat Major, op. 19 (in fact composed first 1795, revised 
1798); No. 3 in C Minor, op. 37 (1800); No. 4 in G Major, 
op. 58 (1806); No. 5 in E Flat Major, op. 73 {Emperor; 1809). 
(violin): Violin Concerto in D Major, op. 61 (1806); Triple 
concerto in C Major, op. 56 (violin, cello, piano; 1804). 

other  orchestral compositions: 2 rom ances for violin 
and orchestra; various overtures, including Coriolan, op. 62 
(1807); Leonore No. 1, op. 138, 2, op. 72A and 3, op. 72B. 
Chamber music

string quartets: N o. 1-6, op. 18 (1798-1800); No. 1-3,
op. 59 {Razumovsky; 1806); op. 74 {Harp 1809); op. 95 (1810); 
and the late quartets (1824-26); op. 127, 130, 131, 132, 133 
{Grosse Fuge, originally the finale to 130) and op. 135. 

other  chamber  works: Octet, op. 103 (winds; 1792); Septet

(strings and wind; 1800); Sextet for Horns and String Quartet, 
op. 81B (1795); Quintet for Piano and Winds, op. 16 (1796); 
String Quintet in C Major, op. 29 (1801); 7 piano trios; 5 string 
trios; 10 sonatas for violin and piano, including Sonata in A 
Major (Kreutzer; 1803); 5 sonatas for cello and piano; sonata 
for horn and piano.
Piano music

32 sonatas, including Sonata in C Sharp Minor, op. 27, no. 2 
{Moonlight; 1801); and Sonata in F Minor, op. 57 {Appassio­
nato; 1804); 3 sets o f  Bagatelles; 20 sets o f variations; 4 rondos. 
Vocal music
Missa Solemnis (mass in D major; 1823); Mass in C Major, op. 

86 (1807); Christus am Ölberg (oratorio 1803); various smaller 
works for chorus and orchestra including Choral Fantasia, op. 
80 for piano, chorus, and orchestra (1808); songs, including 
the cycle An die ferne Geliebte, op. 98 (1816), and Goethe and 
Geliert settings; Scottish, Irish, and Welsh folk-song settings. 
Theatre music
One opera, Fidelio (1805; revised versions, 1806, 1814— the 

final version is the one usually heard today); one ballet, Die 
Geschöpfe des Prometheus (1801); incidental music to four 
plays; Egmont, op. 84 (1810), Die Ruinen von Athen, op. 113 
(1811), König Stephan, op. 117(1811), Die Weihe des Hauses, 
op. 124(1822). (J.M.Bu.)
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Animal Behaviour
Animal behaviour includes any activity of an intact 

organism. A living animal behaves constantly in 
order to survive, and all animals must solve the 

same basic problems. They must, for instance, periodically 
replace their energy source (consume food), avoid dehy- 
dration (drink), avoid becoming another animal’s energy 
source (avoid being eaten), maintain their body surfaces 
(clean and groom), and reproduce. This article discusses 
these and other basic behavioral activities of animals rang­
ing from protozoans to higher vertebrates. It not only treats 
the behavioral patterns of individuals but also considers 
those of animals in groups. Coverage of the latter includes

reciprocal altruism, communication, and various other 
factors involved in social interaction. Although references 
are made to human behaviour, the reader should consult 
the articles behaviour, the development of human 
and BEHAVIOUR, INN ATE FACTORS IN HUMAN for Specific 
Information. Likewise treated in passing are certain behav­
ioral tendencies of plants that resemble or parallel simple 
unlearned behavioral responses and adaptive mechanisms 
of animals (see also growth and development: Plant 
development).

This article is divided into the following sections:

Nature and patterns o f animal behaviour 623 
Diversity o f behavioral activity 623 
Classification o f behaviour 623 

Types
The influence o f genetics and experience 

Components o f behaviour 624 
Fixed action patterns 
Key stimuli 
Drive and motivation 
“Supernormal” stimuli 
Movement 
Behavioral chains 
Conflict resolution

Behavioral evolution and development 628 
Selection in domestic animals 
Behaviour in hybrids 
The influence o f experience on behaviour 
Play behaviour and curiosity behaviour 
Modification o f  instinctive behaviour by 

experience
Hormonal and nervous control o f  behaviour 632

Interaction o f  endocrine and nervous Systems 
Sex horrhones
Nervous system and behaviour 

Unlearned behavioral reactions 634 
Stereotyped response 634 

General considerations 
Types o f stereotyped responses 

Instinctive behaviour 635
Characteristics o f  instinctive behaviour 
Varieties o f  instinctive behaviour 

Periodic biological phenomena 638
Biological rhythms and natural geophysical cycles
The biological clock
Factors affecting biological periodicities
Photoperiodism

Basic behavioral activities o f  individuals 644 
Feeding behaviour 644

Nutritional requirements o f  higher animals 
Types o f food procurement 
Regulation o f  food intake 
Selection o f food items
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Specialized aspects o f  feeding behaviour 
Locomotion 648 

Aquatic locomotion  
Fossorial locomotion  
Terrestrial locomotion  
Arboreal and aerial locomotion  
Directional control 

Avoidance behaviour 657
Factors in avoidance behaviour 
Functions o f  avoidance behaviour 

Aggressive behaviour 659 
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Causation
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Migratory behaviour 663
Survey o f  migratory behaviour in animals 
Navigation and Orientation 
Physiological stimulus o f migration 
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warm-blooded vertebrates 
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Basic concepts and features 
External and internal influences 
Modes o f  sexual attraction 
Courtship
Post-fertilization behaviour 
Reproductive behaviour in invertebrates 
Reproductive behaviour in vertebrates 
Evolution o f reproductive behaviour 

Behaviour o f animals in groups 686
Characteristics o f social behaviour among animals 686 

Social and nonsocial behaviour 
Factors involved in social interaction 
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Types o f animal societies 697 
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NATURE AND PATTERNS OF ANIMAL BEHAVIOUR
Diversity of behavioral activity

Any animal may be regarded as an agglomeration of inter- 
acting and interdependent structures and behaviours that 
are responses to environmental conditions. The behavioral 
features of modern animals are the accumulated results of 
millennia of selective pressures acting on small variations 
inherent in individuals. This selection is relentless because 
environments are constantly changing.

An understanding of comparative behaviour is helpful in 
understanding human behaviour, just as an understanding 
of comparative anatomy is helpful in understanding hu­
man anatomy. The reason for this is that both behaviour 
and anatomy have a genetic basis. All vertebrates, for ex­
ample, share certain anatomical features that distinguish 
them as vertebrates; and smaller groupings such as fish, 
amphibians, reptiles, birds, and mammals may be distin- 
guished from one another on the same basis. This type of 
distinction holds true between species and even between 
individuals within a species. Consequently, an understand­
ing of the anatomy or behaviour of any species is helpful 
in understanding other species, including man himself. 
In general, the closer the relationship between any two 
species, the more similar are the structures and behaviours 
of the two species. The converse is also true. Exceptions, 
however, do exist. Human beings and chimpanzees, for 
instance, are closely related genetically, but, because of his­
torie differences in environment, the behaviour of humans 
is, in many ways, more like that of wolves, which expe­
rience many problems similar to those of ancient man. 
Such convergences and divergences are commonplace in 
biological evolution. Convergence occurs when unrelated 
animals independently evolve similar responses to similar 
environmental conditions—e.g., the similar body shapes 
of porpoises and sharks; the similar social behaviour of 
wolves and humans (see below Behaviour o f animals in 
groups). Divergence occurs when closely related species 
are adapted to different conditions, with a resultant dif­
ference in behaviour and structure. This is the usual type 
of response; sometimes, however, divergence is extreme 
enough to obscure a close relationship. The males of many 
species of closely related hummingbirds, birds of paradise, 
pheasants, and ducks, for example, are superficially so dif­
ferent from one another that many of these species were 
formerly assigned to different genera.

The study of behaviour has provided valuable infor- 
mation about relationships among animals. The Greek 
philosopher Aristotle was one of the first to use behav­
iour as a taxonomie aid, but only in recent times have 
behavioral features been important in animal taxonomy.

Aristotle regarded pigeons and doves as closely related to 
the sand grouse, basing his view partly on their similar 
way of drinking. Pigeons, doves, and sand grouse, unlike 
most other birds, keep the bill in the water and drink with 
a pumping action.
Behaviour may be quite simple, as in taxis (movement 

toward or away from a stimulus) and kinesis (undirect- 
ed response proportional to the intensity of a stimulus). 
These two types of behaviour—most often descriptive of 
invertebrates—may be further subdivided. Orthokinesis, 
for example, is a response that involves change in the 
speed of movement of the body as a whole. Klinokinesis 
involves changes in the rate of tuming from side to side. 
Klinotaxis is a type of Orientation to stimuli in which, in 
alternate body movements, external stimuli are received 
with equal intensity. In tropotaxis the Orientation of the 
animal is similar to that in klinotaxis, but it depends upon 
stimuli acting simulaneously upon two receptors or upon 
two parts of one receptor. These are stimulated unequally 
if the animal is not oriented directly toward or away from 
the source of Stimulation. In telotaxis the animal Orients to 
one or the other of conflicting stimuli affecting the same 
sensory mechanism. In menotaxis, or light compass re­
sponse, animals (e.g., honeybees, ants) do not oriënt either 
directly away from or toward a source of Stimulation but 
assume a constant angle to the direction of the stimulus. 
Complex behaviours such as nest building, courting, and 
fighting do not lend themselves to the simple labelling 
of taxes or kineses and are classified according to other 
systems, which are dealt with below.

Classification of behaviour
TYPES
An animal’s behaviour may be described according to the 
nature of the muscular contractions involved or in terms 
of the consequences of the behaviour. Because the muscle 
contractions involved in specific behaviours are often com­
plex, a kind of shorthand is commonly used to describe 
them. Terms such as tail flick, head bob, and threat pos- 
ture are of this nature. In describing behaviour in terms of 
its consequences, terms such as avoidance, courtship, nest 
building, and burrowing are often employed. Sometimes 
a behaviour must be described both in terms of the type 
of muscle contraction and in terms of the consequences 
of the behaviour.

T h ree  ty p es  o f  b eh a v io ra l C lassification are u sed  m o s t  
c o m m o n ly :  (1 ) o n  th e  b asis  o f  im m ed ia te  ca u sa tio n , (2 )  
o n  th e  s im ila r ity  o f  e v o lu tio n a ry  h istory , an d  (3 ) o n  th e  
s im ila r ity  o f  fu n c tio n .

Types of 
Classifi­
cation
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Immediate causation. Classification based on imme- 
diate causation requires that the causal factors first be 
identified. All behaviours triggered by similar causal fac­
tors are then grouped together. Whether or not behaviours 
share the same causal factor can be determined by either 
of two methods. One method is to administer the causal 
factor and see if all of the behaviours are elicited and af­
fected similarly. The other method, used when the causal 
factor is not known, is to examine the chronological cor- 
relations between the activities in question. Two activities 
that consistently occur together are likely to be causally 
related. This method is often used in studies of agonistic 
(attack-escape) courtship, feeding, egg laying, and similar 
complex behaviours.

Evolutionary history. Types of behavioral evolution are 
often classified according to similarities in biological evo­
lution. Similarities between patterns of muscular contrac­
tions are compared among species believed to be related. 
The degree of difference between presumably homologous 
behaviours provides a criterion for measuring the degree 
of evolutionary affinity and for determining the direction 
of evolutionary changes. Data useful in Classification may 
sometimes also be obtained by observing the appearance 
or disappearance of behaviours during ontogeny, or indi­
vidual development.

Function. Classification based on similarity of function 
depends on the identification of behaviours with similar 
evolutionarily adaptive values. Such behaviours may or 
may not be homologous. The flying behaviour of a bird, 
for example, is not homologous with that of a butterfly, 
but both have similar functional and adaptive significance 
and may be classified together on this basis. A functional 
Classification often closely agrees with a causal Classifica­
tion; this is because evolutionarily functional and causal 
mechanisms are commonly associated. The more distantly 
animals are related, the less likely it is that their functional 
and causal classifications will overlap; the converse also 
tends to be true: the more closely animals are related, the 
more likely it is that the two classifications will overlap.

In the case of behaviour in juveniles and adults of the 
same species, causal and functional categories may some­
times not overlap; an example is penis erection in juvenile 
mammals, in which reproduction is not a causal factor, 
compared with that in adults, in which it is.

THE INFLUENCE OF GENETICS AND EXPERIENCE
nnate ver- Behaviour is sometimes classified according to the nature
us learned of the changes occurring during evolution or ontogeny.
>ehaviour From these bases groupings such as learned, innate (i.e., 

unlearned, or instinctive), and ritualized behaviour are 
derived. This Classification scheme is useful in studies 
such as those dealing with the acquisition of communica- 
tion behaviour.
Every aspect of an animal—behavioral as well as struc­

tural—is influenced to some degree by heredity as well 
as by experience. Although a muscle can become larger, 
harder, and more vascularized (i.e., supplied with blood 
vessels) or smaller, softer, and less vascularized depending 
upon the nature of the experience to which it is subjected, 
the possibility of such modification is not infinite because 
of genetic limitations. Some behaviours are inherited in 
the same sense that an organ is inherited, and they exhibit 
little or no capacity to be modified by experience. Other 
types of behaviour achieve definitive form and employ- 
ment only with experience.

Various intermediate conditions exist. If the environment 
is predictable relative to the appropriateness of a given 
behaviour in an animal, it is biologically advantageous 
for this behaviour to be innate, because presumably there 
is no need for a variety of response. Variability would, 
in fact, be disadvantageous, because an inappropriate re­
sponse could threaten the animal’s chance of survival. 
On the other hand, if the environment is unpredictable 
in certain respects, it is biologically advantageous to have 
some degree of inherent variability based upon response 
to experience. In this case, however, it is likely that the an­
imal would sometimes respond with the wrong behaviour, 
resulting in a lowered survival value. In behaviours that 
may be modified by experience, the nature and extent of

the modification are not limitless. The nature, intensity, 
timing, and duration of experience that may influence a 
given behaviour vary with the type of behaviour involved.
The kind of response to these aspects of experience is 
determined genetically and has evolved to the extent that 
the maximum possible survival value is achieved.

Some behaviours are innate in the same sense that an 
organ of the body is innate. Their functions are relatively 
fixed and predictable. Other behaviours have an inherent 
resiliency and may respond radically to changes in the 
environment. Genetically determined limits, however, are 
always imposed upon even the most variable behaviours.
An a n im a l w o u ld  o th erw ise  b e  ca p a b le  o f  lim itle ss  m o d i-  
fica tio n s o f  its  b eh a v io u r , w ith in  its  structural lim ita tio n s,  
a n d  b e  ab le  to  a sso c ia te  arbitrarily  a n y  e n v ir o n m e n ta l  
S tim ulu s w ith  a n y  b eh a v io u r .

A general evolutionary trend exists for more and more 
behaviours to be modified by environmental stimuli as 
the phylogenetic scale ascends (i.e., as the animal be­
comes more complex and “advanced”). This tendency has 
reached its extreme expression in vertebrates, particularly 
mammals, and especially in humans.

Components of behaviour
FIXED ACTION PATTERNS

A behaviour that is independent of environmental stimuli 
for its form is known as a fixed action pattern (f a p ). An 
environmental stimulus may, however, be responsible for 
the elicitation and proper orientation of the f a p  and may 
have an influence on the completeness of the response.
Common examples of f a p ’s include displays (visible and 
audible Signals), nest-building movements, various food- 
gathering and food-preparation movements, thermoregu- 
latory movements, and attack and escape movements.

Because f a p ’s are often specific for particular species, Species 
they are frequently useful in taxonomie and evolution- specificity 
ary studies. The homologous relationship among f a p ’s of of f a p ’s 
related species is often easily determined, and their quali­
tative and quantitative differences can be evaluated.

f a p ’s are ordinarily quite constant in form, but this 
stereotypy is not a defining characteristic. Some vary con- 
siderably in the degree of completeness, even though the 
proportions of the components of the response may re- 
main quite constant, relative to one another. Some f a p ’s 
share a single environmental stimulus. Sight of a rival 
male, for example, may elicit flight, attack, or any of a 
variety of agonistic (attack-escape) displays.

It is sometimes difficult to distinguish an f a p  from its 
orienting movements. In such cases the eliciting stimulus 
can be manipulated, and the subsequent effects on the 
behaviour can be observed. The graylag goose (Anser an- 
ser), for example, retrieves eggs displaced from the nest 
by means of a highly stereotyped behaviour. While sitting 
on the nest, the goose extends its head beyond the egg so 
that the undersurface of the bill is against it. The head is 
then pulled toward the body until the egg is again safely 
in the nest. While the head is being pulled toward the 
body, it makes balancing adjustments that compensate for 
the tendency of the egg to roll to either side. If the egg 
is removed during retrieval, the head continues its move­
ment toward the nest, but compensatory movements to 
counter the erratic roll cease. The f a p  is elicited by the 
egg-out-of-nest stimulus and, once triggered, goes to com- 
pletion whether or not the egg is still balanced against the 
underside of the bill. The balancing movements, however, 
depend upon continuing Stimulation by the egg itself and 
are not part of the head-withdrawing f a p . The balancing 
movements also cease if a smoothly rolling cylinder is 
substituted for the egg.

This egg-retrieving f a p  illustrates other features of f a p ’s 
in general. Every species can perform a finite number of 
f a p ’s and have a limited capacity, or none at all, for 
developing new ones. The limitations may be determined 
by physical structure: a woodchuck cannot fly, nor can 
a pelican burrow. Yet neural organization may provide 
restrictions as ubiquitous and rigid as anatomical ones.
The egg-retrieving graylag goose is physically capable of 
retrieving an egg with its broadly webbed feet or with
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a wing used as a kind of broom. This never happens, 
however, because the goose’s neural organization permits 
egg retrieving only in the manner described. Alternative 
behaviours can sometimes be employed. Parrots of the 
genus Agapornis, for instance, always scratch the head by 
bringing a foot forward over the wing on the same side; 
however, when a foot is brought forward for cleaning the 
bill, it always passes below the wing on the same side. The 
bird has the physical structure as well as the neural orga­
nization necessary for both movements, but each method 
is specific for its particular stimulus.

KEY STIMULI

An animal reacts to relatively few of the stimuli present 
in its environment. This is a basic characteristic of be­
haviour. It is seldom known whether an animal actually 
perceives but does not react to the various available stimu­
li or whether it fails to perceive stimuli of no significance 
to it—at least of no significance within a given context. 
Both situations are probably true, at least for some species, 
under given circumstances. The human eye, for instance, 
focusses on the retina a detailed picture of all that the eye 
is directed toward. The human observer, however, is un- 
aware of much within his field of vision. The same is true 
of other sensory modalities. At some point, insignificant 
Stimulation is filternd out. An animal could not function 
if it had to respond to all of the stimuli its sensory Organs 
are capable of receiving at any moment. Each species has, 
therefore, evolved responses only to those stimuli signif­
icant to itself and at such times that responses to such 
stimuli are relevant. This simpler world that actually falls 
within the animal’s perception at any particular moment 

Umwelt is termed its Umwelt.
The tick’s response to its relatively simple Umwelt graphi- 

cally illustrates how an animal selectively responds to only 
those stimuli pertinent to its immediate requirements. The 
mature female tick responds to light falling on her photo­
sensitive body surface by moving to the tip of a twig or 
some suitable Substitute, where she waits for a mammal 
to approach. The tick is capable of waiting for years until 
that occurs. When a mammal passes close by, she releases 
her grip on the twig and, if successful, falls onto the body 
of the mammal. The key stimulus causing her to release 
her grip is the scent of butyric acid, which naturally issues 
from the body of any mammal. When the female tick is 
on the host’s body, she reacts to its body heat by inserting

Figure 1: R esponse of the tick to environmental stimuli. 
Before obtaining a blood meal from the proper host, it must 
successively reaét to the stimuli of light, butyric acid, and 
body warmth.

her proboscis (feeding organ) into the mammal’s skin and 
sucking herseif füll of blood. This behavioral sequence 
depends on three stimuli: light, the odour of butyric acid, 
and warmth. The tick will relinquish its perch for anything 
with the scent of butyric acid, sink its proboscis into any 
warm surface—even a balloon filled with warm water— 
and fill herseif with whatever fluid is within. The taste of 
blood and mammalian characteristics are not meaning- 
ful to the tick.
Aggressive behaviour in the male stickleback fish {Gas- 

terosteus aculeatus) occurs when the fish sees the red belly 
of other males. Crude dummies are attacked as long as 
they have red bellies; realistic models or actual fish with­
out red bellies are not attacked.

Various species of predacious animals utilize lures that 
simulate the natural foods of prey species. The alligator 
snapping turtle (Macrochelys temminckï) has two slender, 
reddish structures projecting from the tip of its tongue 
that move like small worms. The turtle, with its mouth 
open, rests on a river bottom. A fish attracted by the false 
worm is snapped up by the turtle. Several species of deep- 
sea anglerfish have a long slender projection from the 
forepart of the dorsal fin. This “fishing rod” terminates 
in a wriggling wormlike structure that is dangled close to 
the anglerfish’s mouth. When another fish investigates the 
lure, it is easily snapped up by the anglerfish. Different 
species of anglerfish possess different lures that are specific 
for different prey species.
The male swordtail characin fish attracts female mates 

by means of an organ resembling a daphnia, a favourite 
prey. The gill covers of the male are modified into a long, 
slender projection terminating in this “daphnia,” which 
is moved within view of the female. When she has been 
lured close enough, the male copulates with her.
Female fireflies of the genus Photurus lure males of other 

genera by imitating their flashing codes, then seize and eat 
them. A certain petal in various species of fly orchids is 
modified to resemble the females of various wasp species, 
and the odour of these female wasps is also imitated. 
When a male wasp is attracted to a model female of the 
same species and attempts to copulate with it, the pollen 
of the flower adheres to the male and is, in turn, carried 
to the next flower that attracts the wasp.

Males of certain African cichlid fish (genus Haplochrom- 
is) deceive females by means of a body pattem that resem­
bles cichlid eggs. The females, which are mouth breeders, 
take into their mouths the eggs they have laid before the 
male fertilizes them. Visual models of these eggs are part 
of the pattern of the ventral fins of the male. After the 
female has placed the eggs in her mouth, the male spreads 
his ventral fin before her. The male emits sperm as the 
female snaps at the false eggs, thus permitting the real eggs 
in her mouth to be fertilized.
Another mouth-breeder fish, Tilapia macrochir, ensures 

fertilization by means of a different deception stimulus. 
The male produces sperm in filament-like packets (sper- 
matophores), which are shed into the water. Later, they 
are picked up by the female. She may not always find 
them, however, and the male has evolved long filament- 
like spermatophore models that project from his genital 
region. For some reason, these models exert a stronger 
stimulus than the real spermatophores. The female takes 
them into her mouth and at the same time receives real 
spermatophores that have been placed among the models. 
The eyes of the meadow frog, Rana pipiens, have five 

types of cells, each of which responds to a different kind of 
stimulus. One type responds briefly when a light is turned 
on or off; it also responds to the passing of the leading 
and trading edges of an image moving across the retina. 
It does not respond to a stationary image, however. A 
second type of cell responds to the passing of straight or 
curved edges. A third type does not respond to changes in 
light intensity but to the passage of the image of a small 
object, in contrast to its backround, across the retina. The 
fourth type of cell measures a decrease in illumination, 
and the fifth type measures light intensity.
The frog is capable, therefore, of receiving information 

about the size, shape, movement, and illumination of ob- 
jects and is particularly well equipped to perceive small
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moving objects—its normal food. Much of the stimulus 
filtering in the frog’s vision takes place peripherally at the 
retinal level. Studies of other subjects such as cats, rabbits, 
and moths reveal that the processing and integrating of 
sensory data occurs at various levels in the central nervous 
system (brain and spinal cord).
Releasing mechanisms. Hundreds of types of respons­

es to a few key stimuli have been identified in various 
animals. These responses are mediated in the central ner­
vous system by a so-called releasing mechanism (RM) and 
are responsible for triggering the specific motor response 
appropriate to the stimulus. If the releasing mechanism 
is innate, it is termed an irm. If it is acquired through 
individual experience, it is termed an arm. Some innate 
releasing mechanisms may be modified as a result of indi­
vidual experience; such a mechanism is termed an iRMe.

A given stimulus does not always prompt the same re­
sponse in the same individual. Such differences are due 
to internal factors. Some changes are seasonal and are 
brought about by internal conditions that may, for exam­
ple, be related to reproduction and associated aggressive 
behaviour. In the spring, a male wood thrush (Hylocichla 
mustelina) responds to a female with courtship behaviour 
and to another male with aggression. In the winter the 
same thrush fails to respond in this way. Relatively short- 
term changes in responsiveness also occur. An animal that 
has just fed, for example, shows no further interest for a 
time in food. In such an instance a short-term internal 
change has taken place.

The strength of a stimulus necessary to evoke a response 
of Standard intensity also varies with time. The longer an 
animal is deprived of food, for example, the more unappe- 
tizing the food can be and still be accepted. The converse 
is also true. The more recently an animal has eaten, the 
more appetizing the food must be to be accepted.
The intensity of a noxious stimulus or the degree of 

difficulty of an obstacle that an animal will attempt to 
surmount varies with time. The longer an animal has been 
without food (short of physical debilitation), the more 
difficult an obstacle can be and still be surmounted by the 
hungry animal. Again, the converse is true.

DRIVE AND MOTIVATION
Internal changes that initiate behavioral changes are com­
monly termed drive or motivation. These terms are usual­
ly applied to short-term reversible changes in response to 
a constant stimulus. They afe not applied to long-term 
changes that are the result of learning or to short-term 
changes that result from muscular fatigue, sensory accom­
modation, and sensory adaptation.
When internal conditions are intense enough to initiate 

a particular drive, an animal commonly behaves as if 
it were searching for the correct environmental stimulus 
necessary to trigger the appropriate response. Such search­
ing, or appetitive, behaviour is often highly variable. The 
true nature of a particular appetitive behaviour can, as a 
rule, be ascertained only as the act progresses. The drive 
that motivates a robin to search a lawn, for example, 
cannot be determined until the search nears culmination. 
If the robin seizes an earthworm, it is evident that hunger 
was the activating drive. If it picks up mud or grass, the 
appetitive phases of nest-material gathering are apparent. 
Appetitive behaviour tends to become less and les variable 
as the appropriate terminating Situation becomes more 
and more likely to occur. A hunting falcon flies a search 
pattem until a potential prey is sighted. The bird dives 
upon it, after which the exact flight path is determined by 
whatever evasive action the prey may take. If the falcon 
is successful, the prey is stmck and killed, carried to a 
perch, and systematically pulled apart and eaten. When 
the hunger is satisfied, the drive state no longer exists, 
and some other activity follows. The closer the appetitive 
sequence is to termination, the more stereotyped the fal- 
con’s behaviour becomes. The consummatory act is the 
most stereotyped behaviour of all.
Courtship behaviour culminating in successful copula- 

tion provides many examples of characteristic appetitive- 
consummatory chains of behaviour. In such cases copu- 
lation itself is the terminal appetitive behaviour and is

highly stereotyped. Ejaculation, or discharge of sperm by 
the male, in certain species is completely stereotyped and 
is followed by temporary cessation of the sex drive.

Learned behaviour is important in appetitive sequences 
in many animals. A jay, for instance, quickly discovers the 
best places to find particular foods, and it learns to begin 
its search in such places rather than search at random 
until a suitable forage area is found.

“SUPERNORMAL” STIMULI
A major subject of investigation in animal behaviour has 
been the determination of key stimuli necessary to trigger 
particular behaviours. In order to determine those charac­
teristics of an egg by which an incubating bird identifies it 
as such, a selection of model eggs can be presented to the 
bird, each model differing in one respect from a normal 
egg. The reactions to variations in colour, pattern, shape, 
size, and texture vary according to the species. Generally, 
differences in shape do not seem important to an incubat­
ing bird; but models with more rounded contours appear 
to be favoured. Differences in colour, pattern, and size are 
important, but differences in texture do not seem to be.

A model in which the key stimulus has been exaggerated 
to an extreme degree may be chosen in preference to a 
normal model. The oystercatcher, for example, prefers a 
“supernormal” egg, several times the usual size. It also 
prefers an abnormal clutch of five eggs to the normal 
clutch of three.

From N. Tinbergen, The Study of Instinct, 
copyright ©  1962;the Clarendon. Press, Oxford

Figure 2: Oystercatcher (Haematopus ostralegus) reacting 
to giant egg in preference to normal egg (foreground) and 
herring gull’s egg (right).

Chicks of the herring gull (Larus argentatus) are stimu- 
lated by a red spot on the lower bill of the adult. When 
the chick pecks at this spot, the adult regurgitates food for 
it. By presenting the chick with various models of beaks, it 
has been found that differences in the colour of the head 
and bill are not significant; but the red spot, narrowness 
of the bill, movement, low position of the head, and a 
downward pointing of the bill are all important in eliciting 
a response. A thin rod with a red band near the tip moved 
in a low position provides a supernormal set of stimuli, 
which elicit a positive response.
When more than one stimulus elicits a given response, 

the stimuli may supplement one another. If two or more 
stimuli are required to evoke a response, a weakness of 
one stimulus may be counterbalanced by the strength of 
another. Such a compensatory effect is termed the law of 
heterogenous summation. In higher animals, learned be­
haviour may play an important role in this phenomenon. 
A response may originally depend upon one or a few key 
stimuli, but, as a result of experience, an animal may come 
to regard previously irrelevant conditions as among those 
stimuli necessary for the response, resulting in a kind of 
gestalt response, in which several stimuli are perceived as 
an integrated whole. Animals lower on the phylogenetic 
scale may be more apt to respond to heterogeneous sum­
mation, and those higher on the scale may be more apt to 
respond to a gestalt, however acquired.

The supernormal stimuli discussed above have been ob- 
served experimentally. The tendency of an animal to re­
spond more vigorously to enhanced Stimulation may be of 
evolutionary significance, because animals with a geneti-
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cally based tendency to prefer more advantageous variants 
of a stimulus would tend to have a higher probability of 
survival. In social situations in which the relevant stimuli 
are part of an animal’s body, those structures offering a 
favourable departure from the normal would enhance the 
probability of survival in the offspring.

MOVEMENT
Form. The form of movement of a response is not 

determined by either the eliciting stimulus or by the prop- 
erties of the musculature involved. It is possible, however, 
that the form of movement may be determined by either 
of two other factors. First, the sequence in which muscles 
contract to produce a movement may be determined sole- 
ly by the properties of central nervous system mechanisms 
responsible for the movement. In this case the move­
ment, once initiated, is independent of further sensory 
Stimulation.

Second, the muscle contractions near the completion of 
a movement may also be influenced through a feedback 
mechanism provided by the earlier contractions. The form 
of the movement would thus be continuously monitored 
by sensory control. Fixed action patterns, although inde­
pendent of further Stimulation once elicited, may depend 
upon such internal feedback mechanisms.

Distinction between external and internal movement. 
The way by which animals are able to distinguish between 
movements of the environment and movements of the 
sense organs is not fully understood. When the human 
eye views a moving object, the object appears to move. 
If the eye is moved while looking at a stationary object, 
the object appears stationary, though in both cases the 
image moves across the retina. But if a stationary object is 
viewed while the eye is displaced slightly by pushing with 
a fingertip, the object appears to move.

Equilibra- If a resting fish is tilted to one side, the statolith (or- 
tion in gan of equilibrium) on that side shifts position, thereby
fishes activating sensory endings; these set in motion muscular

action that restores the fish to an upright position. A fish 
often deliberately tilts sideways, however, and, in this case, 
the automatic reflex does not pull the fish upright. It was 
formerly believed that the righting reflex is blocked during 
spontaneous movement. Studies have shown, however, 
that such blocking does not occur. If a fish is whirled 
in a centrifuge, the deliberate tilting movements made by 
the free-swimming fish are of lower intensity. The tilting 
movements become less because the statoliths are made 
heavier. The righting reflex is not blocked during delib­
erate tilts, therefore, but is dependent upon the feedback 
caused by the tilts.
During spontaneous movement, the stimuli that other- 

wise release postural reflexes are not inactivated but must 
be neutralized in another way. The principle of reafference 
has been hypothesized to account for this. By this hy­
pothesis the functional system is visualized as a feedback 
loop, whereby afferent nerves carry impulses toward the 
central nervous system and efferent ones carry impulses 
away from the central nervous system to the motor areas. 
Afferences can be divided into receptor excitations caused 
by internal changes in the musculature (reafference) and 
those produced passively by external Stimulation (exaffer- 
ence). Reafference and exafference are integrated in some 
manner in the higher centres of the nervous system. The 
reafference hypothesis postulates that, with each volun- 
tary movement, a copy of the efferent motor impulse is 
stored in a subordinate nervous centre. The efferent im­
pulse continues to the effector, and movement results. The 
sense organs then report the result of this movement as a 
reafference—a feedback of information. This reafference 
is matched with the efferent copy and is cancelled. If the 
total afference is too much or too little, as the result of 
external Stimulation, there remains a plus or minus value 
as compared to the efferent copy stored in the subordinate 
centre. The discrepancy is reported to the higher centre, 
which then strengthens or weakens the initial command.

BEHAVIORAL CHAINS
When an animal responds to a stimulus, the releasing Sit­
uation is often altered because the animal has progressed

to a new position, in which other stimuli are effective. For 
example, when a female three-spined stickleback enters 
the territory of a male, he performs a zigzag dance. She 
responds to this with a signal of her own, which, in turn, 
releases a behaviour in the male that causes her to follow 
him. The male shows her the nest opening, which she 
enters. The male trembles with his snout against her tail, 
stimulating her to spawn, after which she leaves the nest.
The male then fertilizes the eggs. Each of these behaviours 
depends upon the appropriate stimulus. If one is omitted, 
the chain terminates without a productive conclusion.
The behaviour of the bee-hunting wasp Philanthus trian- 

gulum illustrates another such chain. This wasp flies from 
flower to flower as it searches for bees. It responds initially 
to the visual stimulus afforded by any moving bee-size Scent and 
object; during this time it is indifferent to bee scent. After vision in 
the wasp perceives the visual stimulus, it hovers about 10 wasps 
to 15 centimetres (four to six inches) downwind of the bee 
and then is sensitive to bee scent; if the scent is appro­
priate, the wasp attacks the bee and seizes it. Following 
seizure, bee scent is no longer an effective stimulus. Mov­
ing models of the appropriate size attract the wasp, but 
they will not be seized unless they have bee scent. The 
behaviour depends upon a succession of stimuli that must 
occur in a precise sequence.
Many such behavioral chains are known for vertebrates 

as well as invertebrates. They are not always precisely 
ordered, and variations may occur. Many such behavioral 
chains do not exhibit a succession of stimuli made avail­
able as a result of the responses. Single causal factors may 
stimulate several responses. Activities occurring near the 
end of a chain may require a higher intensity of stimulus 
than earlier ones. If a causal factor proves inadequate at

From N. Tinbergen, The Study of Instinct, 
copyright © 1962; the Clarendon Press, Oxford
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some point, the behaviour reverts to an earlier stage in 
the sequence. This is probably true in the courtship of 
the three-spined stickleback in which all the activities of 
both sexes depend upon common endocrine factors {i.e., 
hormones), on short-term States of heightened responsive- 
ness, and on the nature of the external stimuli.

CONFLICT RESOLUTION
Simultaneous Stimulation. Causal factors for many types 

of behaviour are usually present at any given moment. A 
male stickleback may be simultaneously confronted with 
several stimuli: a ripe female, food, a rival male, and a 
predator. Animals usually respond to one stimulus at a 
time and according to a certain priority of sequence. In 
the male stickleback, escape from a predator almost al­
ways takes priority over concurrent stimuli.

More than one drive is often activated simultaneously by 
the same Situation. A conflict between the drives occurs, 
and the Situation must be resolved. The resolution may 
occur in any one of several ways. Sometimes two drives 
may be expressed simultaneously. Pecking and head turn- 
ing, when activated together, often occur simultaneously 
in chickens. Chickens that are in conflict between watch- 
ing out with an elongated neck and making wide sweeping 
movements of the head as they peck, elongate the neck 
even further but reduce the extent of the head sweeping. 
Such conflicts can also be resolved by alternately perform- 
ing the activities appropriate to the conflicting drives. The 
separate activities are often incomplete. A housewife, for 
example, may perform in this manner if the telephone 
begins ringing just as something begins to boil over on the 
stove.

Redirection and displacement. Sometimes an animal 
has a drive to perform a particular behaviour but is pre- 
vented from doing so and directs the behaviour to another 
object. If an animal is prompted to attack another but is 
prevented by fear of the opponent or by a reluctance to 
leave its territory, it might attack a harmless companion, 
the ground, Vegetation, or even itself. Such behaviour is 
termed redirection. Displacement is the resolution of a 
conflict Situation in which a seemingly irrelevant activity 
is performed. When an animal is obviously in conflict 
between, for example, sex and aggression or between ag- 
gression and fear, it will often perform an apparently ir­
relevant activity such as grooming, feeding, or scratching, 
or the animal may go to sleep. It is as if the two activated 
drives neutralize one another and the surplus energy is 

Disinhibi- fed into another system. In disinhibition, two drives that 
tion appear to independently inhibit a third mutually inhibit
hypothesis each other in a conflict Situation and lose their inhibiting 

effect on the third, which then becomes free to activate its 
own behaviour.
The probable reason that displacement activities are so 

often comfort behaviours {e.g., preening) is that such be­
haviours have a typically low threshold of performance; 
ordinarily, they do not have a particularly high priority 
and are, therefore, easily elicited when more urgent de­
mands are not being made upon the animal. This expla- 
nation is consistent with the fact that, though the frequent 
performance of these displacement activities is essential 
to survival, they are seldom associated with any condi­
tion of urgency.

The nature of the displacement activity may also depend 
upon the immediate environment or upon the effects of 
autonomie nervous activation on the animal; sometimes 
the activity depends on both factors. A wood thrush 
caught, while sitting in a horizontal position, by a strong 
attack-escape conflict will wipe its bill on its perch. The 
same bird caught by the same conflict, while sitting almost 
vertically, will make perfunctory preening movements di­
rected at its upper breast. The relationship of the bird 
to its immediate environment makes it easier to perform 
a particular comfort activity. Autonomie responses—the 
result of fear or aggression in man, for example—may 
cause an expansion or constriction of blood vessels, a 
tingling Sensation in the skin, a tendency to urinate or def- 
ecate, and so on. Scratching and temperature-adjustment 
behaviours may sometimes be prompted by such physio­
logical changes.

Transitional activity. In transitional activity, another 
type of conflict resolution, the animal is stimulated to 
perform a particular behaviour, but the required environ­
mental stimulus becomes unavailable during the course of 
the response. The animal discontinues its initial behaviour 
and substitutes another behaviour that it initially had not 
“intended” to perform.
The common grackle demonstrates a transitional activity 

in the form of a threat behaviour termed a spread-squeak; 
the bird ruffles its plumage, then utters a squeak as it 
compresses its feathers. If a rival approaches, prompting 
a spread-squeak, and turns away only at the plumage- 
ruffling stage, the bird will then, instead of squeaking, of­
ten shake its body—a normal comfort activity customarily 
preceded by plumage ruffling. When a man offers his hand 
to be shaken and it is not accepted, he often behaves as if 
he had really intended to gesture or perform a similar ac­
tion. Transitional activities may be cases of displacement 
in which the nature of the behaviour is determined by the 
immediate environment. A grackle involved in the ruffling 
stage of a spread-squeak, after the rival leaves, may simply 
shake its body because, in the absence of further stimuli 
for fear and aggression, it is left with the stimulus for shak- 
ing, which may be ruffling. Conflict situations are of great 
interest from an evolutionary standpoint, because they are 
often the raw material from which signals have evolved.

Behavioral evolution and development

Behaviours are believed to evolve in the same way as 
structures. The recombination of genes afforded by sexual 
reproduction ensures that each individual differs in some 
degree from all others of its species. Even slight variations 
from the norm increase or decrease the probability of 
survival. Advantageous features tend to be conserved and 
disadvantageous ones eliminated. Marked changes are the 
result of the slow accumulation of small variations over 
long periods of time, representing many generations. A 
species never becomes totally adapted to its environment 
because the environment is constantly changing. As a re­
sult, selective pressures always exist, and the process of 
evolution continues.

SELECTION IN DOMESTIC ANIMALS
Animals can be selectively bred for specific behavior­
al changes. Many domestic animals differ markedly in 
behaviour from their wild progenitors. Domestic breeds 
such as fighting cocks and Siamese fighting fish are hy­
peraggressive, but most domestic animals tolerate greater 
crowding and are more docile than their wild ancestors.
House mice have been selectively bred in the laboratory to 
produce unusually aggressive, as well as unusually timid, 
strains. Mating selection in domestic animals is usually 
less restrictive than in their wild counterparts. Reciprocal 
signalling systems between animals become less precise 
with domestication, and behavioral components may be 
omitted or lost altogether. Promiscuity may replace pair- 
ing in certain animals.
Marked differences in courtship displays occur between Courtship 

wild pigeons {Columba livia) and domestic breeds. Wild in pigeons 
males loudly clap the wings over the back in flight and 
then glide with the wings held well above the horizontal 
position. In pouter pigeons (a breed of C. livia), the wings 
are clapped so frequently that two-thirds of the length of 
the primary wing feathers may thus be worn off, with the 
result that flying becomes very difficult. The elevation of 
the wings during the glide phase becomes so exaggerated 
that the wing tips touch, and the bird quickly loses alti- 
tude. In roller pigeons, another breed, the gliding flight has 
become a series of backward somersaults. On the ground 
the male wild pigeon, while cooing, twirls and makes a 
small hop when the female walks away. The German ring- 
beater breed elaborates on this behaviour by performing 
a wing-clapping flight around the female, who remains 
on the ground.
Domesticated zebra finches {Poephila guttata) show 

marked loss of specificity in their mating interactions and 
in care of the young, when compared with their wild 
counterparts. Wild chickens will kill their own chicks that
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lack specific colour patterns. Domestic chickens, on the 
other hand, will care for almost any chick regardless of 
colour and pattern; yet, they retain specific reactions to 
the species-specific calls of chicks so that they do not ordi- 
narily accept other young birds, such as ducklings. Highly 
domesticated chicken breeds, such as Plymouth Rocks and 
barred Plymouth Rocks, however, will rear even duck­
lings. The least domesticated breeds, such as certain game 
bantams, still show much of the specificity characteristic 
of wild birds. Wild graylag geese form pairs only after 
a very long courtship period and remain monogamous. 
Domestic derivatives, on the other hand, pair quickly with 
any member of the opposite sex and are not monogamous. 
All of these differences between wild animals and their 
domesticated derivatives have a genetic basis.

BEHAVIOUR IN HYBRIDS
Two closely related species of small African parrots, the 
peach-faced lovebird (.Agapornis roseicollis) and Fischer’s 
lovebird (A. per sonata fischen), have completely different 
methods of carrying nesting material. The females of both 
species prepare nesting material by cutting long, narrow 
strips of bark, leaves, or paper. The peach-faced lovebird 
tucks each strip, after she cuts it, into the feathers of the 
lower back, or rump. When she has accumulated about 
six strips, she flies to the nest cavity, retrieves the strips, 
and places them in her nest. Fischer’s lovebirds carry each 
strip in the bill, one at a time, to the nest cavity.

Female hybrids between these two species initially tuck 
nest material into their rump feathers, but the strips fall 
out before the birds reach the nest. The birds gradually 
develop, through learning, an increased tendency to carry 
each strip singly in the bill. About four months after the 
onset of the tucking behaviour, they are utilizing both 
behaviours about equally. Although the tendency to carry 
in the bill continues to increase after this point and the 
tendency to tuck continues to decrease, the rate of diver­
gence between the two methods becomes much slower. 
By the end of the third year the hybrids carry all strips 
in the mouth, but they make small intention movements 
to tuck. These intention movements consist of little tic- 
like, side movements of the head just before the bird flies 
off to the nest.

The courtship behaviour of male hybrids, paired with 
female hybrids of this same cross, is intermediate between

that of the two parental-species males. When the hybrid 
males are paired with parental-species females, their court­
ship behaviour, in most cases, is closer to that of the par­
ental species of the female, although it sometimes remains 
intermediate. The species-typical behaviour of the females 
is thus seen to influence the pattern of male courtship. 
The courtship behaviours of some bird hybrids are not so 
greatly modified; for them, no permissible variability has 
been inherited.

Two cricket species, Gryllus campestris and G. bima- 
cularis, are so similar morphologically that they can be 
distinguished from one another only with great difficulty. 
Their behaviours on the other hand, differ markedly. If the 
two species are crossed, however, the inheritance patterns 
may be traced by means of behaviour. Four behaviour 
patterns—antennal Vibration in the post-courtship period, 
pendulum movements of the thorax, stridulation (rubbing 
one body part against another to produce sound), and 
fighting by young adults—have been investigated in par­
ticular detail. It has been found that antennal Vibration 
and juvenile fighting in the hybrids have a monofacto- 
rial inheritance (i.e., are caused by a single gene). The 
pendulum-like movement of the thorax during mating is 
found only in G. campestris and has a polygenic basis (i.e., 
is caused by more than one gene). The stridulating sounds 
preceding courtship, performed only by G. bimacularis, 
are seemingly based on one pair of alleles (i.e., different 
forms of a single gene).
Two races of honeybees are distinguished from one an­

other by the presence or absence of hygienic behaviour. 
The race exhibiting hygienic behaviour opens comb cells 
containing dead pupae, which are removed. The non- 
hygienic race leaves dead pupae in their cells. The first 
generation (F,) of hybrids contain only nonhygienic bees. 
One F, queen produces four kinds of drones, or males. 
When the F, is backcrossed with the hygienic form, a 
second generation (F2) is obtained, which is made up of 
four different types of bees. One group is hygienic; one 
group opens the cells of dead pupae but does not remove 
the dead pupae; one group does not open the cells of dead 
pupae but removes the dead pupae if the cells are open; 
and the remaining group is nonhygienic.

THE INFLUENCE OF EXPERIENCE ON BEHAVIOUR
The adaptive change of behaviour as the result of experi-

Behaviour 
inheritance 
of crickets
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ence—usually known as learned behaviour or experience- 
dependent behaviour—may be observed in all higher ver- 
tebrate forms. Several types of such learning in animals are 
recognized: habituation, classical conditioning (CR Type
I), trial and error (CR Type II, instrumental conditioning, 
or operant conditioning), latent learning, insight learning, 
and imprinting.

Habituation. Habituation is learning to disregard Stim­
uli that are without significance to the animal. In many 
respects it is the simplest form of learning, and it is some­
times regarded as a fundamental property of all living 
matter. Most animals inherit a response to be frightened 
by sudden and strong stimuli such as loud sounds, flashes 
of light, and the sudden intrusion of anything foreign into 
the animafs sensory field. Yet, if an animal reacts nonse- 
lectively to all phenomena such as rustling leaves, thunder, 
snapping twigs, and the sudden appearance of harmless 
animals, those phenomena that are significant to the ani- 
mal’s well-being will not receive the intensity of response 
that they often require. All animals, then, quickly habitu- 
ate to such harmless stimuli, but the adaptation is highly 
specific. An animal that habituates to one type of sound 
does not, as a consequence of this habituation, become 
habituated to other sounds. Habituation is distinct from 
failing to respond to Stimulation as a result of fatigue, sen­
sory adaptation, or injury. The effects of habituation are 
generally long lasting. If an animal is repeatedly exposed 
to a potentially harmful stimulus (such as to a predator) 
without being harmed, habituation does not generally oc­
cur. Responses to dangerous stimuli often seem to have 
an inherited resistance to habituation—a mechanism of 
obvious survival value.

ialivation Classical conditioning. Classical conditioning was stud- 
xperi- ied early in the 20th Century by the Russian physiologist 
nents of Ivan Pavlov, who observed that dogs salivate when food 
*avlov is placed in their mouths. He gave dogs food and, at the 

same time, provided another stimulus such as a flashing 
light or the sound of a bell. After a few such pairings 
of stimuli, a dog would salivate upon seeing the light or 
hearing the bell but without the presence of food. The dog 
had learned to associate the flashing light or the sound of 
a bell with food. A previously irrelevant stimulus that as- 
sumes significance as a result of association with a relevant 
Stimulus is called a conditioned stimulus (CS). Salivation 
in response to such a stimulus is termed a conditioned 
response (CR). Prior to the learning experience, only the 
food (unconditioned stimulus) was effective in producing 
salivation (unconditioned response).
Such conditioned responses have been observed in a wide 

variety of animals, from lower invertebrates to man. Birds 
learn to avoid noxious insects in this manner; the dis- 
tasteful monarch butterfly (Danaus plexippus) or a species 
of stinging wasp provide effective stimuli that quickly be­
come associated with the appearance of such insects. This 
kind of association together with the conditioned response 
relevant to it is also the basis for Müllerian mimicry, in 
which palatable insects and other animals evolve to resem­
ble noxious ones, thus enhancing their chances of survival.

Trial and error. In trial-and-error learning, an animal 
learns to behave in a particular way by associating some- 
thing it does with a desired effect. If a dog’s foot is lifted 
by the experimenter and food then given, the dog, after 
a few such trials, will spontaneously lift its foot in antic- 
ipation of food. Both classical conditioning (CR Type I) 
and trial-and-error learning (CR Type II) are termed asso- 
ciative learning, because in both cases an unconditioned 
response is associated with a conditioned stimulus. In 
natural situations an animal probably learns to associate 
certain spontaneous activity of its own with certain desired 
results, thus fixing the conditioned stimulus and response. 
Learning of this type often occurs when animals modify 
their behaviour during appetitive sequences such as those 
involving feeding and mating.

Latent learning. Latent learning is the association of 
indifferent stimuli or situations with one another with­
out reward. The phenomenon is clearly exemplified in 
exploratory behaviour. Animals finding themselves in un- 
familiar environments or among unfamiliar objects, but in 
familiär surroundings, show exploratory behaviour. The

animal uses its sense organs on all that is novel, shows 
much ambivalence between approach and avoidance, and, 
finally, as the hesitancy to approach wanes, will test the 
novelty. A mammal may, at this point, sniff, nudge, or 
handle a stränge object; a bird may peck at it. The first 
contact often results in abrupt avoidance, but, typically, 
the object or Situation is, at last, thoroughly explored and 
finally abandoned if neutral. A mouse sniffs and pokes 
about most of a new environment. A bird, having sight 
and hearing, rather than smell and touch, as dominant 
sensory modalities does not have to occupy physically as 
much of a novel environment. Instead, it places itself suc- 
cessively at several vantage points and then carefully peers 
about and listens.

Subsequent behaviours of an animal can reveal that it 
has learned much about its environment during such an 
exploratory phase. It may learn, for example, the physical 
features of the environment and their spatial relationships 
to one another, the location of food and water, and the 
location of places safe from predators. Animals apparent- 
ly learn all of these things early in their exposure to an 
environment, even though the information acquired may 
become significant only at some time in the future. The 
learning takes place without being associated with imme­
diate reward (unlike that in conditioned response Types I 
and II) unless a need to know is postulated as a kind of 
immediate self-reward.

Insight learning. Insight learning is believed to be an 
advanced type of learning. Insight involves the spon­
taneous combination of a number of isolated experiences; 
the result is a new experience that is effective for gaining 
a desired result. Humans are able to exercise insight; it is 
extremely difficult, however, to identify such behaviour in 
most other animals. Animals are believed to use insight 
when they solve a problem too rapidly for normal trial 
and error to occur. It is possible that such an animal 
is carrying out trials in its brain; this implies reasoning 
ability. The higher primates are probably capable of in­
sight learning at times, but further down the phylogenetic 
scale the evidence of such learning becomes progressively 
less conclusive.

Chimpanzees, to get food out of reach, will pile boxes to 
make a stand for themselves or will fit sticks together to 
knock the food down. These Solutions may come quick- Insight in 
ly, an obvious result of prior experience (latent learning). chimpan- 
Much trial-and-error learning is demonstrated, however, zees 
when they actually pile boxes or fit sticks together. In 
humans, insight is probably often aided by latent learning 
and trial and error.

Imprinting. Imprinting, a learning process observed in 
young birds and mammals, is the identification of an an­
imal with another animal. Normally, it is a relationship 
between members of the same species, but it can occur, 
for example, between a bird and a human. Imprinting can 
take place only during a particular period of the animal’s 
development—a time span that is specific for each species.

In 1935 the Austrian ethologist Konrad Lorenz first ob­
served the process in ducklings and goslings. After goslings 
hatch and become dry, they follow their parents. The 
adults provide warmth, safety, and shelter and bring the 
goslings food. The more uncomfortable a gosling becomes 
{e.g., cold, frightened, hungry), the more intensely it fol­
lows. If goslings are reared by a human, they become 
imprinted to humans; thus, they ignore geese.

The development of this response occurs during a sensi­
tive period, before and after which the response cannot be 
learned; if the response is not acquired during the sensitive 
period, it will never occur. Zebra finches that are isolated 
from their own species before they are 35 days old are 
never able to distinguish males and females of their own 
species. This is because their sensitive period for imprint­
ing occurs before they are 35 days old.
The duration and time of onset of the sensitive period 

depend on the species and on the type of behaviour in­
volved. Some animals imprinted to animals of another 
species will mate with members of their own species but, if 
given a choice, will prefer the animal to which they have 
been imprinted. Many species refuse social contact with 
any animal except the one to which they are imprinted.
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Male golden pheasants (Chrysolophus pictus) imprinted 
to humans will court females of their own species but 
immediately transfer this behaviour to a human, should 
one appear. The same is true for budgerigars (Melopsitta- 
cus undulatus) and turkeys (Meleagris gallopavö). Mallard 
ducks imprinted to humans, on the other hand, will not 
associate with members of their own species (conspecifics) 
and will continue throughout their lives to treat humans 
as conspecifics. Imprinting is fixed for life, in contrast to 
other types of learning, in which forgetting is common. 
Imprinting of motor pattems, such as birdsong, also oc­
curs. Exposure to a particular birdsong may be relatively 
brief and still be permanently fixed in the bird’s memory. 
Chaffinches (Fringilla coelebs) learn their songs during the 
first 13 months of life, although they do not sing until 
nearly a year later. A 12-day-old nightingale (Erithacus 
megarhynchos) was kept in the same room with a singing 
black-capped warbler (Sylvia atricapilla) for about one 
week. The following spring the nightingale sang a typical 
black-capped warbler song.

Little is known about imprinting in mammals, but 
hoofed animals, such as sheep and horses, that are im­
printed to man express this response by following him 
about. Dogs from four to six weeks old develop normal 
social responses to dogs or to another species such as man. 

Imprinting Imprinting apparently also occurs in humans. An infant 
in man deprived of its mother for a short period during its first 

year may develop serious mental retardation. A Separation 
of several months—particularly during the seventh to the 
12th month—will frequently result in irreparable damage; 
under such conditions, death may result.

PLAY BEHAVIOUR AND CURIOSITY BEHAVIOUR

Play and curiosity are exhibited by many mammals and 
by some birds and figure importantly in the learning of 
numerous activities. Play is especially characteristic of 
young animals, but the adults of many species also engage 
in it. Spontaneous curiosity, in which the animal actively 
seeks out novel situations for exploration, is exhibited by 
the young of mammals and some birds; indeed, they seem 
to be under the compulsion of some drive to do so. Car- 
nivores and primates exhibit more curiosity than rodents, 
which gnaw novel objects and may hoard them. Monkeys 
inspect and manipulate such objects.

The curiosity drive implements the development of new 
motor skills and ensures the acquisition of new percep- 
tual impressions, thereby resulting in new knowledge. The 
only reward, however, seems to be the performance of the 
activities themselves. Rhesus monkeys will learn a puzzle 
game without any reward except its successful solution. 
Among rats, it has been observed that the nerve cells in 
the lateral hypothalamus and preoptic regions of the brain 
are more active in those rats that explore. Electrica! Stimu­
lation of these brain areas is rewarding to rats, and they 
will learn to press a lever that activates this Stimulation.

Such curiosity behaviour seems linked to play behaviour. 
Play is difficult to define; it is usually easy, however, to 
distinguish a playing animal from one that is seriously 
occupied. An animal plays only when it is satiated and 
not preoccupied with other tasks. Play seems not to be 
dictated by immediate need but is extremely important in 
behavioral development. Only animals that spontaneously 
seek new situations on their own initiative play in the 
true sense. Invertebrates, fish, and amphibians do not 
seem to play. The taxonomie distribution of play among 
mammals and birds suggests that play is related to learn­
ing. Play involves interactions with the environment; this 
leads to the acquisition of knowledge about environmental 
features, including Information about conspecifics and the 
animal’s own possibilities of movement. Play behaviour 
occurs only at particular times; progression to a second 
play activity takes place only after a certain level of skill 
has been achieved in the first.

Mock Much play appears to be fighting or fleeing behaviour,
fighting and usually it is easily identified as such. An animal that 
and fleeing is play escaping or play attacking does not actually escape 

or attack. A rodent play fleeing into a hole, for example, 
quickly reappears. If a rodent’s flight is truly an effbrt 
to escape, it reappears only after a much longer interval.

Play-fleeing animals often reverse roles quickly, and the 
pursuer becomes the pursued. Threat behaviour that is 
associated with real attack is missing, and there is strong 
reluctance to bite. Play tends to be highly repetitive. A dog 
may retrieve a stick many times or play fight until it is 
exhausted or until a more interesting activity distracts it.
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Figure 5: Young chim panzees exhibiting mock fighting 
behaviour.

Such play behaviour could mistakenly be postulated as 
the performance of immature instinctive activities. In 
many instances, however, this is known not to be the case.
Much playful behaviour occurs at a time in an animaFs 
life when it is fully capable of serious activity. Play also 
involves the use of species-typical patterns of behaviour in 
various sequences that do not occur in serious activity.

MODIFICATION OF INSTINCTIVE 
BEHAVIOUR BY EXPERIENCE

Behaviours based on both instinct and learning are com­
monly intercalated into functional wholes. In the peach- 
faced lovebird, for example, the cutting of nest-material 
strips is partly instinctive and partly the result of expe­
rience. The propensity for cutting is instinctive. This in­
cludes punching holes in the sheet of material from which 
the strips are fashioned and a “knowledge” of the proper 
width, length, and straightness of strips. The spacing of 
punch holes in such a manner as to form a strip is learned 
through experience. It is as if the animal has an instinctive 
picture in its central nervous system and persistently tries 
punching holes, in various relationships to one another, 
until the right pattern is made. The bird tends to repeat 
punching patterns that most closely approach the ideal 
and, thus, gradually, through progressively more satisfying 
feedbacks, approach the definitive functional technique 
of cutting strips. Idiosyncratic techniques develop—some 
birds stand on the sheet while cutting, and others stand 
off the sheet; some cut to the left, others to the right, and 
still others cut in various combinations of these directions.
Birds developing their techniques try all of the directions 
and places of standing but gradually act with less and less 
Variation. They do not need to observe experienced birds 
in order to develop a technique. The stimuli necessary 
for learning response are intrinsic to the birds’ individu­
al activities.

If a meadowlark (Sturnella magna) is exposed to an 
alien song during its sensitive period for learning song, it Song 
will learn the alien song. Meadowlarks, then, learn their learning 
species-typical songs rather than inherit the capacity for 
particular melodies. But, if they are exposed during the 
sensitive period to alien songs along with meadowlark 
songs, they will learn only the normal species-typical song.
Although the song must be learned, the bird instinctively 
learns the species-typical song if there is a choice. The 
bullfinch (Pyrrhula pyrrhula) instinctively learns the male 
parent’s song rather than the species-typical song. Bull- 
finches raised by foster parents of another species will 
learn the song of the male foster parent, even though the
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normal bullfinch song is also audible to it during the same 
period. In both types of song acquisition, learned and 
instinctive elements combine in the development of the 
species-typical song. Some species, however, do not learn 
their songs and do not need the experience of hearing oth­
ers sing during their development. Different vocalizations 
in the same species are commonly acquired in more than 
one way. Some are purely instinctive; others are learned.
The behaviour of an individual animal is the result of 

a genotype that has developed over millions of years of 
evolution—a genotype that also permits a certain degree 
of variability through experience.

Hormonal and nervous control of behaviour
INTERACTION OF ENDOCRINE AND NERVOUS SYSTEMS

Physiological changes within an animal are largely the di­
rect or indirect result of nervous and endocrine (hormonal) 
changes and their interactions. These changing States are 
also responsible for a changing responsiveness to internal 
and external environmental stimuli.

^euro- The endocrine system and the nervous system are prob- 
»ecretion ably of equal evolutionary age; the two systems may be 

evolutionarily linked. Certain nerve cells, or neurons, that 
are highly modified produce substances that pass through 
the axons (threadlike extensions of neurons) and into the 
bloodstream. These neurosecretory cells are sometimes 
clustered, forming glands that have connections with both 
the nervous system and the bloodstream. The endocrine 
glands are similarly distributed. Some may have evolved 
from clusters of neurosecretory cells. The vertebrate pitui- 
tary gland has evolved as a fusion between neural tissue 
and epithelial tissue (the lining, or covering, of organs) and 
is intimately associated with the hypothalamus, a ventral 
portion of the brain. The pituitary may be regarded as 
a master gland that regulates, with its secretions, all the 
other endocrine glands. The nervous system, in turn, has 
a regulatory effect upon the pituitary, which may also be 
influenced by feedback effects stemming from the secre­
tions of other endocrine glands. This relationship permits 
the outside and inside environments to exert influences on 
the endocrine system. Seasonal changes in day length, for 
example, influence the nervous system by means of visual 
stimuli. The endocrine system is then activated through 
Stimulation of the pituitary gland by the hypothalamus; 
the pituitary, in turn, secretes hormones appropriate to the 
most adaptive response. The ultimate effect of a seasonal 
change in day length may be migration or reproduction 
(see ENDOCRINE SYSTEMS).
The nervous system and the endocrine system interact 

with and complement each other. The nervous system 
sends Information with great speed but of short duration 
along its pathways. lts messages can change rapidly. Hor­
mones, secreted by the endocrine system into the blood­
stream, travel much more slowly than nervous inpulses. 
The endocrine system can keep a message constantly avail­
able for many months if necessary. The nervous system 
generally affects only muscles and glands, but hormones 
can reach every cell in the body. Adrenaline is a hormone 
that acts with relative speed. It is secreted by the two adre- 
nal glands,\ which are attached to the kidneys. The adrenals 
consist of two portions that differ from one another both 
in origin and in function. The inner portion is the adrenal 
medulla, and the outer portion is the adrenal cortex. Dur­
ing stress, such as occurs in fighting, mating, and fear, the 
adrenal medulla is stimulated by the autonomie nervous 
system to release adrenaline into the bloodstream. Some 
of the changes that occur throughout the body under the 
stimulus of adrenaline include hair erection, sweating, and 
acceleration of heartbeat and breathing; adrenaline also 
causes the blood to be diverted from the digestive tract to 
the muscles. All of these changes, and others, help pre­
pare the animal for extreme effort. During brief stressful 
periods the bloodstream is quickly flushed with adrena­
line, but the hormone is quickly dissipated. If the stress 
Situation persists, other events take place—the adrenal 
cortex becomes involved, and its hormones are released. 
The cortex, unlike the medulla, is not under direct ner­
vous control but is stimulated by another hormone, the

adrenocorticotropic hormone, or a c t h , produced by the a c t h  
pituitary gland. Prolonged stress stimulates cells in the hy­
pothalamus, which, in turn, stimulates the pituitary gland 
to produce a c t h . The cortical hormones in turn stimu­
late various responses to prolonged stress. Some of these 
responses are concerned with the metabolism of glucose, 
a sugar that may be associated with the utilization of food 
reserves. The effects of cortical hormones are, in any case, 
profound, and continuing stress will result in enlargement 
of the adrenal cortex, which leads to increased production 
of the cortical hormones. Chronic stress may cause severe 
illness and even death. It has been shown that rats con- 
fined to the territories of other rats will die as the result 
of overproduction of cortical hormones in response to the 
stressful Situation. Stress as a result of overcrowding may 
also cause death in animals. Such stress may, in fact, be 
the cause of a decline in numbers of mice after they have 
reached a certain population level in a given area.

SEX HORMONES

The pituitary hormones that have a direct effect upon re­
productive behaviour are the follicle-stimulating hormone 
(f s h ), the luteinizing hormone (l h ), and prolactin (lacto- 
genic hormone or luteotropic hormone). f sh  and l h  are 
called gonadotropins because they stimulate the gonads 
(ovaries and testes) to produce germ cells and gonadal 
tissue; gonadal tissue, in turn, secretes other hormones.
Prolactin has a variety of effects. In different species of 
vertebrates, prolactin affects different target organs. In 
female mammals, for example, it stimulates growth of the 
mammary glands and the secretion of milk. It also stimu­
lates the corpora lutea—glandular bodies of the ovary— 
causing them to produce another hormone, progesterone.
In pigeons and doves, prolactin causes the characteristic 
modification of the erop (stomach) associated with the 
production of so-called pigeon’s milk—a soft white sub­
stance that is passed from the mouth of the adult pigeon 
to that of the young. A slow change of colour in some fish 
is caused by the influence of prolactin on pigment cells.
(Rapid colour changes are under nervous control.)

The gonads secrete hormones from special cells when 
stimulated by f sh  and l h  from the pituitary gland. Col- 
lectively, the female hormones are termed estrogens, and 
the male hormones are called androgens. Both andro- 
gens and estrogens belong to a Chemical group known as 
steroids. All steroids have closely related Chemical struc­
tures; the different vertebrate groups have slightly different 
steroid hormones that seem to be largely interchangeable 
in function. Removal of the testes or ovaries (castration) Effect of 
in vertebrates causes profound changes in behaviour and castration 
structure, especially if done early in life. Among many in­
vertebrates castration has no such profound consequences.
Apparently, therefore, only in the vertebrates are the go­
nads important endocrine organs.
Androgens and estrogens control the development of 

the secondary sexual characteristics; they also effect the 
production of eggs and sperm from the gonads. Second­
ary sexual characteristics tend to be relatively permanent 
throughout life, but many are temporary, occurring only 
during the breeding season. Examples of temporary char­
acteristics include the special breeding plumages and songs 
of many birds, the antlers of deer, colour changes in some 
fish, and all the behaviour associated with the formation 
of fertilized eggs (zygotes).

Progesterone, the production of which is stimulated by 
prolactin, is produced in mammals by the ovary. After an 
egg is shed, the empty follicle enlarges, forming the corpus 
luteum, a conspicuous yellowish structure, which secretes 
progesterone; progesterone, in turn, stimulates changes 
in the uterus preparatory to its receiving the fertilized 
egg. Progesterone also inhibits the contraction of uterine 
muscles. The females of other vertebrate groups produce 
structures similar to the corpora lutea of mammals. Birds, 
which have rather inconspicuous corpora lutea, also pro­
duce progesterone.

The amount of any hormone normally present in the 
bloodstream is minute. Artificially high levels often have 
marked effects; the introduction of massive doses of tes- 
tosterone into females, for example, causes male sexual
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behaviour. It will also cause female sexual behaviour in 
both sexes, in which case testosterone may be acting as a 
general stimulant.

Sometimes a massive dose of hormone has an effect 
opposite to the one expected. Female canaries (Serinus 
canarius) given overdoses of estrogen would be expected 
to show enhanced sensitivity of their brood patches (highly 
vascularized areas of skin in close contact with the eggs 
during incubation); instead, overdoses of estrogen may 
result in some desensitization of these areas.

It is tempting to conclude that the sex hormones have a 
direct effect on all the structures and behaviours concerned 
with the formation and nourishment of zygotes. Much is 
not known, however, about the hormonal control of be­
haviour. There may be feedback effects after the hormones 
have initiated a particular response; for instance, estrogen 
in conjunction with progesterone in some birds causes in­
creased thickening and vascularization of the brood-patch 
area. The target tissues in this case (skin, blood vessels, 
and feather follicles) all have a nerve supply, and feed­
back through them to other parts of the nervous system 
could initiate further behavioral modifications. Physiolog­
ical changes resulting from hormonal action may render 
an animal more or less responsive to its environment and 
thus modify its behaviour.

There is evidence that hormones directly affect behav­
iour by acting directly on neurons in the hypothalamus. 
If estrogen is injected into certain areas in the hypothala­
mus of castrated female cats, they develop strong estrous 
behaviour, even though the reproductive system remains 
underdeveloped.

Behavioral Behaviour may stimulate hormone production. Female 
Stimulation cats, rabbits, and some other mammals are “induced 
of ovulators.” In other words, copulation stimulates the hy-
hormone pothalamus via the nervous system, and the pituitary 
production gland is then stimulated to produce luteinizing hormones 

(lh), which in turn affects the ovaries. A few hours after 
copulation ovulation occurs at about the time the sperm 
have reached the upper levels of the reproductive tract; 
the germ cells meet, and fertilization takes place. In deer, 
sheep, and weasels, Stimulation of the pituitary gland (re­
sulting in the production of follicle-stimulating hormones 
[fsh]) is achieved when the animal senses a change in day 
length. The females of other mammal species (e.g., the 
house mouse [Mus musculus]) seem to have an internally 
based clock that periodically triggers the release of fsh 
regardless of environmental changes. They may still be 
influenced, however, by the presence of a male.
Complex interactions between hormones and behaviour 

are known to occur in birds. The sight of a courting male 
stimulates the release of fsh and lh in a female dove 
(Streptopelia risoria). Physical contact between the birds 
is not necessary for this response to take place.

NERVOUS SYSTEM AND BEHAVIOUR
The nervous system receives information about the exter­
nal environment through sensory receptors and about the 
internal environment through hormones, internal neural 
responses, and other physiological events. This informa­
tion, regardless of the source, is processed in the brain 
or spinal cord, and appropriate responses are initiated by 
outgoing (efferent) nerve impulses leading to muscles or 
glands.

There is much evidence to support the view that the cen­
tral nervous system (cns) is hierarchically organized. Its 
organization is thought to consist of a system of centres, 
each with the function of collecting stimuli and appro- 
priately redispatching them. Reproduction in the peach- 
faced lovebird depends first upon the activation in the 
proper sequence of a number of subordinate centres. These 
involve formation of a pair bond between a male and 
female; selection of a nest site; conduction of courtship; 
laying and incubating of eggs; and caring for the young. 
Nest building occurs throughout courtship, egg laying, in­
cubation, and care of the young.

Subordinate events such as those mentioned above con­
trol, in turn, other neurally controlled events. Nest build­
ing, for example, consists of various subordinate activities 
that have already been described. Each of these subor­

dinate activities also has subordinate activities. Tucking 
a strip of nesting material consists of several activities: 
simultaneously turning the head back over the rump, low­
ering the unfolded wing on the same side, and erecting 
the rump feathers; pushing the strip into the feathers, per- 
forming rapid hooking movements, which seem to func­
tion as an anchoring behaviour; releasing the strip; and, 
finally, simultaneously bringing the head, wing, and rump 
feathers back to the normal position.

It has been proposed that the smallest irreducible neu- 
romuscular coordinations of an activity be thought of as 
acts. Each species is capable of performing a finite num­
ber of acts, and these are combined in various ways to 
produce all the behaviours of which an animal is capable.
Each act is thought to have an act centre in the cns.
The act centres are subordinate to the behavioral centres, Act centres 
which coordinate them; behavioral centres are, in turn, in central 
subordinate to their initiating and coordinating centres nervous 
and so on. The term centre in each case refers to a func- system 
tional rather than to an anatomical locus. Portions of the 
cns responsible for mediating a given response may be 
quite diffuse anatomically; typically, there may be much 
redundancy—a condition that frequently enables an ani­
mal to regain normal behaviour following damage to the 
cns. Brain tissue, however, does not regenerate.
Detailed implementation of various subordinate activities 

may depend upon the details of environmental feedback, 
as in the taxis components of many fixed action patterns 
(see above Fixed action patterns). Such detailed imple­
mentation may also depend upon long-term changes in 
behaviour that result from experience. Various releasing 
mechanisms may also be altered as a result of experience, 
as may the significance of various environmental stimuli.
Experience may therefore exert modifying effects upon the 
input of information, its mediation in the cns, and the 
details of its implementation through muscle coordination 
and glandular activity. These experiential effects may be 
of long or brief duration.

For many years the classical reflex was thought to explain 
adequately the mechanism of various behaviours. Such a 
reflex consists, in its simplest form, of an afferent neuron 
carrying information to the cns, excitation then being car- 
ried to an effector (muscle or gland) via an efferent neuron.
Intermediate neurons often occur between the afferent 
and efferent neurons. This entire mechanism is termed a Reflex arc 
reflex arc. In certain reflexes, the excitations activate the 
same muscles or glands from which the stimuli originate 
(monosynaptic reflexes). Most reflexes have intermediate 
neurons, and the Stimulation of a single receptor may ac­
tivate many effectors; similarly, the Stimulation of many 
receptors may activate but a single effector. Chain reflexes 
occur as a result of one reflex triggering another. Addi­
tional reflex arcs may become established as a result of 
experience (conditioned reflexes), and some reflexes are 
thought to have facilitatory or inhibitory effects on others.
It is  n o w  k n o w n  th a t n o t  all b eh a v io u rs  are th e  re­

su lt o f  afferent im p u lses . Early in  th e  2 0 th  Century it 
w as fo u n d  th a t ca ts ’ leg  m u sc le s  w ith  all afferent n erves  
rem o v ed  still d em o n stra te  rh y th m ic  m o v e m e n t . A fferent 
im p u lses  are n o t n ecessary  for co o rd in a ted  respon se; th e  
sw im m in g  m o v e m e n ts  o f  ee ls  an d  o th er  fish , th e  craw lin g  
o f  earth w orm s, an d  th e  fly in g  m o v e m e n ts  o f  grasshopp ers  
are s o m e  ex a m p le s . It is  n o w  k n o w n  th a t sp o n ta n eo u sly  
g en era ted  S tim u la tion  o f  th e  cen tra l n erv o u s  System  in i-  
tia tes  an d  C ontrols m u ch  b eh av iou r.

The evolutionarily older portions of the cns, such as 
the spinal cord and the medulla and hypothalamus of the 
brain, seem to be concerned mainly with inborn behav­
iour such as heartbeat, breathing, and reflexes and with 
instinctive behaviour. The evolutionarily newer portions 
of the brain, such as the cerebrum of mammals, seem to 
be concerned either with new behaviours resulting from 
experience or with the modification of inborn behaviours.
The conspicuous cerebrum of mammals often comprises a 
major portion of the brain. Although it is generally accept­
ed that mammals, as a dass of vertebrates, are the most 
intelligent of all animals, many birds seem to be capable 
of greater modification of behaviour through experience 
than are some mammals. Many other vertebrates, such
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as certain reptiles and fish, are capable of learning new 
behaviours rather easily. It was long believed that, because 
birds and other nonmammalian vertebrates have little or 
no discernible cerebral tissue, their behaviours were in­
stinctive. It is now known, however, that such animals

are often capable of much behavioral modification as a 
result of experience and that some other portion of the 
brain must be involved. Different portions of the brain in 
different animal groups seem to have been selected for the 
development of learning ability. (W.C.Di.)

UNLEARNED BEHAVIORAL REACTIONS
Stereotyped response

A stereo ty p ed  resp o n se  m a y  be d e fin ed  as an  un learn ed  
b eh a v io ra l reaction  of an  organ ism  to  so m e  e n v ir o n m e n ­
tal Stim ulu s. It is an  ad a p tiv e  m e c h a n ism  an d  m a y  be  
ex p ressed  in  a variety  of w ays. All l iv in g  o rgan ism s exh ib it  
o n e  or  m o re  ty p es  of stereo typ ed  resp on se .

GENERAL CONSIPERATIONS

The capacity for unlearned behaviour is genetically deter­
mined in much the same sense as are the position, size, 
shape, and function of organs. Like structural features, 
stereotyped responses are the result of a continuing pro­
cess of evolutionary modification and refinement. Those 
actions that most successfully aid the animal or plant 
in its basic drives (e.g., reproduction, search for nourish- 
ment, escape from predators) are the ones most likely to 
be retained in succeeding generations. As environmental 
conditions change, inherently determined responses also 
become modified in order to ensure continuation of the 
species.

The problems that arise in the study of stereotyped 
responses are many and varied. Particular responses in 
animals do not readily lend themselves to identification in 
highly evolved forms because learned behaviour patterns 
obscure the underlying unlearned behaviour; in addition, 
stereotyped responses provide the building blocks of in­
stinctive behaviour, the complexity of which may obscure 
the integral parts (see below Instinctive behaviour). In 
lower animals, just as in plants, in which learned behaviour 
is absent or nil, the analysis of behavioral mechanisms is 
limited by the fact that many of the most fundamental 
cell processes are not well understood.
Animal behaviour, as a branch of psychology, repre­

sents a confluence between the disciplines of ethology 
and comparative psychology. Most of the pioneer work 
in stereotyped responses of animals was done by ethol- 
ogists. During the first half of the 20th Century, when 
much of the groundwork in experimental psychology was 
laid, ethologists (who were for the most part European) 
concerned themselves with behaviour in insects, fishes, 
and birds and were particularly interested in the evolu­
tion of instinct. The comparative psychologists during this 
formative period were mostly Americans. They studied 
primarily behaviour in common laboratory animals such 
as guinea pigs, mice, rats, and monkeys, and their interest 
tended to focus on environmental influences on behaviour 
as opposed to genetic influences. Since the 1950s, psychol­
ogists in general have recognized that both environmental 
and genetic factors play essential roles in any biological 
phenomenon. As a consequence of the separate develop­
ment of ethology and comparative psychology, however, 
some difficulties have arisen in the use of terminology. 
The German-American biologist Jacques Loeb applied the 
term tropism to all oriented movements of organisms, 
and he proposed that all behaviour is composed of trop- 
isms. Subsequently, to avoid confusion, the terms taxes 
(singulär: taxis) and kineses were introduced by other in- 
vestigators to refer to animal responses other than those 
of sedentary, plantlike forms. The terms also have been 
applied to certain plant movements. Although a variety of 
discrete stereotyped response movements occur in plants, 
particularly in higher forms such as flowering plants, these 
autonomous movements usually occur too slowly to per- 
mit detection by casual Observation. That movements of 
plants or plant organs actually take place can be strikingly 
demonstrated by time-lapse photography, in which single 
photographs are taken at regulär intervals as brief as sec- 
onds or as long as several days or more. The photographs

are then compared or viewed in rapid sequence as a mo- 
tion picture.

TYPES OF STEREOTYPED RESPONSES

Stereotyped response in animals may be separated into 
the following four categories: unorganized or poorly or­
ganized response, reflex movements of a particular part 
of an organism, reflex-like activity of an entire organism, 
and instinct.

Unorganized or poorly organized responses are given by 
early embryos or by animals (such as sponges) that lack 
nervous systems.

Reflex. Reflexes proper, or reflex-arc movements, in­
clude responses such as the immediate withdrawal of the 
hand on touching a hot surface. The basic components 
of the reflex arc are the receptor, or sensory-nerve cell, 
which senses the stimulus, and the affector, the nerve cell 
that directly activates the muscle. These are a theoretical 
minimum rather than an observed functional arrangement 
of cells in the body of an animal (see below Varieties o f 
instinctive behaviour).
Reflex-like activities. Reflex-like activities of entire or­

ganisms may be unoriented or oriented. Unoriented re­
sponses include kineses—undirected speeding or slowing 
of the rate of locomotion or frequency of change from rest 
to movement (orthokinesis) or of frequency or amount 
of turning of the whole animal (klinokinesis), the speed 
of frequency depending on the intensity of Stimulation. 
Examples of orthokinesis are seen in lampreys, which are

From J.P. Scott, Animal Behavior, © 1958 by the University of Chicago; all rights reserved

light

Figure 6: Klinotaxis in Euglena. As the animal swim s in a 
spiral, the single eyespot at its front end swings in a circle. 
Euglena gradually Orients itself so that the eyespot continues 
to receive even illumination.

Ortho­
kinesis and 
klinoki­
nesis
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more active in high intensities of light, and in cockroaches, 
which are more active in low intensities; flatworms and 
many fly larvae, among other invertebrates, show orthoki­
nesis. Klinokinesis is well demonstrated by the movements 
of the wood louse (Porcellio scaber). When wood lice are 
placed in dry air, they crawl about actively but without 
direction until they become gradually dehydrated. When 
the lice are placed in humid air, they move at first, but 
any activity they exhibited soon ceases and they become 
quiet. Wood lice placed in a container with dry air at one 
end and humid air at the other gradually congregate at the 
humid end. This transfer is achieved through apparently 
random rather than directed movements.
Oriented reflex activities of entire organisms include 

tropisms, taxes, and Orientations at an angle. Tropisms in 
animals are those directed growth-curvature movements of 
sessile (i.e., sedentary) forms that lead to equal intensities 
of Stimulation of symmetrically placed body parts. These 
movements are demonstrated by hydroid animals such as 
Eudendrium.

Taxes. Taxes may be described as oriented locomotory 
reactions of motile organisms. They exist in purest form 
as oriented, forced movements; that is, as reflex actions 
of entire organisms. When exposed to a single source of 
Stimulation, the body is oriented in line with the source. 
Movement toward the source is said to be positive; that 
away from it is negative.

Klinotaxis is the achievement of Orientation by alternate 
lateral movements of part or all of a body; there appears to 
occur a comparison of intensities of Stimulation between 
one position and another and a “choice” between them. 
Klinotaxis is shown by animals with a single intensity 
receptor such as the protozoan Euglena, earthworms, and 
fly larvae. For several days before going into the pupal 
(or resting) state, the blow fly maggot tends to move 
away from a light source. As it crawls, it swings its head 
altemately left and right. Presumably a light receptor is 
located on the maggot’s head, and differences in intensity 
between successive light stimuli as it moves its head deter- 
mine the direction in which the maggot travels. This type

From N. Tinbergen, The Study of Instinct; The Clarendon Press, Oxford

Figure 7: Klinotaxis in blow fly maggot. The maggot 
expands to A, contracts to B, expands to C , etc., with the 
light M on. At D, M is put out and N put on. The lateral 
movement to E is som ewhat larger than A; the next one, 
G , increases the light falling on the receptors and is 
corrected by a sw ing over to H.

of response is given more commonly to Chemical stimuli 
than to light.
In tropotaxis, attainment of Orientation is direct, result­

ing from tuming toward the less stimulated (negative) or 
more stimulated (positive) side as simultaneous, automat­
ic comparisons of intensities on two sides of the body 
are made. No deviations (trial movements) are required. 
Tropotaxis is shown by animals with paired intensity 
receptors. If exposed to Stimulation from two sources, Or­
ientation is to some intermediate point and is determined 
by the relative intensity of the sources. If one receptor 
is effectively covered, the animal moves in spirals (circus 
movement). Tropotaxis is shown by many arthropods, 
especially insects.

In telotaxis, known only for responses to light, attain­
ment of orientation is direct and without trial movements. 
When between lights from two sources, the animal Or­
ients to one light, rather than to some intermediate point. 
The animal switches orientation from one source to the 
other at unpredictable intervals and consequently follows 
a zigzag course. The response is given to the source as 
though it were a goal. Bilateral balance is not necessary, 
and circus movements, if they occur, demonstrate that the 
animal is reacting tropotactically rather than telotactically. 
Honeybees (Apis) and hermit crabs (Eupagurus), among 
others, show telotaxis.

Orientations at an angle (transverse Orientations) may or 
may not be accompanied by locomotion. They include 
the light-compass reaction (menotaxis) and dorsal (or ven­
tral) transverse reaction. Menotaxis is shown by foraging 
insects such as ants and bees that retum to a fixed nest. It 
has been demonstrated experimentally by covering for 2 l/i 
hours an ant retuming to its nest. After being uncovered, 
the ant proceeds not toward the nest but at the same angle 
to the Sun that it had been moving at the time it was 
hidden from the light.

In another demonstration of menotaxis, the sea slug 
Elysia viridis has been shown to move at angles of from 
45° to 135° in relation to a steady source of light. No 
satisfactory explanation for this type of response in the sea 
slug is known.

Dorsal (or ventral) transverse reaction is demonstrated 
when the impact of the stimulus is kept at right angles 
to both longitudinal and transverse axes of the body. Lo­
comotion need not occur. This reaction is given to light 
by various aquatic crustaceans—Argulus, the fish louse, 
and Artemia, the brine shrimp—and is given to gravity by 
crayfish. (Ed.)

Instinctive behaviour

The concept of instinct has come to refer to complex 
unlearned behaviour that is recognizable and predictable 
in at least one sex of a species.

CHARACTERISTICS OF INSTINCTIVE BEHAVIOUR
Heritability. Instinctive behaviour is largely heritable. 

Many of the activities of a species of animal are sufficiently 
constant and predictable to serve as specific characteristics 
in the same way, and often to the same degree, as do 
bodily structures. Examples of such heritable traits include 
the display movements of birds (e.g., peacocks), the web- 
spinning movements of Spiders, the burrowing habits of 
marine worms, the prey-catching techniques of weasels or 
wolves, the food-hoarding movements of squirrels, and 
the browsing methods of antelope.

The genetic or inherited nature of instinctive behaviour 
is particularly evident in aggressive and submissive sex­
ual behaviour and in fighting of various kinds. Other 
instinctive activities of this kind serve nutrition, includ­
ing methods of obtaining and eating food; care of the 
body surface, including cleaning, grooming, and scratching 
movements; escape from predators, including methods of 
concealment, freezing or “playing dead,” and taking flight; 
social behaviour, including ways of responding to others 
both sexually and regardless of sex; and sleep, including 
the rhythms of rest and wakefulness and bodily positions 
assumed in sleep,

Many of these relatively fixed, species-characteristic types

Dorsal
transverse
action
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of behaviour appear to be primarily inherited; at first 
sight, at least, they may seem little influenced by the 
particular experiences of the individual animal. But much 
instinctive behaviour as, for example, playing or explor- 
ing, is, nevertheless, modifiable, and the detailed form of 
the action taken may vary according to the circumstances 
of the moment and the individual experience previously 
encountered.

Complexity of pattern. Instinctive activity is not usually 
a limited response to a simple stimulus but rather is a 
sequence of behaviour that runs a predictable course; for 
example, nest-building behaviour that shows a patterned 
sequence of acts among many birds and some fishes. 
Many of these actions are far from being either simple 
or brief. Extraordinary elaboration may be found, and, 
although some instinctive behaviours may be complete in 
seconds, others may take minutes, hours, or days.

Adaptive function. Since instinctive behaviour is as- 
sumed to be genetically based and therefore shaped by 
the pressures of natural selection, it follows that most of 
the consequences of instinctive activity contribute to the 
preservation of an individual or to the continuity of the 
species; that is, instinctive activity tends to be adaptive, 
contributing to the animal’s ability to reach maturity 
and to breed.

Stability under external change. Ideally, instinctive be­
haviour seems not to depend on learning or practice (see 
learning, animal) but to emerge in full complexity with­
out rehearsal when appropriate stimuli or circumstances 
are encountered. Often, such stimuli do not guide or mold 
the instinctive behaviour but seem simply to trigger or 
release it. This characteristic gives instinct the appearance 
of driving the animal endogenously (from within); the 
quality of instinctive activity thus appears to depend only 
secondarily on exogenous (external) Stimulation.

Experiments in which an animal is raised in a very limited 
environment (perhaps in isolation, as when a songbird is 
kept alone in a soundproofed chamber from the moment 

[nstinct of hatching) may indicate the extent to which behaviour is
md spontaneous (or endogenous) or is governed (or triggered)
earning by external circumstances. Rather than seeking to distin- 

guish sharply between instinct and learning, however, it 
may be more useful to assess the degree to which a given 
item of behaviour is environmentally stable or unstable 
(labile). Indeed, aspects of behaviour of a single species 
may differ greatly in this respect; thus, the nesting activity, 
calls of alarm, and courting behaviour of birds may be 
extraordinarily constant under varying conditions. On the 
other hand, food seeking and feeding may be extremely 
labile (or susceptible to learning), so that geographically 
disparate groups of individuals belonging to the same 
species may have very different feeding habits.

VARIETIES OF INSTINCTIVE BEHAVIOUR
No animal is ever completely isolated from some kind of 
environment; even in the egg or in the womb it is exposed 
to environmental variations just as it is after hatching or 
birth. There is, nevertheless, a sharp distinction between 
the egg or uterus phase and the free-living, active, sensing 
animal exposed to environmental stimuli of great diver- 
sity. In the case of the egg of an insect enclosed in a 
largely impervious shell or of a parasitic worm similarly 
isolated by an impermeable cyst wall, isolation from the 
environment may be so great that the animal undergoes 
little more than changes of temperature and oxygen sup­
ply. Thus, when such an animal emerges from its egg or 
cyst, the details of its structure and behaviour would seem 
maximally attributable to the genetic proteins in its cells; 
that is, its behaviour appears to be as much inherited as 
is its bodily structure. This sort of behaviour is environ­
mentally so stable that it is naturally and quite reasonably 
given the label instinctive.

Reflex activity. A variety of what may be called simple 
instinctive behaviour has long been known as reflex action. 
When this term was introduced, it meant the simple and 
almost invariable response of a simple organ system (e.g., 
a single muscle) to a simple stimulus, such as a touch or a 
flash of light. In its most elementary versions, this activity 
has been seen as the function of an idealized mechanism

that has been called the reflex arc. The primary compo­
nents of the reflex arc have been identified as the sensory- 
nerve cell (or receptor) that receives the Stimulation, in 
turn connecting (hence the term arc) to another nerve cell 
that activates the muscle cell (or effector).

Although such a reflex arc might be the simplest imag- 
inable mechanism for inflexibly automatic behaviour, it 
is, as noted above, a theoretical minimum rather than an 
actually observed functional arrangement of cells in the 
body of the animal; nevertheless, a mechanism but little 
more complicated than this helps to account for the loco­
motion of such animals as millipedes. In some insects, for 
example, the stepping movement of one limb or muscle 
provides stimuli that set off another limb or muscle on a 
similar course of movement, providing a kind of feedback 
system or chain of reflex arc activities. In most cases 
of this sort, however, the basic physiological mechanism 
is more complicated than the simple arc theory would 
suggest. Additional nerve cells capable of communicating 
with other parts of the body (beyond the receptor and 
effector) are invariably present in reflex circuits. Such 
Connections are what make possible the conditioning of 
reflex responses.
Among higher animals, and perhaps many others (such 

as insects), what once were thought to be chain reflexes are 
not Systems simply linked or chained together; they are Sys­
tems under the precise control of coordinated complexes 
of nerve cells in particular parts of the nervous system, 
such as the spinal cord and brain. Even without evidence 
of a chain of feedback (or reafferent) stimuli, performance 
may be smoothly integrated. This is well illustrated by the 
complex movements of swallowing in mammals; in the 
dog, for example, 11 separate muscles or muscular systems 
are found to discharge one after the other, precisely timed 
to a matter of milliseconds, and all under the control of 
the central nervous system (cns: brain and spinal cord).
Such complexes of precisely controlled movement, known 
as fixed action patterns (fap’s), are thought to form the 
hard core of the inborn movement forms of instincts. Consum- 
When such sequences of uniform stereotyped responses matory 
seem to constitute an end point or goal-directed climax of behaviour 
some sort, they are known as consummatory acts.

Fixed action patterns. Some male Spiders perform elab­
orate courtship actions that affect selectively females that 
are ready to respond sexually. The male, in testing for a 
receptive female, first stands out of reach and goes through 
elaborate precise gestures with limbs, pedipalps, and other 
body parts that are distinctively shaped or patterned in a 
manner characteristic of the species. Perhaps even more 
remarkable fap’s are found in the displays of male Ad­
dier crabs of the genus Uca, about 40 species of which 
are distributed over the Earth’s tropical ocean beaches.
One of the two claws is enormously enlarged, seemingly 
having been evolved primarily for sexual and aggressive 
displays, and its ritualistic gestures are quite characteristic

Adapted from A. Eibl-Eibesfeldt, Grundriss der vergleichenden Verhaltensforschung: Ethologie

Figure 8: Species-specific instinctive movements of the claws 
in courtship behaviour m ovements of fiddler crabs (Uca).
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of the species. The timing and form of movement are so 
invariable from one individual to another that an expert 
can distinguish by this alone the species of crab, whether 
it comes from the shores of Panama, Tahiti, or Bali.

There must be some very precise, built-in mechanism, 
presumably some integration of hormonal and nervous- 
system Controls, which ensures that each individual in a 
species exhibits the distinctive fap at the right speed, am­
plitude, and intensity. Beyond those noted for fiddler crabs 
and Spiders, innumerable examples of such instinctive pat­
tems are found among the elaborate display movements 
of many other animals, such as insects, fishes, and birds. 
Among the latter three groups, these movements also are 
part of the species Communications mechanism, serving to 
permit members of a species to distinguish the signals of 
their fellows and prospective mates from all other visual 
Stimuli. Thus, there is a system of instinctive perceptual 
abilities at least as complex as the inborn tendencies to 
exhibit patterns of motor behaviour. Likewise, the percep­
tual instincts are of primary importance for the survival 
of the species.

Modifiable action patterns. Some types of instinctive 
behaviour, while showing a rigid core of fixed action pat­
tem, are still modifiable by conditioning and other learning 
processes (see above). A good example is provided by the 
nestbuilding behaviour of many birds: after the breeding 
female has chosen a nest site, she finds and deposits sticks 
or twigs or pieces of grass there. A jackdaw (Corvus mon- 
edulä) or rook (C. frugilegus) standing on a potential nest 
locality with twigs held in its beak performs a down ward 
and sideward sweeping movement that brings the material 
into contact with the ledge or the branches on which the 
nest is to be built. The moment the twig or branch car- 
ried by the bird meets resistance, the sideways movements 
become more vigorous and merge into a series of quick 

Tremble trembling thnists (so-called tremble shoving). When the
shoving twig is in a position that offers even more resistance, the

efforts become more intense until the twig wedges fast. 
After this consummatory achievement the bird apparently 
loses interest in his activities for the moment.
An inexperienced jackdaw at first will try any objects 

small enough to be handled, even pieces of ice and the 
metal ends of small electric bulbs. None of these ever 
becomes lodged firmly enough by the tremble shoving to 
result in a stimulus that is sufficiently consummatory to 
ensure successful nest building. Such failure quickly ex- 
tinguishes the bird’s tendency to fetch inadequate objects; 
equally rapid positive conditioning is effected, and the 
jackdaw learns to be a twig connoisseur, coming to use 
only those that are just right in shape and flexibility. In- 
deed, it has been observed that the nests of entire groups 
of such birds are predominantly constructed of twigs and 
other pieces that are taken from only one kind of tree, 
even though there are other building materials that are 
readily available.

In contrast to jackdaws, many small songbirds do ap­
parently have an inborn tendency to select the kinds of 
materials that are appropriate for different phases o f nest 
construction. This innate predilection for suitable building 
materials has been shown dramatically among canaries 
reared in man-made nests of feit. Even though female ca­
naries thus reared have never encountered anything long 
and flexible before, when nest-building time comes, they 
can select materials appropriately. As soon as pieces of 
grass, bits of string, cotton, or any long flexible objects are 
placed in the cage, these female canaries display interest 
and, within seconds, carry the objects to the nest place and 
commence weaving movements. Once the proper state of 
construction has been reached, and not before, the birds 
display an innate tendency to line their nests with feathers, 
plucking out their own when no others are to be found.

A caged female canary long deprived of nesting material 
may take hold of one of its own feathers in its beak and, 
without detaching it, go through the motions of lining 
the nest with it again and again without, of course, actu­
ally lining the nest. Another striking example of complex 
nest building is found in the extraordinarily complicated 
movements and responses by which weaver birds build 
their elaborate hanging nests with such architectural fea­

tures as roof, egg chamber, antechamber, and entrance 
tunnel. Research has identified an elaborate system of 
relations among external stimuli, internal hormonal con­
ditions, neural function, and reproductive development 
in the behaviour of female canaries during the course of 
their breeding cycle. Evidence of an elaborate combination 
of innate physiological activity and individual experience 
also comes from studies concerning the development of 
songs and call notes among birds.

A young bird isolated from other members of its kind, or 
even more rigorously from all patterned auditory Stimula­
tion, produces an extremely limited, basic sound pattern. 
If the young bird is allowed to develop and sing along with 
other members of the species, however, the instinctive 
tendencies seem to be more fully realized through fine 
adjustments added by imitative leaming.

By courtesy of N!E. Collias and E .C . Collias

Figure 9: Five stages in the construction of a nest by the male 
village weaver (P lo c e u s  c u c u lla tu s ) .

With more complexity in brain structure and function 
as is found in many mammals, behaviour is relatively 
flexible, and fixed action patterns tend to be overlaid by 
learned patterns and to that extent obscured; nevertheless, 
an inexperienced brown rat deprived of nest material tends 
to use its own tail instead, carrying it about in behaviour 
that is reminiscent of that shown by a feather-deprived ca­
nary. After gathering materials, brown rats typically heap 
them up in a more or less circular wall and then begin to Nesting 
tap down and smooth the inner surface of the nest cavity. rats 
When a very inexperienced rat is offered paper strips or 
other soft material for the first time, it goes into a random 
frenzy in which the sequence (gathering, heaping, and 
smoothing) is confused. Yet, each of the three phases is 
performed to perfection, not differing even on analysis by 
slow-motion films from those of an experienced rat. After 
having placed two or three paper strips together flat on 
the ground, however, the novice rat will perform heaping- 
up movements in the empty air above them, then appar­
ently pat down a nest wall that is not yet in existence!
Only later, after the animal has had more experience as a 
builder, does the rat seem to learn to inhibit the instinc­
tive heaping and patting movements until the appropriate 
stages of construction have been reached.
The catalog of instinctive behaviour among animals is 

much richer than the few examples offered here. Despite 
the clear differences observable in the detailed manifesta- 
tions of instincts in comparing frog, goldfish, pigeon, cat, 
rabbit, and man, for example, all of these behaviours may 
be seen to hinge on genetically transmitted physiological 
structures and functions. Indeed, many animal instincts 
may profitably be compared with some of the built-in 
forms of behavioural tendency among plants. (W.H.T.)
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Periodic biological phenomena

Continuous change characterizes both living organisms 
and their physical environment. Many of these changes 
occur irregularly and are termed aperiodic. Examples in­
clude the irregulär variations in temperature, light, hu- 
midity, and other physical factors associated with the 
passage of weather systems; aperiodic, also, are the bio­
logical fluctuations in response to them. In contrast, are 
periodic fluctuations, relatively regulär changes repeated at 
constant intervals of time. Clearly periodic, for example, 
are the natural fluctuations in daylight and in tides. Sim- 
ilarly periodic are the daily and tidal variations in both 
animals and plants as they respond and adjust to these 
periodic changes. Phenomena that recur with such regu- 
larity are termed rhythmic. Fluctuations of organisms in 
direct responses to long term environmental fluctuations 
are termed phenological. Examples of phenological phe­
nomena include changes such as migratory movements 
and breeding periods.

Rhythmic variations in living systems are commonplace 
The and span a very wide gamut of intervals. Among those
ange of possessing short periods and hence a high frequency of
)iological recurrence are wing beats of insects (20 to 2,000 cycles per
hythms second), brain waves (1 to 60 c/sec), walking and chewing 

rhythms (1 to 8 c/sec), heartbeats (20 to 1,000 c/min), 
and respiratory rhythms (4 to 250 c/min).

Other biological rhythms have only a few cycles per day. 
Examples are the variations in activity of very young in- 
fants, in depth of sleep of adults, in metabolism of chick 
embryos, in spiralling of growing plant tips, and in a 
number of bodily processes of the human during certain 
illnesses. Longer periods include the well-known several- 
day recurrences of fever in malaria and the few-day to 
several-month reproductive rhythms of mammals. Still 
lower frequency rhythms include the several- to many- 
year cycles of reproduction in the periodic cicadas, of 
abundance in animal populations, of prosperity in busi­
ness, and of outbreaks of wars.

Fluctuations in living creatures occur at every level from 
the cell to activities of the organism as a whole and are 
evident in altered chemistry, physiology, and behaviour, 
including changing responsiveness to all factors of the 
environment.

Periodic biological phenomena fall into two more or less 
distinct different categories: those correlated with periodic 
changes of the planet (geophysical correlates) and those 
having no such correlates. Biological rhythms correlated 
with ocean tides, days, months, and years clearly relate 
the activities of organisms to the fluctuations of their 
physical environment as a consequence of the movements 
of the Earth. These rhythms possess properties that clearly 
set them apart from rhythms without external correlates, 
such as heartbeat and respiratory rate. The frequencies of 
these latter rhythms can be altered in response to changes 
in the immediate environment. Their frequencies also are 
altered readily by drugs and other Chemicals and, as with 
metabolic rate itself, altered greatly as body-temperature 
changes. On the contrary, rhythmic variations with geo­
physical correlates have relatively fixed periods and are 
resistant to alteration in their frequency by either temper­
ature or Chemicals.

This extraordinary stability of the periods of the biolog­
ical rhythms with geophysical correlates is not dependent 
upon direct responses to light and temperature rhythms. 
It was demonstrated more than two centuries ago that the 
capacity of plants to display their daily rhythm in sleep 
movements, the daytime raising and nighttime lowering of 
their leaves, persisted even when the plants were shielded 
from light changes and maintained in a relatively constant 
temperature. More recently, daily rhythms in a wide vari­
ety of living things, from single-celled forms to mammals 
and flowering plants, have been shown similarly to con­
tinue under constant conditions of light and temperature. 
Tidal rhythms in many shore organisms persist even af­
ter the organism is removed from the tidal environment. 
Comparably, semimonthly, monthly, and annual rhyth­
mic variations continue even when organisms possessing 
them are deprived of every obvious periodic cue. Such or­

ganisms behave as if they possess the ability independently 
to time all Earth’s major natural periods.

A timing capacity, geared to the rhythmic variations of Adaptive 
the natural environment, is indeed a most useful attribute. signifi- 
A time sense enables organisms to anticipate and exploit cance of 
the most favourable portions of the day, tide, month, etc. periodicity 
It can be used by members of a species to synchronize their 
urge to breed. A time sense may serve, in conjunction with 
the Sun, Moon, and stars, as a means of geographic ori­
entation for the migratory and homing activities of many 
organisms, just as a chronometer and a sextant enable a 
navigator to find his position or to plot a course.

BIOLOGICAL RH YTHM S A N D  N A T U R A L 
GEOPHYSICAL CYCLES

Living things are extraordinarily well adapted to their 
rhythmic environments and have become periodic in 
diverse aspects of their physiology and behaviour. The 
biological rhythms that have resulted are in part direct 
responses to the environment and in part indirect ones via 
the complex clock-timed organization.

Solar-day rhythms. Twenty-four-hour rhythms of or­
ganisms in nature are the rule; they are variously called 
solar day, circadian, diel, daily, diurnal, and nycthemeral.
The evolution of life on Earth has proceeded in the direc­
tion of maximal utilization of every habitable niche, with 
species specialized to deal with virtually every kind of 
environmental site. This specialization is related not only 
to space but also to time. Some organisms have become 
specialized for the darker, cooler, more humid nighttime; 
others for the lighter, warmer, drier daytime; and still oth­
ers for the transitional twilight periods. The environment 
is in use full-time, but for maximal efficiency organisms

Adapted from F.A. Brown, "Living C locks,” Science, vol. 130, pp. 1535-44 
(December 4, 1959), in R L. Smith, Ecology and Field Biology (1966); Harper & Row

midnight noon midnight

Figure 10: Examples of solar-day rhythms that persist under 
constant conditions in the laboratory.
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are organized to work largely in “shifts.” The night shift 
includes animals such as mice, cockroaches, scorpions, 
moths, owls, bats, skunks, opossums, and raccoon; the day 
shift includes songbirds, hawks, lizards, butterflies, and 
honeybees. Green plants alternate between the daytime use 
of sunlight in photosynthesis and the nighttime emphasis 
on growth and assimilation. Many plants undergo a daily 
sleep rhythm, their leaves drooping at night and rising by 
day. Some plants open their blossoms only at night, others 
only by day, with times commonly synchronized to the 
activity schedules of animals that pollinate them.

In each organism’s daily pattern, a multiplicity of sup- 
porting Chemical and physiological variations occur as the 
organism’s whole being is thrown periodically into activity. 
In man, as an example, the daily alternation of sleep and 
wakefulness is accompanied by many changes, including 
activities of the nervous and endocrine Systems and the 
liver and kidneys. Daily variations occur in body temper­
ature, in heart and respiratory rates, and in pressure and 
composition of the blood. There are daily variations, also, 
in Chemical syntheses and in cell divisions. Such rhyth- 
mically recurring phenomena are each set to the most 
efficiënt time of day for the organism and collectively con- 
tribute to the characteristic 24-hour phase map, or activity 
record, of that individual (Figure 10).

One of the very striking manners in which the presence 
of fundamental 24-hour variations is reflected in man and 
other animals is in changing responsiveness or suscepti- 
bility to physical and Chemical insults. The following are 
a few examples. Doses of X-rays that at one time of day 
can kill every individual exposed will at another time kill 
only a few individuals or none. Doses of powerful poisons, 
fully lethal at one time of day, leave animals unharmed at 
another. Noise that can induce fatal convulsions in mice 
at one time of day fail to do so at another. The ability 
of histamines to induce inflammatory response, and the 
effectiveness of alcohol, insulin, and even aspirin vary 
systematically with time of day. In insects the degree of 
resistance to insecticides or to exposures to high tempera­
tures also depends upon the time of day.

Lunar tidal rhythms. Another major environmental pe­
riod is the lunar tidal rhythm, the regulär ebb and flow of 
the ocean tides, a cycle that subjects seashore plants and 
animals to a rhythmic change with typically two high and 
two low tides occurring each lunar day of about 24 hours’ 
50 minutes’ duration. Some intertidal organisms, such as 
barnacles, green crabs, snails, clams, and oysters, are most 
active when submerged by the rising tide. Others, such as 
shorebirds and fiddler crabs, are especially adapted to feed 
on beaches exposed at ebb tide. Some single-celled algae 
called diatoms move down into the sand and mud when 
the beaches are submerged and rise onto the surface to per- 
mit photosynthesis when the tide recedes. The diatoms and 
many of the shorebirds are active only when the beaches 
are exposed during daylight. Such organisms, therefore, 
display simultaneously 24-hour and tidal rhythms, which 
steadily undergo changing phase relations with respect to 
one another, coming into the same relationships exactly 
once each half-month. Indeed, all the organisms of the 
intertidal region must deal with both the daily light and 
temperature changes and the tidal ones. Fiddler crabs, for 
example, show concurrently a daily rhythm of skin colour 
change adaptively set to the times of day and night and 
a tidal rhythm of locomotor activity adjusted to the local 
tidal Schedule.

Although the ocean tides are affected chiefly by the 
Moon, the gravitational attraction of the Sun also has an 
influence. The Sun and Moon “cooperate” at new and 
füll moons to produce the greatest tidal ranges of each 
month, the so-called spring tides. At the Moon’s quar­
ters the Moon and Sun maximally oppose one another, 
resulting in the smallest tidal ranges. As a consequence, 
inhabitants of the seashore that occupy the highest and 
the lowest levels of the intertidal zone experience periodic 
tidal submergences or exposures only for brief intervals 
once each half-month. One species of marine snail that 
inhabits the upper level of the beaches has been reported 
to show a semimonthly activity rhythm.

Any living creature that possesses both tidal and daily

v a r i a t i o n s  w i l l  e x h i b i t  d a y - b y - d a y  p a t t e r n s  o f  V a r ia t io n  
t h a t  s y s t e m a t i c a l l y  c h a n g e  f r o m  o n e  d a y  t o  t h e  n e x t  a s  
t h e  p e a k s  a n d  t r o u g h s  i n  t h e  t i d a l  c y c le s ,  l i k e  t h e  t i d e s  
t h e m s e lv e s ,  o c c u r  a t  p r o g r e s s iv e ly  l a t e r  t i m e s  o f  d a y .  T h e  
s p e c i f ic  p a t t e r n  o f  o r g a n i s m ic  V a r ia t io n  t h r o u g h  a n y  g iv e n  
d a y  w il l  r e p e a t  i t s e l f  e x a c t ly  a  h a l f  m o n t h  l a te r .

An interesting expression of these rhythmicities is evi­
dent in the reported phenomenon of celestial navigation 
by animals. Such animals as birds, fishes, turtles, spiders, 
insects, and crustaceans have been variously described to 
navigate or to “home” by using the relative positions 
of the Sun or the Moon or, in the case of birds, even 
the constellations as geographic navigational guides. Such 
Sun-compass, Moon-compass, or star-compass navigation 
requires that the animals be able systematically to alter 
their orientational angle at rates to compensate exactly 
for the Earth’s rotation relative to each of these celes­
tial references.

Monthly rhythms. The synodic month, averaging 29.5 
days, and the sernimonth can be sensed by organisms, as 
noted earlier, through “beats” between their lunar tidal 
and circadian rhythms. Another kind of environmental 
monthly Variation involves nighttime moonlight. Synodic 
monthly variations occur in such unlikely phenomena 
as rat and hamster running activity, light responsiveness 
of guppies, human colour vision, potato metabolic rate, 
and light responses of freshwater flatworms, even when 
shielded from all moonlight.

Among the biological activities linked to the synodic 
month are reproductive cycles of many different kinds of 
marine animals and plants. Best known and most studied 
of these are the monthly reproductive rhythms of palolo 
worms of the Southwest Pacific, the fireworms of Bermuda, 
the grunions of the California coast, and the brown ma­
rine algae Dictyota. These rhythms are sufficiently precise 
in their relation to Moon phase and season of the year 
as to be predictable. The changing relations of the solar- 
day and lunar-day physical rhythms appear to time these 
breeding cycles, since the phase of Moon at which, for 
example, Dictyota breeds is related to the times of occur- 
rence within the lunar day of the local high tides, which 
differ from place to place. The grunion’s breeding is timed 
to within a few minutes of high tide on the local beach on 
the nights of its breeding, and the breeding times of palolo 
worms and fireworms are very accurately timed to within 
a few minutes in the day.

The most spectacular precision in timing of a month- and 
year-related reproductive rhythm has been described for a 
deep-sea sea lily near Japan. This echinoderm liberates its 
sex cells once each year in October at about 3 pm  on the 
day of one of the Moon’s quarters. In succeeding years 
the time of sex cell release changes, among the Moon’s 
two quarters, first-third-first, to progressively slightly ear­
lier dates in October. The triplets are repeated until about 
the first of the month whereupon the following year it 
jumps abruptly to near the end of the month to start the 
advancing triplet progression again. The result is an 18- 
year cycle, which is essentially the period of regression 
of the Moon’s orbital plane. There have been reports of 
monthly menstrual cycles in some primates with initiation 
of menstruation linked to the new moon. Reproductive 
swarming of mayflies has also been related to Moon phase.

Little is known about the timing of such cycles as the 
human menstrual cycle, the approximately semimonthly 
estrus cycles of sheep, the three-week cycles of cattle and 
pigs, and the six-month cycles of dogs. Three kinds of 
hypotheses have been offered for their timing: (1) they are 
timed by fully independent periodic oscillations within the 
organism; (2) they are dependent for their timing on pe­
riodic interference between 24-hour and lunar-day clocks, 
since most of them appear to be simple multiples of a 
quarter month; and (3) they depend for timing on monthly 
variations in moonlight (directed chiefly at the primate 
menstrual cycle). Some recent studies have given strong 
support for a long-held belief that the menstrual period is 
in some manner regulated by the Moon (“menses” means 
lunar month). In a study of a number of women with 
variable onset of menstrual periods, artificial illumination 
of the bedroom through the 14th to 17th nights following

Animal
navigation

Precision 
timing of 
sea lily 
reproduc­
tion
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the onset of menstruation resulted in a regularization of 
the period, with the period length coming very close to
29.5 days, the natural synodic month. That this period 
is a biologically significant one for the human species is 
further suggested by the fact that the average duration of 
pregnancy (from ovulation to birth) in the human is rather 
precisely nine 29.53-day synodic months.

Associated with the human menstrual cycle are related 
variations in almost every measurable bodily factor: tem­
perature, blood Chemistry, weight, heart rate, blood-cell 
counts, and pain thresholds are among the described vari­
ations. These factors pass through maxima and minima at 
different times but in such characteristic time relationships 
to one another that phase maps for the menstrual rhythm, 
comparable to those for the circadian, can be determined.

Annual rhythm. Another major rhythmic period for 
living things is the year. In most parts of the world 
substantial seasonal changes in light and temperature are 
correlated with rhythmic biological phenomena predomi- 
nantly related to activity, reproduction, and growth. For 
example, in higher plants in the temperate zones, growth, 
flowering, and seed production typically occur over the 
course of the warmer months. In the oceans and fresh 
waters there are annual rhythms in plankton abundance. 
Annual reproductive rhythms in animals are typically set 
to the time of year that provides the optimum opportunity 
for birth and rearing of young. Annual rhythms include 
also hibernation to bridge the coldest period of the year 
and estivation to avoid hot-summer droughts.

The readily observable systematic annual variations in 
the activities of the plants and animals are accompanied 
by innumerable less obvious changes within their bodies, 
variations that pass through their peaks and depressions 
with such regularity that annual phase maps can be made. 

Seasonal Seasonal rhythms occur in humans and are evident in 
variations such phenomena as birthrate and weight and in growth 
in human rate of children. There are annual variations also in in- 
biology numerable other factors, among them body temperature, 

heart rate, basal metabolic rate, blood-cell counts, and 
blood chemistry. Not surprising, also, are reports of an­
nual variations for many systemic noninfectious diseases, 
and even for mortality. Many human infectious diseases 
are well known to exhibit peaks at characteristic times 
of year, while diseases without such evident annual fluc­
tuations could perhaps be expected to display an annual 
Variation in degrees of complications and mortality as a 
consequence of a probable annual Variation in susceptibil- 
ity related to the rhythmically changing biochemical and 
physiological States.
Too little investigated for man but difficult to treat be­

cause of the long period involved is the degree of phase 
shifting possible for the annual rhythms by manipulation 
of such physical factors as photoperiod and temperature.

Epochal rhythms. There are innumerable natural geo­
physical periods both shorter and longer than a year 
resulting from periodic activities in the Sun and from 
relative movements of the Earth, Sun, Moon, planets, and 
stars. Among the well-known shorter periods are the Sun- 
generated 10-cycles per second electromagnetic fields, sug- 
gestively similar to the 10-cycles per second alpha rhythm 
of the human brain. Variations in climate, rainfall, tem­
perature, and light have been claimed to be correlated 
with many longer periods. Among the periods, and per­
haps the best known, are the 11- and 22-year sunspot 
cycles, the 18.6-year period of lunar “wobble” (nutation), 
and the 26,000-year precession of the Earth’s rotational 
axis. Beyond the solar system are the fluctuating galactic 
fields. Probably the longest physical period that has been 
suggested is the approximately 250,000,000-year period of 
rotation of the galaxy, which some believe to be corre­
lated with terrestrial glacial periods. All these periods are 
accompanied by subtle alterations in the gravitational and 
electromagnetic fields of the terrestrial environment and 
so influence all living things.

Numerous several- to many-year biological periodicities 
involving a wide variety of phenomena have been de­
scribed. Perhaps most familiar are the three-four-year 
cycles of lemming migrations and the eight-10-year cycles 
in abundance of the Canadian lynx, varying hare, and

ruffed grouse. Still other biological periodicities described 
from tree rings, shell deposition in mollusks, fossil de- 
positions, business, and wars have been claimed. Very 
commonly reported are cycles of about nine, 11, 18, and 
22 years. Although it seems plausible that such geophysi- 
cally correlated biological periodicities are real, their long- 
period durations, together with their cycle irregularities, 
tend to make difficult the critical establishment of their 
exact lengths or causal associations with environment 
periodicities.

THE BIOLOGICAL CLO CK

Natural time. Many organisms, man included, when 
removed from their natural surroundings and placed in a 
laboratory under constant conditions, can often repeat a 
rhythmic pattern that they had experienced before such 
isolation. It is concluded from such behaviour that the 
organism can time the length of the natural day and even 
determine the points and measure durations of relatively 
detailed periods within a single day. This timing capacity 
is essentially uninfluenced by temperature changes and all 
ordinary drugs and Chemicals. Every living system studied 
behaves as if it contains a highly dependable clock. The 
specialized properties of this clock suggest that it involves 
some unique biological mechanism indissociable from life 
itself; however, the clock can be investigated only indi- 
rectly, through observing the more conventional biochem­
ical, physiological, and behavioral processes timed by it.

Biological clocks that time the solar day, the period of 
the Earth’s rotation relative to the Sun, have been the 
most extensively studied. Except possibly for the bacteria, 
the same kind of clock exists in members of every major 
group of living creatures. Single-celled animals and plants 
appear to possess just as accurate and effective clocks as 
do the most highly differentiated multicellular organisms.

A number of general properties of the clock-timed solar- 
day rhythms have been discovered. One such property 
is that under constant conditions in the laboratory the 
rhythms usually change slightly, becoming instead a little 
longer or shorter than 24 hours. This commonly observed 
deviation from the 24-hour period under these conditions The basic 
led to the concept of circadian (about a day) rhythms. circadian 
(The explanation for such variance is discussed below.) rhythm 
In day-active (diurnal) vertebrates circadian rhythms, in 
constant light and temperature, are typically shorter than 
24 hours, while in night-active (nocturnal) ones they are 
typically longer. The periods o f circadian rhythms under 
these conditions rarely exceed the range of 20 to 28 hours 
and usually are within an hour or so of 24 hours.
When an organism is retumed to its normal 24-hour 

light-dark environment, it soon résumés an accurate solar- 
day rhythm. The transitions from light to darkness and 
darkness to light appear to be the signals for readjusting the 
organism’s daily physiological cycles. A nocturnal mam­
mal, for example, adjusts its time of activity to the time 
of darkness, a diurnal songbird to the time of daylight.
Such resetting or phase-adjusting factors for the rhythms 
are termed daily clues, phase setters, or synchronizers.

Involved in adjusting an organism’s daily activity pattern 
to the appropriate time of day is a rhythmic Variation in 
the influence of the light as a resetting factor. This Vari­
ation has been termed a response curve. A light change 
near the time of the beginning of an organism’s activity 
pattern advances slightly the phases of the cycle to an 
earlier time of day; a comparable light change near the 
end, on the other hand, extends it. At other times dur­
ing the cycle comparable light changes have little or no 
phase-shifting influence. Although response curves appear 
to possess the same general form regardless of the kind of 
organism, each individual possesses its own detailed form 
of response curve, which adjusts its activity pattern to the 
light-dark cycles in its own characteristic manner.

Whereas light appears to be the dominant phase setter in 
adjusting clock-timed rhythms to natural 24-hour cycles, 
temperature is also effective. Many organisms are able 
to adjust their activity patterns to 24-hour rhythms in 
temperature in the absence of light variations. Still other 
phase setters have been reported, including sound, feeding 
time, and social interactions.
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Modifiable clock-timed rhythms. The circadian rhythms 
that continue under experimental conditions of constant 
light and temperature are termed free-running; they re- 
flect the underlying natural rhythms of an organism. The 
free-running period can usually be altered, but only very 
slightly, by changing the intensity of the illumination or 
the temperature. A 10° C (18° F) temperature increase 
seldom changes a circadian period more than 10 percent, 
and in most organisms the period is shortened. For fid­
dler crabs in constant darkness the free-running period, of 
exactly 24 hours, remains unchanged over a 20° C (36° 
F) range. In contrast to these relatively resistant rhythms, 
the rates for ordinary biochemical or physiological pro­
cesses typically double or triple for each 10° C rise in 
temperature. Free-running rhythms sometimes cease spon- 
taneously, only to resume at a later time as if the rhythms 
had been continuing undetected during the intervening 
time. In other words, a clock-timed phenomenon within 
the organism may become uncoupled from the underly­
ing clock. Circadian rhythms sometimes fade out over the 
course of a few cycles under constant conditions; in other 
cases they appear to continue indefinitely, sometimes even 
with increasing amplitude and sharpness.
Although Chemical inhibitors or stimulants of general 

metabolic processes can influence rhythmic processes, they 
appear not to affect the underlying clock in any way. 
Some powerful metabolic inhibitors such as cyanide will

From F.A. Brown, J r . , B io lo g ic a l  C lo c k s ,  BSCS-Educational Programs Improvement Corp.

Figure 11: T h e  p e r s is te n c e  o f  n a tu ra l rh y th m s .
(Above) Bees trained in New York to fly northwest to a feeding 
Station at 1 PM fly Southwest at 10 AM when transported 
to California, following the sun’s position as learned in New 
York. (Below) Fiddler crabs, moved from Massachusetts to 
California and kept in unvarying illumination, show activity 
rhythms and colour changes identical to their East Coast 
counterparts, regardless of the local time.

e l i m i n a t e  a l l  o v e r t  r h y t h m i c  V a r ia t io n  i n  a n  o r g a n i s m ,  b u t  
u p o n  r e m o v a l  o f  t h e  i n h i b i t o r ,  t h e  r h y t h m  r e t u r n s  a s  i f  
i t  h a d  b e e n  u n i n t e r r u p t e d .  On t h e  o t h e r  h a n d ,  e x p o s u r e  
t o  n e a r - f r e e z in g  t e m p e r a t u r e s  i n h i b i t s  r h y t h m i c  c h a n g e s  i n  
s u c h  o r g a n i s m s  a s  f id d l e r  c r a b s  a n d  c o c k r o a c h e s ;  b u t  w h e n  
t h e  t e m p e r a t u r e  is  e l e v a t e d  a g a in ,  t h e  r e s t o r e d  r h y t h m s  
h a v e  b e e n  p h a s e  s h i f t e d  b y  t h e  a p p r o x i m a t e  d u r a t i o n  of 
t h e  t i m e  o f  c h i l l i n g .

There appears to be a genetic component to circadian 
organization. Organisms reared from eggs in constant light 
and temperature may display circadian rhythms sponta- 
neously or may be induced to do so by a single abrupt 
light or temperature change, a signal that itself conveys no 
information as to period length. Furthermore, bean plants 
selected and interbred for longer and for shorter circadian 
periods under a given set of constant environmental con­
ditions will beget offspring with, respectively, longer and 
shorter circadian periods under these same experimental 
conditions. The length of the free-running period is clearly 
genetically determined in part.

The influence of heavy water, which is D20 , on circadian 
rhythms is of particular interest. Treatment of organisms 
as different as algae and mice results in a lengthening 
of the free-running periods. Under a 24-hour, light-dark 
regime, heavy water appears to alter the phase relations of 
the activity patterns of organisms to the light cycles.

Clock-timed circadian rhythms have been observed dur­
ing rapid geographic translocations of organisms eastward 
or westward by airplane to other time beits. Investigations 
of this type, performed with fiddler crabs and honeybees, 
confirmed that the organisms carry circadian rhythms still 
adjusted to the light cycles of their former location (Fi­
gure 11). To reset them to the new local time requires 
several days of exposure to the local phase setters. This 
phenomenon is quite familiär to persons who have trav- 
elled long distances rapidly by jet airplane. The resultant 
rhythmic dislocation and the need for gradual adjustment 
over two to ten days at the end of such a trip is often 
referred to as the “jet syndrome.”

It is well known that, among the innumerable periodic 
changes that underlie and support the overt rhythms of 
behaviour of organisms, the peak values occur in a char­
acteristic sequence over the day. A description of these 
comprises what is called a phase map. Such a sequence 
and spacing reflects the order and temporal relationships 
of cause-effect in the normal interactions of the various 
bodily processes. Phase maps may undergo transitory dis- 
ruptions when an organism is compelled to make a rapid 
phase adjustment as, for example, after a rapid move to a 
new geographic longitude. Under such circumstances the 
various individual 24-hour components comprising the 
circadian phase map do not reset their phases to the new 
environmental times at the same rate. They may become 
somewhat displaced in their relations to one another. This 
dissociation of rhythmic components is probably the ma­
jor cause of the fatigue and the lowered efficiency that 
characterizes the jet syndrome in human beings.

Another remarkable property of free-running rhythms is 
their capacity sometimes to maintain well beyond chance, 
and for extended periods, precise 24-hour periods and, in 
some cases, even to set their active period to their normal 
time of day without any obvious daily clues. The former 
has been described for fiddler crabs, gila monsters, mice, 
and kangaroo rats. The latter capacity has been observed 
in chicks and some lizards. These animals are apparently 
able to set their newly developed behavioral system to 
times of outside day and night by the use of subtle and as 
yet not fully identified signals.

The biological clock also times other natural environ­
mental periods. Many plants and animals whose activities 
vary rhythmically with the tides have been found, when 
taken into the laboratory, to continue rather accurately 
their tidal rhythms. The period of these rhythms is about 
12 hours 25 minutes, or 24 hours 50 minutes for the 
double-cycle, which is called a lunar day. The period of 
the tidal changes is correlated with the rotation of the 
Earth relative to the Moon. The tide, as does the Moon, 
rises on the average of 50 minutes later each day.

The properties of the tidal, clock-timed rhythms differ in

Time
dislocation: 
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significant ways from the circadian ones. Although they 
possess the same high degree of temperature and drug in­
dependence of their period lengths, they will not synchro- 
nize to a 24-hour light-dark environment. Instead, tidal 
rhythms continue to move over the day at the tidal rate. 
This failure to follow the light cycles is obviously adaptive, 
since in nature the phase relationship of the tides to time 
of day systematically changes.

The clock-timed tidal rhythm can be adaptively adjusted 
to the tidal Schedule of a specific beach. Fiddler crabs 
transported to a foreign beach with different tidal times 
gradually, over a few days, reset their tidal rhythms ac­
cordingly. The phase-resetting clues for the tidal rhythms 
remain unknown, though a number of factors such as 
mechanical wave action and periodic drying have been 
suggested.

Clock-timed tidal rhythms commonly exhibit a tendency, 
under constant conditions of the laboratory, to drift away 
from their tidal setting until they approximate the actual 
time of lunar day. Oysters and fiddler crabs taken from 
their home beaches and kept in the laboratory gradually, 
during a week or so, reset their tidal rhythms to display 
their maximum activity at the times of the upper and 
lower transits of the Moon, as if some subtile synchroniz- 
ers associated with the lunar tides of the atmosphere were 
now replacing the unknown local tidal ones.
There are clocked-timed synodic monthly rhythms of

29.5 days, the period from one new moon to the next. 
This is the period produced by “beats” between the solar 
days and lunar, days—in other words, the interval be­
tween the times when the solar day and lunar day begin 
together. The Moon rises close to the same time of day 
once each synodic month. The organismic clock-timed 
monthly rhythms in some instances appear to depend 
upon a comparable interaction between tidal or lunar-day 
rhythms and solar-day ones. Interactions between 12.4- 
hour tidal rhythms and 24-hour circadian rhythms would 
yield semimonthly “beats,” and between 24.8 hour double 
tidal cycles and 24-hour ones monthly “beats.” Evidence 
for such clock-timed rhythms is seen in the occurrence 
of semimonthly colour changes in crabs kept under con­
stant conditions. These exhibit phase differences among 
populations in their semimonthly rhythms accountable in 
terms of the differing phase relationships between their 
local tides and time of day.

The clock that times monthly rhythms appears to be 
just as dependable as those timing circadian and tidal 
rhythms. Monthly rhythms can, comparably, be phase 
shifted relative to the actual Moon phases. In addition to 
the phase setting by changes in some factors associated 
with local tidal movement, moonlight variations through 
the month have been suggested as a phase-setting factor 
for semimonthly and monthly rhythms, particularly the 
breeding rhythms of sea worms and the menstrual cycle 
for primates, including women.

Clock-timed annual rhythms, persisting in unvarying 
regimes of illumination and temperature and every other 
obvious clue as to the yearly period, have been reported 
for widely different kinds of organisms and phenomena. 
An alga, on the one hand, and the laboratory rat, on the 
other, have displayed annual variations in enzymatic ac­
tivities. Seeds show annual variations in capacity to sprout, 
and newly germinated seedlings exhibit annual variations 
in their metabojic rate. Some birds show rather precise 
annual, and others drca-annual, reproductive cycles. Food 
intake of woodchucks has been reported to vary system­
atically with time of year. As for the other periods, the 
clock that times annual rhythms appears to be indepen­
dent of temperature and uninfluenced by all attempts to 
alter its period chemically. The normal patterns of annual 
Variation of many plants and animals can, however, be 
altered in response to changes in relative lengths of light 
and darkness (photoperiodism), much in the manner anal- 
ogous to the phase resetting of the clock-timed circadian 
rhythm by times of light onset and termination. On the 
other hand, annual rhythms such as that of woodchuck 
food intake appear to be unalterable in phase by manipu- 
lation of either temperature or light.

Persistent clock-timed rhythms. There is another dass

of periodicities in organisms, rhythms that persist under 
the most carefully controlled laboratory conditions but 
that possess properties different from those described in 
the preceding account. These have precise solar-day, lunar- 
day, monthly, and annual periods. These have been dis­
covered for respiratory or activity rates in a wide variety 
of animals and plants. The activity of an organism, other 
factors equal, varies systematically with local time of day, 
time of lunar day, time of month, and time of year. The 
potato, for example, shows a clear-cut sidereal-day (23- 
hour 56-minute period of rotation of the Earth relative 
to the stars) Variation in its metabolic processes. These 
periodisms can not be reset or phase shifted. Moreover, 
there is no evidence to suggest that they are adaptive. The 
range of their variations is least for the sidereal-day and 
most for the annual period.

Fluctuating activity. Aperiodic, hour-by-hour fluctua­
tions in metabolic rate or activity of organisms under 
presumably constant conditions continue to show correla- 
tions with weather changes, indicating beyond reasonable 
doubt that changing physical factors somehow continue 
to reach and influence the organisms, even in their exper­
imental isolation. How do these external factors pervade 
the controlled environments of the laboratory? The an- 
swer perhaps may be found in a very highly specialized 
sensitivity of organisms to weak geoelectromagnetic fields 
that pervade the universe. Aperiodic biological fluctua­
tions do coincide with fluctuations in such factors as 
background radiation, terrestrial magnetism, and primary 
cosmic radiation.
The exogenous derivation (external to the organism) of 

these variations is indicated by the universality of response: 
the rhythmic patterns of these geophysically dependent 
fluctuations tend to show, among organisms spanning the 
gamut of kinds of living creatures, either the same general 
form or mirror images of parts or the whole of them, sug- 
gesting that all the organisms are responding to the same 
specific geophysical changes and that they have freedom 
only to determine the sign, positive or negative, of their 
responses to them.

The nature of the biological clock. As more informa­
tion becomes available, it seems clearer that there are 
two kinds of rhythms, one resulting from response to the 
subtle geophysical environment, the other being rhythmic 
organismic responses to more obvious changes.

The timer for the first of these kinds of rhythms obvi­
ously lies outside the organism, and hence these rhythms 
are termed geophysically dependent. The detailed char­
acter of the biological cyclic pattern, however, is just as 
obviously determined by the nature of the biological re­
sponse. The widespread general uniformity of the pattern 
for all organisms suggests that the response is generated at 
a very fundamental level of cellular organization. It must 
still depend upon the organism as an organized contin­
uüm whose composition and reactivity at any given point 
in time are related to past and future. The organism is, 
therefore, not a fully passive system in the generation of 
its exogenous metabolic periodisms. It may be an effective 
stimulus-filtering system.

The clock that times the overt, adaptive circadian, tidal, 
monthly, and annual rhythms is far less evident. Two 
kinds of hypotheses have been advanced. One, the internal- 
timer hypothesis, is that living systems can oscillate, fully 
independent of all environmental periodisms with close 
to, but not exactly, all major geophysical frequencies. 
Free-running rhythms are assumed to reflect directly the 
periods of the somewhat inaccurate internal clocks. Exact 
organismic solar-day, tidal, monthly, and annual periods 
are assumed to depend upon continuing corrections of 
the poorly accurate clocks by the environmental light, 
temperature, and tidal rhythms. The rates at which the 
clocks run are believed to be speeded or slowed to a small 
degree by changed levels of temperature and illumination 
as well as by certain Chemical factors. The clock periods 
are assumed to be inherited, the approximation to the 
geophysical periods having resulted from natural selection.

By describing the rhythms as oscillations resembling 
in properties those of physical systems that become en- 
trained or synchronized to other slightly different imposed
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frequencies and treating them mathematically as such, 
surprisingly satisfactory descriptions of the observed dy­
namics of biological rhythms and phase setting of the 
rhythms can be obtained, useful predictions made, and 
new experiments suggested. Despite intensive research, 
progress has not yet been made in elucidating an internal 
oscillator system with the clock properties. The problem 
is compounded by the inability to differentiate between 
a biochemical or biophysical reaction that is in reality a 
clock element and one that is merely timed by the clock.

Another hypothesis is that living things have evolved the 
capacity to use the subtle rhythmic input of geophysical 
periods to time their own processes to the most adaptive 
rhythmic patterns. In terms of this hypothesis the clocks 
are not inaccurate but quite precise (24-hour, 24.8-hour, 
29,5-day, and 365V4-day clocks, for example). As long 
as the organism remains in its natural rhythmic envi­
ronment, the clocks and the environmental rhythms of 
light, temperature, and tides have the same frequencies. 
When, however, the organism is placed under constant 
conditions, its circadian rhythm gradually drifts off phase. 
There will be phase advances alternating with phase delays 
in a cyclic manner as the constant light and temperature 
react at different points along the response curve. The re- 
curring patterns will gradually shift to earlier hours if  the 
advancing response is stronger than the delaying one or 
shift toward later hours if the delaying one is the stronger. 
This corresponds well with the Observation that circadian 
periods deviate slightly in practice from 24 hours.
The self-setting to specific clock hour of solar day or 

lunar day or time of month or of year sometimes ob­
served in constant conditions, as well as the very existence 
of the geophysically dependent periodisms, would find 
consistent explanation. The accuracy of the clocks during 
rapid east-west translocations would require either influ­
ence of a universal time-varying geophysical factor, phase- 
synchronized at all longitudes, as, for example, ionospheric 
charge, or a capacity to rephase its own rhythmic pattern 
in relation to a rapidly shifted exogenous local-time cycle 
effected by the metabolic inertia inherent in a continuing 
functional System.

In brief, some of the properties of biological periodicities 
definitely require for their explanation that timing infor­
mation continuously flows inward from the environment, 
even in what have commonly been deemed constant con­
ditions. Many other phenomena are equally compatible 
with either hypothesis, internal or external timing. Pos- 
sibly both kinds of clocks are utilized by organisms. An 
environmentally dependent clock element may be respon- 
sible for the remarkable resistance to timing interference 
by temperature and Chemical agents and for the long­
term, relatively precise persistence of daily rhythms and 
particularly for the stability of the longer period monthly 
and annual ones. An environmentally independent clock 
element, on the other hand, may be essential for bridging 
shorter intervals of time within cycles but with perhaps a 
precision by itself inadequate to account for the observed 
regularity and dependability of clock-timed rhythms.

FACTORS A FFEC T IN G  BIOLOGICAL PERIODICITIES

The rhythmic patterns of Variation of organisms differ 
from one species to another and also from one individ­
ual to another, even in response to essentially the same 
external conditions. The nervous and endocrine systems 
in interaction with the parts of the body that are coordi- 
nated and integrated by them contribute to these patterns. 
Under ordinary circumstances, activities comprising the 
patterns are arranged to meet an organism’s demands 
anticipated over the period. Pathological or otherwise in- 
duced alterations in the organism alter the cycle forms. 
The periods, following those of the physical environment, 
usually remain unchanged. Reported, however, have been 
instances in blinded mice of circadian periods becoming 
free-running ones differing from 24 hours, resembling the 
state of affairs commonly seen when comparable mice are 
held in continuous darkness. Light, operating through the 
eyes, would appear in such instances to be the essential 
phase-setting agent.

The role played by the animals’ total functional complex

in determining the cycle form has been illustrated in res­
piratory patterns of unhatched chick embryos and in the 
activity of human infants. In conditions of constant tem­
perature and light, chick embryos up to six days old show 
a daily activity Variation with several peaks each day. By 
the seventh day, when they have just completed the de­
velopment of a functioning sensory-neuro-motor system, 
the daily Variation changes to one with a broad daytime 
higher activity and lower nighttime one. Well known, too, 
is the change in sleep-activity rhythms of infants. Up to 
about 15 weeks there are several cycles a day, but af­
terward the cycle simplifies to essentially a single longer 
period o f wakefulness by day and sleep by night, It might 
be argued that the infant simply adopts the social pattern 
of the household, but in the chick the change in pattern 
with time seems clearly genetically determined.

It was mentioned earlier that evolution, involving natural 
selection, has suited species to fit each niche ata  particular 
time within a cycle. In the continuing course of events a 
species is usually rigorously held to its rhythmic schedule 
by the competition of other species present at other times. 
It is an interesting Observation, however, that some large 
day-active game animals in Africa, whose populations had 
been decimated by hunters, altered their natural patterns 
to become night active but resumed diurnal habits when 
their numbers again had increased. It is likely that com­
parable adaptive phenomena may be more widespread in 
nature than has been reported. (F.A.B.)

PH O TO PER IO D ISM

Photoperiodism is the behavioral response of an organism 
to changes of duration in daily, seasonal, or yearly periods 
of light and darkness. It was first reported in 1920 when 
the flowering of certain plants was demonstrated to be 
controlled by the daily duration o f light.

The photoperiodic response o f plants actually depends 
on the duration of the darkness, and not on light, as the 
earlier experiments seemed to indicate.

The most conspicuous activities of animals closely cor­
related with certain seasons o f the year, and hence with 
changes in day length, are bird migration, reproduction, 
and changes in coat and plumage. Each of these occurs 
with marked regularity at a particular time each year. By 
retaining animals in captivity and subjecting them to arti­
ficial increases and decreases in day length, bird migration, 
reproduction, and other activities have been induced out 
of season. It has been concluded, therefore, that in nature 
the changing daily periods o f light and darkness determine 
to a great extent when many seasonal activities occur.

Before their northward migration to breeding grounds in 
the spring, birds undergo a marked change in their physio­
logical state. The change is shown by increased activity o f 
the reproductive organs and deposition of large amounts 
of fat. When these same changes were induced experi- 
mentally in winter by exposing captive birds to artificial 
increases in day length, the birds migrated northward in 
winter when released. By employing different schedules 
of day length at various seasons o f the year, it has been 
demonstrated that the rate of change in physiological state 
depends on the daily amount of illumination. As little as 
nine hours of light per day is stimulating. The response 
is rapid under long days and slow under short days. A 
gradual increase in the amount o f light per day is not nec­
essary. Constant day lengths are effective, as are decreasing 
day lengths, provided that the daily amount of light is 
stimulating. Therefore, migratory birds that winter on or 
near the Equator, where the day lengths are constant, or in 
the Southern Hemisphere, where the day lengths decrease 
after December 21, could have the onset of their spring 
migration regulated by day length. Prerequisite to the re­
sponse to light that occurs in winter and spring is exposure 
to short days or long nights in autumn. This phase o f the 
annual cycle is called the preparatory phase, since failure 
to complete it precludes the subsequent response. Under 
experimental conditions completion occurs uniformly and 
more rapidly with longer nights. Day lengths in autumn 
wind the “clock” within the bird, so to speak, while the 
day lengths of winter and spring make it run and deter­
mine how fast it runs.

The sleep- 
activity 
cycle of 
infants
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In most birds, mammals, and other vertebrates, breeding 
is seasonal. By experimental manipulation of day length, 
reproductive activity has been induced out of season. For 
the species that normally breed beginning in autumn (e.g., 
brook trout, deer, sheep, and goats), decreasing daylight or 
short days following long days will be effective. For species 
that breed in the spring (e.g., starling, junco, ferret, and 
mink), increasing daylight or long days following short 
days will be effective. Changes in breeding season occur 
in some birds and mammals when they are transported 
from the Southern to the Northern Hemisphere or from 
the region of the Equator to temperate latitudes. Although 
day lengths are constant on the Equator and change but 
little in the tropics, there is some evidence that day length 
does regulate the breeding and plumage cycles o f tropical 
birds. Experimental modification of the breeding cycle of 
in vertebrate animals (e.g., snails, crustaceans, and insects) 
by means of day length has also been demonstrated.

Attempts to discover how the length of daylight affects 
the breeding cycle have shown that the light stimulates 
the eye or part of the brain near the eye. The light 
stimulates the release of special hormones from the brain, 
which eventually reach the pituitary gland (the master 
endocrine gland located at the base of the brain). The pi­
tuitary, in turn, secretes the hormones that, among other 
functions, control the growth o f the reproductive organs. 
There is good evidence that the length of the dark period 
and the ratio o f light to darkness are important factors 
in determining the reproductive response. The effects of 
day length on the migratory response seem to apply as 
well to the reproductive response in some birds. Response

to light can be modified by temperature, nutrition, and 
inherent internal factors. Important among the last is a 
daily rhythm of about 24 hours’ duration, which makes it 
appear as though the organism were keeping track of each 
day. The response to light-dark cycles seems to depend 
in part on the time that the light and dark periods occur 
within these 24-hour periods. A few species of birds and 
mammals studied did not show any influence of light on 
the reproductive cycle.

The most conspicuous seasonal change in coat and 
plumage occurs in those mammals and birds that are 
white in autumn and winter and brown in spring and 
summer (e.g., varying hare, ermine, and ptarmigan). By 
experimental manipulation of light, either of these colours 
can be produced out of season. Molt into white plumage 
or coat can be induced by short days. Temperature is not 
a factor. Day length also influences the time of annual 
molt in birds, growth of wool in sheep, and production of 
the winter coat in mink and ferret.

A number of less obvious seasonal activities also occur in 
response to day lengths. In some aphids, the production 
of winged individuals (as opposed to wingless individuals) 
normally occurs in autumn and is dependent on a period 
of darkness of 12 to 14 hours. In certain other insects the 
occurrence of sexually reprodueing individuals, which oc­
curs normally in autumn, can be produced out of season 
by shortening the days.

Practical applications of knowledge of photoperiodism 
are common in poultry management, for the length of 
daylight affects laying, sperm production, and body weight 
of the fowl. (A.Wo./Ed.)

BASIC BEHAVIORAL ACTIVITIES OF INDIVIDUALS
Feeding behaviour

The living cell depends on a virtually uninterrupted supply 
of materials for its metabolism. In multicellular animals 
the body fluids surrounding each cell are the immediate 
source of nutrients. The contents of these fluids are kept 
at a relatively constant level in spite of tolls taken by 
the cells, primarily by mobilization of nutrients stored in 
the body; in vertebrates, for example, glucose is stored 
in the liver, fats in the fat tissues, calcium in the bones. 
These stores, however, will become exhausted sooner or 
later, unless the animal takes up nutrients from outside. 
Movements performed for this purpose are termed feed­
ing behaviour.

N U T R ITIO N A L R EQ U IR EM EN TS O F H IG H ER  A NIM ALS

Cells use nutrients as fuel for energy production (catabol­
ism) and as material for processes of maintenance and 
growth (anabolism). Multicellular animals derive energy 
solely from the breakdown of complex organic molecules, 
mainly carbohydrates and fats. Because the fuel for the 
maintenance o f animal life comes only from other living 
organisms or their remains, animals are known as het- 
erotrophic organisms. All animal life depends ultimately 
on the existence o f organisms (largely green plants) that 
can use inorganic sources of energy, o f which solar radia­
tion is by far the most important; some microorganisms, 
however, obtain energy from oxidation of simple inorganic 
compounds.

For anabolic purposes, food must provide adequate 
amounts of all Chemical elements needed by the cells. Of 
the approximately 35 elements now known to occur in an­
imal cells, four (oxygen, carbon, hydrogen, and nitrogen) 
make up about 95 percent of the cell weight; another nine 
(calcium, phosphorus, chlorine, sulfur, potassium, sodium, 
magnesium, iodine, and iron) contribute about 4 percent. 
All of these elements have indispensable functions. The 
remaining 20-odd, together constituting less than 1 per­
cent of cell weight, are called trace elements, because they 
occur in minute quantities. Although some of them may 
become incorporated into cells by accident, many fulfill 
vital functions (see n u t r i t i o n ).

It is important to note that animal cells cannot synthe-

size from simple compounds certain necessary complex 
molecules. Instead, certain large organic molecules must 
serve as building blocks; such so-called essential dietary 
components include the vitamins, some amino acids, and 
certain fatty substances. In general, higher animals appear 
to have more restricted synthetic powers than lower ones 
and to require a correspondingly greater number of essen­
tial foodstuffs. Microorganisms in the intestines of verte­
brates may synthesize materials essential for the host, so 
that the food of the latter need not contain these substances.

TYPES OF FOOD PRO CU REM EN T

Because much of animal evolution, as regards behaviour, 
as well as anatomy and physiology, involves adaptation 
for the procurement of food, the extent of the meaning of 
the term feeding behaviour is not clear. Migratory habits 
of birds, for instance, no doubt evolved in part as a result 
of seasonal food shortages; individual birds now, however, 
start migration before food becomes scarce. Migration, 
therefore, important though it may be in the feeding ecol- 
ogy of a species, is not considered in this section, which 
concentrates on food-directed activities that are enhanced 
by a need for nutrients in the body of an individual. For 
similar reasons, activities such as host finding and accep- 
tance by internal parasites for themselves or their offspring 
also are excluded.

Even with these restrictions, the diversity of feeding 
patterns is bewildering. A useful Classification has been 
put forward by British zoologists Sir Maurice Yonge and 
J.A.C. Nicol, based on the structural mechanisms utilized, 
although, as Nicol observed, “many animals make use of 
a variety of feeding mechanisms, conjointly, or separately 
as occasion demands”:

I. Mechanisms for dealing with small particles.
A. Pseudopodial (e.g., many protozoans). Pseudopods consist 

o f fingerlike projections o f the cell membrane and its contents 
(cytoplasm) that surround and engulf food.

B. Ciliary (e.g., sponges, bivalve mollusks). Cilia are min­
ute hairlike projections o f cell membranes that, by concerted 
beating in wave rhythm, set up water currents or physically 
move food particles.

C. Tentacular (e.g., certain sea cucumbers). Tentacles are 
slender, flexible organs on the head. They may function in 
sensory perception and in actually securing food.

A C lass ifi­
c a t i o n  of 
m e c h a ­
n i s m s  
of food 
p r o c u r e ­
ment
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D. Mucoid (e.g., many snails, such as Vermetus). In this 
case, the food particles become attached to a sticky mucous 
sheet secreted by special cells.

E. Muscular (e.g., certain coelenterates). In the jellyfish Rhi- 
zostoma, pulsations o f  the bell-shaped body draw water and 
food in through perforations in the arms, then expel the water 
after the food is removed.

F. Setous (e.g, many small crustaceans, such as copepods). 
Setae are bristlelike projections o f  the cuticle and are found 
on the appendages o f many invertebrates.
II. Mechanisms for dealing with large particles or masses.

A. For swallowing inactive food, such as bottom deposits 
(e.g., many polychaete worms, some fishes).

B. For scraping and boring (e.g., some gastropod and bi- 
valve mollusks).

C. For seizing prey.
1. For seizing and swallowing only (e.g., Hydra, many poly­

chaete worms, many lower vertebrates).
2. For seizing and masticating (e.g., Crustacea, mammals).
3. For seizing followed by external digestion (e.g., some 

starfishes, spiders). (In such cases, the secretory and absorptive 
surfaces o f  the digestive system may be applied to the food 
by everting (i.e., turning inside out) the stomach, a method 
employed by starfish. Altérnatively, digestive enzymes may 
be injected into the prey, liquefying the tissues, which may 
then be ingested by the predator. This mechanism is found in 
spiders.)
II. Mechanisms for taking in fluid or soft tissues.

A. For piercing and sucking (e.g, leeches, mosquitoes).
B. For sucking only (e.g., many flies, butterflies).
For absorption through surface o f  body (e.g., various inver­

tebrates feeding on decaying organic matter, internal parasites 
such as tapeworms, which lack a digestive tract).

A different Classification, often used, rests on the nature 
of the behaviour for procuring food:

A. Filter feeders strain food from the surrounding medium 
more or less indiscriminately.

B. Selective feeders analyze the environment with their sense 
organs before aiming feeding responses at chosen items.

Some feeding patterns, however, cannot be easily fitted 
into either of these classes alone; spiders, for example, 
sieve prey from the air with webs but perform directed re­
sponses to the insects trapped. Class I of the Yonge-Nicol 
system comprises mainly Alter feeders; most members of 
classes II, IIIA, and IIIB are selective feeders. Selective 
feeding requires good sensory and nervous equipment 
and, in most cases, considerable mobility. It is therefore 
found mainly among higher animals. Yet the primitive 
sea anemones are selective feeders in that, capable of par- 
alyzing relatively large prey with their stinging cells, they 
do not discharge them until informed by Chemical and 
tactile senses that prey is present. At the other extreme, 
whalebone whales are Alter feeders, even though they are 
highly evolved mammals. Swimming at the surface with 
mouth open, they Alter off large plankton (krill) using 
several hundred horny plates with hairlike fringes hanging 
down from the roof of the mouth; availability of a rieh 
food source has caused the evolution of their feeding pat­
tems to diverge widely from that of most other mammals. 

Evolution- In all cases, the feeding pattems adopted by species are 
ary forces the result of evolutionary interplay between (1) stmctural 
and limits properties inherent in their phylogenetic line and (2) the 
on feeding ecological situations to which they have been exposed. 
pattem These interactions are too complex to make generaliza- 

tions profitable. The best approach is to study each species 
as a separate case in the light of its entire biology. A few 
examples are given below.

Filter feeders occur among sponges, coelenterates, 
polychaete worms, echinoderms, brachiopods, mollusks, 
arthropods, protochordates, fish, birds, and several other 
groups. As might be expected, filtering devices are diverse.

In the oyster, constantly lashing cilia drive a water cur­
rent—up to 34 litres (about 36 quarts) per hour—through 
the openings of perforated gill plates. Particles only two 
microns (0.002 millimetres) in size are wrapped in mucus 
and transported by other cilia to special food grooves, 
along which they pass to the mouth by the action of yet 
further cilia; particles that are too large, too heavy, or 
capable of producing irritation are sorted out and rejected 
by various mechanical means.

The polychaete worm Chaetopterus uses a bag of mucus, 
secreted by special body appendages, to strain the water it

pumps through its burrow. The mesh openings of the bag, 
about 40 angstroms (4 X 10 7 millimetres) wide, can even 
trap single molecules o f large proteins. Every 20 minutes 
the food-laden bag is taken to the mouth, consumed, and 
replaced by a new one.

The sessile marine snail Vermetus gigas secretes mucus 
strings up to 30 centimetres (12 inches) long that ex- 
tend away from the shell and entangle fine plankton. At 
intervals the strings are drawn back toward the mouth 
and swallowed.

Selective feeders, found among major animal groups, 
including coelenterates, annelids, echinoderms, mollusks, 
arthropods, and vertebrates, show even greater diversity of 
feeding pattems than do filter feeders. One striking point 
is that different groups deal in different ways with the 
same food in accordance with special capacities. Animals 
feeding on bivalve mollusks provide one example. The Various 
starfish Asterias forces the valves apart by the relentless methods 
pull of its sucker tube feet and then everts its stomach of feeding 
through its mouth to digest the soft tissues inside the shell. on bivalve 
The snail Sycotypus attacks an oyster by stealth: waiting mollusks 
until the valves open, it thrusts its shell between the valves 
and pushes its tubulär feeding organ, or proboscis, into 
the soft parts. Another snail, Natica, supports the scraping 
action of a filelike structure called a radula with Chemical 
dissolution by sulfuric acid, which is secreted by a gland 
on the proboscis, and drills a neat hole in a clam. Another 
snail, Fulgur, cracks a clam shell against its own shell by 
contracting its columellar muscle. Among birds, the oyster 
catcher (Haematopus ostralegus) adroitly cuts the closing 
muscles of a cockle with its chisel-shaped bill; herring 
gulls (Larus argentatus) break a shell by dropping it onto 
a rock. A sea otter (Enhydra lutris) cracks a clam on its 
ehest, while floating on its back, by pounding it on a stone 
held between the forepaws.
A few additional examples further illustrate the wealth 

of adaptations in selective feeding. The sluggish praying 
mantis (orthopteran insects o f the family Mantidae) stalk 
insect prey until within reach, then carefully oriënt them­
selves and accurately and rapidly extend forelegs adapted 
for grasping. For detecting prey in murky habitats, bats 
use an ultrasonic echolocation system; some fish use elec- 
tric pulses in a somewhat comparable manner. Anglerfish 
dangle a baitlike appendage of the first dorsal spine (lu- 
minous in deep-sea species) to lure the fish on which they 
feed toward their enormous mouths. Certain labroid fish­
es, which eat parasites off the bodies of other fish, induce 
their hosts to submit to treatment by a dancing approach; 
certain biennies treacherously mimic this behaviour and 
then rapidly bite the fin o f the unsuspecting victim. Shrikes 
perform special wiping movements to remove the sting 
from certain prey, even without previous experience of 
stinging insects. The peregrine falcon (Falco peregrinus) 
dives at birds at speeds above 160 kilometres (100 miles) 
per hour; and the cheetah, or hunting leopard (Acinonyx 
jubatus), pursues antelope at more than 95 kilometres (60 
miles) per hour. More than a thousand cormorants may 
join in a single fish drive. Instead of hunting, some species 
rob food collected by members of other species; among 
these robbers are the marauding skuas and jaegers (Ster- 
corariidae) and man-of-war birds (Fregata), which force 
weaker cousins to disgorge already swallowed prey, and 
various tropical flies that take up positions along the line 
of march of army ants and rob the passing workers.

The driving force for the evolution of each of these adap­
tations is the survival value to the species of selecting the 
food sources for which it can successfully compete. For the 
same reason, closely related species living in the same area 
may tend to exploit separate parts o f the environment; 
e.g., woodland titmice (Parus) forage in different parts of 
the trees, and the larvae of different species of the moth 
genus Eupithecia prefer different food plants. The result 
of such evolution may be that a species becomes special­
ized to one kind of food, as have many internal parasites 
and phytophagous (plant-eating) insects. Such food may 
be exotic, as is that of the larva of a moth (Galleria) that 
feeds on beeswax. In other species, such as the herring 
gull, on the other hand, each individual exploits a broad 
range of foods, thereby lessening the risk of starvation, as
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Figure 12: Diagrammatic representation of feeding control in a 
generalized mammal. Thin black arrows represent information 
flow; shaded arrows the flow of nutrients. The hunger centre 
is stimulated by general sensory information (e.g., environment 
suitable for feeding behaviour). It, in turn, activates lower order brain 
mechanisms for food searching (1), food getting (2), and eating (3); 
performance of each of which prepares the animal for the next. 
Ingested food passes through the various compartments of the 
body, each of which sends messages to the satiation, or satiety, 
centre, which inhibits the hunger centre correspondingly. In addition, 
taste messages from the mouth stimulate the hunger centre.

it is unlikely that all types of food will become exhausted 
at the same time.

R EG U LA TIO N  O F FO O D  IN TA K E

Metabolie expenditure cannot exceed food intake for very 
long if an animal is to survive. One way to equalize the 
two processes is to decrease metabolism to a level sustain- 
able by maximum intake, which may be limited by the 
ability to extract food from a meagre habitat. Data for fil­
ter feeders suggest that, in certain cases, continuous filtra- 
tion at maximal rates may be barely sufficiënt to support 
normal growth and maintenance. Selective feeders have 
been found to undergo a more or less drastic reduction 
of metabolism during temporary starvation. Secondly, the 
capacity of the digestive system may set a limit on nu­
triënt supply to the body. There is evidence that this is 
so in the minute filter-feeding crustacean Daphnia mag­
na. Such limitations are known to play a role in human 
feeding behaviour.

In man and many other selective feeders, nevertheless, 
the capacities of food-gathering and digestive systems ex­
ceed all but the most extreme demands of metabolism. 
To maintain nutritional balance, feeding must then be 
geared to metabolic rate. Information on the mechanisms 
and even on the existence of such regulation of intake is 
scanty, except for mammals and some insects.

Vertebrates. Most information on the control of feed­
ing behaviour in vertebrates has come from studies of 
mammals, but the general patterns found in mammals 
appear to be present in fish, amphibians, reptiles, and 
birds. Food intake requires a well-ordered sequence of 

Elements searching, food getting, and ingestive activities. Sometimes 
of feline the behaviour is elaborate. The following elements are dis­
feeding tinguished in the various cats: stalking, spying, pouncing, 
behaviour thrusting down with the head, biting the neck, carrying

into cover, plucking, and devouring. In grazing animals, 
the pattern is much simpler. In any case, the movement a 
feeding animal performs at a given moment depends large­
ly on external stimuli; search and pursuit, for example, 
are unnecessary when prey is within reach. In this sense, 
any feeding act is a response to the environment, but it 
is not a simple “reflex.” On repeated presentation of the 
same food Situation, the individual sometimes shows the 
appropriate response but at other times will fail to do so. 
These fluctuations in responsiveness are roughly parallel 
in all elements of feeding behaviour. Responsiveness tends 
to be higher with increasing lack of food in the body. It 
appears that responsiveness of the brain mechanisms for 
feeding is governed by messages reporting the nutritional 
state of the body. The contents of these messages, in other 
words, are primary determinants of the level of feeding 
motivation (for other influences see below Relation of 
feeding to other functions). High and low levels of feeding 
motivation are the objective counterparts of the everyday 
concepts of hunger and satiety. Regulation of food intake, 
then, must hinge on the physiological mechanisms of the 
feeding motivation.

Specific hungers. Lack of any nutriënt with a specific 
anabolic function, such as vitamins or minerals, must be 
redressed by increased uptake of the particular substance. 
Little is known thus far of the specific hunger mechanisms 
that ensure increased uptake, but good evidence exists that 
a nutriënt deficiency causes a specific rise in responsive­
ness to food containing the substance needed. In the case 
of thiamine (vitamin B,), a learning process is involved. 
The deficiënt animal tries various kinds of food and con- 
centrates on those that remove the deficiency. Specific 
appetite for salt in a sodium deficiënt subject, on the other 
hand, appears to rest on a genetically determined increase 
in reaction to the taste of sodium chloride and does not 
require any learning.

Calorie regulation. Lack of fuel in the body can be cor- 
rected by intake of any of a variety of possible substances 
that provide energy. Most natural food contains a mixture 
of such substances. Energy deficiencies can be alleviated 
by increased responsiveness to food in general. Ingested 
food (i.e., calories) passes from (1) the mouth to (2) the 
digestive tract to (3) the bloodstream; if not needed at 
once for catabolic processes, the digested food passes to
(4) storage sites, of which the fat tissues are the most im­
portant. These four regions are continuously monitored. 
A considerable amount is known about the monitoring 
roles of the organs for taste, smell, and touch in the mouth 
region; in addition, distension receptors in the digestive 
tract monitor the volume there, and chemoreceptors mon­
itor the nature of the contents. Information conceming 
the availability of glucose (the most commonly utilized 
sugar) and possibly other fuels in the blood is reeorded 
by cells located probably both in the brain itself and else­
where (e.g., in the liver). Finally, circumstantial evidence 
suggests that the contents of fat tissues are also monitored. 
All food that passes through the body contributes to each 
of these four messages in succession, until it is eventually 
catabolized.

The signals converge on the brain mechanisms for the 
feeding motivation over nervous and, possibly, humoural 
(Chemical) pathways. Here they have effects of two kinds:
(1) if signals from the four regions report increased fuel 
contents, the feeding motivation is lowered (satiety is 
raised), and (2) if taste (and perhaps other, e.g., visual) 
receptors are stimulated by palatable food the feeding 
motivation is increased. Intake stops when accumulation 
of signals of the first kind, overriding those of the second 
kind, causes hunger to drop below a critical level. Feeding 
is resumed when hunger surpasses this level as a result of 
fuel depletion by catabolism and emptying of the digestive 
tract by digestion and absorption. Once started, intake is 
enhanced by the positive effects o f the food stimulus. The 
net result of this interplay of positive and negative feed- 
backs from food responses is that calorie intake, observed 
over a sufficiently long period (at least several days), is 
equal to energy output over that period, so that body 
fuel content (body weight in fully grown individuals) re­
mains constant.
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The brain mechanisms involved in vertebrate feeding 
motivation consist of a complex network, not yet well un- 
derstood, encompassing, among other areas of the brain, 
the limbic system (the marginal zone of the forebrain) 
and the hypothalamus. The lateral hypothalamus (“hunger 
centre”) facilitates feeding responses. Electrical or Chemical 
Stimulation of this area elicits voracious feeding in satiated 
subjects, and its destruction causes more or less prolonged 
noneating (aphagia). If the subject is kept alive by arti­
ficial feeding, however, other brain areas may take over 
and reinstate more or less normal feeding. In contrast, the 
ventromedial (lower central) nucleus of the hypothalamus 
appears to be a clearinghouse for satiety signals. Subjects 
with lesions in this area stop feeding only at an abnormally 
high level of energy content (obesity) and grossly overeat 
(hyperphagia) until this level is reached.

Invertebrates. One of the few invertebrates in which 
the physiology of feeding behaviour has been extensively 
studied is the blowfly Phormia regina. Sucking is elicited 
by food stimuli on taste organs of the tarsi (the terminal 
sections of the legs) and proboscis. The meal continues 
until adaptation of these receptors causes their signals 
to decrease below the threshold of the sucking-response 
mechanism. This threshold is modulated, in the following 
manner, by food present in the digestive tract and in 
body fluids. As long as food is present in the foregut, the 
threshold is raised by signals from distension receptors in 
that area. The foregut is kept filled after a meal by release 
of food from the crop, where food taken up at the meal 
in excess of the capacity of the gut is temporarily stored. 
The threshold will remain high, therefore, until the crop is 
completely voided. The rate of crop emptying is directly 
related to the nutriënt concentration of body fluids. The 
latter depends on the balance between absorption from the 
gut and uptake by the metabolizing tissues. The harder the 
fly works, therefore, the sooner sucking will be resumed, 
with the result that food intake is kept equal to calorie 
expenditure through appropriate spacing of meals.

SELECTION O F FOO D  ITEMS

Most natural habitats offer a diversity of food objects, and 
most selective feeders are more or less euryphagic— i.e., 
they ingest a variety of different foods; strict monophagy 
is less common. On the other hand, no euryphagic species 
includes in its diet all potential food objects present in the 
habitat, nor are those that it does eat taken in proportion 
to the amounts in which they are available. On what 
grounds, then, are diets selected?

Vertebrates. A plant species constituting only a frac- 
tion of 1 percent of a pasture may make up the greater 
proportion of the diet of a sheep. Insectivorous birds also 
take a highly biassed selection from the insect menu of­
fered by the habitat. Although the relative abundance of 
different kinds of food is reflected in diets to some extent, 
this does not usually go so far that a single kind of food, 
however attractive and abundant, will become the sole 
constituent. Most vertebrates appear to take a varied diet 
whenever possible.

Responses to encountered food. Diet selection in adult 
vertebrates proves to be largely the result of individual 
learning processes that guide the genetically determined 
response potentialities of the newborn individual into cer­
tain definite channels.

Innate responsiveness appears to be broad in species 
that forage for themselves from birth and thus must deal 
with many different food situations. The pecking of new- 
ly hatched chicks of domestic fowl at all kinds of small 
objects, edible or not, is an example. Yet these chicks 
have certain innate preferences for colour and other fea­
tures. Such preferences may foreshadow the composition 
of adult diets. In newly hatched snakes, for instance, 
feeding responses are more easily elicited with extracts of 
the natural food of adults of the same species than with 
preparations of food of closely related species. In contrast, 
colour preferences of ducklings of different species are 
similar, although the adult diets differ.

Innate responsiveness may be narrow, however, in young 
vertebrates for whom the parent is the only source of 
food. Herring-gull chicks beg for food in response to a few

“sign stimuli” provided only by the parent’s head among 
all objects in the natural habitat. Sucking behaviour of 
newborn mammals is a somewhat comparable example. 
In such cases, responsiveness must be profoundly reorga- 
nized when the individual forages on its own.

Responsiveness is channelled into the adult pattem 
through experience of taste, nutritional value, and possi­
ble noxious properties of various objects. In this way the 
individual is able to attach a definite palatability rating to 
each type of food regularly encountered and to associate 
this with visual or other characters by which it recognizes 
objects from a distance. As demonstrated in experiments, 
insectivorous birds may discriminate precisely among as 
many as 40 different prey species in this manner.

In addition to palatability, detectability of food objects is 
a factor in diet selection. This has been studied in detail 
in visually foraging vertebrates. Detectability of an object 
depends on its degree of contrast with the background as 
to colour, shape, and movement. The individual predator 
can leam to detect prey that it finds only with difficulty at 
first; such “searching image formation” occurs only if  the 
prey is palatable and encountered often.

Finally, responses to encountered prey also depend on
( 1 )  t h e  h u n g e r  l e v e l  o f  t h e  i n d i v i d u a l  a n d  (2 )  i t s  e x p e r i e n c e  
r e g a r d i n g  t h e  g e n e r a l  f o o d  S i tu a t io n .  F l u n g r i e r  p r e d a t o r s  
h a v e  lo w e r  p a l a t a b i l i t y  r e q u i r e m e n t s  a n d  m a y  t a k e  g r e a t e r  
r i s k s  t o  s e c u r e  p r e y .  At o n e  a n d  t h e  s a m e  h u n g e r  l e v e l ,  a 
p r e y  o f  s l ig h t  p a l a t a b i l i t y  m a y  b e  r e j e c t e d  i f  t h e  p r e d a t o r  
“ k n o w s ” t h a t  f u r t h e r  s e a r c h  w i l l  p r o b a b l y  b r i n g  b e t t e r  f o o d  
b u t  a c c e p te d  i f  i t  “ k n o w s ”  t h a t  n o t h i n g  t a s t i e r  is  a v a i l a b l e .  
As a r e s u l t  o f  t h e s e  tw o  in f l u e n c e s ,  a n i m a l s  c o n c e n t r a t e  
d u r i n g  s c a r c i t y  o n  f o o d  s c o r n e d  i n  t i m e s  o f  p l e n ty .

Food searching and diet. The general type o f food 
taken is often determined by the innate search method 
of the animal and the section of the whole habitat being 
exploited. A fish-eating bird, such as the osprey (Pandion 
haliaetus), which secures prey by diving into water (but 
not swimming), is limited in its diet to fish species that 
are active near the surface. The much discussed question 
of whether food searching is random is relevant here, for 
certain kinds of nonrandomness can influence diets. No 
simple answer can be given. Search must be random in the 
sense that oriented reactions to food objects can be made 
only after detection; at the same time, however, the search 
may be systematic in that (1) places not recently traversed 
are favoured over those just unsuccessfully explored, and
(2) the locality where a prey has just been caught or seen 
may be searched with special attention. Further, (3) it 
is most common for individuals to restrict their foraging 
to parts of the home range where ample food has been 
previously found, although exploration of other parts is 
interspersed and may change the destination of further 
trips if successful. In all, food searching appears to have 
sufficiënt nonrandomness to influence diets provided that 
different kinds of food concentrate in different parts of the 
home range, as is often the case.
To sum up, vertebrate diet selection is largely molded 

by learning processes. Insofar as their course depends on 
chance experiences of individuals, differences in diet may 
develop even among members of one population of a 
species. On the whole, however, patterns of food selec­
tion are typical o f the species, as all its members have 
similar genetic makeup and live in broadly similar ecolog- 
ical situations.

Invertebrates. Learning processes appear to play a rela­
tively small role in food selection by invertebrates. Diets 
are largely, though not entirely, determined by genetically 
fixed preferences. Intensive studies have been made of 
host-plant selection by phytophagous insects. Here, as in 
host selection by animal parasites, the question is one of 
the choice of a place to live rather than of food alone, 
and the selection criteria may be largely a matter of 
compromise between nutritional requirements and other 
ecological functions. Leaving aside these complications, 
the factors leading to selection of a particular plant as food 
are predominantly Chemical, although other properties, 
such as structure, also play a role. The Chemicals involved 
in part are the nutrients themselves, but often the feeding 
responses are largely elicited by token substances that are

Deter­
mination 
of search 
area by a 
predator
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and stores 
of food

Fungi
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not nutritionally essential but are characteristic of the spe­
cies or family of plants that provide the natural hosts for 
the insect concerned.

SPECIALIZED  ASPECTS O F FE E D IN G  BEH A VIO U R

Relation of feeding to other functions. In principle, feed­
ing must proceed throughout life at a pace equal to that 
of metabolism, but in many cases intake does not closely 
follow expenditure. It is permissible for intake to lag when 
there are reserves in the body. In some cases it is clear 
that large reserves are present in anticipation of increased 
metabolic demands or predictable food shortage—e.g., 
hibernating mammals store large amounts of tissue fat be­
fore the onset of dormancy; migrating birds do the same 
before departure. Insect larvae store nutrients to last them 
through the pupal stage. Adults of many insects, such as 
mayflies, do not eat at all and have reduced mouthparts. 
Other species, such as the hamster, solve similar problems 
by laying in extracorporeal hoards of food.

Discrepancies between intake and expenditure, whether 
large or small, amount to distortion of the basic pattern 
of calorie regulation for the benefit of other functions.

Like most biological processes, feeding has a diurnal pe- 
riodicity; i.e., depending on the species, the active period 
may fall in daylight or during the night. Only in filter 
feeders is the activity often continuous.

Priority claims of other functions may lead to suppression 
of feeding even in hungry animals. Thirsty mammals or 
birds eat much less than normal because food intake would 
aggravate water shortage in the body in various ways. The 
same is true of mammals in a hot environment— i.e., food 
intake increases heat production in the body and would 
thus intensify the heat stress— and of female mammals 
during estrus (periods of fertility). In all these cases, more 
or less marked loss of body weight results.

Social facilitation is a further cause of discrepancies as 
here considered. Individuals often start feeding when they 
observe other members of the same (or other) species doing 
so. Both timing of feeding and choice of food are affected 
in this way. Unfamiliar food is accepted more readily by 
individuals observing others eating it. Such phenomena 
have been noted in mammals, birds, and fish.

Food-directed activities in social situations. A further 
complication is that food-directed activities may be per­
formed for the benefit of other individuals (see also below 
Behaviour o f animals in groups). This may serve their 
nutrition or some other function. Marked weight loss 
may occur in songbirds as they feed most of the prey 
to their nestling young. Courtship feeding in many birds 
(and insects), in which the male gives food to the fe­
male, strengthens the pair bond rather than having a role 
in nutrition.

Remarkably intricate is the behaviour by which individ­
uals of social-insect species—honeybees, for example— 
ensure nutrition of the colony. Tropical honey ants store 
nectar collected by the workers of the colony in the crops 
(stomachs) of certain workers that remain inside the nest 
and become so gorged that they are hardly more than stor- 
age bins. They disgorge droplets upon solicitation by other 
ants in the nest. “Dairying” ants keep aphids as suppliers 
of honeydew, a sugar- and protein-rich secretion. They 
milk the aphids by gently stroking them and, in return, 
protect them against enemies. The aphids may even be 
carried to the nest at the approach of winter and returned 
to a plant the following spring.

A number of ants and termites cultivate fungi for food. 
Workers of tropical leaf-cutting ants carry pieces cut off 
the green leaves of trees to the nest, where other workers 
use them for making a bed on which the fungi grow. 
When a queen sets out to start a new nest, she carries 
a pellet of mycelium (the “root” system of the fungus) 
in a special pocket on her head during her nuptial flight 
and subsequent burrowing. After depositing it in the new 
nest, she manures it with a special secretion until the first 
workers start bringing in leaf fragments.

The motivational background of behaviour as discussed 
above has not yet been sufficiently analyzed. Much re­
mains to be done in the more intricate—and even in 
the more straightforward— cases before satisfactory insight

in to the functions and causes o f  the behaviour o f  anim als 
toward their food is achieved. (L. de R.)

Locomotion

To locomote, all animals require both propulsive and con­
trol mechanisms. The diverse propulsive mechanisms of 
animals involve a contractile structure— muscle in most 
cases—to generate a propulsive force. The quantity, qual- 
ity, and position of contractions are initiated and coordi- 
nated by the nervous system: through this coordination, 
rhythmic movements of the appendages or body produce 
locomotion.

Animals successfully occupy a majority of the vast num­
ber of different physical environments (ecological niches) 
on Earth; in a discussion of locomotion, however, these 
environments can be divided into four types: aerial (in­
cluding arboreal), aquatic, fossorial (underground), and 
terrestrial. The physical restraints to movement—gravity 
and drag—are the same in each environment: they differ 
only in degree. Gravity is here considered as the weight 
and inertia (resistance to motion) of a body, drag as any 
force reducing movement. Although these are not the def- 
initions of a physicist, they are adequate for a general un­
derstanding of the forces that impede animal locomotion.

To counteract the force of gravity, which is particularly 
important in aerial, fossorial, and terrestrial locomotion, 
all animals that live in these three environments have 
evolved skeletal systems to support their body and to 
prevent the body from collapsing upon itself. The skeletal 
system may be internal or external, and it may act either as 
a rigid framework or as a flexible hydraulic (fluid) support.

To initiate movement, a sufficiënt amount of muscular 
work must be performed by aerial, fossorial, and terres­
trial animals to overcome inertia. Aquatic animals must 
also overcome inertia; the buoyancy of water, however, 
reduces the influence of gravity on movement. Actually, 
because many aquatic animals are weightless— i.e., they 
possess neutral buoyancy by displacing a volume of water 
that is equal in weight to their dry weight—little muscular 
work is needed to overcome inertia. But not all aquatic 
animals are weightless. Those with negative buoyancy sink 
as a result of their weight; hence, the greater their weight, 
the more muscular energy they must expend to remain at 
a given level. Conversely, an animal with positive buoy­
ancy floats to and rests on the surface and must expend 
muscular energy to remain submerged.
In water, the primary force that retards or resists forward 

movement is drag, the amount of which depends upon 
the animal’s shape and how that shape cleaves the water. 
Drag results mainly from the friction of the water as it 
flows over the surface of the animal and the adherence of 
the water to the animal’s surface (i.e., the viscosity of the 
water). Because of the water’s viscosity, its flow tends to be 
lamellar; i.e., different layers of the water flow at different 
speeds, with the slowest layer of flow being the one adja- 
cent to the body surface. As the flow speed increases, the 
lamellar pattern is lost, and turbulence develops, thereby 
increasing the drag.

Another component of drag is the retardation of forward 
movement by the backward pull of the eddies of water 
behind the tail of the animal. As they flow off an animal, 
the layers of water from each side meet and blend. If 
the animal is streamlined (e.g., has a fusiform shape), the 
turbulence is low; if, however, the water layers from the 
sides meet abruptly and with different speeds, the tur­
bulence is high, causing a strong backward pull, or drag, 
on the animal.

Aerial locomotion also encounters resistance from drag, 
but, because the viscosity and density of air are much 
less than those of water, drag is also less. The lamellar 
flow of air across the wing surfaces is, however, extremely 
important. The upward force of flight, or lift, results from 
air flowing faster across the upper surface than across the 
lower surface of the wing. Because this differential in flow 
produces a lower air pressure on the upper surface, the 
animal rises. Lift is also produced by the flow of water 
across surfaces, but aquatic animals use the lift as a steer­
ing aid rather than as a source of propulsion.

Buoyancy

Lift and 
drag
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Drag is generally considered a negligible influence in 
terrestrial locomotion; and, in fossorial locomotion, the 
friction and compactness (friability) of soils are the two 
major restraints. If the soil is extremely friable, as is sand, 
some animals can “swim” through it. Such fossorial lo­
comotion, however, is quite rare; most fossorial animals 
must laboriously tunnel through the soil and thereafter 
depend upon the tunnels for active locomotion.

Movement in animals is achieved by two types of lo­
comotion, axial and appendicular. In axial locomotion, 
which includes the hydraulic ramjet method of ejecting 
water (e.g., squid), production of a body wave (eel), or the 
contract-anchor-extend method (leech), the body shape is 
modified, and the interaction of the entire body with the 
surrounding environment provides the propulsive force. In 
appendicular locomotion, on the other hand, special body 
appendages interact with the environment to produce the 
propulsive force.

There are also many species of animals that depend upon 
their environment for transportation, a type o f mobility 
that is called passive locomotion. Some jellyfish, for ex­
ample, develop structures called floats that extend above 
the water’s surface and act as sails. A few spiders have 
developed an elaborate means of kiting; when a strand of 
their web silk reaches a certain length after being extended 
into the air, the wind resistance of the strand is sufficiënt 
to lift and carry it away with the attached spider. In one 
fish, the remora, the dorsal (top) fin has moved to the 
top of the head and become modified into a sucker; by 
attaching itself to a larger fish, the remora is able to ride 
to its next meal.

AQU A TIC LO CO M O TIO N

Microorganisms. Most motile protozoans, which are 
strictly aquatic animals, move by locomotion involving 
one of three types of appendages: flagella, cilia, or pseudo- 
podia. Cilia and flagella are indistinguishable in that both 
are flexible filamentous structures containing two central 
fibrils (very small fibres) surrounded by a ring of nine 
double fibrils. The peripheral fibrils seem to be the con- 
tractile units and the central ones, neuromotor (nervelike) 
units. Generally, cilia are short and flagella long, although 
the size ranges of each overlap.

Flagellar locomotion. Most flagellate protozoans pos­
sess either one or two flagella extending from the anterior 
(front) end of the body. Some protozoans, however, have 
several flagella that may be scattered over the entire body; 
in such cases, the flagella usually are fused into distinct- 

Types of ly separate clusters. Flagellar movement, or locomotion, 
flagellar occurs as either planar waves, oarlike beating, or three-
move- dimensional waves. All three of these forms of flagellar
ment locomotion consist of contraction waves that pass either

from the base to the tip of the flagellum or in the reverse 
direction to produce forward or backward movement. 
The planar waves, which occur along a single plane and 
are similar to a sinusoid (S-shaped) wave form, tend to 
be asymmetrical; there is a gradual increase in amplitude 
(peak of the wave) as the wave passes to the tip of the 
flagellum. In planar locomotion the motion of the flagella 
is equivalent to that of the body of an eel as it swims. 
Although symmetrical planar waves have been observed, 
they apparently are abnormal, because the locomotion 
they produce is erratic. Planar waves cause the protozoan 
to rotate on its longitudinal axis, the path of movement 
tends to be helical (a spiral), and the direction of move­
ment is opposite the propagation direction of the wave.

In oarlike flagellar movements, which are also planar, 
the waves tend to be highly asymmetrical, of greater side 
to side swing, and the protozoan usually rotates and 
moves with the flagellum at the forward end. In the three- 
dimensional wave form of flagellar movement, the motion 
of the flagella is similar to that of an airplane propeller; 
i.e., the flagella lash from side to side. The flagellum ro­
tates in a conical configuration, the apex (tip) of which 
centres on the point at which the flagellum is attached to 
the body. Simultaneous with the conical rotation, asym­
metrical sinusoidal waves pass from the base to the end 
of the flagellum. As a result of the flagellar rotation and 
its changing angle of contact, water is forced backward

over the protozoan, which also tends to rotate, and the 
organism moves forward in the direction o f the flagellum.

Ciliary locomotion. Cilia operate like flexible oars; they 
have a unilateral (one-sided) beat lying in a single plane.
As a cilium moves backward, it is relatively rigid; upon 
recovery, however, the cilium becomes flexible, and its tip 
appears to be dragged forward along the body. Because the 
cilia either completely cover, as in ciliate protozoans, or 
are arranged in bands or clumps, the movement of each 
cilium must be closely coordinated with the movements Meta- 
of all other cilia. This coordination is achieved by metach- chronal 
ronal rhythm, in which a wave of simultaneously beating rhythm 
groups of cilia moves from the anterior to the posterior end 
of the organism. In addition to avoiding interference be­
tween adjacent cilia, the metachronal wave also produces 
continuous forward locomotion because there are always 
groups of cilia beating backward. Moreover, because the 
plane of the ciliary beat is diagonal to the longitudinal axis 
o f the body, ciliate organisms rotate during locomotion.

Pseudopodial locomotion. Although ciliar and flagellar 
locomotion are clearly forms o f appendicular locomotion, 
pseudopodial locomotion (Figure 13) can be classed as 
either axial or appendicular, depending upon the defini- 
tion o f the pseudopodium. Outwardly, pseudopodial lo­
comotion appears to be the extension of a part of the body 
that anchors itself and then pulls the remainder of the 
body forwärd. Internally, however, the movement is quite 
different. The amoeba, a protozoan, may be taken as an 
example. Its cytoplasm (the living substance surrounding 
the nucleus) is divided into two parts: a peripheral lay- 
er, or ectoplasm, of gel (a semisolid, jellylike substance) 
enclosing an inner mass, or endoplasm, of sol (a fluid 
containing suspended particles; i.e., a colloid). As a pseu­
dopodium, part of the ectoplasmic gel is converted to sol, 
whereupon endoplasm begins flowing toward this area, the 
cell wall expands, and the pseudopodium is extended for­
ward. When the endoplasm, which continues to flow into 
the pseudopodium, reaches the tip, it extends laterally and 
is transformed to a gel. Basically, the movement is one 
of extending an appendage and then emptying the body 
into the appendage, thereby converting the latter into the 
former. Although the flow of the cytoplasm is produced by 
the same proteins involved in the mechanism of muscle 
contraction, the actual molecular basis of the mechanism 
is not yet known. Even the mechanics of pseudopodial 
formation are not completely understood.

From T.L . Jahn, How to Know the Protozoa

Arrows indicate the direction of cytoplasmic flow (see text).

Undulating and gliding locomotion. Two other types of 
locomotion are observed occasionally in protozoans. Some 
protozoans, usually flagellates, have along their bodies a 
longitudinal membrane that undulates, thereby producing 
a slow forward locomotion. A gliding locomotion is com­
monly seen in some sporozoans (parasitic protozoans), in 
which the organism glides forward with no change in form 
and no apparent contractions of the body. Initially, the 
movement was thought to be produced by ejecting mu­
cus, a slimy secretion; small contractile fibrils have been 
found that produce minute contraction waves that move 
the animal forward.

Invertebrates. As in the protozoans, aquatic locomo-
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tion in invertebrates (animals without backbones) consists 
of both swimming and bottom movements. In swimming, 
the propulsive force is derived entirely from the inter­
action between the organism and the water; in bottom 
movements, the bottom surface provides the interacting 
surface. Whereas some bottom movements are identical 
with terrestrial locomotor patterns, others can occur effec- 
tively only in the water, where buoyancy is necessary to 
reduce body weight.

Bottom locomotion.• Small flatworms (Platyhelminthes) 
and some of the smaller molluskan species move along 
the bottom by ciliary activity. On their ventral (bottom) 
surface, a dense coat of cilia extends from head to tail. The 
direction of the ciliary beat is tailward, causing the animal 
to glide slowly forward. Generally, all animals that move 
by this type of ciliary activity secrete a copious stream of 
mucus over which the animal glides. The mucus not only 
attachés the animal to the surface but also raises its body 
so that the cilia can beat. Because ciliary forces are too 
weak for the movement of large flatworms, they must use 
muscular contraction for their propulsive force.

Aquatic invertebrates possess several other types of bot­
tom locomotion. In species with well-developed legs, such 
as crabs and lobsters, bottom walking is common. Whereas 
the gaits in such cases are identical to those used on 
land, they tend to be slightly faster in water, because the 
buoyancy increases the animal’s stability. (Walking gaits 
are described below; see Terrestrial locomotion.)

Bottom Another form of bottom locomotion is bottom creeping, 
creeping which employs the contract-anchor-extend method of 

movement. Bottom creeping is best developed in leeches, 
which have two suckers, one at the anterior end and one 
at the posterior end. After the posterior sucker anchors the 
animal, it Stretches its body forward and attachés the anter­
ior one. It then releases the posterior sucker and contracts 
its body toward the anterior end. For effective contract- 
anchor-extend locomotion, the body musculature must 
consist of both circular and longitudinal muscles: the con­
traction of the circular muscles extends or elongates the 
body; the contraction of the longitudinal muscles flexes 
and shortens the body. Moreover, the skeleton should be 
hydrostatic; that is, a fluid skeleton that changes shape but 
not volume, thereby providing a firm but flexible base.
In pedal locomotion, which is a slow, continuous gliding 

that is superficially indistinguishable from ciliary loco­
motion, propulsion along the bottom is generated by the 
passage of contraction waves through the ventral muscu­
lature, which is in contact with the bottom surface. The 
pedal contraction waves are either direct (in the same 
direction as the movement) or retrograde (in the direction 
opposite to the movement). The direct waves produce 
locomotion in a manner analogous to that in which a 
Caterpillar walks. When a direct wave reaches a muscle, 
the muscle contracts and lifts a small part of the body; 
the body is carried forward and set down anterior to its 
original position as the wave passes. With direct waves, the 
surfaces of the body touching the bottom surface are not 
the ones that contract; with retrograde waves, however, 
these are the surfaces that do contract. As the retrograde 
wave approaches, the body area immediately adjacent to 
it is extended upward. The body surface within the con­
traction area then anchors itself to the bottom surface, 
after which the body is pulled forward.

Large flatworms use pedal locomotion instead of or in 
altemation with ciliary activity. In the gastropod and am- 
phineuran molluscans (e.g., snails and Chitons, respective­
ly), pedal locomotion is the primary locomotor mode and 
has become highly complex. The foot of these creeping 
animals is extremely muscular, penetrated by nerves, and 
capable of generating one, two, or four laterally adjacent 
contraction waves. If the foot generates a pair of waves, 
the lateral halves of the foot may alternate, thereby pro­
ducing a shuffling movement, or they may be opposite. 
Generally, a foot can contain no more than one whole 
and two partial waves moving along a single axis.

Peristaltic locomotion is a common locomotor pattem 
in elongated, soft-bodied invertebrates, particularly in seg- 
mented worms, such as earthworms. It involves the al­
temation of circular- and longitudinal-muscle-contraction

waves. Forward movement is produced by contraction of 
the circular muscles, which extends or elongates the body; 
contraction of the longitudinal muscles shortens and an­
chors the body (see below Fossorial locomotion).

Although peristaltic locomotion is frequently used by sea 
cucumbers, they and other echinoderms, such as sea ur- 
chins and starfishes, possess rows of tube feet that provide 
the main locomotor force. In starfishes, each arm bears 
hundreds of tube feet. Only one arm, however, becomes Tube feet 
dominant in locomotion; while the tube feet on that arm 
move toward the tip of the arm, the tube feet of the 
other arms move in the same plane as those of the lead 
arm. Because there is no apparent metachronal wave of 
contraction within an arm, the movement of the tube feet 
is poorly coordinated, but small areas of the tube feet do 
move in synchrony. Each tube foot is a hollow elastic 
cylinder capped by a hollow muscular ampulla (a small, 
bladder-like enlargement). When the ampulla contracts, it 
forces fluid into the tube foot and extends it. Preferential 
contraction of muscles in the wall of the tube foot Con­
trols the direction of and the retraction of the tube foot.
When the tube foot is fully contracted, fluid is withdrawn 
from it by relaxation of the ampulla, after which the mus­
cles of the tube foot swing it forward in preparation for 
another step.

Swimming. Invertebrates have developed two distinct 
propulsive mechanisms for swimming: some use hydraulic 
propulsion; all others utilize undulations of all or parts 
of their bodies. The medusa (umbrella-shaped) body of 
coelenterates and ctenophores (e.g., jellyfish and comb 
jelly, respectively) is a flexible hemisphere with tentacles 
and sense organs suspended from the edge; a manubrium 
(handle-shaped structure) bearing the digestive system 
hangs from the internal tip of the hemisphere. Enclosed in 
the outer margin of the medusa is a wide muscular band; 
when this band contracts, the opening of the medusa nar- 
rows. Simultaneously, water is ejected from the medusa 
through the narrow opening, and the animal is propelled 
upward. Because the contractions tend to be regulär but 
slow, locomotion is somewhat jerky.

Scallops are the best swimmers among bivalve mollus­
cans that can swim. Locomotion is produced by rapid 
clapping movements of the two Shells, creating a wa­
ter jet that propels the scallop. The muscular mantle (a 
membranous fold beneath the shell) acts as a valve and 
Controls the direction of flow of the ejected water, thereby 
Controlling the direction of movement. Nomally, the flow 
is directed down ward on each side of the hinge that joins 
the two Shells, and the resulting water jet lifts the scallop 
and moves it in the direction of the shell’s opening. If 
necessary, however, escape movement may occur in the 
opposite direction. The scallop is adapted to swim even 
though it is two or three times as dense as seawater. The 
hinge is elastic and opens the shell rapidly; this action, 
coupled with rapid and repeated contractions of the ad- 
ductor muscle, which closes the shell, produces a powerful 
and nearly continuous water jet. Moreover, the body form 
of a closed scallop is an airfoil (like a wing, the curvature 
of its upper surface is greater than that of its lower sur­
face); this shape, combined with the downward ejection of 
water, produces lift.

Cephalopods (e.g., squids, octopuses) are another group 
of mollusks that use hydraulic propulsion. Unlike the 
scallops, they have lost most of their heavy shell and have 
developed fusiform bodies. The mantle of cephalopods 
encloses a cavity in which are contained the gills and oth­
er internal organs. It also includes, on its ventral surface, 
a narrow, funnel-shaped opening (siphon) through which 
water can be forcibly ejected when all the circular mus­
cles surrounding the mantle cavity contract rapidly and 
simultaneously. This water jet shoots the cephalopod in a 
direction opposite to that in which the siphon is pointed.

Many invertebrates, particularly elongated ones such as 
open-sea-dwelling annelids and mollusks, swim by undula- 
tory movements produced by contraction waves that alter­
nate on each side of the body. Although the arrangement 
of the musculature differs between invertebrates and ver­
tebrates, the mechanics of undulatory swimming are the 
same in both and are described in the following section.
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Undu- Fish and fishlike vertebrates. Undulatory swimming is
latory roughly analogous to using one oar at the stern of a
swimming boat. The side-to-side movements of the oar force the 

water backward and the boat forward. The undulatory 
movement of a fish acts similarly, although the motions 
involved are much more complex.
Anguilliform locomotion. When an elongated fish such 

as an eel swims, its entire body, which is flexible through­
out its complete length, moves in a series of sinuous 
waves passing from head to tail. In this type of move­
ment, which is called anguilliform (eel-like) locomotion, 
the waves cause each segment of the body to oscillate 
laterally across the axis of movement. Unlike the simple 
side-to-side movement of the oar, however, each oscillat- 
ing segment describes a figure-eight loop, the centre of 
which is along the axis of locomotion. It is these oscilla- 
tions and the associated orientation of each body segment 
that produce the propulsive thrust.

The undulatory body waves are created by metachronal 
contraction waves alternating between the right and left 
axial musculature. During steady swimming, several con­
traction waves simultaneously pass down the body axis 
from head to tail; the resultant undulatory waves move 
backward along the body faster than the body moves 
forward. As the undulatory wave passes backward, its am­
plitude and speed increase, thereby producing the greatest 
propulsive thrust in the tail (caudal) region. Propulsion, 
however, is not limited to the caudal region, for all un- 
dulating segments contribute to the thrust. Because the 
speed, amplitude, and inclination of each body segment 
differ, the thrust of each differs. In all segments, the 
greatest thrust is obtained as the segment crosses the lo­
comotor axis, for here it is travelling at its greatest speed 
and inclination.

Carangiform and ostraciiform locomotion. All undula­
tory swimming movements generate forward thrust in the 
manner described above. Not all swimming animals, howr 
ever, possess the elongated shape of an eel; only those with 
a similar body form, in which the surface area of the head 
end is the same as that of the tail end, have anguilliform 
locomotion. Fish with fusiform bodies exhibit carangi­
form locomotion, in which only the posterior half of the 
body flexes with the passage of contraction waves. This 
arrangement of body form and locomotion apparently is 
the most efficiënt one, for it occurs in the most active and 
fastest of fish. The advantage of carangiform locomotion 
appears to be related to the effectiveness of the posterior 
half of the body as a propulsive unit and the fact that 
the shape of the body and its small lateral displacement 
create little water turbulence. In contrast to ostraciiform 
locomotion, in which only the caudal fin oscillates from 
side to side in a manner similar to moving a boat with 
one oar, the length of the propulsive unit of carangiform 
fish enables the unit to obtain maximum oscillatory speed 
and inclination.

Whales also use undulatory body waves, but unlike any 
Loco- of the fishes, the waves pass dorsoventrally (from top to
motion of bottom) and not from side to side. In fact, many mam-
aquatic mals that swim mainly by limb movements tend to flex 
mammals their body in a dorsoventral plane. Whereas the body 

musculature of fish and tail musculature of amphibians 
and reptiles is highly segmental—that is, a muscle seg­
ment alternates with each vertebra—an arrangement that 
permits the smooth passage of undulatory waves along the 
body, mammals are unable to produce lateral undulations 
because they do not have this arrangement. Nor does the 
muscle arrangement of mammals permit true dorsoventral 
undulations; however, with an elongated caudal region, as 
in whales, they can attain a form of carangiform locomo­
tion as effective as that of any fish.

Stabilization and steering. To stabilize and steer, most 
aquuatic vertebrates have, in addition to the caudal fin, 
a large dorsal fin and a pair of large anterolateral fins. 
Although they may possess other fins, these are of less 
importance. The balance of a swimming animal may be 
maintained in several ways. Rolling, or rotation, along the 
longitudinal axis of the body is reduced or controlled by 
any fins that extend at right angles to the body. Pitching, 
or dorsoventral seesawing, movements are counteracted

by the anterolateral fins, which are also the major steer­
ing organs of fish, whales, and seals. Yawing, or lateral 
seesawing, is prevented by the dorsal fin and, if present, 
a ventral fin; for these fins to be effective, however, most 
of their exposed surface area should be behind the fish’s 
centre of gravity. Because fins of the above type are not 
common in most invertebrates that swim by undulation, 
their locomotion is less stable.

Tetrapodal vertebrates. Many of the various types of 
undulatory locomotion described above are also widely 
used by aquatic tetrapods (those with walking appendages).
Larval frogs, crocodilians, aquatic salamanders, and liz- 
ards, for example, have long muscular tails that propel 
them by undulatory motion. Most aquatic tetrapods, how­
ever, move by appendicular locomotion, for which the 
major propulsive units are the hindlegs. The exceptions 
are sea turtles, auks, penguins, and für seals; in these, the 
hindfeet are webbed and are used as rudders. For propul­
sion, these animals use their forelegs, which have become 
bladelike flippers in which the forearm and hand region 
are dorsoventrally compressed to form a single, inflexible 
unit. The movements of such flippers are analogous to 
the aerial flight o f birds; by moving synchronously, they 
provide lift and thrust in the water. Unlike aerial flight, 
however, the upper arms do not produce lift or thrust; 
instead, they serve only as a pivotal or leverage point for 
driving the flippers.

Swimming movements in sea turtles, penguins, and auks 
are accomplished by the rotation of the flippers or wings 
through a figure-eight configuration. In the birds, however, Aquatic 
the stroke is relatively faster than in sea turtles, because birds 
the entire cycle appears to be proportionately smaller in 
amplitude. Moreover, because the birds’ bodies are more 
streamlined, they can attain greater speeds than the turtles.
Penguins may attain speeds of 40 kilometres (25 miles) 
per hour in water and have sufficiënt speed and thrust to 
enable them to leap two metres (six feet) or more above 
the water. The wings of penguins are so highly modified, 
however, that they have lost the ability to fly. The auks, 
on the other hand, are able to use their wings for both 
aerial and aquatic locomotion.

Some of the other aquatic birds, such as ducks and 
water ouzels, are said to propel themselves underwater 
through wing movements, but the evidence for such pro­
pulsion is incomplete and still open to question. The 
wing movements o f ducks may be for steering and hy- 
droplaning (skimming through the water) rather than for 
actual propulsion. The wings of the water ouzels, or dip- 
pers, were once thought to function as hydroplanes, but 
investigations have revealed that, although the wings are 
flapped underwater, the ability of dippers to bottom walk 
or fly underwater depends upon the velocity of the water 
flowing past the wings rather than the movement of the 
wings themselves.

Most aquatic birds are propelled by their webbed hind­
feet, which tend to move alternately in surface swimming 
and in unison when the bird is submerged. Of all the 
swimming birds that use their hindfeet, the loons show 
the most extreme adaptations: the body, head, and neck 
are elongated and streamlined; the hindlegs are at the very 
posterior end of the body; the lower legs are compressed 
and bladelike; and the feet are strongly webbed. The web- 
bing increases the surface area exposed to the water during 
limb retraction and also permits the folding of the foot, 
thereby reducing water resistance during protraction.

In frogs and freshwater turtles, the hindlegs are elon­
gated and the feet enlarged and strongly webbed. But, 
whereas the hindlegs of frogs move synchronously, except 
occasionally in slow swimming, when they alternate, the 
limb movements always alternate in freshwater turtles.
Some aquatic turtles, however, such as snapping, mud, 
and musk turtles, are very poor swimmers and will swim 
only under extreme conditions. These turtles are bottom 
walkers, and their limb movements in water are identical 
to those on land except that they can move faster in water 
than on land.

The swimming movements of many mammals are also 
identical with their terrestrial limb movements. Hippo- 
potamuses spend much of their time in the water, yet
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they bottom walk rather than swim. Most of the aquatic 
mammals— e.g., otters, hair seals, aquatic marsupials, in- 
sectivores, and rodents— use their hindlegs and frequently 
their tails for swimming. The feet are webbed and usually 
move altemately; the tail tends to be flattened. Für seals, 
polar bears, and platypuses swim mainly with forelimbs; 
only in the seals, however, are the movements o f the fore­
limbs similar to those of sea turtles and penguins.

FOSSORIAL LO CO M O TIO N

The speed, manner, and ease with which animals move 
depends directly upon the compactness o f the material 
and its Cohesiveness. Many aquatic animals can swim 
through semisolid mud or muck suspensions, which lack 
compactness. Some lizards and snakes that live in an 
arid environment can swim through friable sand, which 
is compact but lacks strong cohesiveness. Although these 
swimming movements can be considered a form of fos­
sorial locomotion, the following discussion considers only 
locomotor pattems in which most of the activity of the 
animals involved is confined to tunnels that they leave 
behind.

Burrowing Fossorial invertebrates. Burrowing or boring inverte­
brates have evolved a number of different locomotor pat­
tems to penetrate soil, wood, and stone, o f which soil or 
mud is the easiest to penetrate. The soft-bodied inverte­
brates, such as worms and sea cucumbers, burrow either by 
peristaltic locomotion or by the contract-anchor-extend 
method. Their hydrostatic, or fluid, skeleton, combined 
with their circular and longitudinal musculature, permits 
controlled deformation of their shape, which allows them 
to squeeze into narrow spaces and then enlarge the spaces, 
thus creating a burrow or tunnel. Worms with a pro- 
trusible proboscis (a tubulär extension of the oral region) 
generally burrow by the contract-anchor-extend method. 
Contraction of the circular muscles in the posterior half of 
the body drives the body fluids forward, causing the pro­
boscis to evert (tum outward) and forcing it into the soil. 
When the proboscis is fully everted, the part of the body 
(collar) directly behind it dilates and anchors the proboscis 
in the soil. The entire body is then pulled forward by the 
longitudinal muscles and reanchored. This pattern pro­
duces the very jerky and slow forward progression typical 
of most fossorial locomotion.

Peristaltic locomotion (see Figure 14), which is generated 
by the altemation of longitudinal- and circular-muscle- 
contraction waves flowing from the head to the tail, is 
similar to the above pattern. Forward progression is more 
continuous, however, because of the contraction waves. 
The sites of longitudinal contraction are the anehor points; 
body extension is by circular contraction. The pattern 
of movement is initiated by anchoring the anterior end. 
As the longitudinal contraction wave moves posteriorly, 
it is slowly replaced by the circular contraction wave. 
The anterior end slowly and forcefully elongates, driving 
the tip farther into the surface as the circular contrac-

From ü. Gray, Animal Locomotion, Weidenfeld & Nicölson Ltd., London

Figure 14: P e r is ta lt ic  lo c o m o t io n  in  w o rm s .
Segments move forward except when they are longitudinally 
contracted (shown as wide areas with large dots). Individual 
points on the worm’s body and their movements relative to 
each other are shown by the oblique lines.

tion wave moves down the body. The tip then begins to 
dilate and anehor the anterior end as another longitudi­
nal contraction wave develops. This sequence is repeated 
continuously, and the worm moves slowly forward. Re- 
versing the direction of the contraction waves enables the 
worm to back up.

Burrowing bivalve mollusks, such as clams, use the con­
tract-anchor-extend locomotor mode. Such bivalves have 
a large muscular foot that contains longitudinal and trans­
verse muscles as well as a hemocoel (blood cavity). The 
digging cycle begins with the extension of the foot by con­
traction of the transverse muscles. The siphons (tubular- 
shaped organs that carry water to and from the gills) are 
closed, and the adductor muscle of the shell contracts, 
thereby forcing blood into the tip o f the foot and causing 
it to dilate. With the tip acting as an anehor, the longi­
tudinal muscles then contract, pulling the body down to 
the anchored foot. Frequently, the longitudinal muscles 
contract in short steps and alternate between the left and 
right sides; this causes the shell to wobble and penetrate 
deeper as it is pulled down.
Some invertebrates are able to bore through rock. Most 

of the rock borers are mollusks; they bore either me- 
chanically by scraping or chemically by the secretion of 
acid. The piddock, or angel’s wing, bivalves, for example, 
attach themselves to a rock with a sucker-like foot. The 
two valves, held against the rock, grind back and forth 
by the alternate contraction of two adductor muscles; the 
grinding slowly produces a tunnel.

Fossorial vertebrates. The fossorial vertebrates are 
found in three classes: amphibians, reptiles, and mammals. 
Although some fishes and birds dig or bore shallow bur- 
rows, they can hardly be considered truly fossorial, as are 
moles or earthworms. Locomotion of fossorial amphibians 
and reptiles tends to be axial; it is appendicular only in 
mammals. Fossorial mammals have strong forelegs with 
a tendency toward flattening; their hands and particularly 
the claws are enlarged. Forelegs show the greatest modifi­
cation in such species as moles and gophers, whose entire 
lives are spent in burrows. These animals tend to dig with 
a breast stroke, either synchronously or alternately, by ex- 
tending the foreleg straight forward in front of the snout 
and then retracting it in a lateral arc. The loosened soil is 
compacted against the side walls of the burrow. In those 
fossorial species that dig burrows as nests but forage above 
the ground—many rodents, such as prairie-dogs, ground 
squirrels, and groundhogs—the digging movements tend 
to be dorsoventral with alternating limb movement. The 
forelegs are extended forward and then retracted down- 
ward and backward; the loosened soil passes beneath the 
body and is frequently pushed to the surface.

Fossorial reptiles and amphibians are usually legless, or 
the legs are so reduced that they serve no locomotor func­
tion; in most species, the head is flattened dorsoventrally, 
and the snout extends beyond and somewhat over the 
mouth. Burrowing is accomplished by one of three pattems 
analogous to the contract-anchor-extend locomotion of 
invertebrates. In the most common of these, the snout is 
driven straight forward along the bottom of the tunnel, 
the head is then raised, and the soil is compacted to the 
roof. The head tends to be laterally compressed in animals 
that use the other two patterns. In one of these pattems, 
the snout is shoved forward and then swung from side to 
side; in the other, the snout is rotated as it swings from 
side to side and seems to shave the walls of the tunnel.

TERRESTRIA L LO CO M O TIO N

Walking and running. Only arthropods (e.g., insects, 
spiders, and crustaceans) and vertebrates have developed 
a means of rapid surface locomotion. In both groups, the 
body is raised above the ground and moved forward by 
means of a series of jointed appendages, the legs. Because 
the legs provide support as well as propulsion, the se- 
quences of their movements must be adjusted to maintain 
the body’s centre of gravity within a zone of support; 
if the centre of gravity is outside this zone, the animal 
loses its balance and falls. It is the necessity to maintain 
stability that determines the functional sequences of limb 
movements, which are similar in vertebrates and arthro-
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pods. The apparent differences in the walking and slow 
running gaits of these two groups are caused by differences 
in the tetrapodal (four-legged) sequences of vertebrates 
and in the hexapodal (six-legged) or more sequences of 
arthropods. Although many legs increase stability during 
locomotion, they also appear to reduce the maximum 
speed of locomotion. Whereas the fastest vertebrate gaits 
are asymmetrical, arthropods cannot have asymmetrical 
gaits, because the movements of the legs would interfere 
with each other.

Cycle oflimb movements. The cycle of limb movements 
is the same in both arthropods and vertebrates. During the 
propulsive, or retractive, stage, which begins with footfall 
and ends with foot liftoff, the foot and leg remain station­
ary as the body pivots forward over the leg. During the 
recovery, or protractive, stage, which begins with foot lift­
off and ends with footfall, the body remains stationary as 
the leg moves forward. The advance of one leg is a step; a 
stride is composed of as many steps as there are legs. Dur­
ing a stride, each leg passes through one complete cycle 
of retraction and protraction, and the distance the body 
tra veis is equal to the longest step in the stride. The speed 
of locomotion is the product of stride length and duration 
of stride. Stride duration is directly related to retraction: 
the longer the propulsive stage, the more time required to 
complete a stride and the slower the gait. A gait is the 
sequence of leg movements for a single stride. For walking 
and slow running, gaits are usually symmetrical— i.e., the 
footfalls are regularly spaced in time. The gaits of fast- 
running vertebrates, however, tend to be asymmetrical— 
i. e., the footfalls are irregularly spaced in time.
The different gaits of insects are based on the synchrony 

of leg movements on the left (L) and right (R) sides of the 
animal. The wave oflim b movement for each side passes 
anteriorly; the posterior leg protracts first, then the middle 
leg, and finally the anterior leg, producing the sequence 
R3R2R l or L 3L2L X. There is no limb interference, be­
cause the legs of one side do not have footfalls along 
the same longitudinal axis. The slowest walking gait of 
insects is the sequence R 3 R2 R { followed by the sequence 
L3L2L x. A s  the rate of protraction increases, the protrac­
tive waves of the right and left sides begin to overlap. 
Eventually, the top speed is reached when the posterior 
and anterior legs of one side move synchronously. This 
gait occurs because the protraction times for all legs are 
constant, the intervals between posterior and middle legs 
and between middle and anterior legs are constant, and 
the interval between posterior and anterior legs decreases 
with faster movements. Other gaits are possible in addi­
tion to those indicated above by altering the synchrony 
between left and right sides.

Limb The limb movements of centipedes and millipedes follow
move- the same general rules as those of insects. The protraction 
ments in waves usually pass from posterior to anterior. Because 
millipedes each leg is slightly ahead of its anteriorly adjacent leg 
and centi- during the locomotory cycle, one leg touches down or 
pedes lifts off slightly before its anteriorly adjacent one. This

coordination of limb movement produces metachronal 
waves, the frequency of which equals the duration of the 
complete protractive and retractive cycle. The length of 
the wave is directly proportional to the phase lag between 
adjacent legs.
Whereas the millipedes must synchronize leg movements 

to eliminate interference, the tetrapodal Vertebrates must 
synchronize leg movements to obtain maximum stability. 
Four legs are the minimum requirement for symmetrical 
terrestrial gaits. Although bipedal (two-legged) gaits require 
extensive structural modifications of the body and legs, 
they still retain the leg-movement sequence of tetrapodal 
gaits (see Figure 15). The basic walking pattern of all te­
trapodal vertebrates is left hindleg (LH), left foreleg (LF), 
right hindleg (RH), right foreleg (RF), and then a cyclic 
repetition of this sequence, which is equivalent to the slow 
walking gait of insects but with the middle legs removed. 
Unlike the insects, however, vertebrates can begin to walk 
with any of the four legs and not just the posterior pair. 
The faster symmetrical gaits of vertebrates are obtained by 
overlapping the leg-movement sequences of the left and 
right sides in the same manner as insects; for example, an

Fig u re 15: W a lk in g  s e q u e n c e  o f  a  f iv e -g a ite d  h o rs e .
LH and RH refer to left and right hindlegs; LF and RF refer to 
left and right forelegs.
From A. Howell, Speed in Animals, ©  1944; University of Chicago Press

animal can convert a walk to a trot by moving diagonally 
contralateral legs (those on opposite sides) simultaneously, 
or to a pace by moving the ipselateral legs (those on the 
same side) simultaneously. Many other symmetrical gaits 
occur between the walk and the pace and the trot, which 
are extreme modifications of the walk.

Cursorial vertebrates. Cursorial (running) vertebrates Running 
are characterized by short, muscular upper legs and thin, 
elongated lower legs. This adaptation decreases the dura­
tion of the retractive-protractive cycle, thereby increasing 
the animal’s speed. Because the leg’s cycle is analogous 
to the swing of a pendulum, reduction of weight at the 
end of the leg increases its speed of oscillation. Cursorial 
mammals commonly use either the pace or the trot for 
steady, slow running. The highest running speeds, such as 
the gallop, are obtained with asymmetrical gaits. When 
galloping, the animal is never supported by more than two 
legs and occasionally is supported by none. The fastest 
runners, such as cheetahs or greyhounds, have an addi­
tional no-contact phase following hindfoot contact.

In cursorial birds and lizards, both o f which are bipedal, 
the feet are enlarged to increase support and the body axis 
is held perpendicular to the ground, so that the centre of 
gravity falls between the feet or within the foot-support 
zone. The running gait is, o f course, a simple alternation 
of left and right legs. In lizards, however, bipedal running 
must begin with quadrupedal (four-footed) locomotion.
As the lizard runs on all four legs, it gradually builds up 
sufficiënt speed sö that its head end tilts up and back, 
after which it then runs on only its two hindlegs.

Saltation. The locomotor pattern of saltation (hopping) 
is confined mainly to kangaroos, anurans (tailless am­
phibians), rabbits, and some groups of rodents in the 
vertebrates and to a number of insect families in the 
arthropods. All saltatory animals have hindlegs that are 
approximately twice as long as the anteriormost legs. Al­
though all segments of the hindleg are elongated, two of 
them—the tibial (between upper segment and ankle) and 
tarsal (ankle) segments—are the most elongated.

There are at least four different saltatory pattems, but Types of 
all are similar in that the simultaneous retraction or ex- saltatory 
tension of the hindlegs is followed by an aerial phase of patterns 
movement. The aerial phase in all patterns is governed by 
the physical principles of ballistics (the flight characteris­
tics of an object): the height and the length of the jumps 
are functions of the takeoff velocity and angle. The longest 
jumps are attained when the takeoff angle is 45°.

Before jumping, the femur (upper segment of the hind­
leg) of the flea is held perpendicular to the ground, the 
tibia extends obliquely posterior, and the remainder of the 
hindleg extends posteriorly along the ground. Just prior to 
the jump, the middle legs flex and tilt the body upward; 
then the femur of the hindlegs swings sharply backward 
simultaneously with the extension of the tibia. This retrac­
tion forces the animal upward and forward at an angle of 
50°. As the flea approaches touchdown, the front legs are 
swung forward and downward, the middle legs are held 
perpendicular to the body axis, and the hindlegs project 
obliquely posterior. The anterior two pairs of legs thus act 
to absorb the landing shock.

The frog jump (Figure 16) is initiated with three simul-
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taneous movements: the forelegs flex, and the back arches 
to tilt the entire body upward; the tarsus of the hindleg 
swings to a vertical position and locks; and the femur, ex- 
tending anteriorly along the body, swings in a horizontal 
plane. When the femur is perpendicular to the body, the 
knee joint snaps open, and the frog jumps forward at a 
30° to 45° angle. As the frog begins to land, the forelegs 
are protracted and held downward in front of the ehest. 
The forefeet touch down first, the forelegs acting as shock 
absorbers. Simultaneously, the hindlegs are protracted so 
that they can be in jumping posture by the completion of 
landing.

Figure 16: (Left) Jumping and (right) landing 
sequences of frogs.

The positions and movements of the hindlegs in rabbits 
and kangaroos are similar to those of the frog. The major 
difference is that rabbits, kangaroos, and all other mam­
mals move their legs in a vertical plane instead of a hori­
zontal plane, as do the frogs; because the femur and tibia 
move vertically, the tarsus need not be elevated to prevent 
the hindleg from hitting the ground. The saltatorial gait 
of rabbits is quadrupedal, whereas that of kangaroos is 
bipedal. A jumping rabbit Stretches forward and lands on 
its forefeet; generally, both forefeet do not touch ground 
simultaneously, however. As the forefeet touch, the back 
flexes, and the hind end rotates forward and downward. 
The hindfeet touch down lateral to the forefeet, and, as 
the back extends, a new jump begins. In contrast, the 
kangaroo lands on its hindfeet, and the back is held fairly 
straight through all phases of the jump, although the body 
inclines forward at takeoff and posteriorly when landing.

Crawling. Invertebrates crawl either by peristaltic loco­
motion or by contract-anchor-extend locomotion, both of 
which have been described previously (see above Fossorial 

Crawling locomotion). Limbless vertebrates, however, crawl in one 
patterns of four patterns: serpentine, rectilinear, concertina, and 

sidewinding. The most common pattern, serpentine loco­
motion, is used by snakes, legless lizards, amphisbaenids 
(worm lizards), and caecilians (wormlike amphibians). 
Rectilinear locomotion is used by the giant snakes and 
almost exclusively by fossorial vertebrates when burrow­
ing. Concertina and sidewinding locomotion are largely 
confined to snakes.

Serpentine locomotion. In serpentine locomotion, in 
which the body is thrown into a series of sinuous curves, 
the movements appear identical to those of anguilliform 
swimming, but the similarity is more apparent than real. 
Unlike anguilliform swimming, when a snake starts to 
move, the entire body moves, and all parts follow the 
same path as the head. When the snake stops moving, 
the entire body stops simultaneously. Propulsion is not 
by contraction waves undulating the body but by a si­
multaneous lateral thrust in all segments of the body in 
contact with solid projections (raised surfaces). The mus­
cular thrust against the projection is perpendicular to the 
axis of the pushing segment. To go forward, therefore, it 
is necessary for the strongest thrust to act against the side 
of the projection facing in the direction of movement. 
Because of this, thrust tends to occur at the anterior end 
of the concave (inward-curving) side of the loop of the 
snake’s body.

Concertina locomotion. Concertina locomotion is used

when there is not enough frictional resistance along the 
locomotor surface for serpentine locomotion. After the 
body is thrown into a series of tight, sinuous loops, form­
ing a frictional anehor, the head slowly extends forward 
until the body is nearly straight or begins to slide. The 
anterior end forms a small series of loops and, with this 
anehor, pulls the posterior regions forward, after which the 
sequence of movements is repeated. This crawling pattern 
is analogous to the contract-anchor-extend locomotion of 
invertebrates, but, because snakes lack the body flexibili- 
ty provided by a hydrostatic skeleton, they must depend 
upon the body loops.

Sidewinding. Sidewinding, which is also used when the 
locomotor surface fails to provide a rigid frictional base, 
is a specific adaptation for crawling over friable sandy 
soils. Like serpentine locomotion but unlike concertina 
locomotion, the entire body moves forward continuously 
in sidewinding locomotion (see Figure 17). Although the 
body moves through a series of sinuous curves, the track Tracks of 
made by the snake is a set of parallel lines that are roughly sidewinders 
perpendicular to the axis o f movement. This is because 
only two parts of the body touch the ground at any in­
stant; the remainder of the body is held off the ground.
To begin sidewinding, the snake arches the anterior part 
of the body forward and forms an elevated loop with only 
the head and the middle of the body in contact with the 
ground. Because each part of the body touches the ground 
only briefly before it begins to arch forward again, the 
snake seems to roll forward like a short, coiled spring. In a 
continuously repeating cycle, as a segment arches forward, 
the posteriorly adjacent segment touches down.

From J. Gray, Animal Locomotion, Weidenfeld & Nicolson Ltd.
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Rectilinear locomotion. Unlike the three preceding pat­
terns of movement, in which the body is thrown into a se­
ries of curves, in rectilinear locomotion in snakes the body 
is held relatively straight and glides forward in a manner 
analogous to the pedal locomotion of snails. The ventral 
(belly) surface of snakes is covered by scales elongated 
crosswise that overlap like roof shingles, with the opening 
of the overlap facing toward the posterior. Each ventral 
scale is moved by two pairs of muscles, both of which are 
attached to ribs but not to ribs of the same segment as the 
scale. One pair of muscles is inclined posterior at an angle 
(obliquely); the other is inclined anterior at an angle. As 
contraction waves move rearward from the head simul­
taneously on both sides, the anterior oblique muscles of a 
scale contract first and lift the scale upward and forward. 
When the posterior oblique muscles contract, the scale is 
pulled rearward, but its edge anchors it, and the body is 
pulled forward. This sequence is repeated by all segments 
as the contraction wave passes posteriorly, and, as a series 
of contraction waves follow one another, the body slowly 
inches forward.

ARBOREAL A ND  A ERIA L LO CO M O TIO N  

Climbing. The adaptation for climbing is unique for 
each group of arboreal animals. All climbers must have
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strong grasping abilities, and they must keep their centre 
of gravity as close as possible to the object being climbed. 
Because arthropods are generally small and, thus, not 
greatly affected by the pull of gravity, they show little 
specific structural adaptation for climbing. In contrast, the 
larger and heavier bodied vertebrates have many climbing 
specializations. In both arthropods and vertebrates, how­
ever, no leg is moved until the others are firmly anchored.
Arboreal amphibians and reptiles. Arboreal frogs are 

slender-bodied anurans with tapering legs and feet. The 
tips of the toes (digits) are expanded into large, circular 
disks that may function as suction cups, although such art 
action has not yet been definitely demonstrated. The disks, 
however, do increase the contact area, thereby improv- 
ing grasping ability. The leg-movement sequence during 
climbing is that of a walking gait.
Arboreal lizards have the same type of climbing gait as 

arboreal frogs, and their climbing specializations are also 
similar to those o f anurans. They have a different type of 
climbing foot, however, because of the presence of claws 
and scales on the digits. Moreover, the entire digits, rather 
than just their tips, may be expanded. On the bottom of 
each of these spatula-shaped expansions are one or two 
rows of transversely elongated scales. Although not visible 
to the naked eye, the surface of these scales is covered 
with fine projections that increase their ability to adhere 
to a surface. Because of this strong adherence, the toes 
roll off and on the surface on which the animal is walk­
ing. Unlike other arboreal lizards, chameleons possess a 
prehensile (grasping) tail and zygodactylous feet— i.e., the 
toes are fused into two opposable units. Although these 
adaptations are inferior for vertical climbing, they are 
superior for locomotion on vertical or inclined, slender 
branches. Arboreal snakes tend to have either prehensile 
tails or extremely elongated bodies.

Climbing birds and mammals. Although the strong, 
clawed feet of birds permit many of them to climb occa- 
sionally, most truly scansorial (climbing) birds cling with 
their strong feet and brace themselves with stiffened tail 
feathers. Birds such as woodpeckers and tree creepers 
usually climb vertically upward, usually with both feet 
moving simultaneously in short, vertical hops. This mode 
of locomotion, however, prevents vertical descent. Only 
the nuthatch can descend as easily as it can ascend; it 
climbs obliquely, using the upper foot for clinging and the 
lower foot as a brace. Parrots have developed zygodacty­
lous feet as an aid to climbing; in addition, they frequently 
use their bills when climbing vertically.
Several locomotor patterns for climbing are used by ar­

boreal mammals, the grasping ability of which has been 
enhanced by the presence of either strong claws or pre­
hensile fingers. Many monkeys use a climbing gait similar 
to the leg sequence of walking. Occasionally, however, 
they use a leg sequence equivalent to that of a trot. Small- 
bodied climbers with sharp claws, such as squirrels, climb 
by the alternate use of forelegs and hindlegs; essentially, 
they hop up a tree. Prehensile-fingered climbers descend 
backward and generally with a walking type of leg se­
quence. Sharp-clawed species descend with a similar gait 
sequence but with the head downward.

Leaping. The mechanics of arboreal leaping do not dif- 
fer from those of terrestrial saltation; the upward thrust 
in both is produced by the rapid, simultaneous extension 
of the hindlegs. Because of the narrowness of the arboreal 
landing site, however, landing behaviour does differ. Ar­
boreal leaping also tends to be a discontinuous locomotor 
behaviour that is used only to cross wide gaps in the 
locomotor surface. Leaping from limb to limb, although 
occasionally employed by most climbers, appears to occur 
most frequently in animals with opposable or at least pre­
hensile forefeet, particularly tree frogs and primates. Such 
forefeet enable the animal to grasp and hold onto the 
landing site.

Brachiation. True brachiation (using the arms to swing 
from one place to another) is confined to a few species of 
primates, such as gibbons and Spider monkeys. Because 
the body is suspended from a branch by the arms, bra­
chiation is strictly foreleg locomotion. When the animal 
moves, it relaxes the grip of one hand, and the body pivots

on the shoulder of the opposite arm and swings forward; 
then the free arm reaches forward at the end of the body’s 
swing and grabs a branch. The sequence is then repeated 
for the other arm. This locomotor pattern produces a 
relatively rapid and continuous forward movement but is 
restricted to areas with thick canopies of trees. Brachiators 
have arms that may be as long or longer than the body 
and a very motile shoulder joint.

Gliding. There are two functionally distinct forms of 
gliding, gravitational gliding and soaring: the former is 
used by gliding amphibians, reptiles, and mammals; the 
latter is restricted to birds. All gliders are able to increase 
the relative width of their bodies, thereby increasing the 
surface area exposed to wind resistance. The few gliding 
frogs Hatten their bodies dorsoventrally and spread their 
limbs outward. Gliding snakes not only Hatten their bod­
ies but also draw in the ventral scales, thereby creating 
a trough. The best adapted gliding lizards have elongated 
ribs that open laterally like a fan.

Gliding mammals, such as the African flying squirrel 
and the colugo, usually have, on each side of the body, a 
fold of skin (the patagium) that extends from their wrist 
or forearm backward along the body to the shank of the 
hindleg or the ankle. When gliding, they assumé a spread- 
eagle posture, and the patagia unfold.

Gravitational gliding. Gravitational gliding is equiva­
lent to parachuting. Because the expanded lateral surface 
of the body increases the wind resistance against the body, 
the speed of falling is reduced. The directions of gliding 
can be controlled by adjusting the surface area—to curve 
to the right, the right patagium is relaxed. Gliders can land 
on vertical surfaces by suddenly turning the anterior end 
of the body up as it reaches the surface. Mechanically, this 
stalls the flight— i.e., the horizontal component of flight 
is eliminated.

Soaring. Gravitational gliding is one of the basic mech­
anisms of soaring, which is restricted to birds, although 
birds must obtain their initial elevation by means of 
flapping flight. The second basic mechanism of soaring 
involves wind or air currents. Soaring requires that air 
currents meet one of two conditions: either the air must 
have a vertical velocity exceeding the rate of descent in 
gravitational gliding, or it must have a horizontal veloci­
ty that is nonuniform in time and space. Whereas static 
soaring depends upon vertical air currents, dynamic soar­
ing depends upon horizontal air currents. Both types of 
soaring are described below.
Vertical air currents for static soaring are produced when 

wind strikes an obstruction and is deflected upward. The 
sites of deflection are very local and discontinuous and 
seldom extend more than 30 metres (100 feet) above the 
obstruction. The height of deflection and the vertical ve­
locity of the air are a function of the angle of deflection 
and the velocity of the wind. If the vertical velocity of the 
air equals the descent speed of the bird, the bird remains 
stationary in height relative to the ground. If, however, 
the vertical velocity is greater, the bird rises, and, if  less, 
the bird falls at a speed equal to the gravitational descent 
speed minus the air’s vertical ascent speed. The horizon­
tal velocity of the air determines the bird’s movements 
relative to the ground in the same manner as that of the 
vertical velocity.
The soaring flights of vultures and hawks depend upon 

vertical hot-air currents called thermals. Such currents are 
not continuous updrafts or downdrafts originating from 
a specific spot; instead, as a local region of the ground 
is heated, a vertical, hot-air updraft is created. At the 
top of the column, a thermal bubble is formed by the 
hot air curving outward, downward, and then around the 
bubble. It is then pinched off by cool air flowing into the 
column and floats upward. The free-floating thermal bub­
ble is doughnut shaped, with the air rising in the centre 
and cycling outward and downward. Soaring birds spiral 
downward in the updraft; however, because the bubble 
rises faster than birds descend, soaring birds are carried 
upward, but at a speed less than that of the bubble. 
When a bird reaches the bottom of the bubble, it begins a 
straight gravitational glide until it reaches the next thermal 
bubble. Thus, static soaring in a thermal bubble can be
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recognized by its alternating flight pattern of circling and 
straight gliding.

Unlike static soaring, which is done at relatively high 
altitudes over land, dynamic soaring is done at low levels 
and is usually restricted to oceanic areas. Dynamic soar­
ing depends upon a steady horizontal sea wind, which is 
laminated into layers of different velocities because of the 
frictional interaction between the water and the air; the 
lower layers have the lowest velocity. The flight path of 
a bird performing dynamic soaring tends to be a series 
of inclined loops that are perpendicular to the direction 
of the wind. A soaring albatross, for example, will begin 
its gravitational glide approximately 15 metres (50 feet) 
above the sea. Because it glides downwind, its velocity is 
increased both by descent and by the wind at its tail. As 
the bird nears the sea, it makes a turn into the wind, and 
the forward flight velocity derived from the downwind 
glide and the tailwind combine to lift the albatross slowly 
back to its initial gliding height, but with a loss of hori­
zontal velocity. The bird therefore turns downwind again 
and begins to repeat the soaring cycle.

Because it depends upon the presence of a horizontal air 
current, the flight of flying fish is more akin to soaring 
than to true flying. As a flying fish approaches the water 
surface, its pectoral and pelvic fins, which are analogous 
to the forelimbs and hindlimbs of quadrupeds, are pressed 
along the side of the body. The greatly enlarged, winglike 
pectoral fins then spread out as the fish leaves the water. 
The wind against the fins provides lift to raise the body 
above the water, and the tail continues to undulate to 
provide additional thrust. When the entire body is out of 
the water, the enlarged pelvic fins extend, and the fish 
glides for a short distance until its forward velocity is lost. 
Occasionally, as a fish drops back into the water, it will 
undulate its tail to initiate another short flight.

True flight. Three animal groups have developed true 
flight: insects, birds, and mammals. All generate forward 
thrust by flapping lateral appendages, and all are free of 
any dependence on gravitational descent or air currents. 
It should be noted at the outset, however, that, although 
the aerodynamics of flight are identical in all three, the 
following cycles of wing movements described for the dif­
ferent animal groups are generalizations; each species in 
a group has a distinctive flight pattern and, therefore, a 
distinctive pattem of wing movement.

Right is produced by the simultaneous rotation of the 
left and right wings in a circle or in a figure eight. This 
rotation produces the upward thrust, or lift, necessary 
to overcome gravity and the forward thrust required to 
overcome drag. As the downward and backward phase of 
rotation forces the air backward and the body forward, lift 
is produced by the unequal velocities of the air across the 
upper and lower wing surfaces.

Wings o f insects. In flies with one pair of wings, the 
rotation of the tip inscribes a posterior inclined oval. At 
the top of the wing cycle, the tip lies above the junction of 
the thorax and abdomen. The wing then beats downward 
and forward so that the tip ends anterior and below the 
head. To insure maximum thmst, the broad surface of the 
wing lies parallel to the horizontal body plane during the 
downstroke. During the path of the upstroke, which is the 
reverse of the downstroke, the wing is feathered (turned) 
by inclining it perpendicular to the body plane. Although 
the rotational cycle of those insects with two pairs of wings 
follows a similar path, the upward and downward strokes 
of the anterior and posterior wings are not simultaneous; 
the anterior pair usually lags behind the posterior pair.

The wings of insects are rotated by pulsation of the 
thorax, not by a set of muscles. Basically, the thorax is 
a rigid box to which the wings are attached by a pair of 
longitudinal lateral hinges that enable the thorax to move 
dorsoventrally. Four sets of muscles control the major 
movements. Contraction of a perpendicular set, which ex­
tends from the centre of the floor of the thorax to its roof, 
depresses the thorax and, because of a reverse linkage be­
tween wing and thorax, raises the wing. Contraction of a 
diagonal set, which extends from the anterior roof of the 
thorax to its posterior floor, elevates the thorax and lowers 
the wing. Two diagonal sets of muscles extend laterally

from the floor to the wall of the thorax and are responsible 
for maintaining a relatively constant width in the thorax.

Wings of birds and bats. Unlike insect wings, the wings 
of birds and bats are linked structures, the lateral extent 
and regional inclination of which are altered intrinsically 
by muscular and bony segments. The up-and-down strokes 
of a bird’s wing are produced by large ehest (pectoral) 
muscles that extend from the Sternum (breastbone) to the 
lower surface of the humerus (a bone in the upper arm). 
When these muscles contract, the wing is lowered; it is 
raised by the contraction of a small anterior pectoral mus­
cle that is attached to the upper surface of the humerus 
by a long tendon.

Birds exhibit two major flight patterns, hovering flight 
and propulsive flight. Hovering flight is of fairly restricted 
use and is observed most frequently in the hummingbirds. 
The path of the wings inscribes a horizontal figure eight 
whose centre is perpendicular to the shoulder joint. The 
downward stroke of the wings is actually a slightly inclined 
anterior stroke, and, because the longitudinal body axis is 
nearly perpendicular to the ground, the upward stroke is a 
horizontal posterior stroke. Both strokes are power strokes 
that produce lift: on the downstroke the dorsal wing sur­
face is the top of the airfoil surface; on the upstroke the 
ventral surface is the top of the airfoil surface.
Most birds and bats, however, utilize propulsive flight. 

Because the body is not stationary, as it is in hovering 
flight, the wing always moves forward relative to the air, 
and its tip generally inscribes an oval or figure-eight path. 
In a pigeon, for example, the downstroke begins with the 
wing fully extended and perpendicular to the back (Figure 
18). As the wing moves downward and anterior, it draws

From J. Gray, Animal Locomotion; Weidenfeld & Nicolson, London

Figure 18: Wing movements of a pigeon.
(A) View from right side; (B) V iew  from behind; (C ) View  from 
above.

level with the body, at which point the upper arm section 
stops while the distal part completes the downward path. 
At the bottom of the downstroke, the distal part turns out­
ward and is elevated rapidly by the combined protraction 
of the humerus and the extension of the distal section.

DIRECTIONAL CONTROL
Although an animal’s locomotor pattern may be con­
trolled by its nervous System, directional control is impos­
sible without sensory input. Two factors are involved in 
directional control: orientation, the ability of an animal 
to determine and to alter its position in the environment; 
and steering, the mechanical alteration of the locomotor 
pattern through which the animal adjusts its position.

Orientation. Orientation of locomotor behaviour is usu­
ally categorized as either kinesis or taxis. In kinesis, as 
previously explained, an animafs body is not oriented in 
relation to a sensory stimulus; rather, the stimulus causes 
an alteration in speed or direction of movement. In wood 
lice, for example, the kinetic response alters only the rate 
of movement. Because wood lice tend to aggregate in moist 
areas, their ambuiatory activity increases or decreases as 
the relative humidity decreases or increases, respectively. 
In the planarian (an aquatic, ciliated flatworm), on the 
other hand, the kinetic response affects only the rate at
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which the planarian changes its direction. Because pla- 
naria tend to stay in or return to darker areas, an increase 
in light intensity causes an increase in their turning re­
sponses. Generally, however, animals tend to alter both 
direction and speed as a single kinetic response.

In taxis, an animal Orients itself in a specific spatial re­
lationship to a stimulus. The orientation may be simply 
an alteration of body position or it may be an alteration 
of locomotor direction so that the animal moves toward, 
away from, or at a fixed angle to the source of the 
Stimulus. Sources that elicit a taxis response, which may 
cause a modification of speed, direction, or both, seem 
to encompass the entire range of environmental stimuli, 
such as gravity (geotaxis), temperature (thermotaxis), light 
(phototaxis), or Chemicals (chemotaxis). If the response is 
negative, the animal moves away from the source; if it is 
positive, the animal moves toward the source.
The control of the response to a taxis is of two types. In 

open-system control, the initial response to a stimulus has 
no effect on subsequent responses to the same stimulus. A 
male firefly, for example, locates ä female by the latter’s 
brief flashes of light. When a male sees a female’s flash, the 
male turns in the direction of the female, even though the 
source is no longer visible. If another female flashes, how­
ever, the male responds to the second flash in exactly the 
same manner as it did to the first. In close-system control, 
on the other hand, the response is progressively altered by 
feedback so that all subsequent responses are adjusted to 
the initial response. A bat chasing a flying insect will alter 
its flight path to intercept that of the insect. The bat’s 
initial change in direction is only a general alteration of its 
course, but, as it approaches the insect, the bat constantly 
modifies its course to obtain an accurate interception.

Steering. Animals obtain accurate directional response 
(steering) by changing their propulsive response. Because 
steering relies heavily on continuous feedback (the com- 
munication cycle in which the motor output, or behaviour, 
is constantly being modified by the sensory input, or stim­
ulus), it requires a precise integration of the central and 
peripheral nervous systems. (The central nervous system— 
in vertebrates, the brain and spinal cord—is that part of 
the nervous system that receives sensory impulses and 
sends out motor impulses; the peripheral nervous system 
consists of all the nerves that carry impulses between the 
central nervous system and other parts of the body.) Ex- 
teroceptive stimuli (those that originate outside the body) 
received by the peripheral nervous system establish the an- 
imal’s spatial position in the environment; proprioceptive 
stimuli (those that originate inside the body), also received 
by the peripheral nervous system, establish the relative 
Position of the body units to each other (see further sen­
sory reception). Through integration of these two sets of 
stimuli, the central nervous system continuously adjusts 
the contraction of the motor units (e.g., muscles) in order 
to obtain the desired orientation.

During locomotion, steering is a continual process. The 
direction of movements must be constantly adjusted to 
counteract environmentally produced deviations of direc­
tion. The apparently simple act of a bird flying from a tree 
to the ground illustrates the complexity of directional con­
trol. As the bird flies to the ground, it must be constantly 
aware of its height above the ground, the orientation of its 
body axis relative to the ground, deviations in flight direc­
tion resulting from air currents, and its speed of fall. All 
these parameters are determined primarily by exterocep- 
tive stimuli received through the eyes and inner ears. The 
downward flight is constantly adjusted in response to these 
exteroceptive stimuli, and the fine control necessary for 
these adjustments is obtained by proprioceptive feedback.

(G.R.Z./Ed.)

Avoidance behaviour

In one of its major meanings “avoidance” is any behaviour 
induced by adverse stimuli. The underlying implication 
that a single neural mechanism is involved (such as a spe­
cific part of the brain, which, under electrical Stimulation, 
seems to inflict punishment) remains only a hypothesis. 
Clearly, the same kinds of avoidance behaviour might re­

sult from different underlying physiological mechanisms. 
Thus, although the various dichotomies, or polarities, of 
behaviour such as positive and negative, psychoanalytic 
life and death instincts, and approach and withdrawal con- 
cepts may be logieal or philosophical conveniences, they 
seem, nevertheless, to lack clear meaning physiologically.

Alternative usage defines avoidance behaviour by de- 
scribing a number of patterns: active avoidance (fleeing), 
passive avoidance (freezing stock-still or hiding), and a 
pattern of protective reflexes, as seen in the startle re­
sponse. There is good reason to suppose that, in cats, for 
example, each of these patterns is coordinated separate- 
ly by the brain. One kind of fleeing, in which the cat 
moves continuously and shows much upward climbing, is 
produced by electrical Stimulation of specific parts of the 
brain (hypothalamic sites). Stimulation of other sites (in 
the thalamus) generates other types of fleeing movements, 
causing the animal to crouch, look around, move, slink 
close to the floor, and hide, if possible. In general, among 
birds and mammals, brain sites for fleeing of the first type 
occur in hypothalamic and mesencephalic zones.
Protective reflexes in mammals include ear retraction to 

a position of safety—pressed against and somewhat be­
hind the skull—as when a horse is seen to lay its ears 
back. Among the monkey-like bush babies (Galagos) the 
outer ear folds up laterally and longitudinally at the same 
time, under threat. The eyes are closed, and the muscles 
around the eye are contracted, adding to the protection. 
During this so-called startle reflex, breathing is checked, 
and the mouth corners are pulled back to expose the 
teeth; this prepares both for biting in defense and also for 
movements of the tongue and for head shaking to free the 
mouth of any dangerous or distasteful substance that may 
have been taken in. In most mammals, the limbs flex as 
if ready for a leap; in the human startle reflex, the arms 
are thrust outward as if ready to grasp at a support.

It is helpful to consider avoidance behaviour in terms of 
factors that elicit it (e.g., specific stimuli) and regulate it 
(e.g., hormones).

FACTORS IN AVOIDANCE BEHAVIOUR
Specific stimuli. Warning calls and visual signals that 

are unique to different species of birds and mammals 
effectively and specifically evoke avoidance patterns. In 
some cases, learning clearly emerges as a factor; thus, 
members of a colony of birds seem to learn to respond to 
the alarm calls of all species present in the colony. Among 
ducklings, a visual model to evoke fleeing and hiding 
can be fashioned as a cardboard cutout. When moved 
overhead in one direction, the model resembles a short- 
necked, long-tailed hawk, and the ducklings flee from it; 
when moved in the other direction, the model looks like 
a harmless, long-necked goose, and the ducklings tend to 
stay calm. The model is effective, however, in eliciting 
the two kinds of behaviour only when the ducklings are 
accustomed to geese flying over but not hawks.

Innate factors also contribute to such responses (see above 
Instinctive behaviour). Domestic chicks, for example, show 
crouching and freezing in response to the long alarm call 
of their species. Many of the perching birds (passerines) 
will gather to mob when stimulated by the sight of an owl. 
The eyes in the characteristic owl face have been found 
to be especially important; even birds reared in isolation 
respond to man-made models with appropriate eyespots 
painted on. It has been suggested that many human beings 
are specifically (and perhaps instinctively) disturbed by 
the sight of snakes—the notion of a legless object perhaps 
being a key stimulus. Human responses to spiders and 
centipedes with conspicuous legs also may be intense. In 
the reaction to snakes at least, notwithstanding Freudian 
explanations that they symbolize male sex organs, the be­
haviour of people may be compared with owl mobbing 
among passerine birds.

Specific Chemical signals can induce avoidance behaviour; 
some are released by minnows and tadpoles when their 
skin is damaged (usually indicating to fellows that there 
is danger). These Chemicals appear to be specific for 
each species of fish and are highly effective in producing 
fleeing (see sensory reception: Chemoreception). Many

Brain 
function 
in coordi- 
nation of 
patterns



65 8  Behaviour, Animal

Probable 
role of the 
hippo­
campus

ants produce volatile alarm substances (terpenes) that are 
attractants to other ants at low concentrations and, in 
high concentrations near their source, produce rapid loco­
motion, defense postures, and, sometimes, fleeing. Some 
invertebrate avoidance responses are reflexes evoked by 
very specific stimuli; rapid swimming by cockles clapping 
their Shells, for example, is elicited by starfish extract. 
Shell jerking is produced in a freshwater snail (Physa) by 
contact with a leech, another specific response to a ma­
jor predator.

Pain, startle, and novelty. Painful stimuli are preemi- 
nent among those that produce avoidance. Among mam­
mals (including man) many such responses are patently 
inborn, as is the reflex withdrawal of one’s finger from 
a hot griddle.

To classify a stimulus as startling or novel requires some 
comparison with previous Stimulation. Human responses 
(orientation reflex) to startling or interesting stimuli may 
be studied by presenting a series of repeated tones; the 
orientation reflex tends to appear at the moment at which 
some change in the usual sequence (such as a longer or 
shorter tone) occurs. There is some evidence that the hip­
pocampus (a brain structure) is involved in the human ex­
perience of novelty. Surgical removal of the hippocampus 
in many animals makes avoidance responses to stränge ob­
jects far more persistent; a comparable Operation in small 
parrots (lovebirds) greatly increases the persistence of calls 
that gather others for mobbing. Probably the hippocampus 
takes part in establishing memory of any new stimulus, 
and once this has occurred, the stimulus is no longer 
novel. Removal of other brain structures (the amygdala) 
reduces avoidance of stränge objects (e.g., in lovebirds) 
and also makes fleeing and defensive attack less likely.

Passive and active avoidance. Passive avoidance is 
achieved by the inhibition of a previously exhibited re­
sponse. Thus, after a laboratory animal has learned to 
approach a food dish, it may then be punished by an elec- 
tric shock whenever a selected visual or auditory stimulus 
is present. In passive avoidance, the animal may freeze 
as soon as the stimulus is given; in active avoidance, the 
animal is given the opportunity of fleeing.

Freezing proper entails general motor inhibition, which, 
if sustained, may pass into signs of reduced arousal. States 
of considerable loss of muscle tonus, of eye closure, and 
many signs of deep sleep have been variously termed 
feigning death or animal hypnosis. In very young fowl, 
such signs can be induced simply by holding the animal 
firmly if the experience is novel (and thus presumably 
frightening). Such States tend to occur as an alternative to 
fleeing when the apparently frightening stimulus is diffi­
cult to locate or to escape. Among social mammals (e.g., 
cats or dogs) the status and confidence of an animal may 
be inferred from its degree of leg extension, arched back 
(vertebral tonus), and cocky tail elevation. Threat from 
which there seems no escape may induce a progressive 
approach to immobility and to general motor inhibition.

Punishment. Inhibitory interconnections have been pos- 
tulated between the punishment and reward Systems with­
in the brain. One line of evidence suggesting a single 
punishment system rather than a number of them in­
cludes behavioral and neurological resemblances in the 
responses of animals to fear-inducing and to frustrating 
circumstances. If either fear or frustration is induced dur­
ing conditioning, both produce resistance to extinction. 
Both are specifically opposed by barbiturate drugs.

Whatever its physiological basis, negative reinforcement 
(punishment) can induce in an animal both the inhibition 
of the response that produced the punishment and the 
avoidance of the location at which it occurred. Some­
times the tendency to show avoidance behaviour develops 
further with time, even without additional training. Thus, 
when being conditioned to discriminate between stimuli 
(e.g., two tones), some breeds of dog (e.g., Alsatians), if 
made to wait for food reward or given an impossible 
discrimination to perform, will howl and show great ex­
citement. On later days, they may first resist mounting 
the conditioning stand and finally resist approaching the 
room to which earlier they ran eagerly, presumably for the 
rewards of food. Stimuli associated with the training room

are sometimes said to act as secondary negative reinforcers 
(secondary punishments) in such a case.

Even a piece of cockroach nervous system (metathor- 
acic ganglion) and the leg it Controls have been shown 
to be capable of avoidance conditioning. If each contact 
of the leg with a water surface is paired with an electric 
shock, the leg comes to be retracted on contact with the 
water; no such change occurs in a control leg receiving 
the same number of shocks at random. The conditioning 
is accompanied by a very marked decrease in a Chemical 
(acetylcholinesterase) found in the nervous system; since 
it greatly facilitates transmission of some nerve impuls­
es, such a Chemical may well be basic to this primitive 
kind of learning.

Hormonal effects. Male hormones (androgens) cause 
the performance of new mobbing calls in the breeding 
seasön by many male passerine birds (e.g., chaffinch) and 
also some other birds (e.g., farmyard cock); it is not certain 
whether the effect is specific to the vocalization or whether 
the hormone produces a general change in responsiveness 
to frightening stimuli. Female hamsters are initially faster 
than males to emerge from a box and also move about 
more in a stränge place; perhaps females innately tend to 
be less nervous. Females behave more like male hamsters 
if given a small injection of male hormone (testosterone) 
in the second day of life; the adult difference survives 
castration, so it probably rests on sexual differentiation of 
the nervous system rather than on adult hormone levels.

The adrenocorticotropic hormone (acth) from the pi­
tuitary glands of many animals may facilitate avoidance 
behaviour. acth has other direct effects on the nervous 
system (e.g., facilitating male sexual behaviour).

FUNCTIONS OF AVOIDANCE BEHAVIOUR
Fleeing and escape. Most animals capable of locomo­

tion show a rapid locomotor reflex to painful or startling 
stimuli. Such a reflex is very ancient in an evolutionary 
sense; it is present even in such primitive marine animals 
as the slender, tiny, translucent amphioxus. The rapid 
propulsion of an octopus or squid by its own jet of water 
or of a crayfish by a blow of its tail, the sudden leap and 
flight of a grasshopper, and the retraction of a worm into 
its hole—all are examples of such avoidance behaviour.

Many invertebrates commonly compete in speed against 
their vertebrate predators, which tend to have faster con- 
ducting individual nerve cells; in order to compete suc- 
cessfully, the invertebrates seem to have evolved giant 
nerves (bündle of individual cell fibres), for the broader 
a nerve is, the faster it conducts. Among such lower ani­
mals, perhaps one-third or more of the nerve cord running 
the length of the body is made up of fibres responsible 
for initiating the escape response of the species. The fibres 
of a cockroach, for example, activate a mechanism that 
produces rapid running when the rear end (anal cerci) is 
disturbed by air movements. Bony fishes also have such 
structures, the Mauthner cells, that initiate escape swim­
ming when stimulated.

Escape may be facilitated not only by speed of response 
but also by its explosive onset (e.g., after a period of sham- 
ming death), making it difficult for a predator to predict 
the behaviour of a prospective meal. Escape movements 
may stop as suddenly as they start. Many animals may 
even be especially conspicuous in escape (e.g., showing col­
oured hind wings, as do some grasshoppers and moths), so 
that their disappearance appears even more sudden. Pre­
sumably, the predator, engaged in pursuing and tracking a 
moving prey, finds its difficult to shift quickly enough to 
a different kind of search and so is unable to localize the 
exact point of disappearance.

In many instances, rapid locomotion is enough to frus­
trate a predator; in others, direction is crucial (e.g., a fish 
moving upward to the water surface or downward to the 
bottom or, among birds, a more elaborate celestial orien­
tation). Under threat, insects such as pond skaters {Vellid) 
flee toward the nearest shore; beach fleas (amphipods) flee 
to the sea; and particular populations of ducks have a 
preferred compass direction for escape (so-called nonsense 
orientation).

Freezing. Immobility usually makes detection less like-
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ly. For stick insects and other animals resembling twigs 
or leaves, when immobility itself becomes conspicuous 
against moving foliage, the animals’ compensatory sway- 
ing increases the camouflage effect. There seems to be an 
evolutionary conflict between camouflage and the need 
for conspicuous signals in communication. Social groups 
commonly keep in touch by calls or by movements such 
as tail flicks, which are inhibited during freezing or even 
under incipient immobility. Movements may be made 
conspicuous by patches of white or colour on a bird’s 
outer tail feathers, or under a mammal’s tail. The well- 
known white rear patch of hair among antelopes, for ex­
ample, is hidden when the tail is folded or lowered under 
conditions of safety.

Protection reflexes, armour, and spines. Facial protec- 
tive reflexes are usually well developed in flat-faced mam- 
malian predators like cats and tarsiers, whose eyes and ears 
are especially exposed to injury by prey. The reflexes also 
are exaggerated in social species for use in communication; 
thus ear flattening in horse and dog displays has a counter­
part in scalp retraction among Old World monkeys. The 
scalp movements and raised brows are effectively used in 
communication, despite the greatly reduced mobility of 
ears among monkeys. Limbs and other appendages (e.g.; 
antennae) are withdrawn or used to protect sensitive areas 
by both vertebrates and invertebrates. Among mollusks 
and such groups as sea squirts and barnacles, the whole 
soft body can be retracted into a protective shell, or cara­
pace; a kind of door (operculum) may be used to stop the 
entrance (e.g., among snails and barnacles), and trap-door 
spiders pull the stopper in place behind them. Bone may 
have evolved in fossil vertebrates as protective armour in 
jawless ancient fishes (ostracoderms), probably as a result 
of natural selection in the face of dominant arthropod 
predators (eurypterids). With the evolution of jaws, the 
vertebrates themselves gave rise to nearly all later large 
predators. Evolutionary advantage then apparently came 
with complex sense organs and behaviour; in most verte­
brate lines there is evidence of a progressive reduction in 
body armour (dermal bone). Thus, although such cartilag- 
inous fishes as sharks and rays do not exhibit such bony 
skins, they may well have evolved from heavily armoured 
ancient fishes (placoderms).

Armour nevertheless has evolved repeatedly, particularly 
among animals incapable of fast locomotion; trunkfish 
(boxfish), for example, have a body entirely boxed by 

The bony plates; and tortoises and turtles are perhaps the most
completely completely armoured of four-legged animals. The turtles 
armoured seem to have evolved early from the basal stock of the 
turtles and reptiles; thanks to the shell (carapace) within which they 
tortoises can withdraw head, limbs, and tail, they represent one of 

the few reptilian orders that have remained consistently 
successful. The turtle’s dorsal carapace appears to consist 
of newly evolved plates of dermal bones, but the belly 
plates (ventral plastron) may well be retained in part from 
fish ancestors. Reptilian land vegetarians usually tended 
to evolve armour, as in the fossil dinosaurs such as stego- 
saurs and ankylosaurs.
South American toothless animals (edentates) such as 

anteaters are probably survivors of a comparable early 
development in mammals. The armour of armadillos and 
the presence of bony plates in the skin of the extinct 
sloths suggest that the whole group may derive from an 
armoured ancestor. The appearance of hair in the mam­
mal line, partly inferred from the presence of fleas in early 
evolutionary periods, seems to have led to the evolution 
of a light, spiny type of armour. Such modern mammals 
as hedgehogs, echidnas, insect-eating tenrecs, and some 
rodents and their relatives (lagomorphs) all possess defen­
sive spines that are commonly erectile and are often able 
to roll into a ball like an armadillo.

Chemical means of defense may be widely distributed in 
the body, making the animal distasteful to predators. Some 
of these Chemical compounds may be derived from plants 
eaten or synthesized by the animal itself (e.g., bufotoxin 
in toads). Although the animal attacked may be killed and 
thus not benefit, his fellows do since they are likely to be 
avoided by the predator. Poison or distasteful substances 
may also be ejected from a bodily reservoir and squirted

at the enemy (e.g., the skunk, some ants) or inserted into 
a puncture made by a spine (e.g., triggerfish) or teeth (e.g., 
certain snakes). Many poisons act to paralyze muscles by 
blocking nerve transmission at the neuromuscular junc- 
tion (e.g., cobra venom).

Warning behaviour. Mobbing behaviour apparently ad- 
vertises the presence of a predator that is potentially but 
not immediately dangerous; thus mammalian nest preda­
tors can be safely mobbed by flying birds, as can owls 
in the daytime. From the safety of trees, such mammals 
as monkeys and squirrels mob predators on the ground.
Mobbing calls are typically easy to locate, the calls being 
short and staccato, and they provide excellent cues of 
distance and direction. Conspicuous movements, such as 
tail flicks among small birds and squirrels, accompany the 
calls.

More urgently, intense warning behaviour is given in re­
sponse to sources of immediate danger (e.g., hawks active- 
ly hunting). Under these circumstances, warning calls are 
usually long whistles that make location difficult because 
of their gradual onset and termination and their narrow 
ranges of pitch. The evolution of warning behaviour that 
puts the displaying animal in danger (such as these intense 
warning calls) seems likely to come about only if the bene­
fit to offspring and other members of the species is great.
Indeed, it has been calculated that if an individual loses 
his life as the result of his warning behaviour, increased 
transmission of his family’s genes will result only if the 
reproductive rate of relatives (as close as sisters) is doubled 
as a result of his sacrifice. (R.J.A.)

Aggressive behaviour

The term aggressive behaviour is used in so many differ­
ent ways that no single definition can possibly cover all of 
its meanings. Behaviour that serves to injure an opponent 
or a prey animal, or to cause an opponent to retreat, is 
usually considered aggressive. When considering human 
aggression, some psychiatrists consider any act that has 
destructive consequences (including suicide) to be aggres­
sive. (For a discussion of aggressive behaviour in man, 
see Emotion and Motivation.) The role of aggression 
in behaviour has been—and continues to be—debated by 
psychologists and ethologists, as does the meaning of the 
term itself. Frequently, aggressive behaviour encompass- 
es both attack and defense. Other investigators exclude 
food-gathering behaviour, though it may involve attack 
on another animal. In order to avoid these ambiguities 
of definition, a distinction must be made between causa­
tion, function, and description of observed behaviour. It 
is frequently assumed that a single motivational System 
(aggression) causes all recognizably aggressive behaviour 
in higher animals. This assumption is certainly invalid for 
invertebrates and for most higher vertebrates, in which a 
variety of motivational bases appear to exist. A motiva­
tional definition of aggression is thus difficult. The only 
possible rigorous approach is to list patterns o f behaviour, 
usually held on both functional and causative grounds 
to be aggressive. Because aggressive behaviour has been 
most studied in mammals, mammalian behaviour will 
be examined here first as a basis for comparison with 
other animals.

BASIC AGGRESSIVE PATTERNS
Most modern theories of aggressive behaviour are based 
on laboratory experimentation, especially with mice and 
cats, and on field observations. Mammals show two basic 
aggressive patterns: attack and defensive threat. Direct ev­
idence from brain-stimulation experiments in marsupials 
and eutherian (placental) mammals shows that each pat­
tern is a closely coordinated series o f events, obtainable in 
relatively constant form from a wide range of brain sites.
Attack behaviour results from stimulating the lateral and
anterior regions of the hypothalamus, and defensive threat
from some areas near the centre of the hypothalamus and
from the central gray region of the mesencephalon (mid- Mammal-
brain). In the opossum, attack involves visual fixation on ian attack
the prey, seizing it with the jaws, and shaking it from side behaviour
to side through a figure eight. In defensive threat, the jaws
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are opened and the animal backs into a comer, hissing. 
Newborn mice exhibit escape behaviour. Helpless at birth, 
a mouse will respond defensively to an outside stimulus 
(i.e., pinching the tail) by squeaking, moving its legs, and 
moving away. When the mouse is older, its behaviour 
becomes more offensive in that it will attempt to bite. 
Still later, at about 12 days of age, it will stand on its 
hind legs in a posture of defense. Not until it is a month 
old, however, will it attack. The pattern of fighting in 
male mice includes kicking, biting, and rolling over until 
one of the combatants is hurt. The injured mouse might 
attempt escape, with the attacker in pursuit. If escape is 
not attempted or is not possible, the injured mouse may 
show defensive behaviour or feign death, submitting to 
the attacks of the aggressor. The aggressive patterns in the 
cat have been studied extensively. There is disagreement 
about the relation in this species between movements of 
prey catching and those öf attack on other cats, and in- 
deed whether prey catching should be termed aggressive at 
all. Since the coordination of stalking, biting, seizing with 
the forepaws, and scratching with the hind legs can be the 
same in both situations—and the eliciting stimuli also are 
often similar—it is reasonable to classify them together. 
The dispute sterns from the possibility of the same pattern 
having two or more rather different causations.

In the cat, it is clear that defensive threat involves a num­
ber of component patterns that can occur independently 
of each other. The pattems include reflexes that protect 
vulnerable areas, such as narrowing the eyes or flattening 
the ears and cardiovascular preparations for exertion (e.g., 
a rise in arterial blood pressure and active dilation of 
the blood vessels that supply muscles). Hisses and growls, 
together with erection of back and tail hair, are also typi­
cally part of defensive threat, serving to make the animal 
conspicuous.

Similar pattems can be recognized in birds and can be 
induced by brain Stimulation in roughly the same areas as 
in the cat. In the collared dove (Streptopelia decaoctö) at­
tack involves pecks and wing blows, whereas an immobile 
threat display includes bill opening and feather erection.

Human attack behaviour, defined in this way, might 
consist of a direct Stare, exaggerated by a slight frown, as 
preparatory behaviour, and then, at full intensity, striking 
with hand or fist, seizing, and biting. Staccato, loud, or 
breathy speech, given at such times, may be compared 
to the violent expiration (hissing, growling) of other pri­
mates in threat.

Acquired skilled movements (e.g., boxing, wrestling) 
could reasonably be included, just as fighting in adults 
of other species probably also involves skilled movements 
(e.g., blows with leg spurs in cocks).

CAUSATION
Evocative stimuli. Few stimuli that are highly specific 

for attack have been described. A scent produced by adult 
male mice is probably one example. Another is colouring. 
It has been shown that chaffinches (Fringilla coelebs) have 
a personal territory about them that they protect from in- 
trusion by other chaffinches. This territory may be related 
to a source of food or water or to space for perching. 
Invasion of the personal space of one chaffinch by an­
other usually results in either attack or withdrawal. Males 
may penetrate up to 20 centimetres (eight inches) before 
either alternative occurs. Females, however, are permitted 
to penetrate up to 10 centimetres. Experiments have been 
performed in which the feathers of the female chaflinch’s 
breast are dyed to resemble those of the male. When such 
a disguised female penetrates the personal territory of a 
male, attack or withdrawal occurs within 20 centimetres. 
Experiments with inexperienced birds indicate that the 
effect is innate.

Members o f an animal’s own species (conspecifics) that 
are unfamiliar tend to evoke attack, perhaps partly be­
cause they lack the cues that suppress ättack in familiär 
fellows (e.g., group smell in mice; see below Aggression as 
a drive). Another very widely effective stimulus is that of a 
conspecific approaching within a certain distance, which, 
in the case of species the members of which ordinarily 
do not tolerate close approach, may be very uniform;

for example, the chaffinches’ inviolate personal territory, 
which has already been mentioned above. This distance 
may be maintained around objects other than the animal 
itself. A typical songbird territory includes points, such as 
song perches or the nest site, that are defended in this 
way. Approach to the mate often evokes attack; this is 
particularly clear in species in which paired birds remain 
in flocks (e.g., some grackles, Quiscalus) and approach to 
the mate is not the same as entry of the territory. Both 
birds and mammals commonly attack in response to an 
approach that threatens their offspring. In many ways 
(e.g., grooming) offspring are treated as an extension of the 
maternal bocly, thus, ä threat to the offspring is a threat 
to the parent.
A conspecific moving rapidly away tends to evoke chasing 

and attack in many birds and mammals. In such predators 
as dogs attacks like this may be partly inhibited, taking 
the form of aggressive play, but their resemblance to prey 
catching is so close that any distinction would be artificial. 
The Stimulus is equally effective, however, in such species 
as baboons, which rarely or never take large prey. For 
young domestic fowl, inexperienced in attack, repeated 
rapid retreats and approaches by another individual are 
the optimal Stimuli for sparring and pecking.

Submissive behaviour (e.g., exposing throat or belly) has 
been described as providing stimuli that specifically inhibit 
attack. It is more likely that such behaviour is effective 
either by removing stimuli that tend to evoke attack, or 
by evoking Systems of responses incompatible with attack. 
Examples of the first category are immobility, as in the 
resting attitudes assumed by many mammals and birds 
when persecuted, and the avoidance of behaviour (such 
as the direct Stare) suggestive of intent to attack. The 
assumption of infantile behaviour (e.g., food begging in 
many birds) makes attack less likely. Many social mam­
mals, indeed, have evolved special features in their young 
(e.g., juvenile für colour of baboons and guenon monkeys) 
that allow their possessor to behave freely in ways that 
would certainly produce attack if shown by an adult. The 
assumption of sexual postures is another example of the 
second category of submissive behaviour. In baboons and 
macaque monkeys “presenting” (the type of solicitation 
used by a sexually receptive female) has become a com­
mon response of any subordinate, male or female, when 
approaehed by a superior. The Austrian ethologist Konrad 
Lorenz has argued that predators have unusually effective 
submissive behaviour because they are so well armed and, 
extrapolating from animals to man, that it is therefore 
unfortunate that man is not more genuinely a carnivore. 
In fact, as with most displays, the clearest correlation is 
that the more social the species, the more elaborate and 
easily elicited the communicating displays. Man is even 
better equipped than other primates with infantile displays 
(weeping, dependent behaviour) and friendly greetings 
(smiles) that avert attack.

Dominance hierarchies, first described in terms of peck- 
right in the domestic fowl, may be regarded as a means of 
reducing attack within a social group. Once the hierarchy 
is established, disputes rarely need arise because the infe­
rior immediately gives way when confronted by a superior.

A dominant animal is best defined as one whose actions 
are not constrained by possible responses of its fellows. Its 
Position need not derive from earlier successful aggressive 
behaviour although it usually does, but may instead re- 
flect superior persistence or strength. Although best known 
in birds and mammals, dominance hierarchies have also 
been described in crabs and bumblebees. In bumblebees 
the dominant animal opens its mandibles and butts the 
inferior one.

Facilitating stimuli. Startling and painful stimuli facil- 
itate attack, which may be directed to objects not asso­
ciated with the source of pain or startle. The effect has 
been shown in both rats and sqüirrel monkeys, following 
electric shock administered through a floor grid. A clear 
distinction has usually not been made between attack, de­
fensive threat, and a mixture of the two; but both patterns 
are clearly facilitated. The human irritability that often ac- 
companies persistent discomfort or pain provides a more 
familiär example.
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The thesis that frustration causes aggression has been 
very influential since it was first proposed. In a labora­
tory experiment, a pigeon immediately attacked anoth­
er whenever a lever that normally delivered food when 
pressed failed to do so. There is no reason, however, to 
elaborate such evidence into the proposition that all of the 
attack is caused by frustration, as has been suggested by 
some investigators.

Reinforcing patterns. It has been suggested that a num­
ber of important patterns of behaviour— most or perhaps 
all of which have major representation in lateral hypo­
thalamic brain centres— include component responses that 
produce self-reinforcing stimuli. An animal in which the 
pattern is activated, either naturally or by hypothalamic 
Stimulation, will learn to run a maze in order to be able to 
perform the response. This Observation has been made of 
the rat, not only for such obvious patterns as feeding and 
drinking but also for gnawing on wood and other objects. 
Following appropriate electrical Stimulation, a cat will run 
a maze in order to be able to attack a rat, even though 
most cats normally do not respond to rats. This behaviour 
involves prey catching, rather than attack, if a distinction 
is to be drawn. There appears to be no direct evidence of 
this type for attack in animals not artificially stimulated.

It is clear, observationally, that once attack has become 
likely an animal will search for the opponent and perform 
a variety of responses in order to reach him. The study of 
play behaviour suggests that the movements of prey catch­
ing (e.g., kittens pouncing on a ball) or attack (e.g., the 
play fighting so common in primates and other mammals) 
in themselves can be reinforcing. In such play, hurting or 
inducing signs of hurt are avoided, but it is possible that 
these sometimes are sought and serve as reinforcers, as is 
certainly suggested by human behaviour.

It is almost certain, however, that attack and defensive 
threat are also performed under the control of quite other 
reinforcers, such as removing a social fellow who is an 
inconvenience or an obstacle. It has been shown that a pi­
geon can be conditioned to attack a cage mate as an oper- 
ant response to obtain a food reward from a hopper quite 
remote from the animal attacked. Full intensity attack 
was given, but other experimenters have found that attack 
caused in this way shows the simpification and reduction 
in intensity typical of operant responses. This reduction is 
obvious in the light peck used by dominant hens to make 
inferiors retreat from food or to control them in other 
ways. There is no reason why attack should be used for 
such a purpose rather than some other behaviour, if some 
other type of behaviour was more convenient.

Aggression as a drive. Lorenz is the most recent au- 
thor to treat aggression as a drive that energizes attack 
(and some other behaviour), is exhausted by performance 
of the behaviour, and then accumulates afresh, making 
performance more and more likely. The resemblance to 
the death wish of Freudian theory is obvious, particularly 
since both suggest that quite unlikely behaviour may be 
motivated by the drive. This approach to the causation 
of behaviour can be traced back through the writing of 
Charles Darwin to an influential essay by Herbert Spencer 
on laughter and its role in discharging accumulated ner­
vous energy. No convincing proof for such theories has 
ever been presented.

There is now direct evidence that threshold (the amount 
of stimulus required to elicit the response) for attack or 
threat may be raised or lowered over periods as long as 
20 minutes. In the ring dove, following the evocation of 
either response by a natural stimulus or by brain Stimu­
lation, some brain sites that normally give the response 
show a changed electrical threshold for such a period. In 
many species, once a stimulus capable of evoking attack 
has been presented, the individual may remain likely to 
attack for some time, especially when the attack is evoked 
by an animal itself too dominant to be attacked. Other 
conspecifics or, in man at least, inanimate objects may 
then be attacked instead, a phenomenon called redirec­
tion. What evidence there is, however, suggests that such 
States of readiness, which in man would be termed irrita- 
bility or anger, will dissipate just as well or better in the 
absence of actual performance of aggressive behaviour.

There is no reliable evidence that aggressive behaviour 
becomes progressively more likely over long periods in 
which it is not evoked, as has been suggested by some 
workers. Such an increased likelihood is clearly found for 
feeding behaviour, but the consequences of not eating—  
such as reduced availability of glucose and free fatty acids 
to tissues and a reduction of fat stores—provide internal 
stimuli that make feeding more likely. These effects, of 
necessity, become more intense the longer a fast is pro­
longed. In the case of performance of copulation, the act 
is followed by a reduced likelihood of response to further 
stimuli. In the male of certain species (domestic cattle, 
for example) this reduction is almost entirely restricted 
to copulation with the female just mounted, the bull re­
maining receptive to Stimulation by other cows. In other 
species there is someKontribution from a general rise in 
the threshold for copulation. There is no evidence for 
either type of effect in the case of aggressive behaviour, 
except that isolation promotes fighting. This is well es­
tablished for male laboratory mice. Attacks on intruders, 
however, depend largely on odour cues (e.g., male cues 
increase, female cues decrease, attack). Fighting within a 
social group of males is much reduced by group cues, and 
isolation may act to abolish the effectiveness of such cues.
The increased incidence of aggressive behaviour in small 

groups of isolated men, such as polar explorers or pris- 
oners, has been explained by Lorenz as resulting from a 
build-up of undischarged aggression. But the comparison 
is not strictly relevant because the stress and frustration 
of such situations might well facilitate aggressive behav­
iour directly.

Physiological effects on aggressive behaviour. It has
long been known that the administration of male sex hor­
mones (androgens) makes aggressive behaviour more like­
ly in many male mammals and birds. It has no effect on 
aggressive behaviour in female rats and mice, apparently 
because of the general insensitivity of the female central 
nervous system to androgens. Male individuals castrated 
at birth are less aggressive than those castrated at the time 
of weaning, which suggests that masculine aggressiveness 
is partly determined by early differentiation. Androgens 
also affect male aggressive behaviour indirectly. In the red 
deer, testosterone implants cause migration to the rutting 
(mating) area, which will be defended, and also cause 
the loss of velvet from the anders, so that these become 
effective weapons. The increase in aggressive behaviour 
caused by the possession of a territory is particularly ob­
vious in passerine birds, the males of which may continue 
to flock freely with other males on feeding grounds at a 
time when, if on their territories, they would attack other 
males fiercely. Hormonal effects on aggressive behaviour 
also occur in females. The increased aggressivity shown 
by female hamsters at pregnancy is the result of rising 
progesterone levels.

Lesions o f the amygdala, a structure near the base of the 
forebrain of great importance in motivation, have been 
long known to produce taming in a wide variety of mam­
mals and in ducks, and the effective area has been localized 
to the rostral lateral amygdala in cats. Defensive threat, 
attack, and fleeing are reduced as a result. The amygdala 
is not exclusively concerned with aggressiveness; it appears 
to be especially important in cases in which the novelty, 
intensity, or past significance of a stimulus determines 
whether the source is approached and eaten or avoided. 
The amygdala may facilitate aggressive behaviour as part 
of a determination that a stimulus is intense or unusual.

Lesions of the septum, a part of the base of the forebrain 
containing important tracts connecting to the rest of the 
brain, have the opposite effect: in the laboratory rat, such 
lesions cause defensive attack to be given to such stimuli 
as handling or a light (but presumably startling) touch, 
which were previously ineffective. The septum is also im- 
plicated in the inhibition of certain responses (e.g., those 
that have ceased to be rewarded), and this may be related 
to its role in suppressing attack.

Threat displays. The main modern work on displays 
has explained their causation in terms of conflict between 
such major drives as aggression, fear, and sex. There is 
considerable evidence, especially from experimental brain
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Stimulation in the cat, that defensive threat is a unitary 
pattem caused by the same stimuli that evoke attack or 
fleeing but independent of the latter. Confident threat dis­
plays are given by animals unconstrained by the possibility 
of retaliation, which do not attack because, for example, 
they do not wish to move. These displays include a wide 
variety of components. A direct gaze, which may be exag- 
gerated by a frown in mammals with mobile faces, indi- 
cates a sustained interest. Protective reflexes indicate that 
the animal showing them anticipates close and possibly 
dangerous contact. They are assumed in rough, friendly 
play; but when they appear during approach—when still 
at a little distance—they suggest the expectation of attack 
(e.g., ear flattening in the horse); the greater the distance at 
which they appear, the less confident the animal showing 
them. Finally, the animal may perform actual intention 
movements of attack, such as mouth opening, withdraw- 
ing the lips, or striking at the ground.

Many displays, termed threat displays because they are 
given to strangers at the territorial boundary or during 
early phases of pair formation when attack is still likely 
(e.g., long call or choking display of gulls), would be best 
given a more neutral name.

EVOLUTION OF AGGRESSIVE BEHAVIOUR 
It is instructive to attempt to identify attack in the fa­
miliär frogs (Rand) and toads (Bufö) of the amphibian 
order Anura. Prey catching in most frogs is highly spe­
cialized, in vol ving a lunge of the head or a movement of 
the tongue only and directed only at small moving prey. 
In this respect, it is quite unlike attack shown by most 
land vertebrates. The mounting and clasp of females are 
so obviously related to copulation that they, too, are not 
readily confused with attack. Males clasped in error use 
wiping movements of hind legs that also are evoked by 
dirt on the body surface, and they struggle as they would 
if caught in some obstruction. There is thus no obvious 
attack response. Some of the functions of attack, however, 
are achieved by displays that are not derived from aggres­
sive behaviour: females that have spawned, and all males, 
when clasped, give a special call that tends to produce 
unclasping. In higher tetrapods (land vertebrates), such 
unwanted copulation attempts would certainly evoke and 
be terminated by attack. In some anuran species, the calls 
given by males to attract females elicit avoidance by other 
males, ensuring optimum spacing of breeding males.

Iguanid lizards resemble such frogs in possessing a fe­
male rejection display (legs extended, back arched, and 
tail turned toward the male), which appears to be specific 
in effect. Males give what appears to be an aggressive 
display to other males from lookout sites, but there is no 
evidence that it has evolved from movements of attack; 
it consists of vertical head bobbing that may well be an 
exaggeration of movements used in depth perception. The 
movements precede copulation as well as attack, which in 
lizards involves bites and sometimes tail blows, and the 
two may have evolved quite separately. The bites presum­
ably derive originally from prey-catching behaviour, which 
is clearly as ancient in the vertebrates as the evolution of 
the jaw. As soon as dangerous bites became possible for 
feeding in vertebrate evolution, there was strong selection 
for their use in defense, and the facilitation of attack by 
pain or startle may be as ancient as this selection. The use 
of prey-catching behaviour to drive off conspecifics from 
areas offering important resources (e.g., food, mate, nest) 
would also be strongly selected, for, once the pattern was 
available (see below), it would require initially only a slight 
change in evoking stimuli (e.g., response to rather larger 
moving objects) to allow this result. The crossopterygian 
ancestors of the tetrapods and their immediate amphibian 
descendants were dominant predators, so that prey catch­
ing and biting in defense can be assumed to have been 
present. Comparison with present-day inhabitants of mud- 
dy shores, both air-breathing fish (e.g., mud skipper) and 
crabs, suggests that conspicuous displays given to the ap­
proach of a conspecific had probably also already evolved. 
Causally then, as now, some or all of such displays might 
have been independent of attack. No doubt they already 
could be followed either by copulation attempts or by

attack. There would be strong selection for appropriate 
hormones to confine the displays to breeding periods; this 
selection has happened with frog breeding calls and with 
bird songs, as well as with bird territorial displays, all of 
which are now facilitated by testosterone. The fact that 
this is true also of attack and male copulation has been 
taken mistakenly in the past to indicate causation of the 
former categories of bird behaviour by aggression and sex.

Aggressive behaviour of invertebrates. An account of 
invertebrate aggressive behaviour must be based on an 
analogy with the functions of that o f vertebrates, since 
there can be no question of homology (common origin). 
Obviously, even in vertebrates, many of these functions 
are also served by other behaviour as well.

Aggressive behaviour may allow a vertebrate to maintain, 
exclusively if possible, its access to some important resource 
such as food, territory, or mate. In some invertebrates, 
there is the same use of attack derived from prey-catching 
responses, as in higher vertebrates. The larger dragonflies 
(Odonata) maintain a feeding territory by hawking at con­
specifics in the same way as at prey. The clearest example 
is that of nest defense in social wasps and bees. Here a 
sting and a secretion, originally evolved to paralyze insect 
prey, have come to be used both against conspecifics (e.g., 
when fighting with “robber” bees attempting to enter the 
hive) and against vertebrates, which raid bee and wasp 
nests. Bees are not predatory, so their sting has no food- 
capturing function. The scent of bee venom strongly fa- 
cilitates the stinging of large, hairy objects, and a whole 
hive may pass into a state entirely analogous with that of 
heightened aggressivity in a vertebrate but with the persis- 
tence of lowered threshold (i.e., greater readiness to attack) 
dependent on the persistence of a Chemical signal (pher- 
omone). Both termites and ants have evolved facilitation 
of colony defense by pheromones released by disturbed 
individuals, like that described for bees.

In their attack behaviour, ants and bees show an interest- 
ing use of responses evolved to keep the nest clean of dead 
conspecifics and other debris. Drones (males) are seized 
and thrown out of the hive entrance. Strangers are treated 
similarly if they remain passive. If the stranger is identified 
at a distance (e.g., by the side-to-side flight characteristic 
of robber bees), the guard bees may open their mandibles 
in a manner reminiscent of vertebrate threat, although 
there is no clear evidence that it is effective as a signal.

Freely ranging spiders, such as wolf spiders (Lycosidae), 
respond to conspecifics as they do to prey; the animal at­
tacked commonly gives a low-intensity version of a display 
shown at full intensity in courtship, which tends to termi- 
nate the attack. Perhaps the least advanced group in which 
behaviour analogous with attack has been described is that 
of polychaete worms. Predatory ragworms defend their 
burrows against conspecifics with biting attacks. In other 
instances, biting is the analogue of vertebrate defensive 
threat, which has evolved from prey-catching behaviour; 
most threatened crabs extend and open their chelipeds 
(large claws), which evolved for feeding.

The function of defending resources against conspecifics 
is also served by a variety of adaptations that should not 
be termed aggressive (e.g., Orthoptera stridulation).

Defensive displays. In addition to territorial defense, 
aggressive behaviour may function to terminate some be­
haviour of a fellow animal. The crying of human infants 
effectively manipulates mothers to remove sources of dis- 
comfort or fear; it is misleading to term it aggressive, how­
ever. In the chimpanzee, screaming tantrums are known 
to allow infants to win disagreements with the mother 
and access to food. Tantrums are also used by adults 
to some extent. In many primates (e.g., baboons), such 
behaviour shades into the screeches of defensive threat, 
but it is probably best separated from aggressive behav­
iour proper. That the distinction is needed is clear for an 
analogous series of behaviour patterns, the distress calls of 
young gallinaceous birds (pheasants, quail, and domestic 
fowl), which are given when there is marked discrepancy 
between the Stimulation expected or sought after and that 
obtained. Aggressive behaviour can thus be regarded as a 
source of only one of a range of reinforcers used by higher 
vertebrates to punish and manipulate their fellows.

Nest 
defense 
by social 
insects

Tantrums
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Defense against predation can depend on many adapta- 
tions other than attack and defensive threat. Those that 
involve the infliction of damage, pain, or startle by a 
response aimed at the predator may be considered here 
as analogous to aggressive behaviour. A number of mus- 
telids, especially skunks, have evolved a new pattern of 
defensive threat in which the readiness of the scent glands 
to discharge is conspicuously advertised, in one species by 
standing on forepaws to present glands. Various petrels 
(seabirds of the families Hydrobatidae and Procellariidae) 
discharge the oily and repellent contents of their crops 
over substantial distances at nest predators; the accuracy 
of aim may depend on the fact that they face the predator 
in order to examine him binocularly.

The loud call given by most tetrapods, including frogs 
and toads, when seized, apparently serves to startle the 
predator so that a final opportunity for escape may 
be given. Such a call may well have been involved in 
the evolution of the screeches given by many mammals 
in defensive threat. Many invertebrates have specialized 
startling displays that are comparable: the sudden display 
of eyespots by many moths when disturbed by a sudden 
movement or tap, the forewings typically moving forward 
to expose markings on the hind wing. (R.J.A.)

Migratory behaviour

Migration can be contrasted with emigration, which in­
volves a change in location not necessarily followed by 
a return journey; invasion or interruption, both of which 
involve the appearance and subsequent disappearance of 
great numbers of animals at irregulär times and locations; 
and range expansion, which tends to enlarge the distribu­
tion of a species, particularly its breeding area.

The migration cycle is often annual and thus closely 
linked with the cyclic pattern of the seasons. The migra­
tion of most birds and mammals and many of the fishes 
are on a yearly cycle. In many cases (e.g., salmon and 
eels) animals with a relatively long life-span return to the 
place of birth in order to reproduce and eventually die. 
In other cases, as in certain invertebrates, where the ani­
mal has a relatively brief life-span and reproduces rapidly, 
migrations may not occur in every generation. The daily 
movements of certain fishes and invertebrates have also 
been called migrations because of their regulär occurrence. 
This type of movement, however, is not to be confused 
with migration in the strict sense.

Most migrations involve horizontal travel. The distance 
traversed may be a few miles or several thousands of miles.

Some migrations take a vertical direction and involve 
no appreciable horizontal movement. Certain aquatic an­
imals, for example, move from deep water to the surface 
according to the season. Certain birds, mammals, and 
insects migrate altitudinally in mountainous areas, going 
from the upper zones, where they breed, to the foothills 
or plains during seasons when the weather is severe and 
unfavourable. Such vertical travels involve essentially the 
same type of environmental change as horizontal, or lati- 
tudinal, migrations over long distances.

SURVEY OF MIGRATORY BEHAVIOUR IN ANIMALS
Lower invertebrates. Many marine invertebrates trav- 

Planktonic el considerable distances during certain seasons. A large 
migration proportion of them, however—particularly planktonic or­

ganisms, plant and animal aquatic drifters—do not travel 
deliberately but are carried by ocean currents. Planktonic 
organisms also travel vertically in a daily rhythm. Very 
small or microscopie animals remain at great depths dur­
ing the day and rise at dusk, concentrating in the upper 
layers of water during the night. Their predators, particu­
larly fishes, follow them in their cycle. The daily activity 
of pelagic birds (i.e., those living on the open sea rather 
than along the shore), such as petrels and shearwaters, 
which feed on planktonic crustaceans and squids, follows 
this same rhythm.

A seasonal change of habitat, analogous to migration, is 
made by some Polychaeta (sandworms). Along the coast 
of Europe, clam worms (Nereis) live during the colder 
months in rock crevices and among algae. During the

summer, however, they become planktonic and swim out 
some distance from the coast, where reproduction occurs.
In the South Pacific, near Samoa and Fiji, the palolo 
worm (Palola siciliensis) lives among coral reefs, where it 
develops posterior segments filled with genital (reproduc­
tive) cells. These are cast off, and the worm rises to the 
surface. The phenomenon occurs regularly on the first day 
of the last quarter of the October-November moon.

Some of the best known migrations among the inverte­
brates occur in crustaceans during the reproductive period, 
when some of them travel as far as 240 kilometres (150 
miles). Generally in the crabs, females move into shallow 
Coastal waters to mate and to lay their eggs. After the eggs 
have been laid, the females return to deep water.

Some freshwater crabs, such as the Chinese crab (Er- 
iocheir sinensis), after remaining for three to five years in 
freshwater, migrate to brackish water, where mating oc­
curs. Females with eggs externally attached then travel to 
the sea and remain a few miles offshore for several months 
during winter. The following spring they enter shallower 
water near the shore. Here the eggs hatch. Young crabs 
spend a year in brackish water and migrate upstream 
the following spring, settling in freshwater and growing 
to maturity.

Some crabs, such as robber crabs (Birgus) and land crabs 
of tropical regions (Geocarcinus), have adapted to life on 
land. They migrate to the sea to reproduce and then return 
inland and are followed at a later time by the young.

Insects. Migration among the insects is best known in 
locusts and butterflies; a great number of other insects, 
however, including some of the smallest, are migrants.
Broadly speaking, insect migration is of three types—some Types 
insects emigrate on one-way journeys to breed; others of insect 
migrate from a breeding area to a feeding area; still others migration 
migrate from breeding areas to hibernation sites.
In the first type, adults with a life-span limited to a sin­

gle season emigrate from their breeding site, deposit their 
eggs, and die. Such migratory flights can be very short or 
very long but, because they are always one-way journeys, 
cannot be regarded as migration in its strictest sense. The 
best known examples of such flights are those of locusts, 
particularly the desert locust (Schistocerca gregaria), a 
species found in tropical and subtropical countries of the 
Old World. The migratory, gregarious form arises from 
the solitary form as a result of various conditions— e.g., 
lack of food, crowding.

The desert locusts breed only when and where season­
al rains permit; as a consequence of climatic conditions, 
therefore, the insects migrate from one breeding area to 
another. If the available food decreases and the numbers 
of insects increase too drastically in a particular area, 
migratory locusts develop. They differ from nonmigrato- 
ry forms in colour, structure, behaviour, and physiology.
Swarms numbering up to 10,000,000,000 individuals pe- 
riodically invade territories in Africa, southwestern Asia, 
and Southern Europe, covering areas as large as 1,000 
square kilometres (400 square miles).

Other migrant insects travel beyond the limits of their 
breeding range and either die or return to the breeding 
range. The painted lady butterfly ( Vanessa cardui) “mig- 
rates” in the spring, when its population becomes too 
large for local conditions, from the peninsula of Lower 
California in Mexico to the Mojave Desert in Southern 
California. Eggs are laid in the desert region, but the spe­
cies does not become permanently established there and 
makes no return flight. Such movements are known in 
about 250 species of butterflies.

In the second type of migration—migration in the strict 
sense—insects migrate from a breeding area to a feeding 
area. In the feeding area the females develop mature ovar­
ies and then return to lay their eggs in the place from 
which they came or a similar region.

Cockchafers (Melolontha melolontha), a species of beetle, 
leave the site where they emerge as adults and move to 
a feeding area, generally in a forested region, where mat- 
uration of the eggs takes place. They then return to the 
area where they developed from eggs and lay their own 
eggs. This process may be repeated several times during 
the life of the insect. Although the distances covered by
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the cockchafer may not be great, the regularity of the 
phenomenon is characteristic of true migration.

In the third type of migration, insects travel from their 
breeding areas to places where they hibernate or estivate— 
i.e., pass the summer in a dormant state. The place of 
hibemation or estivation may be outside the zone where 
climate permits breeding. The following season, they re­
turn to the breeding place and lay their eggs. This type of 
migration, which can involve great distances, is made by 
insects with unusually long life-spans. The lives of these 
insects include a diapause, or period of dormancy during 
which development is suspended.

In warm countries the coccinellids, a family of beetles, 
and certain moths leave the hot lowlands and migrate to 
the mountains, where they estivate and later hibernate. In 
spring they return to the breeding areas.

Migration One coccinellid, the convergent ladybug (Hippodamia 
of the convergens), lives in valley regions of California, where
convergent the eggs hatch in March or April and develop into adults 
ladybug one month later. In early summer they migrate to the 

mountains, particularly to the Sierra Nevada, where they 
may lay eggs if food is abundant and the weather warm. 
Generally, however, the adults gather in clusters and re­
main inactive until October, when rains initiate a period 
of activity, after which they travel to lower altitudes and 
hide in forest fitter, passing the winter in a state of dor­
mancy. As many as 30,000,000 ladybugs may congregate 
on a quarter acre. In spring they mate, fly back to the 
valleys, lay their eggs, and die.
The flight before diapause of some insect groups may 

cover thousands of miles. In North America, the monarch 
butterfly (Danaus plexippus) is a well-known example of 
a wide-range migrant with an extensive breeding range. 
The number of generations varies with the latitude; as 
many as five generations may occur each year in the south 
and only one in the north. In summer the insects travel 
northward to Hudson Bay. Individuals of the last genera­
tion of the year migrate southward in autumn to Florida, 
Texas, and California, where they hibernate after travel­
ling nearly 3,200 kilometres (2,000 miles). They gather in 
sheltered sites, particularly on trees where they cluster on 
trunks and big branches. In spring part of the populations 
migrate back to the northern breeding areas. Some of the 
returning butterflies are members of the first generation

From M. Ricard, The Mystery of Animal Migration

Figure 19: Migrations of the North Am erican monarch butterfly 
(D anaus p le x ip p u s ).

that develops from the overwintered insects; others rep­
resent successive generations that develop as the insects 
progress toward more northern latitudes. The recapture of 
marked butterflies has revealed that they travel as much as 
130 kilometres (80 miles) in one day. The longest distance 
recorded thus far for the complete flight of a migrant 
monarch butterfly is 3,010 kilometres (1,870 miles).

Fish. Many species of fish wander annually through a 
particular area of the ocean. Some are true migrants, trav­
elling regularly over great distances. Young fish usually 
leave the spawning grounds for areas where they devel­
op into juveniles, before joining the adult stock at the 
feeding grounds. Adults move to the spawning grounds, 
then return to the feeding grounds. Migratory pattems of 
fish are related to oceanographic factors and to currents.
Eggs, larvae, and young drift passively with the current, 
although migration of adult fish toward breeding grounds 
is usually against the current. Adult movements thus are 
directional rather than passive, and the fish respond to 
environmental conditions— e.g., climate.

Three categories of migratory fishes can be distinguished: 
oceanodromous, anadromous, and catadromous.

Oceanodromous fish. Oceanodromous fish, which oc­
cur widely throughout the world’s oceans, live and migrate 
wholly in the sea. They differ mainly from one another by 
the method and extent of their migration.
Herring (Clupea harengus), extensively studied because Herring 

of their economie importance, are the best known of the migratory 
oceanodromous type and can be classified into several pattems 
populations, or local races, which do not mix freely. In 
addition, each has a particular migratory behaviour. In the 
North Sea, distinct groups spawn in different seasons and 
on different grounds: Buchan herring spawn in August 
and September off the coast of Scotland and migrate to 
the coast of southwestern Norway; Dogger Bank herring 
spawn in September and October in the central part of the 
North Sea and along the English coast and then migrate to 
the Skagerrak, an arm of the North Sea between Denmark 
and Norway; Downs herring spawn from November to 
January off the French coast, mainly between Dunkirk and 
Fécamp, then feed in summer in the middle and north­
ern parts of the North Sea, sharing the feeding grounds 
with other populations. The diversity of migration and of 
reproductive seasons is closely connected with the annual 
cycle of oceanographic conditions in the North Sea.
Cod (Gadus morhua) have migration patterns similar to 

those of herring. The migrations of other fish cover even 
greater distances; in the Atlantic, for example, white tuna 
(Germo alalunga) are found in winter around the Azores 
and the Canary Islands, where they spawn in spring.
They then migrate northward to the Gulf of Gascogne 
and afterward to the waters around Iceland, arriving there 
in July. Populations of red tuna (Thunnus thynnus) oc­
cur throughout the Mediterranean Sea and the eastern 
Atlantic. In May and June they spawn in the western 
Mediterranean. During summer they spread northward to 
feed, finally reaching the Arctic Ocean. Similar migrations 
occur along the North American coast in the Atlantic and 
throughout the Pacific.

Anadromous fish. Anadromous fish live in the sea and 
migrate to freshwater to breed. Their adaptations to con­
ditions of different habitats are precise, particularly with 
regard to salinity of the water.

Salmon (Salmo, Oncorhynchus) spawn in the cold, clear 
waters of lakes or upper streams. Eggs are laid in grav­
el beds. The young of the Atlantic salmon remain in 
freshwater for two to three years, sometimes as long as 
six; Pacific salmon sometimes migrate to the sea in their 
first year. Adult fish usually remain in the sea for two 
or three winters, but sometimes only one. Then, as grilse 
(adolescents) or as adults, they return to freshwater, and 
spawn, after changes occur in colour and other external 
features. Some Atlantic salmon die in freshwater after a 
single spawning; others return to the sea.

The tagging of salmon has shown that European types 
may cross from Norway to Scotland, as well as the reverse.
Pacific salmon are probably distributed over the Pacific 
Ocean and Bering Sea, between latitudes 45° N and 65°
N with surface waters of 2° to 11° C (36° to 52° F).
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Experiments in Canada and the United States, in which 
young salmon migrating to the Pacific have been tagged, 
have shown that a high proportion of the fish return to 
the river where they hatched. Tagging of Atlantic salmon 
has shown that a few survivors have migrated two or even 
three times to a particular river in successive years. Adults 
reared from experimentally transplanted eggs return to 
the stream where they were hatched or grew, not to the 
stream where the eggs were laid. Aside from other means 
of orientation, such as reference to celestial features, topo- 
graphical features are believed to play an important part 
in recognition of the original habitat. The sense of smell, 
or olfaction, however, has the most important role. Exper­
iments have shown that migrating salmon are attracted to 
the waters of the stream in which they are going to spawn. 
Experiential imprinting at an early stage of development 
enables a grown fish to respond to waters that contain 
substances with a particular odour or that have a charac­
teristic temperature.

Catadromous fish. Catadromous fish spend most of 
their lives in fresh water, then migrate to the sea to breed. 
This type is exemplified by eels of the genus Anguilla, 
numbering 16 species, the best known of which are the 
North American eel (A. rostrata) and the European eel 
(A. anguilla).

Eel European eels and North American eels spawn in warm
migration saline waters of the Atlantic, at depths of 400 to 700 

metres (about 1,300 to 2,300 feet), in an area centred near 
latitude 26° N longitude 55° W called the Sargasso Sea. 
The pelagic eggs develop into leptocephali—transparent, 
leaflike forms with relatively small heads—that are carried 
by the Gulf Stream to the shallow waters of the Continen­
tal shelves. When they are about two and one-half years 
old and about eight centimetres long (a little more than 
three inches), a metamorphosis occurs. The leptocephali 
are transformed into so-called elvers, which are bottom- 
dwelling, pigmented, and cylindrical in form. They arrivé 
in coastal waters as glass eels and begin to swim upstream 
in freshwater streams in spring. Their migration upstream 
is spectacular, as the young fish gather by millions, form­
ing a dense mass several miles long. In freshwater the eels 
grow to füll size, becoming yellow eels. They live as such 
for 10 to 15 years before changing into silver eels, with 
enlarged eyes; they swim downstream to the sea, return to 
the spawning grounds (Sargasso Sea), and die.
The migration of these eels is not entirely undérstood, 

particularly their return to the Sargasso Sea. It may be 
that European eels and North American eels belong to the 
same species.

Reptiles and amphibians. The range of seasonal move­
ments of most reptiles and amphibians is probably very 
limited. Generally incapable of travelling any great dis­
tance, they respond to unfavourable conditions by lapsing

Figure 20: Migration of eels in the Atlantic Ocean.

into a state of lethargy. This type of response makes it 
possible for them to remain in a particular area for the 
entire length of the year.

The only migration-like movements of reptiles and am­
phibians are made during the reproductive period. Frogs 
and toads then concentrate in particular areas such as 
ponds and lakes; thousands travel toward these sites from 
year to year. After reproduction, the animals disperse and 
again settle over their usual range.
The South American river turtle, or arrau (Podocnemis Turtle 

exp ans a), migrates along rivers in large masses that may migration 
impede the passage of boats. The turtles gather on sand- 
bars of large rivers to lay their eggs. In the Galäpagos 
Islands, giant land tortoises (Testudo elephantopus) stay 
chiefly in the upper humid zone, where food is abundant, 
but go down to the dry zone to lay their eggs. Despite 
their great body weight and slow pace, they travel some 
50 kilometres (30 miles) across rough country.
Sea turtles, on the other hand, migrate over long distances, 

lay their eggs on special beaches, and then disperse over a 
wide area. Green turtles (Chelonia mydas), which deposit 
their eggs on the coast o f Costa Rica in Central America, 
disperse through the Gulf of Mexico and the West Indies.
Green turtles that have been tagged on Ascension Island, 
halfway between Africa and South America, have been 
recovered on the coast of Brazil, 2,300 kilometres (1,400 
miles) away.

Birds. Migration is most evident among birds. Most 
species, because of their high metabolic rate, require a 
rich, abundant supply of food at frequent intervals. Such 
a Situation does not always prevail throughout the year in 
any given region. Birds have thus evolved a highly efficiënt 
means for travelling swiftly over long distances with great 
economy of energy.

The characteristics of migratory birds do not differ great­
ly from those of nonmigratory forms; many intermediate 
types exist between the two groups. All transitional forms, 
in fact, may be manifested in a single species or in a 
single local population, which is then said to undergo 
partial migration.

In addition to regulär migration, nomadic flights may 
also occur. This phenomenon takes place, for example, 
among birds of the arid zones of Australia, where ducks, 
parrakeets, and seedeaters appear in a locality following 
infrequent and unpredictable rains, breed, and then move 
to other areas. Nomadism is a response to irregulär eco- 
logical conditions.

In Europe. The populations of many northern and east­
ern European species of birds have pronounced migratory 
tendencies; the populations of western Europe, on the 
other hand, are more sedentary.

Some birds are nomadic in winter, others spend the 
colder months in the southwestern part of the continent 
or in the Mediterranean region. Many migrant popula­
tions migrate to Africa south of the Sahara. Geograph- 
ical conditions determine several main routes. The Alps 
are an important banier to migratory birds. About 150 
species travel westward and southwestward; others travel 
southeastward.

Tits (Parus), goldfinches (Carduelis carduelis), and black- 
birds (Turdus merula) are usually sedentary in western 
Europe; they are usually migratory, however, in northern 
Europe, where their flights resemble a short migration.
Starlings (Sturnus vulgaris) are sedentary in western Eu­
rope, where large numbers gather from eastern Europe.
Large flocks also pass the winter in North Africa.

Insectivorous (insect-eating) species, such as warblers, fly- 
catchers, and wagtails, are highly migratory and spend the 
winter in the tropics, chiefly in Africa. They migrate to 
Siena Leone on the west coast, Tanzania on the east coast, 
and all the way southward to the tip of the continent.
Most of these migrants use different routes to cross the 
Meditenanean, chiefly in the western portion, although 
some migrate only southeastward. Golden oriöles (Oriolus 
oriolus) and red-backed shrikes (Lanius collurio) go to East 
Africa by way of Greece and Egypt. Swallows—particu­
larly barn swallows (Hirundo rustica) and house martins 
(Delichon urbica)—and swifts (Apus apus) pass the winter 
in Africa south of 20° N latitude, particularly in South
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Africa, in the Congo River region, and in some Coastal 
areas of West Africa.
Among nonpasserines— i.e., nonperching birds— one of 

the best known migrants is the stork (Ciconia ciconia), 
which migrates to tropical Africa along two well-defined 
flyways. The stork population nesting west of a line that 
follows the Weser River in West Germany flies southwest- 
ward through France and Spain, past the Strait of Gibral­
tar, and reaches Africa by way of West Africa; the eastern 
population, by far more numerous, takes a route over the 
straits of the Bosporus, through Turkey and Israel, to east 
Africa. These well-separated routes are probably a result 
of the stork’s aversion to long flights over water.

Ducks, geese, and swans also are migrants. These birds 
winter partly in western Europe and partly in tropical

From J. Dorst, The Migrations of Birds; published by Houghton Mifflin Company

Figure 21: Principal routes taken by the European white stork 
(Ciconia ciconia) between nesting grounds in Europe and 
wintering grounds in Africa.

Africa. In Africa they are likely to spend the winter in 
lake and river regions from Senegal in western Africa to 
the Sudan in eastern Africa, where thousands of garganeys 
(Anas querguedula) and pintails (A. acuta) congregate an- 
nually. Some ducks leave their breeding grounds to molt (a 
process by which old feathers are replaced) in areas where 
they are most secure from predators during the time they 
are unable to fly; this is known as a molt migration. After 
molting, the ducks fly to their final winter quarters. Wad- 
ing birds (Limicolae) also are typical migrants, most of 
them nesting in tundra of the Arctic region and wintering 
along the seacoasts from western Europe to South Africa.

In North America. North American birds must endure 
the same hazards of winter as European species. The 
geographical arrangement of the continent determines the 
main routes of migration, which run from north to south 
and include the Atlantic oceanic route, the Atlantic Coast 
route, the Mississippi flyway, the central flyway, the Pa­
cific flyway, and the Pacific oceanic route. A great many 
birds pass the winter in the Gulf States, where the climate 
is favourable and food is abundant, but the principal win­
tering area extends through Mexico and Central America 
to Panama, which has the greatest density of winter bird 
residents in the world.

The ruby-throated hummingbird (Archilochus colubris) 
nests in Southern Canada and winters in Central America 
as far south as Panama. Some of these birds fly non­
stop across the Gulf of Mexico. Because of their food 
requirements, many American flycatchers (Tyrannidae),

which are mainly insectivorous, have the same migratory 
behaviour as the hummingbirds. Others, like the phoebe 
(Sayornis phoebe), spend the winter in the Gulf States.
Birds such as the American robin (Turdus migratorius) 
and several species of grackles assemble in the Gulf States 
in enormous flocks. The seasonal flights of the American 
wood warblers (Parulidae) are among the most spectacular 
on the North American continent. Some spend the winter 
in the Gulf States and in the West Indies; others, such as 
the blackpoll warbler (Dendroica striata), travel to Guiana,
Brazil, and Peru by way of the West Indies. The spring 
migration routes of the Canada goose span the Continent 
of North America in an east-west direction from Hudson 
Bay as far south as Chesapeake Bay.

South America is winter quarters for several tanagers, 
such as the scarlet tanager (Piranga olivacea) and the 
bobolink (Dolichonyx oryzivorus)\ these birds migrate 
through the eastern United States and past Cuba to the 
swampy regions of Bolivia, southem Brazil, and northern 
Argentina. This area of South America is also winter quar­
ters for the American golden plover (Pluvialis dominica 
dominica), which travels in an enormous loop over much 
of the New World. After nesting in the tundras of Alaska 
and Canada, the plover assemble in Labrador in eastern- 
most Canada, then fly to Brazil over an oceanic route 
(the shortest possible route) about 3,900 kilometres (2,400 
miles) long. Their return flight traverses South America,
Central America, and the Gulf of Mexico, then follows 
the Mississippi Valley.

In intertropical regions. Birds of tropical regions mi- The role 
grate according to the rhythmic succession of wet and dry of wet and 
seasons—a profoundly influential factor on the annual dry seasons 
cycle of animals and plants alike.

The migratory behaviour of birds has a unique regularity 
in Africa, where life zones are arranged symmetrically by 
latitudes away from the equator. Some migrants never 
cross the equator. The standard-wing nightjar (Macrodip- 
teryx longipennis), which nests in a beit extending from 
Senegal in the west to Kenya in the east along the equa- 
torial forest, migrates northward to avoid the wet season.
The plain nightjar (Caprimulgus inornatus), on the other 
hand, nests in a dry beit from Mali in the west to the 
Red Sea and Kenya in the east during the rains and then 
migrates southward to Cameroon and the northern Congo 
region during the dry season.

Other birds migrate across the Equator to their alternate 
seasonal grounds. Abdim’s stork (Sphenorhynchus abdimii) 
nests in a beit extending from Senegal to the Red Sea; after 
the wet season, it winters from Tanzania through most of 
Southern Africa. The pennant-wing nightjar (Cosmetornis 
vexillarius), in contrast, nests in the Southern Hemisphere 
south of the Congo forests during the austral, or Southern 
Hemisphere, summer, then starts north with the onset of 
the rainy season. It spends its winters in savannas from 
Nigeria to Uganda.

In Coastal and pelagic regions. Among the migrating 
seabirds, a distinction must be made between the Coastal 
and the pelagic, or open-sea, species. Birds such as guille- 
mots, auks, cormorants, gannets, and gulls—all common 
to the seashore—stay in the zone of the Continental shelf.
Except during the breeding season, they are dispersed over 
a vast area, often preferring specific directions of travel.
Gannets (Sula bassana) nesting around the British Isles 
spread in winter along the Atlantic coast of Europe and 
Africa to Senegal, the young travelling farther than the 
adults. Pelagic birds, most of which belong to the order 
Procellariiformes (petrels and albatrosses), cover much 
greater distances and, from a few small nesting areas, roam 
over a large part of the oceans.

Wilson’s petrels (Oceanites oceanicus), which nest in the 
western sector of the Antarctic (South Georgia Island,
Shetland Islands, and South Orkney Islands), spread rap­
idly northward in April along the coasts of North and 
South America and stay in the North Atlantic during the 
summer. In September they leave the western Atlantic, 
travelling east, then southeast, along the coasts of Europe 
and Africa toward South America and their Antarctic 
breeding grounds, arriving there in November. These pe­
trels thus travel in a great loop through the whole Atlantic
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Ocean, in a flight pattern correlated with the direction 
of prevailing winds. The same pattern is used by other 
seabirds normally carried by the winds. Albatrosses, such 
as the wandering albatross (Diomedea exulans) that nests 
on small Antarctic islands, circle the globe during their 
migrations. One such bird, banded as a chick at Kergue­
len Island in the Southern Indian Ocean and recovered 
at Patache, Chile, tra velled in less than 10 months at 
least 13,000 kilometres (8,100 miles)—perhaps as much 
as 18,000 kilometres (11,200 miles)—by drifting with the 
prevailing winds.
In the Pacific, short-tailed shearwaters (Puffinus tenuiros- 

tris) nest in enormous colonies along the coasts of south­
em Australia and in Tasmania, then migrate across the 
western Pacific to Japan, remaining in the North Pacific 
and the Arctic Ocean from June to August. On the return 
migration they go east and southeast along the Pacific 
coast of North America, then fly diagonally across the 
Pacific to Australia.

Arctic terns (<Sterna paradisaea), whose breeding range 
includes the northernmost coast of Europe, Asia, and 
North America, spend the winter in the extreme Southern 
Pacific and Atlantic, chiefly along Antarctic pack ice 17,- 
600 kilometres (11,000 miles) from their breeding range. 
American populations of the Arctic tern first cross the 
Atlantic from west to east, then follow the coast of western 
Europe. Arctic terns thus travel further than any other 
bird species.

Modes o f migration. The migration flights of birds fol­
low specific routes, sometimes quite well defined over 
long distances. The majority of bird migrants, however, 
travel along broad airways. A single population of mi­
grants may be scattered over a vast territory so as to form 
a broad front hundreds of miles in width. Such routes are 
determined not only by geographical factors—e.g., river 
systems, valleys, coasts— and ecological conditions but are 
also dependent upon meteorological conditions; i.e., birds 
change their direction of flight in accordance with the 
direction and force of the wind. Some routes cross oceans. 
Small passerine (perching) birds migrate across 1,000 kilo­
metres (620 miles) or more of sea in areas such as the 
Gulf of Mexico, the Mediterranean Sea, and the North 
Sea. American golden plover, wintering in the Pacific, fly 
directly from the Aleutian Islands (Southwest of Alaska) to 
Hawaii, the 3,300-kilometre (2,050-mile) flight requiring 
35 hours and more than 250,000 wing beats.

The speed of migratory flights depends largely on the 
species and the type of terrain covered. Birds in migration 
go faster than otherwise. Rooks (Corvus frugilegus) have 
been observed migrating at speeds of 51 to 72 kilometres 
(32 to 45 miles) per hour; starlings {Sturnus vulgaris) at 
69 to 78 kilometres (43 to 49 miles) per hour; skylarks 
{Alauda arvensis) at 35 to 45 kilometres (22 to 28 miles) 
per hour; and pintails {Anas acuta) at 50 to 82 kilometres 
(31 to 51 miles) per hour. Although the speeds would 
permit steadily flying migrants to reach their wintering 
grounds in a relatively short time, the journeys are inter­
rupted by long stops, during which the birds rest and hunt 
for food. The redbacked shrike {Lanius collurio) covers 
an average of 1,000 kilometres (620 miles) in five days as 
follows: two nights for migration, three nights for rest, five 
days for feeding.

Most migrations occur at relatively low altitudes. Small 
passerine birds often fly at less than 60 metres (200 feet). 
Some birds, however, fly much higher. Migrating passer- 
ines, for example, have been observed at altitudes as great 
as 4,000 metres (14,000 feet). The highest altitüde record- 
ed thus far for migrating birds is 9,000 metres (29,500 
feet) for geese near Dehra Dün in northwest India.

Pelicans, storks, birds of prey, swifts, swallows, and finch- 
es are diurnal (daytime) migrants. Waterbirds, cuckoos, 
flycatchers, thrushes, warblers, orioles, and buntings are 
mostly nocturnal (nighttime) migrants. Studies of noctur­
nal migrants using radar on telescopes focussed on the 
Moon show that most migratory flights occur between 10 
PM and 1 am, diminishing rapidly to a minimum at 4 am.
Most birds are gregarious during migration, even those 

that display a fierce individualism at all other times, such 
as many birds o f prey and insectivorous passerines. Birds

with similar habits sometimes travel together, a phenome­
non observed among various species of shorebirds. Flocks 
sometimes show a remarkable cohesion; the most char­
acteristic migratory formation of geese, ducks, pelicans, 
and cranes is a “V” with the point turned in the direc­
tion of flight.

Mammals. Seasonal movements are not widespread 
among terrestrial species of mammals, because walking 
speed is relatively slow and energy consumption great. 
Marine and flying mammals have a much greater tenden­
cy to migrate, a tendency that is directly related to their 
locomotive powers.

Terrestrial mammals. True migration among mammals 
occurs mostly among large artiodactls (split-hoofed ani­
mals) living in habitats with wide fluctuations of climatic 
and biotic conditions.

In North American Arctic regions, herds of caribou (Ran- 
gifer tarandus) settle during the summer in the barrens— 
rather flat wasteland with little Vegetation. In July, the 
animals begin to move irregularly southward and spend 
the winter in the taiga, or northern forests, through which 
they wander freely with no general directional trend. Each 
herd seems to move in accordance with local conditions 
and without a well-defined pattern. The caribou again 
move northward as early as late February and return to 
the barrens. These migrations follow the same routes from 
year to year.

In former times, American bison {Bison bison) migrated 
regularly through the Great Plains. Herds of as many 
as 4,000,000 animals moved from north to south in fall 
and returned when spring rains brought fresh grass to the 
northern part of their range. Bison travelled over more or 
less circular routes and spent the winter in areas 320 to 
640 kilometres (200 to 400 miles) from the summer range. 
Other North American mammals, such as elk {Cervus 
canadensis), mule deer (Odocoileus hemionus), and dall 
sheep (Ovis dalli) still migrate regularly in areas undis- 
turbed by man.

Large African mammals migrate in accordance with the 
succession of wet and dry seasons, which can greatly 
modify the habitat. Some antelope remain in small areas 
throughout the year, but many species undertake seasonal 
movements over a large range. In the Serengeti region of 
Tanzania, plains animals, particularly wildebeests (Conno- 
chaetes taurinus) and zebras, travel more than 1,600 kilo­
metres (1,000 miles) in their seasonal migrations. Herds 
spread outward during the rains and concentrate during 
the dry season around water holes. Elephants (Loxodonta 
africana) wander great distances in search of the best food 
and water supply.

In southem Africa, hundreds of thousands of springbok 
(Antidorcas marsupialis) once migrated according to the 
rhythm of rainfall over their vast range. They moved in 
herds so dense that any animal encountered was either 
trampled or forced along with the herd. These huge mi­
grations often resulted in enormous losses from starvation, 
drowning, or disease—natural methods for Controlling 
overpopulation. Such movements, involving lesser num­
bers, still occur in parts of South West Africa/Namibia 
and in Botswana.

Flying mammals (bats). A few bats native to Europe 
and Asia make short flights to winter quarters. In the 
Soviet Union, the common pipistrelle (Pipistrellus pipis- 
trellus) and the frosted bat (Vespertilio murinus) withdraw 
to hibernating places at some distance from their summer 
range. In Germany, the large mouse-eared bat (Myotis my- 
otis) leaves its winter quarters in Brandenburg in March 
or April and travels as much as 260 kilometres (160 miles) 
to its summer habitat in northwestern and northeastern 
Germany. It regularly returns to the same winter locali- 
ty. Schreiber’s long-fingered bat (Miniopterus schreibersii) 
changes its habitat in winter and moves over 160 kilo­
metres (100 miles) or more according to a complex pat­
tern. These local movements represent an adjustment to 
winter conditions and the search for more habitable caves.

Other bats travel even greater distances. In the United 
States, the red bat (Lasiurus borealis), the large hoary bat 
(L. einereus), and the silver-haired bat (Lasionycteris noc- 
tivagans)—three species that roost primarily in trees and
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shrubs—are true migrants with strong powers of flight. 
They summer in the northern U.S. and in Canada and 
winter in Georgia, South Carolina, Florida, and probably 
also in the southwestern States. The southward movement 
is made from mid-August to November. Migration flights 
occur at night, and during the day under favourable con­
ditions. Large numbers follow the coast some distance 
from land, and all three species are found at sea far from 
the coast and in Bermuda. Fruit bats and flying foxes 
(Pteropus) native to the tropical regions of the Old World 
make regulär mass migrations, following the seasons for 
fruit ripening.

Marine mammals. Antarctic whale migrate regularly to 
the tropics, a fact long known to whalers. By systematically 
marking whale by shooting into them steel tubes engraved 
with a serial number, man has obtained evidence of actual 
movements. A young fin whale (Balaenoptera physalus) 
marked in February in the Antarctic, at latitude 65° S, 
was captured two years later, in July, off the coast of South 
Africa, 3,000 kilometres (1,900 miles) north. During the 
austral (Southern Hemisphere) winter, whale migrate to 
areas rieh in food, particularly the northwestern coast of 
Africa, the Gulf of Aden, and the Bay of Bengal. Antarc­
tic whale—particularly humpbacks (Megaptera novaean- 
gliae), a highly migratory species—can be divided into 
five distinct populations around Antarctica; each popula­
tion migrates separately, and individuals usually return to 
their respective zones, though interchange may occur. The 
Antarctic population does not, however, migrate entirely 
into warm waters during the winter, and a segment of the 
population seems to stay behind at about latitude 50° S.

Northern whale have the same migratory habits as Ant­
arctic whale. Northern blue whale (.Balaenoptera muscu- 
lus) migrate northward along the east coast of the United 
States, then through Davis Strait to Baffin Bay (north of 
Canada) or Spitsbergen to the waters off northern Scot­
land or the coast of Norway. They are believed to migrate 
southward along the same routes. Part of the North Pacific 
stocks of the northern blue whale winters in the Indian 
Ocean and in the seas bordering Iridonesia.

Smaller cetaceans (porpoises and dolphins) migrate in 
the same way, as indicated by population fluctuations 
within a particular area; but little is known about their 
distribution and migration.

Noteworthy migratory habits occur among the pinnipeds 
(seals and walrus), some of which disperse over wide 
areas at times other than the breeding season. The harp 
seal (Pagophilus groenlandicus) lives in summer in north- 
ernmost Arctic waters, but reproduces in the White Sea 
(an arm of the Arctic Ocean extending southward into 
the landmass of the Soviet Union), in the eastern North 
Atlantic, and around Newfoundland, where young are 
born between January and April. The seal then returns to 
more northern latitudes. Northern für seals (Callorhinus 
ursinus) reproduce only on the Pribilof Islands, off south­
western Alaska, from May to November, and the colonies 
then disperse into the open seas. The males stay in the 
Gulf of Alaska and off the Aleutian Islands; the females 
go farther south, to Southern California, some 4,800 kilo­
metres (3,000 miles) away.

NAVIGATION AND ORIENTATION
Migrants often return to breed in the exact locality where 
they were hatched or born. This journey homeward, par­
ticularly that of birds, may cover thousands of miles.

Homing experiments have demonstrated the ability of 
animals to oriënt themselves geographically. Such exper­
iments involve removing animals from a specific point 
(usually the nest), transporting them for various distances, 
and analyzing their speed and degree of success in return- 
ing. Starlings have returned to their nests after being trans- 
ported 800 kilometres (500 miles); swallows have returned 
a distance of more than 1,800 kilometres (1,100 miles). A 
Manx shearwater (Puffinus puffinus) returned from Massa­
chusetts to Britain, 4,900 kilometres (3,050 miles) across 
the Atlantic, in 12V2 days. Laysan albatrosses (Diomedea 
immutabilis) returned to Midway Island in the Pacific 
after being released at Whidbey Island, Washington; the 
journey covered 5,100 kilometres (3,200 miles) and took

10.1 days. Experiments with certain fishes and mammals 
have demonstrated similar homing ability.

It is apparent that homing animals use familiär land- 
marks; both random and oriented searches have been 
observed in birds and fish. Homing experiments with gan­
nets observed from aircraft have demonstrated that, after 
release, the birds explore the region and hesitate as they 
apparently look for landmarks. Landmarks vary from to- 
pographical (e.g., mountain systems, river systems, coast- 
lines) to ecological (e.g., Vegetation zones) to climatic (e.g., 
air masses differing in temperature and humidity, prevail­
ing winds). Fish may oriënt themselves by using similar 
clues in the same way. Passive drifting is an important 
factor in the movements of larvae and young fishes, such 
as those of the eel, cod, herring, and plaice, and even in 
adults that are passive after spawning, such as herring and 
cod. As a result of drifting with the current, the move­
ments of such fishes are similar from year to year.

Familiär landmarks and exploration do not, however, 
explain how migrants find their way along routes covering 
many hundreds or thousands of miles nor do the results 
of most homing experiments.

Birds. A compass sense has been demonstrated in birds; 
that is, they are able to fly in a particular constant direc­
tion, regardless of the position of the release point with 
respect to the bird’s home area. It has also been shown 
that birds are capable of relating the release point to their 
home area and o f determining which direction to take, 
then maintaining that direction in flight. The navigational 
ability of birds has long been understood in terms of a 
presumed sensitivity to both the intensity and the direction 
of the Earth’s magnetic field. It has also been suggested 
that birds are sensitive to forces produced by the rotation 
of the Earth (Coriolis force); however, no sense organ or 
physiological process sensitive to such forces has yet been 
demonstrated to support this hypothesis.

Experiments have shown that the orientation of birds is 
based on celestial bearings. The Sun is the point of orien­
tation during the day, and birds are able to compensate for 
the movement of the Sun throughout the day. A so-called 
internal clock mechanism in birds involves the ability to 
gauge the angle of the Sun above the horizon. Similar 
mechanisms are known in many animals and are closely 
related to the rhythm of daylight, or photoperiodism (see 
above). When the internal rhythm of birds is disturbed by 
subjecting them first to several days of irregulär light-dark 
sequences, then to an artificial rhythm that is delayed or 
advanced in relation to the normal rhythm, corresponding 
anomalies occur in the homing behaviour.

Two theories have been formulated to explain how birds 
use the Sun for orientation. Neither theory, however, 
has thus far been substantiated with proof. One theory 
holds that birds find the right direction by determining 
the horizontal angle measured on the horizon from the 
Sun’s projection. They correct for the Sun’s movement 
by compensating for the changing angle and thus are able 
to maintain the same direction. According to this theory, 
therefore, the Sun is a compass that enables the birds to 
find and maintain their direction. This theory does not 
explain, however, the manner in which a bird, transport- 
ed and released in an experimental Situation, determines 
the relationship between the point at which it is released 
and its goal.

The second theory, proposed by British ornithologist
G.V.T. Matthews, is based on other aspects of the Sun’s 
Position, the most important of which is the arc of the 
Sun— i.e., the angle made by the plane through which the 
Sun is moving in relation to the horizontal. Each day in 
the Northern Hemisphere, the highest point reached by 
the Sun lies in the south, thus indicating direction; the 
highest point is reached at noon, thus indicating time. In 
its native area a bird is familiär with the characteristics of 
the Sun’s movement. Placed in different surroundings, the 
bird can project the curve of the Sun’s movement after 
watching only a small segment of its course. By measur- 
ing maximum altitude (the Sun’s angle in relation to the 
horizontal) and comparing it with circumstances in the 
usual habitat, the bird obtains a sense of latitude. Details 
of longitude are provided by the Sun’s position in relation
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Figure 22: Matthews’ hypothesis of solar navigation by birds.
Birds can visualize the complete trajectory of the Sun and 
determine its zenith and altitude at midday (angle H) in order 
to derive the latitude. Angle A is measured from the north to 
the point at which a vertical from the Sun cuts the horizon.
From this longitude can be derived.
From M. Ricard, The Mystery of Animal Migration

to both the highest point and position it will reach—as 
revealed by a precise internal clock.

Use of Migrant birds that travel at night are also capable of di-
celestial rectional orientation. Studies have shown that these birds
navigation use the stars to determine their bearings. In clear weather, 
by birds captive migrants head immediately in the right direction 

using only the stars. They are even able to oriënt them­
selves correctly to the arrangement of night skies projected 
on the dorne of a planetarium; true celestial navigation 
is involved because the birds determine their latitude and 
longitude by the position of the stars. In a planetarium in 
Germany, blackcaps (Sylvia atricapillä) and garden war- 
blers (S. borin), under an artificial autumn sky, headed 
“Southwest,” their normal direction; lesser whitethroats 
(S. curruca) headed “southeast,” their normal direction of 
migration in that season.
It is known, then, that birds are able to navigate by 

two types of orientation. One, simple and directional, is 
compass orientation; the second, complex and directed to 
a point, is true navigation, or goal orientation. Both types 
apparently are based on celestial bearings, which provide 
a navigational “grid.”

Other animals. The methods of directional orientation 
used by birds are similar to those used by other animals. 
Orientation to the Sun has been demonstrated in various 
crustaceans, particularly in the sand flea (Talitrus salta- 
tor). Various insects, particularly bees and certain beetles 
(families Scarabeidae, Tenebrionidae, and Carabidae) use 
the Sun to plot their course with remarkable accuracy.

Fishes also are able to use celestial bearings; salmon 
presumably use the Sun. Experiments with the parrot fish 
(Scarus) have demonstrated a Sun compass reaction that 
may also occur in other fishes. Localization of the Sun 
is, however, much more difficult in water than in the air, 
because of the characteristics of light rays passing through 
water. Experiments suggest that topographical clues are 
also used by fishes to recognize their range, particularly 
their spawning grounds. Visual bearings in this respect 
have great importance. It is possible that Chemical sub­
stances also provide clues; the role of olfaction in the sal­
mon has been described (see above, Anadromous fishes).

Visible landmarks are used by mammals, at least for 
orientation within short distances. Scented trails are prob­
ably helpful within a limited area, proportionale to the 
size of the animal; olfaction plays an important role in the 
life of mammals. Some mammals, however, migrate over 
enormous distances and are able to retum after being tak­
en far away from their home territory; bats, for example, 
have returned 265 kilometres (165 miles) to their caves.
Random exploration plays a part in such movements, but 
it is possible that some type of true navigation is involved 
in certain of these movements.

PHY SIOLOG ICA L STIM ULUS O F M IG R A TIO N

Migration, like reproduction and other phases (as molt- 
ing in birds), is part o f the life cycle and depends on a 
complex internal rhythm that affects the whole organism, 
particularly the endocrine glands (glands of internal secre­
tion) and the gonads. Migration must thus be viewed in 
relation to the entire annual cycle.

Each year birds retum to particular areas to breed, and 
remain there until the members of the brood can care 
for themselves. There is no relation between the repro­
ductive and migratory stimuli, yet the two phenomena, 
although independent, are nevertheless stimulated by the 
same factor.

A physiological study of certain migrants has revealed 
that metabolic pattems usually change prior to migration, 
and fats accumulate in the body tissues. The whitethroat 
(Sylvia communis) weighs an average of 12 to 13 grams 
(about 0.4 ounce) during the breeding season, 16 to 19 
grams (about 0.6 ounce) in the autumn, and 20 to 24 
grams (about 0.8 ounce) in the winter. Food consumption 
increases with the autumn molt, reaching a peak at the 
beginning of the migration season. These fundamental 
physiological changes, chiefly under the control of the 
thyroid gland, are correlated with migratory activity. Such 
fluctuations are not observed in nonmigratory species.

Variations in metabolism and related phenomena are 
controlled by an endocrine gland, namely the pituitary 
gland, which is located in the lower part of the brain 
and acts as a command post, sending out instructions in 
the form of secretions called hormones. That the pitui­
tary has a cycle independent of environmental factors is 
demonstrated by the regularity with which phases such as The role 
reproduction occur from year to year in the lives of some of the 
birds, and by the diverse response of various species and pituitary 
populations to the same environmental factors. That the gland in 
pituitary is, however, influenced by environmental factors, migration 
such as variations in day length and the intensity of the 
Sun, has been demonstrated experimentally.
Gonadal development and the deposition of fat, for ex­

ample, are influenced by the pituitary, which responds to 
increasing day length in springtime by accelerating the 
rate of gonadal development. The pituitary thus governs 
the development of gonads and, in addition, affects all 
metabolic processes, including development of the thyroid 
gland, so as to prepare the animal physiologically for mi­
gration. If only the pituitary and variations in day length 
were involved, migration would be triggered at definite 
times, because the pituitary cycle is fixed, and photoperi­
odism is a highly predictable phenomenon; such a lack of 
flexibility, however, would inevitably cause migrant popu­
lations to suffer catastrophes because ecological conditions 
are irregulär—meteorological events, such as the arrival 
of spring, and biological phenomena, such as flowering, 
foliation, hatching of insects, and availability of food, are 
highly variable from year to year. The pituitary thus serves 
only to prepare the bird for flight; the proper ecological 
conditions, on the other hand, are necessary to initiate it.
The availability of food is an important factor. Temper­
ature and weather conditions also have an influence—a 
sudden period of cold weather during autumn may induce 
the immediate departure of many migrants.

Sensitivity to changes in the weather and other environ­
mental conditions varies markedly among species. Some, 
such as the woodcock, snipe, lapwing, starling, and lark, 
rely on surrounding conditions to initiate their spring and 
autumn migrations, and the patterns of their flight depend 
on temperature and barometric pressure. Others, such as
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the swift, cliff swallow, Baltimore oriole, and short-tailed 
petrel, are less weather dependent, and, since the dates 
of their arrival and departure are not regulated by the 
weather, they occur with remarkable regularity each year.

The factors that stimulate migration in animals other 
than birds are not yet well understood. Ecological condi­
tions play a great part in the migratory activity of mam­
mals, who react to general food shortage by moving to 
another region. Whale, for example, leave the Antarctic 
region as winter modifies the oceanographic conditions. 
Seals disperse when the food supply in the area of their 
breeding colonies is depleted. Environmental factors are of 
primary importance in the migration of fishes and marine 
invertebrates. Annual movements of water masses change 
physical conditions such as temperature and salinity; biot- 
ic conditions are influenced accordingly.

O RIG IN  A N D  EV O LU TIO N  OF M IGRA TIO N

The origins of migration remain in the realm of pure con- 
jecture; neither observation nor experiment has resolved 
the matter. The explanation, however, must be related to 
geographical and climatological factors that have prevailed 
since the Tertiary Period, which ended some 2,500,000 
years ago. The great Quaternary ice ages, which came 
later, were very important in altering the distribution of 
animals over a large part of the world, but migrations 
occurred long before.

Migration, as it is now known among modern birds and 
mammals, probably appeared gradually by stages. Some 
animals changed their habitat only slightly, never leaving 
the same general region. The movements of other animals 
were more erratic, their dispersal being oriented toward 
the most favourable places. Such movements are the first 
stages of true migration—a phenomenon characterized by 
elaborate mechanisms—which gradually acquired stabili­
ty through natural selection. At first, many populations 
must have perished rather than attempt to flee from unfa- 
vourable conditions. Only a fraction of such populations 
probably sought more favourable conditions elsewhere, 
but natural selection favoured the “migrants,” and migra­
tory tendencies were retained.

Causes of In some cases, original habitats were in present-day win- 
change of tering areas, and animals developed a tendency to leave
habitat in spring in order to breed in other territories. Seasonal

changes of weather and food supply in these newly settled 
regions forced the animals to migrate in fall, and they thus 
retreated to their former range. Among birds nesting in 
the Northern Hemisphere, hummingbirds, tyrant flycatch- 
ers, tanagers, orioles, bee-eaters, and swifts have distinct 
tropical affinities; in recent geological times these birds 
gradually spread northward as glacial ice receded and the 
continent became warmer. Other birds, such as plover, 
ducks, and geese, originally lived in what is now their 
breeding area. Gradual climatic changes forced them to 
spend their winters in regions far to the south. Migrations 
thus appear to be the consequence of invasions or emigra- 
tions, during which animals settle in new areas during a 
segment of the annual cycle.

Migratory birds use the routes by which their ancestors 
first invaded new regions after the glacial recession. The 
yellow wagtail (Motacilla flava) and the wheatear (Oe- 
nanthe oenanthe) settled in Alaska; they migrate annually 
into other parts of the Western Hemisphere but spend 
their winters in the warm regions of southeastern Asia 
and even Africa, probably following the migratory route 
of their ancestors. A typically North American species, the 
gray-cheeked thrush (Hylocichla minima), which has ex­
tended its breeding area to northeastem Siberia, returns to 
spend the winter in the central regions of South America.

ECO LO G ICAL SIG N IFICA N CE O F M IG RA TIO N

There are many ecological implications of migration. The 
food resources o f some regions would not be adequately 
exploited without moving populations. The sequence of 
migratory movement is closely integrated in the annual 
cycle of ecosystems characterized by productivity fluctua­
tions. Migratory behaviour concerns only species located 
at specific trophic levels (zones of food availability) where 
maximal fluctuations occur both in breeding areas and in

wintering regions. Migrant birds avoid equatorial forests 
where productivity is constant throughout the year, and 
food surpluses do not occur. They do congregate, on the 
other hand, in savannas where productivity varies with 
the seasons.

Such a coordinated sequence is particularly apparent 
in the case of birds migrating from the northern Arc­
tic regions to tropical winter regions; both life zones are 
characterized by broad fluctuations in productivity. In the 
Arctic, vegetal and animal production is very high during 
the summer; ducks and waders nest in great numbers, 
exploiting these resources. As winter comes, food becomes 
scarce, and water birds migrate to the tropics, where the 
rainy season has caused food production to increase to 
optimal levels. Ducks and wading birds concentrate in the 
most favourable areas, remaining until spring, when pro­
ductivity is lowest. By then the condition of breeding areas 
is again favourable for the birds. The life cycles of these 
birds are closely attuned with the cycles of their various 
habitats, and the sizes of bird populations are controlled 
by the capacity of both areas to sustain them.

Migration, then, has considerable ecological significance.
It enables fast-moving animals to exploit fluctuating re­
sources and to settle in areas where life would not be 
tenable for animals incapable of rapid travel. On the other 
hand, peaks of food production would be unexploited 
without the periodic presence of migratory populations.

(J.P.D./Ed.)

Dormancy

There are few environments in which organisms are not 
subject to some kind of environmental stress. As discussed 
above, some animals migrate vast distances to avoid unfa- 
vourable situations; others reduce environmental stresses 
by modifying their behaviour and the habitats (imme­
diate surroundings) that they occupy. Arctic lemmings, 
for example, are able to avoid severe winter weather by 
confining their life in winter to activities beneath the 
snow cover. Still another mechanism used by some organ­
isms to avoid stressful environmental conditions is that 
of dormancy, an inactive state accompanied by a lower Lowering 
than normal rate of metabolism—the Chemical processes of metabol- 
responsible for the activity, nourishment, and growth of ic rate 
an organism—during which an organism conserves the 
amount of energy available to it and makes few demands 
on its environment. Most major groups of animals as 
well as plants have some representatives that can become 
dormant; more species hibernate than become dormant, 
however. Periods of dormancy vary in length and in degree 
of metabolic reduction, ranging from only slightly lower 
metabolism during the periodic, short-duration dormancy 
of deep sleep to more extreme reductions for extended 
periods of time.

GEN ERA L QBSERVATIONS

Value of dormancy. In terms of evolution, dormancy 
seems to have evolved independently among a wide va­
riety of living things, and the mechanisms for dormancy 
vary with the morphological and physiological makeup of 
each organism. For many plants and animals, dormancy 
has become an essential part of the life cycle, allowing an 
organism to pass through critical environmental stages in 
its life cycle with a minimal impact on the organism itself.
When lakes, ponds, or rivers dry up, for example, aquatic 
organisms that can enter a period o f dormancy survive, 
while others perish. Moreover, animals that can become 
dormant during the extreme cold of winter can extend 
their ranges into regions where animals incapable of dor­
mancy cannot live. Dormancy also ensures that these ani­
mals will be free from competition during their periods of 
activity. Thus, dormancy is an adaptive mechanism that 
allows an organism to meet environmental stresses and 
to take advantage of environmental niches that otherwise 
would be untenable at certain times.

Causes of dormancy. The dormant state that is induced 
in an organism during periods of environmental stress 
may be caused by a number of variables. Those of ma­
jor importance in contributing to the onset o f dormancy
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include changes in temperature and photoperiod and the 
availability of food, water, oxygen, and carbon dioxide. 
In general, because organisms normally exist within a 
relatively narrow temperature range, temperatures above 
or below the limits of this range can induce dormancy in 
certain organisms. Temperature changes also affect such 
other environmental parameters as the availability of food, 
water, and oxygen, thus providing further stimuli for dor­
mancy. In Arctic regions, for example, certain animals 
become dormant during the winter months, when food is 
less abundant. In desert biomes, on the other hand, the 
summer months, which may be periods of reduced food 
availability, intense heat, or extreme aridity, stimulate 
some desert organisms to become dormant. The lack of 
water during summer periods of drought or winter periods 
of freezing, as well as annual changes in the duration and 
intensity of light, particularly at high latitudes, are other 
environmental factors that can induce dormant States.

Under natural conditions, most of the environmental 
variables that influence dormancy are interrelated in a 
cyclical pattem that is either circadian or annual. Fluc­
tuations in the major daily variables—light and temper­
ature—can induce rhythmical changes in the metabolic 
activity of an organism; annual fluctuations in tempera­
ture and photoperiod can influence the availability of food 
and water. Concentrations of oxygen and carbon dioxide 
normally do not vary on a cyclical basis but as a result of 
habitat selection, such as burrowing in the mud, seeking 
a den, or other similar activities, in which the metabolic 
responses of the organism can alter the oxygen and carbon 
dioxide concentrations in its environment.

In an attempt to determine the relative influence of envi­
ronmental factors upon dormancy, they have been varied 
experimentally. Investigations indicate that an organism, 
after it has adapted to a sequence of cyclical rhythms, 
tends to maintain its adaptive behaviour even though the 
environmental stimulus that originally elicited such behav­
iour is no longer present. For example, the Arctic ground 
squirrel (whose winter period of dormancy is referred to 
as hibemation), when taken into the laboratory, supplied 
with adequate amounts of food and water, and exposed 
to constant temperature and light, exhibits periodic torpor 
(extreme sluggishness)—an innate behavioral pattem that 
operates independently of environmental cues. Other an­
imals frequently will continue to respond as if they were 
exposed to the cyclical changes of their home environ­
ments after they are removed from their natural habitats.

D ORM A NCY  IN  PROTOZOA N S A N D  INVERTEBRATES

Cysts and cystlike structures. Protozoans. Many par­
asitic and free-living protozoans (one-celled animals) ex­
hibit a dormant stage by secreting a protective cyst. The 
Stimulus for cyst formation in free-living protozoans may 
be temperature changes, pollution, or lack of food or 
water. Euglena, a protozoan that encysts to avoid envi­
ronmental extremes, has two kinds of cysts. Apparently 
one is formed only to avoid stressful conditions; the other 
is formed for the same reason but also involves asexual 
reproduction, resulting in a cyst that may contain up to 
32 daughter organisms, which emerge under proper envi­
ronmental conditions.

Free-living protozoans form cysts around themselves and 
avoid environmental extremes, but cysts are a part of the 
life cycle of parasitic protozoans. The causative agent of 
amebic dysentery, Entamoeba histolytica, is found in the 
intestine of infected individuals, in whom it forms cysts 
that pass to the outside in feces. When food or water con­
taining cysts enters the digestive tract of another person, 
the amoebas are released from the cysts and infect the new 
host. Without encystment, which allows the organism to 
live in a dormant state in an unfavourable environment 
(e.g., water), amebic dysentery could be much more easily 
controlled. Protected by the cyst wall, however, the dor­
mant contents of the cyst can survive for weeks. Although 
they are not particularly resistant to drying, the cysts of
E. histolytica can withstand temperatures of up to 68° 
C (154° F) for five minutes. They are also resistant to 
certain Chemicals.

Invertebrates. Dormant cysts are formed during the life

cycles of in vertebrate parasites such as the oriental liver 
fluke (Clonorchis sinensis). The cyst stage of this organ­
ism develops in fish muscle; if the fish is eaten raw or 
undercooked, the encysted fluke is transferred to a new 
host The encysted stage of the trichina worm (Trichinella 
spiralis), which causes trichinosis, is found in the muscle 
cells of hogs; it is also an invertebrate parasite in which the 
dormant stage is an essential part of the life cycle. When 
undercooked pork is eaten, the cyst wall is dissolved by 
digestive juices, and the worm is able to make its way into 
the tissues of a new host.

The cystlike forms found in many other invertebrate 
groups are all dormant stages that preserve the species dur­
ing times of environmental stress. All freshwater sponges 
and some marine species survive cold or drought by form­
ing gemmules within the body of the adult sponge. These 
structures, which are surrounded by a resistant covering, 
are released when the sponge dies and disintegrates. When 
conditions are appropriate, the cell mass escapes from the 
covering and forms a new sponge.

Rotifers are microscopie aquatic animals that produce 
winter eggs with thick and resistant coverings similar to 
protozoan cysts; the eggs may remain dormant for long 
periods. They can survive drought or freezing and may be 
dispersed by wind or carried by animals. Thus, the cyst 
serves not only for survival of the egg under adverse con­
ditions but also for dispersal. Some freshwater bryozoans 
develop disklike buds, or statoblasts, that are surrounded 
by a hard, chitinous (homy) shell. These statoblasts are 
the dormant structures that survive when the bryozoan 
dies in the fall or during a drought; they form a new bryo­
zoan colony when favourable environmental conditions 
again prevail.

Among mollusks, land snails remain largely dormant 
throughout the day, with the soft head and foot with- 
drawn into the shell. During periods of drought or cold, 
they retreat into their Shells and secrete a membrane (the 
epiphragm) of mucus and lime that covers the opening of 
the shell and resists desiccation. Slugs, on the other hand, 
bore into the ground and secrete a mucus mantle around 
themselves for protection during periods of unfavourable 
environmental conditions. Among the arthropods, many 
freshwater forms develop dormant cystlike stages that re­
sist desiccation and allow the species to survive unfavour­
able periods.

Diapause in insects. Many insects undergo periods 
of reduced metabolic activity called diapause. Diapause, 
which may occur during any stage of the life cycle—egg, 
nymph, larva, pupa, or adult—is usually characterized by 
a cessation of growth in the immature stages and a ces- 
sation of sexual activity in adults. In some insects, it is 
a reaction to unfavourable environmental conditions; in 
others, such as certain moths and butterflies, diapause is 
a necessary stage of the life cycle. The 17-year larval and 
pupal periods of the cicada are examples of diapause. This 
form of dormancy is particularly common among insects 
that live in arid desert areas, where during the dry and hot 
summers, the insects usually hide themselves in the soil at 
suitable depths or under any available protective objects.
Insects may overwinter as egg, larva, nymph, pupa, or 

adult; because they can stand very low temperatures, few 
of these forms die if the winter temperatures are within 
their normal range. Even rather fragile forms, such as 
mosquitoes and butterflies, survive in sheltered, relatively 
dry places out of doors. Some butterflies even survive the 
winter in low shrubbery, where they may be completely 
covered by snow and ice for three or four months. Other 
insects prepare for winter by constructing nests or cocoons; 
still others seek suitable hiding places.

Among some insect species, diapause lasts only until fa­
vourable environmental conditions return, after which the 
insect immediately resumes its normal activities. In other 
species, favourable environmental conditions alone do not 
break the diapause; some other stimulus, such as cold or 
food, is necessary. The eggs of the mosquito Aedes vexans, 
for example, remain in diapause until the damp soil on 
which the eggs are laid is flooded to form a pool suitable 
for the larvae. Although the eggs of another mosquito, 
Aedes canadensis, are laid in the same soil as those of

Insect 
survival in 
winter
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Aedes vexans, they will not hatch—even after flooding— 
until they have been subjected to cold. Thus, when both 
species lay their eggs together in early summer, those of 
Aedes vexans hatch in pools formed by late summer rains, 
but those of Aedes canadensis overwinter and hatch in the 
spring rain pools. Not only are certain conditions required 
to break diapause but in some species, such as certain 
cutworms, a specific length of time must elapse before the 
stimuli are effective.

The onset of diapause depends upon a combination of 
environmental factors operating on the regulatory mech­
anisms— i.e., nervous and endocrine systems—of the in­
sect. Photoperiod and temperature influence the endocrine 
function of the brain, which synthesizes and secretes a 
substance (hormone) that Controls other endocrine organs, 
specifically the prothoracic glands. Under the Stimulation 
of the brain hormone, the prothoracic glands secrete a 
hormone called ecdysone. When Stimulation by the brain 
hormone ceases, ecdysone is no longer secreted, and, in its 
absence, all insect growth and metamorphosis are halted. 
Thus, Provision is made for the overwintering o f imma- 
ture insects in a state of developmental standstill. With 
the arrival of more favourable conditions, ecdysone is 
again secreted, and development resumes. Because many 
insect species have more than one generation of progeny 
per year, the prothoracic glands do not cease functioning 
except at some stage in the life cycle of the brood that 
must overwinter.

DORM A NCY  IN CO LD -BLO OD ED  VERTEBRATES

Two kinds of dormancy can be distinguished in vertebrates 
on the basis of body temperature. Most vertebrates are 
poikilothermous, or cold-blooded, because the body tem­
perature follows that of the environment and is not kept 
constant by intemal (homoiostatic) mechanisms. The sec­
ond group, the homoiotherms, maintain a constant body 
temperature regardless of the environmental (ambient) 
temperature; called warm-blooded animals, they include 
birds and mammals.

Fishes and amphibians. The metabolism of poikilo­
thermous animals is most influenced by the environmental 
variables of temperature, nutrition, and photoperiod. Pho­
toperiod, the daily length of light exposure, has a marked 
metabolic effect in both fishes and amphibians; fishes, 
however, remain active throughout the year, although the 
activity may be limited by temperature, as in those fish 
that rest on the bottom or in mud during cold periods. 
Brief superficial freezing and supercooling (without freez­
ing) to temperatures below the freezing point of body 
fluids are experienced by resistant species, but it has not 
been established that fishes that have been frozen solid 
can become active when thawed. In the Arctic, no fishes 
are found in lakes that freeze solid in the winter. Because 
most fishes do maintain some kind of activity year round, 
they cannot be said to become dormant in the sense in 
which the word is used in this article.

In addition to light and temperature, another environ­
mental stress imposed upon fish is drought. Lungfishes, as 
represented by the African lungfish (Protopterus), burrow 
deeply into the mud when their water supply is dimin- 
ished. They surround themselves with a cocoon of slime 
and remain inactive. Their gills are nonfunctional during 
this period of dormancy, and they use a lunglike air blad­
der for respiratory purposes. They rely on fat reserves as 
an energy source, and in order to conserve water, they ex- 
crete urea rather than ammonia. This is because ammonia 
as an excretory product is highly toxic; animals that ex- 
crete ammonia require large quantities of water to dilute 
it below toxic levels. Urea is a semi-solid substance of low 
solubility, and requires little or no water for its excretion. 
(Desert animals and many insects excrete urea.)

Protective During periods of drought or cold, amphibians seek 
niches protective niches in which to remain dormant until the

return of favourable environmental conditions. Overwin­
tering of frogs and salamanders frequently involves their 
aggregation in large numbers in a moist terrestrial niche, 
such as a rotting log, the mud on banks or bottoms of 
marshes and ponds, or in springs. The more terrestrially 
oriented amphibians, such as toads, may pass the winter

in solitary burrows on land. During dry seasons, frogs may 
be dormant in a mud cocoon.

Reptiles. Effects o f temperature. Because reptiles de­
pend on external sources of heat to keep warm, they 
survive during periods of low temperature by seeking a 
place where the temperature will not fall below freezing, 
except temporarily. The commonest niche for reptilian 
dormancy is almost always found underground at a depth 
dependent on the thermal conductivity of the soil relative 
to the minimum temperature reached. This factor alone 
can control the distribution of reptiles. None can survive 
in the Arctic or Antarctic in places in which the subsoil is 
permanently frozen; and relatively few can exist in areas 
near these regions, even if suitable sites for dormancy 
were available, because the short summers would prevent 
the completion of life cycles. Although the distribution of 
snakes at high latitudes or altitudes is limited, the adder 
has been found at 3,300 metres (10,000 feet) in the Swiss 
Alps and as far north as the Arctic Circle. The Himalayan 
pit viper has been found at an altitude of 5,000 metres 
(16,000 feet).

Dormancy in reptiles may display a circadian rhythm, a 
seasonal one, or both; it is a state of torpor directly in­
duced by low temperature. When the adder, for example, 
experiences temperatures of about 8°-10° C (46°-50° F), 
it begins to search out suitable niches in which to rest. lts 
dormancy ends on the first sunny days after the maximum 
temperature has reached 7.5° C (45.5° F). Because these 
conditions vary, the adder’s period of dormancy extends 
from 275 days in northern Europe to 105 days in Southern 
Europe and is about two weeks in the United Kingdom, 
where the Gulf Stream provides warmth.

Reptiles also normally become dormant during the hot­
test parts of summer, but the physiology of summer dor­
mancy is quite different from that of winter. As already 
mentioned, winter dormancy is a state of torpor, induced 
by a low temperature, that becomes more pronounced 
as the temperature falls. There is, however, a wide range 
between the animal’s normal, active (eoenothermic) tem­
perature and the lowest temperature at which it can exist.
At high temperatures, on the other hand, there is a much 
narrower range between the eoenothermic temperature 
and temperatures that cause death. In other words, rep­
tiles can tolerate colder temperatures much better than 
they can tolerate higher ones. For this reason, during hot 
weather they must seek refuge underground or in cool, 
shady places, where they remain physiologically active but 
must forego all normal activity because of the restricted 
nature of the cooler niche. Desert reptiles, in particular, 
exhibit such temperature responses daily.

During its dormancy, the amount of water needed by a 
reptile is less than at other times and is normally supplied 
by water produced from the metabolism of the animal’s 
own stored food reserves, particularly fat. In areas in which 
alternating wet and dry seasons occur, reptiles maintain 
a longer period of dormancy during the dry season. This 
behaviour may be related more to the lack of available 
water than to temperature, because in such areas the on­
set of the seasonal monsoons elicits a period of increased 
reptile activity.
Because there is only a limited number of suitable sites Winter 

available for dormancy, several snakes, usually of the dens of 
same species, may be found in each niche. As many as reptiles 
100 or more snakes have been taken from one winter 
den. Occasionally, lizards and toads may also be found 
in the same den, but stories o f snakes that share denning 
sites with small birds and mammals have been difficult to 
substantiate. It is much more usual to find that the entry 
of snakes into the burrow of a prairie dog or some other 
warm-blooded animal is followed by the evacuation of the 
original occupant.

Effects of latitude. Changes in latitude not only alter the 
lengths of the dormant and active periods of reptiles but 
also affect their circadian rhythms because of the changes 
in the proportions of night to day. Many species of snakes, 
including the adder, are normally active in the early eve- 
ning. In the northerly latitudes (e.g., northern Europe, 
such as Scandinavia and Finland), where the length of the 
active season is reduced by as much as two-thirds, these
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snakes are active throughout the day and are able to take 
advantage of every warm hour in order to complete the 
necessary portions of their life cycle. Even this increased 
activity during the shorter summer season, however, does 
not compensate for the latitude. Growth and development 
slow to such a point that sexual maturity is delayed, and 
the reproductive period requires two years rather than 
one; young are produced only every other year instead of 
every year, as at lower latitudes.

D ORM A NCY , H IBERN A TIO N , A N D  ESTIVATION 
IN W ARM -BLO OD ED  V ERTEBRATES

The term hibemation is often loosely used to denote any 
state of torpor, inactivity, or dormancy that an organ­
ism might exhibit. Properly speaking, however, use of 
the term should be confined solely to warm-blooded ho- 
moiotherms; i .e . , birds and mammals whose feathers or 
für serve as insulation to reduce heat radiating from the 
body and aid in the maintenance of constant body tem­
peratures, which normally are independent of those of the 
environment. Because warm-bloodedness gives animals an 
internal physiological stability, they are less dependent on 
many environmental restrictions, particularly those limita­
tions imposed on organisms by ambient temperatures. For 
example, only two species of reptiles are found north of 
the Arctic Circle, but great numbers of birds live and breed 
there. Warm-bloodedness also signifies a high metabolic 
rate, a factor that undoubtedly influences normal learn­
ing, which depends heavily on the frequency and recency 
of experiences. Because periods of lowered metabolism 
interrupt continuous learning experiences, they may ex­
plain in part why birds and mammals are so much easier 
to train than any other animal. The benefits of warm- 
bloodedness require the expenditure of large amounts of 
energy through the year and make a heavy demand on 
available food supplies.
The term hibernation is also used to delineate the dor­

mant state only during winter. In arid regions a reverse 
phenomenon is seen in which the animal becomes torpid 
during the hot, dry, barren summer; such hibernation is 
called estivation. As a means of avoiding environmental 
stresses, hibemation and estivation are not common de- 
vices among warm-blooded animals and they are far less 
common among birds than among mammals.

Some warm-blooded organisms exhibit thermic instabili- 
ty, a heterothermous condition that allows their metabolic 
rate to be reduced, with a commensurate reduction in 
body temperature. Heterothermy is a transitional state 
between cold-bloodedness and warm-bloodedness; the an­
imal is awake and moving during its temperature fluctua­
tions. The body temperature, although not as constant as 
in humans, is not so low as to force the organism into 
deep hibemation. Among mammals, two monotremes, 
the spiny anteater and the duckbill platypus, are thermally 
unstable; many of the marsupials, including the opossum, 
the pouched mouse, and the native cat (a weasel-like spot- 
ted marsupial of the family Dasyuridae), are also unable 
to maintain a fixed body temperature.

The tme hibemator not only possesses adaptations that 
enable it to respond as a homoiothermous animal during 
certain periods of the year but can also adapt to stress­
ful environmental situations and become essentially a 
poikilothermous animal during other periods. An animal 
exposed to food shortages, low temperatures, or lack of 
water, for example, may “turn off its thermostat” and hi- 
bemate until the environment becomes more favourable. 
Unlike poikilotherms, however, hibernators still retain a 
measure of temperature control and can change their 
metabolic levels as required. They can arouse themselves 
to full activity, whatever the environmental temperature, 
whereas the arousal of a poikilotherm is dependent upon 
increased environmental temperatures.
During the period prior to hibernation an animal must 

make a considerable number of gradual physiological and 
metabolic adjustments that appear to be correlated with 
temperature, light, and the availability of food. No one 
set of conditions applies equally to all hibernators: some 
store food, others do not; some become excessively fat, 
others gain a more moderate amount of weight. General­

ly, as the season advances and as the hibernator becomes 
progressively more prepared for hibernation, there is an 
increase of fat deposition and a general readjustment öf 
body temperature, metabolism, and heart rate to lowered 
levels of activity.

Although no single factor or condition can be said to de­
termine when an animal will go into hibernation, specific 
changes include an increase in the quantity of magnesium 
in the blood and a reduction in the activity of endocrine 
glands, such as the pituitary, thyroid, and adrenals. A re­
duction in gonadal activity has also been observed; hiber­
nation does not occur when the gonads are in an actively 
functional state. Perpetuation of the species requires that 
the animal be warm and active during the mating and 
pregnancy periods.

There appears to be a relationship between sleep and 
hibernation; available evidence suggests that hibernation 
is entered into from a state of sleep. If hibernation is to 
be considered a form of sleep, then it must be considered 
a remarkably complex one. Hibernation and sleep are 
somewhat similar in that essential body processes contin­
ue during both periods at a lowered level. In sleep, the 
heart beats less rapidly, and breathing is slower; the body 
produces less heat, necessitating that a sleeping person be 
protected from the cold.

Hibernation in birds. Temperature variations. Birds 
normally have higher and more variable temperatures than 
do mammals. Whereas mammalian temperatures normal­
ly range between 36° and 39° C (97° and 102° F), avian 
temperatures range between 37.7° and 43.5° C (99.9° 
and 110.3° F), with the majority between 40° and 42° 
C (104° and 108° F). Although the nesting temperature 
of most passerine species (perching songbirds) is about 
40.5° C (104.9° F), primitive bird species—like primitive 
mammals—have lower temperatures than do the more 
advanced species. The kiwi, for example, has an average 
eoenothermic body temperature of 37.8° C (100° F). In 
general, the temperatures of small birds fluctuate more 
than do those of large birds. The temperature of a house 
wren (Troglodytes) may fluctuate 8° C (14° F) in 24 
hours, that of a robin ( / ’urdus) fluctuates about 6° C (11 ° 
F), and that of the domestic duck only about 1 ° C (2° F).

The circadian period of activity and rest in birds is 
accompanied by a temperature cycle. Birds active in the 
daytime have their highest temperatures late in the after- 
noon and their lowest in the early moming. Nocturnal 
species, however, such as owls and the kiwi, have their 
maximum body temperatures at night, when they are most 
active. Seasonal temperature variations are also found in 
birds, and, like mammals, certain birds exhibit thermic 
instability. Although some are capable of maintaining a 
highly stable body temperature, others have a fluctuat- 
ing body temperature. A torpid poorwill (Phalaenoptilus 
nuttallii) is an example of a bird that demonstrates both 
thermic instability and true hibernation. Its eoenothermic 
body temperature is relatively constant; it can, however, 
through the influence of a thermoregulatory centre (the 
hypothalamus) in the floor of the brain, become essentially 
poikilothermous. Under such influence, its body tempera­
tures approximate those of the environment.

E n e r g y  C o n s e r v a tio n . Considering that hibernation and 
estivation are devices to avoid such factors as stressful 
extremes of temperature, lack of water, unavailability of 
food, or lessened photoperiod, they also must be energy- 
conservation devices for the animals concerned. Even short 
periods of torpor can conserve energy. The efficiency of 
this energy-conservation system can be demonstrated by 
comparing the smallest bird, the hummingbird, which ex- 
hibits circadian torpor, with the shrew, the smallest mam­
mal, which remains active throughout a 24-hour period. 
Oxygen consumption is an indicator of metabolic rate, 
and at an environmental temperature of 24° C (75° F) 
during the day, an awake but resting hummingbird con- 
sumes about 14 millilitres o f oxygen per gram per hour. 
At dusk, the rate drops first to a sleeping level and then 
plunges to a torpid level of about 0.8 millilitre of oxygen 
per gram per hour. Just before daybreak, the bird awak- 
ens for another activity period. The hummingbird has the 
highest metabolic rate and the greatest metabolic range of
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any vertebrate. The shrew, in contrast, consumes about the 
same amount of oxygen as the hummingbird does during 
the day and even increases the amount slightly at night.

The hummingbird uses about 10.3 calories (units of heat 
energy) during each 24-hour period if it sleeps at night 
without becoming torpid but only 7.6 calories if it becomes 
torpid. As it wakes from the torpid state, its temperature 
increases about 1° C (2° F) per minute to a maximum; 
the entire process takes less than 30 minutes and some­
times as little as 10 minutes. The energy required to 
warm the tissues of the hummingbird is relatively small; a 
hummingbird that weighs four grams expends only 0.114 
calorie to warm its body from 10° to 40° C (50° to 104° 
F). This is only Vss of the total 24-hour expenditure of 
energy of a hummingbird in nature.

The behaviour of the hummingbird can be contrasted 
to that o f a larger bird, such as the poorwill, which is 
a nocturnal, insect-catching bird. During an average 24- 
hour day, the poorwill has brief periods of activity at 
dusk and just before dawn, the total of which is scarce- 
ly more than an hour. The temperature o f the poorwill 
during these periods of activity, which are correlated with 
the bird’s feeding habits, is between 40.5° and 43.1° C 
(104.9° and 109.6° F). Between periods of activity, the 
bird rests quietly, and its body temperature drops 1° to 3° 
C (2° to 5° F).

During periods when a supply of flying insects is not 
available, the bird hibernates in depressions in rocks or 
other suitably protected places, to which it returns each 
year. When hibemating, the bird’s temperature is fre­
quently within 1 ° C (2° F) of that of the environment; as 
a result, the energy saved is great. A poorwill whose body 
temperature is 5° C (41° F) has a metabolic rate only 3 
percent of its metabolic rate at normal body temperature. 
Because the poorwill is a larger bird than a hummingbird, 
it may take more than an hour for it to emerge from 
hibernation.

Hibernation in mammals. It takes longer for larger ani­
mals than for smaller ones to go into hibernation because 
heat must radiate from the body before the temperature 
can be lowered. Thus, it would require a considerable 
amount of time for large birds or mammals to go into and 
emerge from hibernation each day, as do bats and hum- 
mingbirds. A 200-kilogram (440-pound) bear, for exam­
ple, would need 5,100 calories to warm from 10° to 37° 
G (50° to 99° F). Unlike the hummingbird, which uses 
only */85 of its total daily energy expenditure to emerge 
from hibernation, the amount expended by a bear would 
be equivalent to its full 24-hour energy budget. Even if 
there were enough time in 24 hours for a large animal to 
enter into and emerge from dormancy, therefore, it would 
be metabolically extravagant, thus defeating a purpose of 
hibernation.

Actually, the most common misapplication of the term 
hibernation is in relation to the bear* which is not a true 
hibemator. Its body temperature, which normally averages 
38° C (100° F), drops during its winter lethargy to about 
34° C (93° F), seldom getting below 31.2° C (88.2° F). 
Hence, a bear’s temperature during the winter does not 
approximate that of the environment. This is indicative 
of winter rest rather than true hibemation. During this 
inactive period, the bear sleeps but is, nonetheless, warm 
and capable of activity when stimulated, unlike a true 
hibernator. Moreover, it is also during this period when 
females give birth to cubs that suckle and are maintained 
by maternal warmth until they emerge from the den in 
the spring. This behaviour is in contrast with that of the 
Arctic ground squirrel, whose normal temperature is the 
same as that of the bear but whose temperature during 
hibernation drops to near freezing and, in some cases, to 
a degree or two below 0° C (32° F).

Although certain mammals are said to hibernate, they 
do not necessarily enter a state of deep hibemation during 
winter. Instead, for weeks at a time they may be inactive 
and lethargie in behaviour, with a slightly depressed body 
temperature. The chipmunk (Eutamias) is an example 
of what has been termed a shallow hibemator, as are 
bears and raccoons. Superficial hibemation, apparently a 
compromise between the minimum energy requirements

of a deep hibernator and the high energy expended by 
an animal that remains active during the winter, saves 
energy without the stress of hibernation. The animal can 
thus conserve food, while still being able to escape from 
predators and such dangers as flooding of its burrow. 
The main energy source during the winter in this shallow 
hibernation state is food stored in the winter nest. There 
are instances, however, o f shallow hibernators, such as the 
chipmunk, that enter a state of deep hibernation, particu­
larly if without food.

True mammalian hibernation. Omitting the thermal- 
ly unstable mammals, the tme mammalian hibernators 
are those whose lowered body temperatures approximate 
that of the environment and those who require extensive 
and complex physiological changes to turn from a warm- 
blooded animal into an essentially cold-blooded one for 
an appreciable length o f time. Only three orders of placen- 
tal mammals display such behaviour: the Insectivora, as 
exemplified by the hedgehog; the Chiroptera, the bats; and 
the Rodentia, including the marmot, hamster, dormouse, 
hazel mouse, and ground squirrel.

A typical mammalian hibernator, such as the Arctic 
ground squirrel, finds a protected environmental niche— 
in this case, a burrow beneath the surface—and builds 
a nest of grass, hair, and other materials to provide still 
further insulation. The usual hibemating position is one 
of being curled up in a ball with the extremities tucked 
tightly against the body so there is a minimal surface- 
to-volume ratio. After the temperature of the animal has 
dropped near that of the ambient temperature, it appears 
to be dead: its respiration is imperceptible, about three 
irregulär breaths per minute; it does not react to outside 
stimuli in an observable fashion; nor does it react to being 
handled and uncurled, although such handling will trigger 
wakening mechanisms.

The internal organs, such as the digestive tract and the 
endocrine glands, are almost totally inactive. Because the 
process of hibernation necessitates the mobilization of all 
body resources, it places great demands on the tissues, all 
of which are directed toward the problem of maintaining 
the animal’s metabolism at the minimal level necessary 
for life during the hibemating period. This means that all 
activity not immediately germane to the process of living 
at the lowest possible metabolic level ceases. Even bones 
and teeth deteriorate during hibernation. The hibemator 
apparently is balanced on a very narrow line between the 
maintenance of life at a level that makes recovery from 
hibernation possible and a reduction of metabolism to 
a level that will lead to death. Evidence obtained from 
tissues indicates that the process of hibernation is a pre- 
carious method of survival at best and one from which 
many animals do not awaken. As a mechanism of species 
survival, hibernation seems effective; for the survival of 
the individual, however, it is an uncertain and danger­
ous process.

The hibernator does not remain in a continuous state 
of hibernation from the time it enters in the fall until it 
emerges in the spring. Hibemating Arctic ground squir­
rels, for example, awaken at intervals o f every three weeks 
or less. During this time the animals may move about 
and sometimes emerge from the burrow. These periods of 
arousal are more frequent at the beginning and end of a 
hibernation period than in mid-hibemation; and the lower 
the temperature at which an animal hibernates, the fewer 
the awakenings.

During the period of hibernation about 40 percent of 
the total body weight is lost, an average o f about 0.2-0.3 
percent per day. One period of arousal and wakefulness 
consumes more heat and energy than many days in hi­
bernation. About 90 percent of the total heat production 
and weight loss during hibernation takes place during the 
arousal periods; only 10 percent is required to maintain 
the animal in hibemation. Thus, in the case of an un- 
usually long or hard winter, the animal may be called 
upon to use all of its available energy sources in periodic 
arousals; it then enters one final hibernation period from 
which it does not awaken. Animals that store food in the 
nest have a chance to renew their energy requirements by 
eating when they awaken periodically.
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Entrance into hibernation. Hibemating mammals can 
be divided into four major groups according to the way 
they enter hibemation. One group is exemplified by the 
golden hamster; it waits a variable time of from one to 
three months in the cold and then enters hibemation in 
one major temperature reduction. This is accomplished 
when the biochemical and physiological preparations have 
been sufficiënt to lower the animal to a level at which 
it is receptive to the hibemating stimulus, which causes 
the abandonment of the temperature differential between 
ambient and body temperatures.
A second group, of which the pocket mouse (Perogna- 

thus) is an example, prepares for hibernation relatively 
rapidly, waiting only a few days before becoming torpid 
in one major temperature decline. The third group, which 
constitutes most of the mammalian hibernators, includes 
ground squirrels and marmots. These animals wait only a 
few days before entering hibemation and then go through 
a series o f steps o f torpor and arousal, each one at succes- 
sively lower body temperatures, until the level dictated by 
the stage of preparation for hibemation is reached.

The fourth group, which includes most of the bats, be­
comes inactive in the poikilothermous manner; that is, the 
body temperature follows the ambient temperature. Even 
though the bat seems ready to hibernate at any season, 
survival during hibemation depends upon more adequate 
preparation than is necessary for the transitory periods of 
torpor. Bats not only exhibit true hibemation during the 
winter but also have natural periods of hypothermia (sub­
normal temperature), which are unrelated to hibernation, 
during the remainder of the year.

The woodchuck, the dormouse, and the California 
ground squirrel enter hibernation in successive stages, with 
a complete or nearly complete awakening between each 
one. In the woodchuck, an initial decline in temperature 
is followed by an arousal. During the second decline there 
is a lower and more pronounced fall in body temperature, 
followed by a less pronounced rise. This process continues 
until the body temperature is essentially the same as that 
of the environment.

Heart rate and circulation. The body temperature of a 
hibemating mammal is affected by changes in respiration, 
heart rate, and oxygen consumption; all are apparently 
mediated by a part of the nervous system. The heart rate 
decreases prior to a decline in body temperature. In the 
woodchuck, the rate may drop from 153 to 68 heartbeats 
per minute within 30 minutes. In the California ground 
squirrel, the heart may beat as slowly as once a minute at 
5 ° C (41 ° F). In contrast, the hearts of non-hibernators 
generally will not beat at all at temperatures below 10°- 
20° C (50°-70° F).

As an Arctic ground squirrel prepares for hibernation, 
its heart rate and its blood pressure decrease. Both may 
be detected before a decrease in body temperature can be 
noted. When the animal enters hibernation, temperatures 
of both the heart and abdominal regions are identical, 
indicating an even blood flow between the anterior (front) 
and posterior (rear) parts of the body. As the body temper­
ature drops, the resistance to blood flow in the peripheral 
parts of the circulatory system increases because of the 
increased viscosity (resistance to flow) of the chilled blood 
and the constriction of the distal arterioles (small arteries) 
of the body. This peripheral resistance maintains blood 
pressure at relatively high levels in the deeply hibemating 
squirrel, even when the heart beats only three or four 
times a minute.

Neural changes. The nervous system of hibernators 
also is acclimated; certain specific structures and path- 
ways are seemingly maintained to regulate and coordinate 
metabolism as temperatures drop. This adaptation of the 
nervous system enables changes in the environment to be 
perceived, even when the animal is torpid. In the Arctic 
ground squirrel, measurements of the general electrical 
activity of the brain indicate a 90 percent reduction when 
the animal is in hibernation, at which time brain tem­
peratures approximate 6° C (43° F). During hibernation, 
both the peripheral nervous system (all the nerves outside 
the brain and spinal cord, which constitute the central 
nervous system) and the spinal cord have an increased

sensitivity to certain stimuli; in addition, the areas of the 
brain that regulate temperature as well as cardiac (heart) 
and respiratory function remain active at ambient tem­
peratures, below which the mammalian nervous system 
normally ceases to function.

Changes in the circulatory system involving constriction 
(narrowing) of posterior vessels and the favouring of ante­
rior circulation allow the brain temperature of hibernators 
to remain a few degrees warmer than the environmental 
level. This enables the temperature of the brain to remain 
constant despite fluctuations in the temperature of the 
skin.

Endocrine activity. The male sex hormone testosterone 
stimulates reproductive activity. The golden hamster will 
not hibernate if injected with more than five milligrams 
of a hormonal preparation. Hibemation is also prevented 
if the animal is fed or injected with thyroid hormones 
or thyroid-stimulating extracts. The latter would seem to 
implicate the thyroid as another endocrine gland that 
plays an important role in hibemation. There is, in fact, 
a seasonal progression and regression of thyroid activity 
in hibernators; maximal activity occurs in the spring and 
minimal activity in the fall. And because hibemation does 
not take place in the absence of the adrenal glands, it 
appears that a minimal adrenal activity is also necessary 
for hiberation and survival.

The importance of timing in the annual rhythm of activ­
ity and dormancy can be demonstrated: when hibernators 
are exposed to cold temperatures in spring and summer, 
they react as do all homoiotherms by increasing their thy­
roid activity and metabolic rate to maintain normal body 
temperature. But if they are exposed to cold temperatures 
in the fall, the thyroid activity and metabolic rate of hi­
bernators are lowered. In some species, a combination of 
decreased food and lower ambient temperature is required 
to reduce activity of the thyroid gland and to produce 
hibernation, although cold alone is sufficiënt in ground 
squirrels and the dormouse.
Although hibernation does not take place during peri­

ods of gonadal activity or stimulated thyroid activity, it 
can occur during increased activity of the pituitary gland. 
This would suggest that there is a dissociation of cellular 
growth and hormone synthesis that is normally controlled 
by hormone secretion of the pituitary and its target organs. 
Thus, the triggering mechanism for the resumption of nor­
mal endocrine activity apparently resides elsewhere than 
in the pituitary. The function of the hypothalamic region 
of the brain in regulating appetite, fat deposition, water 
intake, and diuresis (increased excretion of urine), as well 
as in the control of temperature and sleep, would appear 
to make it a key area in directing life processes of the 
hibernator. Furthermore, the fact that the hypothalamus 
regulates the pituitary and other endocrine glands not 
only supports this thesis but also indicates that this area 
of the brain is the prime, or master, regulator of the entire 
hibemation process.

Reproductive cycles. The Arctic ground squirrel may 
spend more than half its life in hibernation (see Figure
23). It thus must be able to breed, rear young, maintain its 
home burrow, and prepare for the period of hibernation 
during an activity period of less than six months. This 
requires considerable adaptation of both metabolic and 
behavioral patterns. Prior to entering hibernation in late 
September or early October, there is a renewal of sexual 
activity in the testes of males, and, throughout the period 
of hibernation, they continue to grow. On the Arctic slope 
in early May, the male ground squirrel emerges from its 
burrow. As it utilizes the remaining fat and eats the stores 
of seeds and other food still in the nest, the male reaches 
a period of reproductive readiness. Mating takes place in 
the middle of May, and the young are bom in the middle 
of June, after a gestation period of about 25 days. By the 
middle of July the young are above ground and eating the 
green Arctic Vegetation, which they continue to eat until 
the onset of hibernation. By October, both the young of 
the year and the adults from the previous year weigh 
nearly 1,000 grams (2.2 pounds).

In the bat, the reproductive cycle is interrupted by hiber­
nation. Gonadal activity in the male reaches its maximum
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Figure 23: The annual cycle (top) in the life of a typical 
mammalian hibernator, the Arctic ground squirrel. The graphs 
show typical weight patterns of young and adult males and 
females during the aboveground activity period (see text).
From W.V. Mayer, Hibernation

in the fall, when copulation with the female occurs. The 
animals then hibernate, and the production of sperm in 
the male ceases. The sperm deposited in the female are 
stored in her reproductive tract throughout the period of 

Delayed hibernation; fertilization occurs the next spring, when the 
fertiliza- eggs are ovulated (released from the ovaries) within a few 
tion days after awakening from hibernation.

The only exception to the general hibernation-reprodue- 
tion pattern of bats is the vespertilionid bat (Miniopterus), 
in which there is no delayed ovulation and fertilization. 
In this species the eggs are ovulated soon after copulation, 
in the fall, and fertilized immediately. During the ensuing 
period of hibernation embryonic development is initiated 
and slowed, but it does not actually cease. The young are 
born in the early summer, soon after hibernation ends. 
The introduction of hibernation during pregnancy makes 
the gestation period several months longer than in non- 
hibernating tropical members of the same genus.

Cyclical reproductive activity has thus become adapted 
to the shortened activity season available to the hiber­
nator. But although the annual sequence of reproductive 
events is known, the external stimuli that regulate the 
reproductive cycles of bats and other hibernators are not 
known. More knowledge is needed concerning the endo­
crine and nervous mechanisms that presumably regulate 
reproductive processes internally. It has been suggested 
that the pituitary-gonadal relationship influences the hi- 
bernating cycles as well as the reproductive cycle, hence 
both the latter and homoiothermism are controlled by a 
common mechanism. Such a Suggestion is attractive in 
that the mechanism solves the regulation problems, but 
more needs to be known of the way in which hibernation 
directly or indirectly modifies the action of endocrine and 
neural mechanisms that direct the reproductive cycle.

Protection from disease and radiation. Hibemating or­
ganisms have a certain degree of resistance to infectious 
diseases that appears to be attributable to at least three 
factors, all of which are related to temperature. One is 
the fact that the lowered temperature of the host and the 
commensurate slowing of its metabolic processes prevent 
the multiplication of parasites to a greater extent than 
they affect the host’s defensive mechanisms. Second, low­
er temperatures are more harmful to the development of 
a disease organism than to the host, as has been shown 
with the parasite Trichinella spiralis. In bats hibemating 
at 50 C (41 ° F), only larvae have been recovered from the 
intestines; but mature adult worms have been recovered 
from the intestines of bats kept at 35° C (95° F). The 
third factor is that the influence of low temperature on the 
Chemical composition of the host tissues may also affect 
infectious organisms.

Hibernation also seems to protect animals from radia­
tion. When ground squirrels are irradiated with radioac- 
tive cobalt while hibemating, they are found to be more 
resistant to the effects of the radiation than are squirrels

irradiated while warm and active. This resistance, which 
is apparent over a wide range of doses, suggests that pro- 
teetive mechanisms function in the hibemating animal. 
In both hibemating and non-hibernating animals, repair 
processes within cells occur the first day after irradiation; 
however, when the metabolic requirements of cells are 
small, as in hibernation, the injured cells seem to be 
more capable of repair, and survival is greater. The large 
metabolic requirements imposed on injured cells of warm 
and active animals appear to render them incapable of an 
adequate repair response.

A wakening from hibernation. The process of awaken­
ing in the Arctic ground squirrel takes about three hours. 
There is a rapid rise in heartbeat and a decrease in periph­
eral circulatory resistance; the area around the head and 
heart warms more rapidly than the posterior part of the 
animal. This differential Vasodilatation (widening of the 
blood vessels) in the anterior part of the body is a unique 
and vital part of the awakening process. The concentra­
tion of active circulation in this region results in a high 
blood pressure and an efficiënt and rapid warming. If a 
drug is administered during awakening that causes Vaso­
dilatation throughout the body, there is a marked drop in 
blood pressure even though the heart may almost double 
its rate; thus, the heart cannot maintain a high blood 
pressure at this time if all blood vessels are dilated. Later 
during the arousal process, after the anterior part of the 
body has been warmed, the posterior part of the animal 
warms rapidly.

Despite the deterioration of glands and tissues and the 
drastic reduction of all metabolic activity during hiber­
nation, within 24 hours after arousal, all the squirreFs 
physiological processes are essentially normal. This rap­
id repair and recovery mechanism is one that requires 
further study. (W.V.M./Ed.)

Reproductive behaviour

Reproductive behaviour in animals includes all the events 
and actions that are directly involved in the process by 
which an organism generates at least one replacement of 
itself. In an evolutionary sense, the goal of an individual 
in reproduction is not to perpetuate the population or 
the species; rather, relative to the other members of its 
population, it is to maximize the representation of its own 
genetic characteristics in the next generation. The dom­
inant form of reproductive behaviour for achieving this 
purpose is sexual rather than asexual, although it is easier 
mechanically for an organism simply to di vide into two 
or more individuals. Even many of the organisms that do 
exactly this—and they are not all the so-called primitive 
forms—-every so often intersperse their normal asexual 
pattern with sexual reproduction.

BASIC CONCEPTS A N D  FEATURES

The dominance of sexual reproduction. Two explana- 
tions have been given for the dominance of sexual repro­
duction. Both are related to the fact that the environment 
in which an organism lives changes in location and 
through time; the evolutionary success of the organism is 
determined by how well it adapts to such changes. The 
physiological and morphological aspects of an organism 
that interact with the environment are governed by the 
organism’s germ plasm—the genetic materials that deter­
mine hereditary characteristics. Unlike asexual methods, 
sexual reproduction allows the reshuffling of the genetic 
material, both within and between individuals of one 
generation, resulting in the potential for an extraordinary 
array of offspring, each with a genetic makeup different 
from that of its parents.
According to proponents of the so-called long-term theo­

ry for the dominance of sexual reproduction, sexual 
reproduction will replace asexual reproduction in the ev­
olutionary development of an organism because it assures 
greater genetic variability, which is necessary if the species 
is to keep pace with its changing environment. Accord­
ing to proponents of the short-term theory, however, the 
above argument implies that natural selection acts on 
groups of organisms rather than on individuals, which is
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contrary to the Darwinian concept of natural selection 
(see Ev o l u t i o n , t h e  t h e o r y  o f : Natural selection). They 
prefer to view the advantages of sexual reproduction on 
a more immediate and individual level: an organism em- 
ploying sexual reproduction has an advantage over one 
employing asexual means because the greater variety of 
offspring produced by the former results in a larger num­
ber of genes being transmitted to the next generation. 
The latter view is probably more nearly correct, especially 
in violently fluctuating and unpredictable environments. 
The former theory is probably correct when viewed in 
terms of its advantage to individuals that are spreading 
in geographic range, thereby increasing the likelihood of 
encountering different environments.

Natural selection and reproductive behaviour. Natural 
selection places a premium on the evolution of those 
physiological, morphological, and behavioral adaptations 
that will increase the efficiency of the exchange of genetic 
materials between individuals. Organisms will also evolve 
mechanisms for sensing whether or not the environment 
is always permissive for reproduction or if some times are 
better than others. This involves not only the evolution of 
environmental sensors but also the concurrent evolution 
of mechanisms by which this information can be pro- 
cessed and acted upon. Because all seasons are not usually 
equally conducive, individuals whose genetic backgrounds 
result in their reproducing at a more favourable rather 
than less favourable period will eventually dominate suc- 
ceeding generations. This is the basis for the seasonality of 
reproduction among most animal species.

Natural selection also results in the evolution of systems 
for transmitting and receiving information that will in­
crease the efficiency of two individuals’ finding each other. 
These attraction systems are usually, but not always, spe­
cies specific (see E v o l u t i o n , t h e  t h e o r y  o f : Species and 
speciation). Once the proper individuals have found each 

Need for other, it is clearly important that they are both in a state 
genetic of reproductive readiness. That their sensory receptors are 
variability tuned to the same environmental stimuli is usually suf­

ficiënt to achieve this synchrony (proper timing) in the 
lower organisms. Apparently, however, this is not enough 
in the more complex organisms, in which the fine tuning 
for reproductive synchrony is accomplished chiefly by a 
process called courtship. Another evolutionary necessity is 
a mechanism that will guide the partners into the proper 
orientation for efficiënt copulation. Such mechanisms are 
necessary for both internal and external fertilization, espe­
cially the latter, where improper orientation could result 
in a complete waste of the eggs and sperm.

In most organisms, the period of greatest mortality occurs 
between birth or hatching and the attainment of maturity. 
Thus, it is not surprising that some of the most elabo­
rate evolutionary adaptations of an organism are revealed 
during this period. Natural selection has favoured an enor­
mous variety of behaviour in both parents and offspring 
that serves to ensure the maximum survival of the young 
to maturity. In some animals this involves not only pro- 
tecting the young against environmental vicissitudes and 
providing them with adequate nutrition but also giving 
them, in a more or less active manner, the information 
they will need to reproduce in turn.

EX TERN A L A N D  IN TER N A L INFLUENCES

As mentioned at the beginning of this discussion, the 
anatomical, physiological, and neurological aspects of re­
production and behaviour are dealt with in other articles. 
It is useful here, however, to consider briefly the external 
and internal factors that initiate reproductive behaviour.

Environmental influences. Light, usually in the form of 
increasing day length, seems to be the major environmen­
tal stimulus for most vertebrates and many invertebrates, 
especially those living in areas away from the Equator. 
That this should be such an important factor is quite 
reasonable in an evolutionary sense: increasing day length 
signifies the onset of a favourable period for reproduction. 
In equatorial regions, where changes in day length are 
usually insignificant throughout the year, other environ­
mental stimuli, such as rain, predominate.

Superimposed on day length are usually several other

factors, which, if lacking, often override the stimulating 
effect of light. Many insects, for example, will not initiate 
a reproductive cycle if they lack certain protein foods.
Many animal groups have an internal cycle of cellular 
activity that must coincide with the external factors before 
reproduction can occur; a familiar example is the estrous 
cycle in most mammals except primates. Females are sex­
ually receptive only during a brief period when they have 
ovulated (released an egg from the ovary).

Hormonal influences. Although the exact way by which 
light affects the reproductive cycle is still disputed, it un- 
doubtedly varies from group to group. In birds, light passes 
either through the eyes or through the bony tissue of the 
skull and stimulates the development of certain cells in 
the forepart of the brain. These cells then secrete a sub­
stance that stimulates the anterior pituitary gland, which 
is located at the base of the brain, to produce an array of 
regulatory substances (hormones), called gonadotropins, 
that are carried by the blood to the gonads (ovaries and 
testes), where they directly stimulate the development of 
eggs and sperm. The gonads, in turn, produce the sex 
hormones—estrogen in the female and testosterone in the 
male—that directly control several overt aspects o f repro­
ductive behaviour.

Unlike the higher animals, the gonads of insects ap- Insect 
parently do not themselves secrete hormones. Instead, phero- 
stimulation by the corpus allatum, an organ in insects mones 
that corresponds in function to the pituitary gland, causes 
the secretion of liquid substances on the body surface.
These substances are transmitted as liquids, or, even more 
significantly, as gases, to the recipiënt, in which they are 
usually detected by olfaction or taste. Such substances, 
which are called ectohormones, or pheromones, may serve 
as the major regulation and communication system for 
reproduction as well as other behaviour in insects.

In the absence of all other stimuli, many types of sexual 
behaviour can be induced simply by an injection of the 
appropriate gonadal hormone. Conversely, removal of the 
gonads usually inhibits most sexual behaviour. The appar- 
ent failure of complete hormonal control over reproduc­
tive behaviour has been a subject of much investigation 
and dispute. There is much evidence that many types of 
reproductive behaviour are or can be controlled solely by 
neural mechanisms, bypassing the hormonal system and 
any effect that it might exert on the nervous system to 
produce behaviour. Several types of reproductive behav­
iour controlled solely or almost solely by neural mecha­
nisms are involved in or triggered by the processes that 
are initiated by courtship.

M ODES OF SEXUAL A TTRA CTIO N

The chief clues by which organisms advertise their readi­
ness to engage in reproductive activity are visual, auditory, 
and olfactory in nature. Most animals use a combination 
of two modes; sometimes all three are used.

Visual clues. The appearance of many higher verte­
brates changes with the onset of reproductive activity. The 
so-called prenuptial molt in many male birds results in 
the attainment of the nuptial plumage, which often differs 
radically from that possessed by the bird at other times 
of the year or from that possessed by a nonreproductive 
individual. The hindquarters of female baboons become 
bright red in colour, which indicates, or advertises, the fact 
that she is in estrus and sexually receptive. Such changes 
in appearance are less common in the lower animals but 
do occur in many fishes, crabs, and cephalopods (e.g., 
squids and octopuses).

Often associated with changes in appearance are changes The role of 
in behaviour, particularly the increase in aggressive be- aggressive 
haviour between males, often a prime feature in attracting behaviour 
females; such changes have interesting evolutionary impli- 
cations. In certain grouse, for example, females are most 
attracted to males that engage in the greatest amount of 
fighting. No doubt, fighting in some groups of mammals 
also serves this function as well as others (see above Ag­
gressive behaviour).

In many animals the rise in aggression takes the form of 
territoriality, in which an individual, usually a male, de- 
fends a particular location or territory by excluding from it
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all other males of his own kind. Occasionally, other species 
are also excluded when it is to the advantage of the de- 
fending individual to do so. Territorial behaviour involves 
many functions, not all of which are directly concerned 
with reproduction. For purposes of advertising, however, 
territoriality probably reduces the amount of interference 
between males and also makes it easier for females to find 
males at the proper time.

Auditory clues. The fact that sound signals can travel 
around barriers, whereas visual signals cannot, accounts 
for their widespread use in indicating sexual receptiveness, 
especially in frogs, insects, and birds. Like visual signals, 
a sound for advertising purposes usually encodes several 
pieces o f information; for example, the signals usually re- 
veal to the receiver the caller’s species, its sex, and, in some 
cases, whether or not it is mated. The vocalizations of one 
type of frog also reveal the number of other males located 
nearby. This information, a critical clue for females, is a 
measure of how good the habitat is for depositing eggs. 
The sounds produced by the wings of mosquitoes attract 
females and are species specific. Humans have taken ad­
vantage of this signal by using artificial sound generators 
to eradicate certain mosquitoes. Advertising signals also 
serve to repel other males; a classical example is the terri­
torial song of many songbirds.

Olfactory clues. Researchers have now become aware 
of the enormous amount of information that is passed 
between animals by Chemical means. Well known are the 
urine, feces, and scent markings employed by most mam­
mals to delimit their breeding territories and to advertise 
their sexual state. Males of a number of mammals are 
capable of determining if a female will be sexually recep­
tive simply by smelling her urine markings. A substance 
in the urine of male mice, on the other hand, actually 
induces and accelerates the estrous cycle of females. A 
female gypsy moth is able to attract males thousands 
of metres downwind of it simply by releasing minute 
quantities of its sex pheromone each second. It has been 
calculated that one female silkworm moth carries only 
about 1.5 micrograms (0.0015 gram) of its sex attractant, 
called bombykol, at any given moment; theoretically, this 
is enough to activate more than 1,000,000,000 males, 
surely more than exist in any one place at any time. The 
sex attractant of barnacles, which are otherwise rather ses- 
sile (sedentary) organisms, causes individuals to aggregate 
during the breeding period.

One other possible channel of communication occurs 
in a few fishes, namely electric discharge. Evidence now 
accumulating suggests that weak electrical fields and dis­
charges in the Mormyridae of Africa and the Gymnotidae 
of South America represent the major mode of social in­
teraction in these families.

CO U RTSH IP

Synchrony is the major factor in achieving fertilization in 
the lower animals, particularly in aquatic forms. In most 
of these groups, the eggs and sperm are simply discharged 
into the surrounding water, and fertilization occurs ex- 
ternally. The parents may never meet, so to speak. It 
might be assumed that this procedure would be roughly 
the same in the higher animals, with perhaps more overt 
behaviour to achieve synchrony, and that, after the two 
individuals found each other, fertilization would proceed 
fairly quickly. This is usually not the case, however. Al­
though fertilization in the higher terrestrial forms involves 
contact during copulation, it has been suggested that all of 
the higher animals may have a strong aversion to bodily 
contact. This aversion is no doubt an antipredator mech­
anism: close bodily contact signifies being caught. Since 
females are in an especially helpless Situation during cop­
ulation, they are particularly wary about bodily contact. 
In addition, males are particularly aggressive during the 
breeding period, which further increases the uncertainty 
of both individuals. These difficulties were solved by the 
evolution of a collection of behaviours called courtship. 
Courtship has been defined as the heterosexual reproduc­
tive communication system leading to the consummatory 
sexual act.

Courtship behaviour has many advantages and func­

tions, not the least of which is the reduction of hostility 
between the potential sex partners, especially in species 
in which the male actively defends a territory. The ma­
jor aspects of such behaviour seem to be appearance, 
persistence, appeasement, persuasion, and even deception. 
Because courtship behaviour involves the transmission of 
information by means of signals, it is useful to define at 
this point a peculiar and important group of social signals 
called displays.

A social signal may be considered any behavioral pattem 
that effectively conveys information from one individual 
to another. The term display has been restricted by some 
authorities to social signals that not only convey informa­
tion but that, in the course of evolution, have also become 
“ritualized.” In other words, such signals have become 
so specialized and exaggerated in form or function that 
they expressly facilitate a certain type of communication. 
The visual, auditory, olfactory, tactile, or other patterns 
by which organisms advertise their readiness to engage in 
reproductive activity provide examples of displays. Clear­
ly, the kinds of displays utilized by organisms depend on 
the sensory receptors of the receiver. Whereas higher ver­
tebrates tend to use visual and auditory displays, insects 
tend toward olfactory and tactile displays.

In animals in which the male takes on a wholly different 
appearance during the breeding period, natural selection 
has eliminated from the female’s appearance the “aggres­
sive badges” of males that provoke fighting. It is not with­
out significance that the appearance of the adult female 
in many species is much like that of the juvenile; this 
implies to the male a friendly, nonaggressive relationship. 
When one male approaches another that has intruded 
into the former’s territory, the outsider may either return 
the aggressive display or flee. Females, however, usually 
quietly back up slightly and then slowly move forward 
again. With each approach the male’s hostility lessens 
toward this appeasing, increasingly familiär individual. 
Offen, as in many birds, the females resort to displays 
that resemble the food-begging behaviour normally seen 
in the young. Males frequently respond to this display by 
actually regurgitating food. Male spiders of some species 
offer the larger and more aggressive females food as bait, 
and copulation occurs while the female is eating the food 
rather than her potential mate. Mutual feeding displays, 
often with nonedible items, are engaged in by a number 
of insects and birds. In the courtship behaviour of sever­
al birds, extremely elaborate displays are utilized to hide 
the bill from the potential partner, because the bills of 
these birds are their chief weapons. Some aspects of nest 
building have been incorporated into the displays of such 
birds as penguins. Early in the relationship between the 
individuals, one or both may offer the other stones that 
are placed in a pile. The actual nest is not constructed 
until much later, however.

The common denominator in courtships is that the dis­
plays resemble functional behaviours that are appropriate 
to friendly, bonded situations, such as those between par­
ents and between parents and their offspring. The degree 
of elaborateness of the display is governed by a number of 
factors. One is to prevent cross-mating between different 
species, an occurrence that usually results in the waste of 
the eggs and sperm. Any specific aspect— i.e., one or more 
displays—used by an organism in species discrimination 
is called an isolating mechanism. In many species, the 
majority of the displays between individuals are a series of 
identity checks.

Another factor that has an impact upon the complexity 
of displays is the length o f time that the pair bond will 
endure. Brief relationships are usually, but not always, 
associated with rather simple courtship activity. In a num­
ber of insects, birds; and mammals, the males display on 
a common courtship ground called a lek or an arena. Fe­
males visit these courtship areas, copulate, and leave. The 
males do not participate in any aspect of parental care; 
the bond lasts but a few seconds. Yet despite the brevity 
of this relationship, in no other courtship system is there 
the development of such elaborate and almost fantastic 
displays in both the movements and appearances of the 
courting males.

Types of 
display

Species
discrimina­
tion
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PO ST-FER TILIZA TIO N  BEH A VIO U R

Various types of behaviour ensure that a maximum num­
ber of fertilized eggs or young will survive to become 
reproductive adults. Clearly, the number of eggs produced 
and their size represents a balance achieved by natural 
selection. This balance conforms to some optimum com­
promise between producing many eggs containing little 
food for the development of young or fewer eggs with 
more provisions.

There has been considerable controversy about the fac­
tors that limit the number of offspring an organism can 
produce. It has been suggested that, among animals in 
which the offspring are dependent on the parents for vary­
ing lengths of time, clutch or litter size has been adjusted 
through natural selection to the maximum number of 
offspring that the parents, on the average, can feed. There 
are, on the other hand, organisms that do not practice 
parental care and produce millions of eggs. According to 
one school of thought, these species have such a high 
fecundity (productivity) because the eggs and larvae suffer 
a very high mortality rate. Hence, it is necessary for such 
animals to produce thousands, even millions, of eggs just 
to obtain a few reproductive adults. An opposing school of 
thought, however, says that such species have high mor­
tality rates because of their great fecundities. By similar 
reasoning, low death rates would be the consequence of 
low fecundity.

Protective adaptations. A number of adaptations have 
evolved to protect the eggs and larvae of species not 
attended by adults. In one such adaptation; the eggs or 
larvae are distasteful, inedible, or apparently harmful to 
potential enemies. The eggs of the jellyfish Bougainvillia, 
for example, contain stinging cells on the surface that 
deter predators. Many female butterflies deposit their eggs 
on plants that contain poisonous compounds, which the 
larvae incorporate into their bodies, making them dis­
tasteful. When disturbed many insect larvae, especially 
those that are camouflaged, give a so-called startle display; 
several Caterpillars, for example, raise their heads as if to 
bite or their hindparts, in the manner of a wasp, as if to 
sting. Others suddenly present striking colour patterns pre- 
viously hidden. Most of these displays have been shown 
experimentally to be effective deterrents against predators.

Garing for offspring. Animals that do not care for their 
young must provide for the nutritional needs of their 
offspring. One way of doing so is by producing an egg 
with a sufficiently large yolk supply that the young, when 
hatched, are already at an advanced, almost independent 
state. A peculiar example of this is found in the incubator 
birds (Megapodiidae), which cover their large eggs with 
soil and debris to create a mound of considerable depth, 
effectively providing heat for the developing eggs. After a 
very long incubation period, the young emerge as fully 
feathered miniature adults and are capable of flying in 24 
hours. Before sealing the nest that they make for their eggs, 
many insects, such as certain solitary wasps, stock the nest 
with food. In a more bizarre manner, other solitary wasps 
place one egg in the body of an insect or spider previously 
paralyzed by the wasp. Upon hatching, the larva eats the 
still living host.

Social Social parasitism, another fascinating aspect of post-
parasitism fertilization behaviour, is found in certain insects and 

birds. In this case, the true parents do not care for their 
eggs or offspring; rather, they place them under the foster 
care of other species, often, but not always, to the detri­
ment of the foster parents’ offspring. In certain parasitic 
species of cuckoos, the females are divided into groups, or 
gentes, each of which lays eggs with a colour and pattern 
unlike those of the other groups. The females of each 
group usually select a particular species as the host, and, 
more often than not, the eggs of the parasite closely resem­
ble those of the potential foster parent. This mimicry has 
evolved because many host species throw eggs not resem- 
bling their own out of the nest. Some young cuckoos also 
exhibit a behaviour called backing, in which they push 
out the other nestlings and monopolize the food supply.

Parental care. Among the organisms that remain with 
the eggs or offspring, one particular behaviour is strik­
ing—that of nest construction to keep the eggs and larvae

in one spot and to protect them against predators as well 
as such environmental factors as sun and rain. The place­
ment of a nest usually serves an antipredatory purpose, 
as in birds that put their nests near those of social wasps 
or stinging ants. Although they are not normally thought 
to do so, many mammals, particularly rodents and cami- 
vores, construct special nests, dens, or burrows solely for 
reproductive purposes.

A number of fishes build nests made of bubbles that 
not only hold the eggs together but also provide the ox­
ygen necessary for the developing embryos. Other fishes, 
particularly those that live in oxygen-poor waters, display 
elaborate fanning behaviour to keep the water moving 
around the eggs. In some fishes, the female incubates the 
egg in her mouth, thus providing protection against preda­
tors as well as constant aeration. The fry (young) of some 
of these mouthbreeders travel in a school near the par­
ent. When danger approaches, they flee into the parent’s 
mouth and later swim out after the danger passes.

Birds have the problem of keeping the eggs at an opti­
mum temperature for development of the embryo. With 
the onset of egg laying in many species, the feathers of 
the lower abdomen are lost, and the skin in that area be­
comes thickened and highly vascularized (filled with blood 
vessels), forming the so-called brood patches. Usually the 
female develops these patches, which serve to transfer 
more effectively to the eggs the warmth from the adult’s 
body. It has been shown that, like much of parental behav­
iour in the higher vertebrates, brood patches and “broodi- 
ness” are controlled by several hormones, combined with 
visual and tactile stimuli. Chief among these hormones 
is prolactin, which also Controls the production of pigeon 
milk, a cheeselike substance produced only in the crops 
of adult doves and pigeons and fed to the nestlings by 
regurgitation.

Although there are some outstanding exceptions, most 
young mammals are completely helpless at birth. This 
helplessness is most striking in the marsupials (e.g., opos­
sums and kangaroos), in which the young are born at 
a very early stage of development; they crawl through 
the mother’s hair to the brood pouch, where they attach 
themselves to a nipple and their development continues 
for many more months.

An early characteristic behaviour in mammals following 
birth is that of the mother licking the newbom. This Licking of 
serves at least two functions—one is general cleanliness newborn 
to avoid infections or the attraction of parasites; the other 
would appear to be purely social. If a newborn mammal 
is removed from its mother and cleaned elsewhere before 
she can lick it, she usually will not accept it. Thus, lick­
ing behaviour also serves, in some manner, to establish a 
unique relationship between the mother and her offspring.
Another characteristic mammalian behaviour is the suck- 
ling response of the newborn. Although this behaviour 
has been claimed to be the perfect instinctive response, it 
apparently is not so in many species; the trial-and-error 
period during which the newborn discovers the nipple, 
however, is quite short.
In birds, especially those that nest on the ground, one 

of the first adult responses to the hatching of the eggs is 
to remove the conspicuous eggshells from the area of the 
nest. It has been shown experimentally that, in gulls at 
least, this is an important antipredatory measure. When 
birds hatch, they have the ability to stretch their heads 
and to gape for food in response to any mechanical dis- 
turbance, such as that produced when the parent lands on 
the nest. Later in development, they stretch and gape only 
when the parents appear. This is another type of adaptive, 
antipredatory behaviour, as it would be dangerous for the 
nestlings to gape and vocalize in response to any environ­
mental disturbance.

Group care. The ability of an animal to identify its own 
offspring at an early stage is apparently not important in 
animals that nest or are solitary breeders; offspring in the 
nest belong to that parent. In colonially breeding species 
or in those where the offspring of different parents are 
likely to become mixed, however, natural selection has 
favoured the evolutionary development of behaviour that 
makes possible the recognition by the parent of its own
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offspring, thereby avoiding the danger of expending energy 
on offspring that do not possess the parent’s genes.

There is, on the other hand, the Situation in which the 
offspring are cared for by individuals who are not the par­
ents. This phenomenon occurs among the social insects 
in particular and also among several groups of birds and 
mammals; future investigations may show it to be even 
more widespread. In such birds as the anis, the effective 
breeding group consists of several females and males. One 
nest is constructed in which all the females deposit their 
eggs, and all individuals participate in the care of the re­
sulting offspring. In certain jays (Corvidae), the offspring 
of one generation participate in the care of the offspring 
of the next or another generation, but the exact family 
relationships among the participants are not clear.

In the social insects, this type o f parental behaviour 
apparently results from the peculiar genetic relationships 
between the individuals in most social-insect colonies (ter- 
mites are among the exceptions). The female and, in the 
termites, both the male and the female can control by 
Chemical means the kinds (called castes in ants and ter­
mites) and sexes of the offspring. An outstanding feature of 
such colonial insects as the honeybee is that the majority 
of the individuals produced by the queen are sterile; these 
are the workers, the individuals who care for and feed 
both the queen and her offspring, the sibs of the workers. 

Group The queen is diploid in genetic makeup; that is to say,
care in half of her genes are derived from her mother and half 
honeybees from her father. The males (drones) are haploid; that is, 

they have only half the genes possessed by the queen, all 
of them derived from the mother. A queen produces eggs 
fertilized by sperm she has retained in her body from the 
mating flight; thus the individuals produced are diploid, 
but, unlike the queen, they are sterile. This sterility results 
indirectly from a Chemical secreted by the queen, called 
the queen substance. It inhibits the workers from building 
special brood cells that give rise to sexually developed 
individuals. If the queen fails to secrete this substance be­
cause of age or death, the workers immediately construct 
special brood cells with a substance they secrete; called 
royal jelly, it is necessary for the development of a larva 
then destined to be a queen.

How can the evolution of sterility in workers and their 
care of offspring not their own be accounted for? One pos­
sible explanation concerns the coëfficiënt of relationship 
(the number of genes on the average shared in common) 
among the individuals of a colony. Because of the pecu­
liar haplo-diploid mode of sex determination, the workers 
(sisters) share all the genes from their father and, on the 
average, half o f 'those from their mother. Since each work- 
er receives half of its genes from the father and half from 
the mother, the average genes shared between any two 
workers (sisters) is three-fourths. But between mother (the 
queen) and daughter (a worker) this average is only one- 
half. The offspring (the sterile workers), therefore, may 
contribute more to their fitness (the maximum represen- 
tation of their genes in the next generation) by caring for 
their sisters than by providing an equal amount of care 
to their “own” offspring, had they been fertile rather than 
sterile. A drone, on the other hand, has a coëfficiënt of re­
lationship with one of his sterile sisters of only one-fourth, 
but retains a relationship of one-half with his mother 
and daughters (future sterile workers). This explains why 
workers provide more care for their sisters than for their 
brothers, and why the workers eventually drive off the 
almost useless drones, which are relatively scarce (having 
resulted from unfertilized eggs), from the colony. Because 
sisters share more genes with each other than with their 
brothers, they maximize the chances of these genes surviv- 
ing into the next generation by providing more care for 
their sisters.

This explanation of group care and extreme sociality 
does not account for all cases. Indeed, termites are perhaps 
the most extreme among animals in these respects but 
lack the haplo-diploid sex determination mechanism. In 
addition, several groups having this mechanism have not 
evolved extreme brood care and sociality. Other factors 
have to interact for these Systems to evolve, but it is not 
yet clear what they are.

REPRO DU CTIV E BEH A VIO U R IN  INVERTEBRA TES

Protozoans and sponges. Most protozoans (one-celled 
organisms) reproduce asexually, usually by fission (Split­
ting in two); in some species, however, sexual as well as 
asexual reproduction occurs and may be complex. The co­
lonial organism Volvox, which may be either of one “sex” 
or composed of cells of both sexes, produces true eggs 
and sperm. A Chemical substance released by “females” 
induces the production of sperm packets; following the 
Union of the egg and sperm, the parent colony dissolves, 
and the zygote (fertilized egg) is released.

Another form of reproduction in protozoans is con- Con­
jugation, in which organisms such as Paramecium fuse jugation 
together briefly to exchange nuclear products. This results 
in a reshuffling of hereditary characteristics just as occurs 
in true sexual reproduction in higher animals. In some 
species of Paramecium, there are mating types, and an 
individual is of one type or the other. Opposite types ap­
parently recognize each other by a Chemical (pheromone) 
that is released on their body.
In the lower metazoans (multicellular organisms), repro­

duction is also by both asexual and sexual means. As 
befits their sessile life-style and low population densities, 
sponges that reproduce sexually are usually hermaphro- 
ditic; that is, each individual is capable of producing both 
sperm and eggs, but often at different times to prevent 
self-fertilization. The sperm are swept by water currents 
into another sponge, where they are picked up by spe­
cialized cells called choanocytes and carried to the egg. 
Fertilization takes place when a choanocyte fuses with the 
egg. The free-swimming larval stage that is produced is 
of short duration, after which the organism settles on the 
bottom and becomes a new adult sponge.

Coelenterates. Hydroids, jellyfishes, sea anemones, and 
corals of the phylum Coelenterata, or Cnidaria, reproduce 
by a variety of mechanisms. A familiär coelenterate an­
imal, the freshwater Hydra, usually reproduces asexually 
by budding, a process by which small portions of the adult 
structure become new, but genetically identical, individ­
uals. Hydras are also dioecious; that is, each individual 
produces either sperm or eggs. In many temperate-zone 
species of Hydra, sexual reproduction occurs during the 
autumn; the fertilized eggs enable the species to survive 
the winter.

Most of the other hydrozoans are colonial organisms, 
often occurring in polyp and medusal (umbrella-shaped) 
forms. In a colony, reproductive individuals called gono- 
phores develop into free-swimming organisms (medusae) 
that reproduce sexually. Fertilization can be either exter­
nal or internal; if external, the eggs are shed directly into 
the water. Internal fertilization results in larvae that swim 
out of the parent and soon settle on a surface, where they 
develop into another hydroid colony.

Sea anemones and the polyps of corals reproduce both 
asexually—by budding—or sexually. In the sexual mode, 
sea anemones have both dioecious and hermaphroditic 
species. One interesting aspect of sea anemones, which 
undergo internal fertilization, is that they are among the 
first lower animals known to provide parental care. The 
larvae of sea anemones remain inside the adult until they 
are ready to metamorphose (change in form), at which 
time they swim from the parent’s mouth and settle on its 
base, remaining there until they develop tentacles. When 
they have reached this stage of development, they move 
away from the parent’s protection.

Flatworms and rotifers. The reproductive structures of 
flatworms (phylum Platyhelminthes) resemble those found 
in the higher groups. Such flatworms as the land and 
freshwater planarians are hemaphrodites. Although some 
species can reproduce asexually by Splitting in two, most 
engage in copulation. Some freshwater planarians can 
produce both thin-shelled summer eggs, which hatch in a 
short time, and thick-shelled winter eggs, which are resis­
tant to freezing and hatch in the spring. An apparently 
unique Situation in many planarians is that nutrition for 
the embryo is supplied by the addition of separate cells to 
the zygote, after which the entire mass is enclosed in the 
shell; more commonly, the yolk is incorporated within the 
structure of the zygote itself.
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In the rotifers (phylum Aschelminthes), small but abun­
dant freshwater animals, reproduction is usually sexual, 
and the sexes are separate. Copulation occurs by injection 
of sperm anywhere in the body wall of the female. Many 
species found in temporary ponds and streams exhibit a 
peculiar reproductive behaviour that is well adapted to 
their transient environment: they produce different kinds 
of eggs at different times o f the year. One egg type, called 
amictic, is produced in the early spring. These eggs ap­
parently cannot be fertilized, and the embryo develops 

Partheno- without fertilization (parthenogenesis); the result is females 
genesis with a life-span no longer than two weeks. When the 

population reaches a peak in the early summer, a second 
type of egg is produced. If unfertilized, this egg, which 
is called mictic, results in males. As the male population 
increases, most mictic eggs become fertilized, resulting in 
the production of a heavy-shelled dormant egg with much 
yolk. The dormant egg survives the winter and gives rise 
to the amictic females of the next spring. Thus, despite 
the many generations produced in the summer by so- 
called sexual means, the reshuffling and recombination of 
genetic material occurs only once a year.

Segmented worms. The marine worms of the dass Poly- 
chaeta (e.g., clam worms and lugworms of the phylum 
Annelida) provide the first examples of a kind of courtship 
behaviour involving both visual and Chemical displays 
initiated by some rather subtle environmental stimuli. 
Most polychaetes reproduce sexually, and there are two 
distinct sexes in most species. Either by transformation or 
budding, many polychaetes produce a reproductive form 
(epitoke). At a certain time of the year, the epitokes swarm 
to the ocean surface and engage in mass shedding of eggs 
and sperm. Some female epitokes of clam worms (Ner eis) 
produce a Chemical substance called fertilizin that attracts 
the male epitokes and stimulates the shedding of sperm. 
Male epitokes of a polychaete found in the Atlantic Ocean 
emit a flashing light; females emit a steady light. The light 
may serve to attract male and female and to aid in species 
discrimination. The swarm ing of the palolo worm Palola 
in parts of the South Pacific is apparently triggered by an 
annual and a lunar cycle; the epitokes separate from the 
parent (atoke) in October or November, during the last 
part of the lunar cycle.

The dass Oligochaeta (phylum Annelida) contains a di- 
versity of both aquatic and terrestrial worms, among which 
is the familiär earthworm, Lumbricus. Although some 
aquatic oligochaetes reproduce asexually, the majority are 
sexual, and all of these are hermaphrodites. At mating, 
two oligochaetes lie side by side so that the head of one 
is opposite the tail of the other. Sperm then pass recipro- 
cally into small sacs, where they are temporarily stored. 
This transfer is more complex in the earthworms, how­
ever, because the respective male pores are not in direct 
Opposition; each individual forms a temporaiy skin canal 
through which the sperm flow to their respective sacs for 
storage. The body of oligochaetes has a swollen girdle- 
like structure, the clitellum, which serves an important 
function in reproduction. After the eggs have matured, a 
mucous tube, secreted from the clitellum, slides along the 
body as the worm moves backward. The stored sperm 
are discharged into this tube, as are the eggs when the 
tube slides along the section containing them. As the 
worm literally passes out of the tube, a mucous, lemon- 
shaped cocoon forms around the now-fertilized eggs. This 
cocoon serves as a kind of primitive nest, in which the 
young hatch.

Many leeches (class Hirudinea), all of which are hermaph­
rodites, have copulatory behaviour much like that of 
earthworms. Cocoons are formed in a manner similar to 
that described above, but in some leeches the cocoon is 
transparent and remains attached to the parent in which 
the eggs were developed. After hatching, the young leeches 
remain attached to the “mother” until they become inde­
pendent. One African leech gives birth to live young and 
even possesses a special incubating chamber in its body 
for the developing embryos.

Mollusks. The animals in the phylum Mollusca (e.g., 
clams, snails, and squid) display a diversity of reproductive 
behaviour. The majority of the amphineurans (chitons)

and pelecypods (e.g., clams, oysters) are dioecious— /.e., 
individuals are either male or female. Because most spe­
cies simply shed their eggs and sperm directly into the sea, 
individuals tend to form dense aggregations during the 
breeding period. The environmental factor that triggers 
the release of eggs and sperm has not yet been established 
with certainty, but, at least in a few species, after one 
individual has shed its sex products, the others follow in a 
kind of chain reaction that is clearly Chemical in nature.
In some mollusks, however, such as the European oyster, 
the eggs are retained and brooded.

The snails and slugs include hermaphroditic as well as 
dioecious species. Copulation in the hermaphroditic land 
snail Helix is preceded by a curious courtship involving a 
bizarre tactile Stimulation. When the two partners come 
together, each drives a calcareous dart (the so-called love The love 
dart) into the body wall of the other with such force that dart 
it is buried deep in the other’s internal organs.

To avoid predators, some arboreal slugs copulate in mid- 
air while each partner is suspended by a viscous thread. In 
the slipper-shell snails (Crepidula), which are rather sessile, 
all the young are males; their subsequent sex, however, 
is determined by their nearest neighbour. They remain 
males as long as they are near a female but change into 
females if isolated or placed near another male.

Remarkably advanced courtship behaviour in the cepha­
lopods, particularly the squids, involves complex visual 
displays of movement and changes in colour pattern.
Males signify that they are ready for breeding by assuming 
a distinctive zebra-striped pattem, displaying their fourth 
arm in a flattened manner, and approaching other indi­
viduals with a jerky motion. This fourth arm in squids

From California Fish and Game (1954)

Figure 24: C o p u la t in g  s q u id  ( L o l ig o  v u lg a r is ) .
(A) Position when spermatophores are transferred to mantle 
cavity. (B) Position when spermatophores are transferred to 
sperm receptacle.

and the third arm in octopods, called a hectocotylus, is 
structurally modified for carrying spermatophores, or balls 
of sperm. The male cuttlefish (Sepia) places the sper­
matophores in a pocket near the female’s mouth, from 
which the sperm subsequently make their way to the tubes 
that carry eggs (oviduets). In no squid studied thus far do 
either of the sexes care for the fertilized eggs, which are 
laid on Vegetation. This is not the case with octopuses, 
however; at least in Octopus vulgaris, the female broods 
her large number öf eggs (about 150,000) for as long as 
six weeks. During this period she aerates the egg clusters 
and keeps them free of detritus, exhibiting remarkable be­
haviour for an animal that produces so many eggs. Brood 
care such as this is usually associated only with organisms 
that produce a small number of eggs.

Arthropods. Crustaceans. With a few exceptions, bar­
nacles are the only hermaphroditic members of the class 
Crustacea in the phylum Arthropoda. This is in agree­
ment with the theory that a sessile mode of life tends to 
be correlated with hermaphroditism. Thus, it is not im­
portant for the organism to be near an individual of the 
opposite sex, but simply to be near any individual of the 
same species.

Some barnacles are parasitic and have undergone a rad- 
ical degeneration in form. One, Sacculina, is an example 
of the way in which the reproductive necessities of one 
species can profoundly affect the reproductive behaviour 
of another—in this case, the host. Several cells from a lar­
val barnacle penetrate a crab’s body and migrate through 
the bloodstream until they reach the lower portion o f its 
stomach. The cells then send rootlike projections through­
out the crab’s body. When the crab molts, the barnacle
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protrudes a large bulbous portion of its body through 
the ventral (bottom) surface of the crab. If the crab is a 
female, its broad shell protects this structure, which con­
tains the barnacle’s reproductive organs. The body shape 
of the male crab, however, is much narrower and does not 
provide such protection. If the host is a male, therefore, 
the barnacle first consumes the host’s testes; at its next 
molt, the crab assumes the shape of a female. Should the 
parasite be removed, the crab regains a male appearance 
and regenerates its testes.

In the copepods (e.g., sea lice, Cyclops) and the am- 
phipods (e.g., beach fleas), the sexes are mostly separate, 
copulation is brief and without elaboration, and the fe­
male of both groups broods the fertilized eggs. The eggs of 
copepods are usually attached in two clusters to the rear 
of the female; many amphipods have a special pouch on 
their ventral surface for brooding the eggs. Many copepods 
and some amphipods are parasitic on fish and on such 
marine mammals as whales.

In the crustacean order Decapoda, which includes shrimp, 
crayfish, lobsters, and crabs, the sexes are separate, fertil­
ization is mostly internal, and egg laying usually occurs 
shortly after copulation. In terrestrial crabs, however, the 
females of which migrate to salt water to expel the eggs, 
the sperm are stored, and fertilization and egg laying are 
delayed for several months after copulation.

Fiddler crabs of the genus Uca and several other decapods 
show territorial behaviour, an act that is not very common 
among invertebrates. As in many groups in which males 
defend territories, male crabs often differ in appearance 
from the females. Males are much more brightly coloured 
than the females, and one of their front claws is greatly 
enlarged; the mostly dull-coloured females have two small 
front claws. Depending on the species, males perform 
either simple or complex rhythmic dances in front of their 
sand burrows. The waving and vertical movement of the 
large claw is apparently species specific.

As in squids and octopuses, the sperm of primitive terres­
trial arthropods—millipedes, centipedes, springtails, and 
silverfish—are often transferred from males to females in 
structures called spermatophores. During the transition 
from an aquatic to a terrestrial mode of life, spermato­
phores became necessary, particularly for those species 
that had not developed copulatory organs for direct trans­
mission of sperm. Because sperm transfer in these animals 
is often complicated and takes considerable time, the del­
icate sperm would be in danger of drying up, were it 
not for the moisture contained in the spermatophores. It 
would appear, therefore, that all species that exhibit indi­
rect sperm transfer in which spermatophores are utilized 
have not achieved complete independence of water.

Males of most primitive soil-dwelling arthropod species 
place sperm drops on threads in damp locations or use 
threads or Chemical products to guide females to exter- 
nally placed spermatophores. Most male millipedes have 
secondary genital appendages called gonopods, by which 
they transfer the spermatophore directly to the genital 
opening of the female. One millipede actually uses a “tool” 
in sperm transfer; the male rounds a fecal pellet, places a 
drop of sperm on it, and, using its legs, passes the pellet 
back along its body to a point opposite the female’s genital 
pore. Paired body projections then are used to inject the 
sperm into the female, and the pellet is dropped. Males of 
the common bark-inhabiting millipede Polyxenus transfer 
sperm by spinning thin threads on which they place sperm 
drops; they then construct two parallel thicker threads on 
which they place a pheromone to attract the female. This 
Chemical and tactile guidance system causes the sperm to 
become attached to the female’s vulva (the external part 
of the female’s genital organs). Males eat the sperm not 
picked up and replenish it with fresh sperm.
Arachnids. The arachnids (e.g., spiders and scorpions) 

exhibit the earliest pattern of classical courtship behaviour 
during which rather ritualized movements are involved. 
In the true scorpions this behaviour takes the form of the 
promenade ä deux, in which the male holds the female 
by her front claws and apparently stings her in a joint 
near the base of the claw. The ensuing dancelike pattern 
apparently results from the male seeking a suitable surface

upon which to deposit his spermatophore. After he depos­
its the spermatophore, the male drags the female over it, 
releasing her after the spermatophore has passed into her 
genital pore.

As mentioned above, many male spiders have a particu­
lar problem in approaching the aggressive and predatory 
female in order to deposit a spermatophore. The hunting 
behaviour of most spiders is adapted to react to the slightest 
movement or Vibration of the web, causing the Spider to 
rush forward and bite its prey as quickly as possible. Thus, 
it is not surprising that male spiders have evolved fairly 
elaborate display movements and patterns to convey their 
identity. Many males are quite strikingly coloured, pro­
viding additional information about their identity. Some 
males approach the female only at night and vibrate her 
web in a highly characteristic manner, different from that 
caused by the struggling of a trapped animal.

Insects. One puzzling aspect about the courtship behav­
iour of insects is its sporadic nature. Most insects should 
exhibit behaviour involving approach, identification, and 
copulation. Yet, whereas male fruit flies (Drosophila) often 
have elaborate displays preceding copulation, male house- 
flies and blowflies (Musea) simply fly at any object of the 
proper size and attempt to copulate with it. The reason for 
these differences in behaviour may be that some insects 
do not require courtship. Males of some butterflies and 
moths, for example, simply wait by the pupa and copulate 
with the female immediately after she emerges.

It is more likely, however, that the majority of insects
By courtesy of the Commonwealth Scientific and Industrial 

Research Organization, Division of Entomology

Figure 25: R e p r o d u c t iv e  b e h a v io u r  in  m e c o p te ra n s .
(Top) With his hind tarsi a male mecopteran, H a rp o b it ta c u s  
a u s tra lis , captures an insect. Suspending himself he everts 
two abdominal sacs that release a pheromone that “calls” 
females. The female, who approaches upwind, is presented 
with the prey, and copulation follows. (Bottom) Protruding 
sacs as they appear in magnified view of male abdomen.
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have fairly elaborate displays, but man is unable to sense 
them. The pheromones are, in fact, rather elaborate dis­
plays used as sex attractants by many insects; such sensory 
mechanisms are not usually perceived by man. It has been 
experimentally demonstrated that the reproductive behav­
iour o f some butterfly species depends heavily on visual 
clues; similar experiments with other species have failed 
to show such behaviour. It must be realized, however, that 
insect vision is quite different from that of vertebrates. 
Most insects have vision that is sensitive to ultraviolet 
light, which man and the other vertebrates cannot normal­
ly perceive. Butterflies may appear to have identical wing 
colour pattems under normal light, but, when viewed un­
der ultraviolet light, the pattems differ drastically. Thus, 
insects that mimic each other in order to appear identical 
to a vertebrate predator actually possess an unbreakable 
code by which each species is able to distinguish its own 
kind.

A reproductive behaviour that is usually misunderstood 
by those who have observed it is the copulation process 
in dragonflies. The actual copulatory organ of the male is 
located close to the thorax, not, as in most insects, near 
the tip of the abdomen. After a male alights on a plant 
and transfers sperm from the terminal genital opening to 
the copulatory organ, he seeks out a female and grasps her 
behind the head with claspers on his abdomen. Although 
the two fly in a tandem position, actual copulation occurs 
only when they alight, and the female bends her abdomen 
to receive the sperm from the male’s organ. Colour, pat­
tem, and movement are important in species recognition. 
In experiments, it has been found that artificial models 
acceptable to male Platycnemis dragonflies must consist 
of a female head, thorax, and one wing; the model also 
must be moved from side to side about once every four 
seconds to be effective. Complete aerial mating in insects 
is rare, but it does occur in mayflies, houseflies, ants, 
wasps, and bees.

Among the cicadas, crickets, and some grasshoppers, 
females normally mate after ‘they have been attracted to 
a male by vocalizations of the latter, which, in most 
cases, are species specific. It has been demonstrated that 
deafened female grasshoppers do not permit copulation. 
In many crickets, the specific stridulations (noises) that 
occur after each copulation keep the female near the male 
until he is ready to produce another spermatophore. These 
stridulations also prevent the female from removing the 
spermatophores before insemination has been completed.

Even some butterflies incorporate sounds into their rê  
productive displays; in some manner, the butterfly Age- 
ronia makes a loud cracking sound when engaged in 
courtship. Many other insects may incorporate sound into 
their reproductive displays, perhaps utilizing sounds be­
yond the sensitivity of the human ear.

Research has revealed that olfactory displays are wide- 
spread in insects. The sex attractants for this purpose are 
usually volatile pheromones. Among certain species of 
butterflies, such as the queen butterfly (Danaus gilippus), 
the males possess “hair pencils” that project from the end 
óf the abdomen and emit a scent when swept over the 
female’s antennae during courtship behaviour. Copulation 
does not occur in the absence of this Chemical display.

During some stage of their development, a number of 
insects are either external or internal parasites on a wide 
variety o f animals, including other insects. A particularly 
bizarre pattern is found in the stylopids, which belong to 
the order Strepsiptera. Though seldom seen, these insects 
may be common internal parasites of wasps and bees. The 
abdomen of the adult females, which never leave their 
hosts, consists of a bag of eggs that is concealed in the host. 
The forepart of the parasite, which projects from between 
abdominal segments of the host, is usually concealed by 
the host’s wings. The females of one stylopid group are 
apparently unique among animals in having two genital 
openings—both in the head—in the form of membran- 
ous Windows. The larvae emerge through these openings, 
crawl onto a plant, and seek another host. When the host 
molts its old cuticle (hard skin), the larvae penetrate the 
soft body. Females extend their heads through the host’s 
abdomen and mature within the host. The males, how­

ever, leave the host, pupate in the host’s cast-off cuticle, 
and emerge several days later as adults. The male stylopid 
then seeks out a host insect and taps it on the side of the 
abdomen. If no female is present, the male leaves; if a 
female is present, she somehow signals her presence. The 
male then inserts his abdomen under the host’s wing and 
enters the genital window of the female.

It is in the orders Isoptera (termites) and Hymenoptera 
(bees, wasps, and ants), however, that the reproductive be­
haviour of insects attains its highest level of sophistication. 
Although düng beetles and some other insect species brood 
their eggs and care for the young, extreme insect sociality, 
with its peculiar brood-care System, is found only among 
the isopterans and the hymenopterans. The Principal cri- 
terion for such behaviour would appear to be that the 
female must remain with her brood until after they begin 
to hatch. Although the phenomenon has been intensive- 
ly studied, the explanation for the evolution of extreme 
brood care in ants, many wasps and bees, and termites 
remains one of the more challenging problems in biology.

Most colonies of social insects reproduce in two ways: 
either sexual individuals are produced that mate and start 
new colonies, or the colony breaks up after reaching a cer­
tain size. Some species reproduce in both ways. In the first 
case, the chances of finding new sites are maximized by 
providing as many individuals o f different sexes as possi­
ble, each equipped with appropriate guidance mechanisms. 
In the second, members of the parent colony explore the 
environment and establish a new colony where suitable.

Another example of reproduction in social insects is that 
practiced by many ants. Most larvae in an ant colony de­
velop into wingless, sterile workers. Some, however, may 
get more food (a point that is controversial) and grow 
more rapidly. These do not pupate when the other lar­
vae do; instead, they become king-sized individuals that 
eventually metamorphose into sexually mature males or 
females with wings. Their sex, like that of the wasps and 
bees, depends upon whether or not the egg was fertilized 
by the queen.

The winged sexual forms, or alates, are produced at cer­
tain times during the year and swarm in mating flights to 
establish a new colony, which may actually be no more 
than a few hundred feet from the old colony. Actual copu­
lation may occur either during flight or after landing on a 
surface. For most species of ants, it is not known whether 
a male will copulate with more than one female or if 
a female will copulate with more than one male. After 
copulation, the female seeks a location for a new nest and 
loses her wings within three to five days. Generally, two 
months are required to rear the first daughter workers. 
Some females carry a live mealybug with them on the 
mating flight and take it to the new colony site, where 
the mealybug’s offspring provide the honeydew to feed 
the ant’s initial 'offspring. Generally, however, the female 
ant does not provide food for her first offspring; instead, 
the larvae eat many of the first 100 or so eggs. This egg 
cannibalism decreases when there are sufficiënt workers to 
feed the larvae.

REPRO D U CTIV E BEHAVIOUR IN VERTEBRATES

Fishes. The reproductive behaviour of fishes is re- 
markably diversified: they may be oviparous (lay eggs), 
ovoviparous (retain the eggs in the body until they hatch), 
or viviparous (have a direct tissue connection with the de­
veloping embryos and give birth to live young). All cartilag- 
inous fishes—the elasmobranches (e.g., sharks, rays, and 
skates)—employ internal fertilization and usually lay large, 
heavy-shelled eggs or give birth to live young. The most 
characteristic features of the more primitive bony fishes 
is the assemblage of polyandrous (many males) breeding 
aggregations in open water and the absence of parental 
care for the eggs. Many of the species in this group, such 
as herrings, make what appear to be completely chaotic 
migrations to their breeding areas. Actually, however, each 
of these huge spawning aggregations is made up of small, 
coordinated parties consisting of one female and one or 
more males. On the other hand, a number o f fishes are 
monogamous, form pairs, and care for the eggs or young. 
In courtship behaviour, in which they utilize all potential
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stimuli including sound, Chemical, and electrical stimuli, 
the range and complexity of their displays are not ex­
ceeded by any other vertebrate group.

Hermaph- Although the sexes are usually separate, hermaphroditism 
roditism in is much more common among the bony fishes than in any 
fishes other group of vertebrates. The reasons for this condition

are both physiological and ecological. Whereas the devel­
oping gonads of all other vertebrates have an outer and 
inner layer of tissue, those of bony fishes have a simple 
origin that lacks any male or female elements. In terms of 
the evolutionary process, this type of development is likely 
to be more adaptable to pressures that favour hermaph­
roditism. When, because o f one or several interacting 
factors, a population density reaches a low point in some 
species, reproduction may be limited to a low probabil­
ity of contact with another sexually active individual. In 
such situations (e.g., very deep sea habitats, tide or stream 
pools) the evolution of even temporary self-fertilizing 
hermaphrodites would have the greatest advantage.

From W. Wickler, Mimicry in Plants and Animals, copyright 
(1968); Weidenfeld and Nicolson Co., Ltd.

Figure 26: P h a s e s  in  th e  s p a w n in g  s e q u e n c e  o f  H a p lo c h r o m is  
b u r to n i.
(A -C) Female on right deposits batch of eggs; (D,E) female 
collects eggs in her mouth, where she broods them; (F-H) 
male emits sperm onto bare surface while female attempts to 
take up dummy eggs (conspicuous spots near the base of the 
anal fin of the male) into her mouth; semen enters her mouth 
in the process and fertilizes the eggs; (I) female deposits 
another batch of eggs.

One form of hermaphroditism fairly common in bony 
fishes is the protogynous type, in which the individual 
functions first as a female and later as a male; it is much 
more frequent than the reverse Situation (protandrous 
hermaphroditism). The selective reasons for the predom- 
inance of the former are presumably associated with the 
relationship between smaller body size in females and the 
greater energy requirements needed to produce eggs. In 
addition, in some promiscuous mating systems, it may be 
selectively advantageous to be a male when the body size 
is large and the individual experienced, rather than small 
and young. Most sea basses, parrot fishes, and wrasses 
have this sort of hermaphroditism.

Amphibians. Although true viviparity has been de­
scribed in the African frog Nectophrynoides, most amphib­
ians lay eggs. Some salamanders, however, retain the eggs 
within their body and give birth to live young. Courtship 
displays in frogs are almost entirely vocal, although in 
salamanders they may involve tactile, visual, and Chemical 
stimuli. In the European newt Triturus, for example, in 
which mating takes place in the water, the male places 
himself in front o f a female with his back to her. Sudden- 
ly, he executes a leap, directs a current of water at her, 
faces her, and bends his tail forward alongside his body;

by waving his tail, he sends toward her a gentle current 
of water that probably carries a Chemical stimulant. If 
the female responds by approaching the male, he turns 
and faces away, whereupon she touches his tail and he 
deposits a spermatophore, which she takes into her cloa­
ca, a common passageway into which waste products and 
reproductive cells are discharged.

Most frogs and salamanders do not show brood care, 
but there are exceptions. In the European midwife toad 
the male rather than the female carries the sticky eggs on Lack of 
its hindlimbs. In a number of Neotropical frogs, the male brood care 
carries the eggs under a flap of skin on its back. In some 
species, the young (tadpoles) cling to the back of the male 
by using their sucker-like mouths.

Reptiles. Reptiles are the first vertebrates that, in an 
evolutionary sense, have evolved an egg that is truly inde­
pendent of water. Indeed, many snakes and lizards have 
even gone beyond this stage and have attained complete 
viviparity. It is difficult to generalize about reproductive 
behaviour in the reptiles because the various groups differ 
from each other in the sensitivity of their receptor organs.
In many turtles, for example, the males are territorial and 
are very aggressive during the breeding period. Courtship 
behaviour involves mainly tactile stimuli, but olfactory 
clues are also important. It has been recorded that the 
wood turtle (Clemmys) actually emits a low whistle dur­
ing courtship. Turtles usually bury their eggs and do not 
brood them.

Lizards appear to use almost every sensory mechanism in 
their reproductive activities. The nocturnal geckos employ 
vocalizations, in addition to tactile and olfactory stimuli.
Skinks such as Eumeces rely heavily on olfactory clues.
Lizards of the large family Iguanidae, on the other hand, 
are almost entirely diurnal creatures and utilize, in the 
main, visual displays, some of which are the equal in com­
plexity to any known among the vertebrates. Many, such 
as the anoles, are equipped with a throat flap (dewlap) 
that is often brightly coloured and specifically marked; 
it is utilized both in courtship and territorial defense.
The skinks and a number of other lizards are known to 
guard their eggs.

In general, the reproductive behaviour of snakes is not 
well known. The tongue is apparently an important sense 
organ for receiving olfactory and other Chemical stimuli.
The males of some snakes have characteristic skin pap- 
illae (nipple-like projections) on the throat; the fact that 
they rub the papillae over the female’s body suggests that 
tactile stimuli are also important to reproduction. In boas, 
the rudimentary pelvic bones serve as “claws” for lifting 
the hind end of the female and for producing a Vibration 
that is said to be important in the process of copulation.
Some snakes, the pythons in particular, incubate and 
guard their eggs.

The bellowing roars of male alligators serve to establish 
breeding territories and apparently also to attract the fe­
males. Female crocodiles remain in the vicinity of their 
nest and will defend it vigorously.

Birds. Although all birds lay eggs, it is curious that they 
do so, because the time of highest mortality in most birds 
usually occurs during the egg-laying period. Apparently, 
birds lack some adaptation that would permit them to 
become viviparous.

Most birds build a nest and incubate their eggs, but the 
incubator birds and such brood parasites as cuckoos are 
among the exceptions to this rule. Many females that lay a 
fixed number of eggs are referred to as determinant layers.
The pigeons and doves are outstanding examples of this Number of 
behaviour; for some as yet unknown reason, they never eggs laid 
lay more than one or two eggs. Other species are often 
referred to as indeterminate layers because, in the absence 
of a suitable stimulus, they continue to produce eggs.
More often than not, this stimulus is the presence in the 
nest of a certain number of eggs. Such behaviour is clearly 
adaptive—if eggs are lost for some reason and if other 
environmental stimuli are present, the missing eggs are 
replaced. The distinction between determinate and inde­
terminate layers is often blurred, for many indeterminate 
layers will not replace more than one or two missing eggs.
The duration of egg incubation varies from as little as
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nine days in some tropical perching birds to as long as 80 
days in some albatrosses. In most species that form pairs, 
both individuals incubate and feed the young, but the 
female usually has the greater share of the bürden. Among 
the exceptions to this behaviour pattem are the tinamou 
(partridge-like game birds), östliches, some gallinaceous 
species (e.g.,- pheasant, grouse, turkeys), and phalaropes. 
In the phalaropes, the role of the sexes is largely reversed: 
the females are more brightly coloured than the males 
and, not surprisingly, are the aggressive ones in courtship 
and in territorial defense; incubation is carried out solely 
by the male, but the female aids in feeding the young.

Because many birds begin incubation with the laying 
of the first egg in the clutch, the eggs hatch at different 
times. This strategy is often employed by species whose 
food supply for the young may vary in abundance over a 
fairly short period. Hence, should food suddenly become 
scarce, only the smallest chick or chicks will starve rather 
than the entire clutch. Species in which the young hatch 
in a relatively well developed, almost independent state 
tend to have very large clutches, as in many gallinaceous 
birds. In this case, it might be said that the ultimate size 
ofthe clutch is regulated by the abundance and quality of 
the food available to the female as she produces eggs. The 
same explanation also accounts for clutch size in parasitic 
birds— i.e., those that lay eggs in the nests of other species. 

Breeding The breeding densities of birds vary from one pair in many
density square miles, as in some birds of prey, to such species as

the fulmar, which forms colonies numbering as many as
250,000. Some colonies of the African weaverbird (Que- 
led) have been estimated to exceed 1,000,000 individuals.
One interesting aspect of reproductive behaviour in birds, 

possibly peculiar to them and to some mammals, is that 
many courtship displays are learned, or at least perfected 
through practice, from the parents. An example is the 
learning of birdsongs. It has been shown in some cases 
that when chicks are switched from the nest of one species 
to that of another, they learn some and perhaps all of the 
songs of the foster parents and do not develop their own 
species’ vocalizations. When mature, such birds often pre- 
fer to choose as mates individuals of the same species as 
their foster parents’ rather than those of their own species.

Courtship stimuli in birds are mostly visual and audi­
tory, but it is possible that odour may be important in 
some petrels and shearwaters. As previously mentioned, 
most birds form pairs. In these and in many that do not, 
the males engage in communal, or lek-type, displays on a 
common courtship ground, such as the familiär strutting 
grounds of turkeys and many grouse. In addition, there 
are the incredibly bizarre communal dances of the birds of 
paradise; the jungle-floor dancing of the cock of the rock; 
the pasture display grounds of the shorebird, the ruff; and

From J . Sparks, Bird Behaviour, Copyright ©  1969 by Hamlyn 
Publishing Group, Ltd. Copyright © 1970 by Grosset & Dunlap, Inc.

Figure 27: C o u r t s h ip  b e h a v io u r  in  th e  N o r th  A t la n t ic  g a n n e t . 
(A) Bowing; (B) male advertising; (C) facing away; (D) mutual 
fencing; (E) sky pointing.

the forest arenas cleared for displaying purposes by the tiny 
manakins. Many of these display areas are used for many 
years; in some manakins, for example, certain cleared 
arenas have existed continuously for at least 30 years. In 
most lek species, the males are usually brightly coloured, 
and the females are rather dull in appearance. An excep- 
tion occurs in some hummingbirds, the so-called hermits, 
in which both sexes are rather dull in coloration and in 
which the males group together in singing assemblies.

Mammals. Most mammals give birth to live young. 
The outstanding exceptions are the egg-laying mono- 
tremes of Australia, the platypus (Ornithorhynchus) and 
the echidnas (spiny anteaters). In the duckbill platypus, 
a brief courtship involving a chase in the water precedes 
copulation. The two eggs that are produced are placed in a 
burrow and hatch in eight to 10 days. In the reproductive 
behaviour of the spiny anteater (Tachyglossus), the female 
apparently lays her single egg directly into her pouch.

As already mentioned, another general aspect of re­
productive behaviour in mammals is the estrous cycle, 
knowledge of which is essential to an understanding of the 
mechanisms involved in the reproduction of any mam­
malian species. Females are usually responsive to males 
only during that portion of the estrous cycle when they 
are in heat; that is, when one or more eggs have broken 
out of the ovary and are in the process of descending 
to the uterus. The factors causing this event vary greatly, 
but in some such as rabbits and cats, copulation itself is 
the main stimulus. In general, however, those mammals, 
particularly the large ones, that live in temperate areas— 
e.g., bears, dogs, wolves, foxes, seals, and some deer and 
antelopes— have one estrous cycle per year. Mammals that 
live in warmer zones, such as some areas of the tropics, 
tend to have more than one estrous cycle per year. The 
sexual cycle in males, the height of which in some forms 
is referred to as the rut, is, not surprisingly, usually corre­
lated with that of the females. The males o f many species 
of domestic mammals, however, seem to be capable of 
copulating at almost any time of the year.
Another general aspect of mammalian reproductive be­

haviour is that they do not normally form pairs. Excep­
tions occur in certain carnivores and in some primates, 
in which parental care is divided between the sexes. As in 
many insects, the courtship behaviour of most mammals 
does not appear to be elaborate; but, just as in the former 
group, most mammals (humans are an exception) have an 
acute sense of smell. It is possible, therefore, that many of 
the Chemical attractants wafted into the air by receptive 
females are actually courtship displays that are more com­
plex than has been realized. This is not to say, of course, 
that visual, auditory, and tactile displays do not occur. 
Many deer and antelopes, for example, have rather com­
plex ritualized visual displays employing such movements 
as strutting and arching of the heads, as well as conspic­
uous colour pattems. Males in many species discharge 
urine on females as a preliminary to copulation. Tactile 
and auditory displays have been shown to be important 
in aquatic mammals, such as porpoises and whales.

In addition to a number of nriammalian pheromones, 
other odour effects occur in mammals that, aside from 
their simple advertising value, have an important influ­
ence on reproductive behaviour. It has been shown that, 
when a recently impregnated female mouse is exposed to 
the odour of a male other than the one with which she has 
mated, implantation of the egg in the uterus often fails; 
as a result, there is a rapid retum to estms. The odour 
of a stränge male may signify to a female rodent an un­
favourable Situation in which to raise young, inasmuch as 
a number of male rodents attempt to attack offspring not 
their own. Although it is not yet certain, there might be an 
adaptive explanation for this behaviour. The population 
fluctuations of rodents have attracted much attention, and, 
perhaps correctly, studies have focussed on the ecological 
parameters of these fluctuations; for example, it has been 
demonstrated in the laboratory that certain behavioral 
mechanisms involving odours exercise profound control 
over the reproduction and population levels of rodents. 
It has also been shown that the odour of mice can stim­
ulate the production of hormones that cause a decrease

Estrous
cycle

Additional 
effects of 
odours
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in the reproductive capacity of other mice. In another 
study, estrus was suppressed and many pseudopregnancies 
developed when four or more female mice were grouped 
together in the absence of a male. These results offer a 
partial explanation for the reduction of population growth 
in rodent colonies with high population densities.

EV O LU TIO N  O F REPRO D U CTIV E BEHAVIOUR

There is a populär tendency to think of primitive animals 
(in a phylogenetic or descent sense) as lacking “elabora- 
tion”; i.e., that the animals of earlier geological periods had 
simpler displays or perhaps lacked crests or pheromones 
or elaborate communal displays in comparison with their 
present-day counterparts. There is no a priori reason for 
this belief. The fossil record indicates that the societies 
of which these animals were a part were as diverse and 
complex as those in which their relatives now live; cer- 
tainly their display repertoires should have been equally 
complete. This is not to say, however, that the primitive 
forms of reproductive behaviour used the same displays 
for courtship as do the modern forms.

Displays. It has been pointed out that, in general, ani­
mals have relatively few displays; in addition, it has been 
deduced that the relative stability of displays is a dynamic 
equilibrium—that is, new ones are gained and old ones 
are lost at about the same frequency. Displays are lost 
when they no longer convey a selective advantage to the 
individuals using them; that is, when they are no longer 
effective in promoting the behaviour that seeks to maxi- 
mize gene survival in the next generation.

New displays, on the other hand, generally arise by ri- 
tualization of previously existing behaviours or functions; 
that is, when a selective advantage accrues to those in­
dividuals who, to convey information, use certain behav­
iours or functions in a manner that is either partly or 
totally different from their original purpose. Pheromones, 
for example, are usually derived from compounds that are 
natural breakdown products of body metabolism, such as 
the compounds in urine. Thus, urine, as the precursor 
of these Chemical sex attractants in insects, functions for 
display purposes, which is far removed from its basic ex- 
cretory function.

Darwin proposed a theory of sexual selection to account 
Darwin’s for the presence in animals of displays and functions that 
theory apparently were not related to survival. He pointed out
of sexual that two general concepts were involved. First, the evolu-
selection tion of such characteristics as the larger size of males in 

many species and the development of horns and anders 
in mammals could be accounted for by their usefulness 
in fights between males for their sexual possession of fe­
males. This concept has been termed intrasexual selection. 
For such colourful male structures as the plumes of birds 
of paradise and the tails of peacocks, Darwin suggested 
that they resulted from the cumulative effects o f sexual 
preference exerted by the females o f the species at the 
time of mating. This second concept has been termed 
epigamic selection.
A displaying male has been known to convey informa­

tion about his relative fitness; that is, his ability, with 
respect to other displaying males, to maximize the survival 
of his genes into the next generation. Both the bright-

ness of his coloration and the frequency with which he 
struts say something about the effectiveness of his genes 
to produce a “healthy” individual. Once this correlation 
takes place, selection favours those females who are able 
to choose the “most fit” males. Correspondingly, sexual 
selection intensifies the signals up to the point at which 
any further elaboration of those signals would result in a 
loss of fitness. When selection goes beyond this point, the 
male, because of his elaborate ornamentation and other 
displays, is more likely to suffer from predation before he 
has the opportunity to reproduce.

Sexual selection. The discussion concerning courtship 
displays leads naturally to the concept of sexual selection.
Why do the males of some species possess elaborate dis­
plays? Why, in fact, do some species “elect” to utilize 
one mating system, say a monogamous one, while others 
“choose” a polygamous one? It has been suggested that 
many courtship displays and mating systems, particular­
ly those involving polygamous systems with communal 
displays in a common courtship area, have an epideic- 
tic function—that is, they provide information as to the 
number of like individuals in a locality. The animals 
then act according to the information received, often by 
reducing their reproductive output. Because this concept 
implies that natural selection is acting for the good of the 
species rather than for the good of the individual, it has 
been called group selection. This concept has provoked 
considerable controversy for two reasons: first, there is no 
known mechanism by which group selection can function; 
second, as mentioned earlier, the pertinent behaviours in­
volved can be more simply explained in terms of Darwin- 
ian selection dealing with individuals rather than groups.
In a number of polygynous (mating of one male with Polygynous 

more than one female) and promiscuous species, adult mating 
females outnumber adult males, sometimes by a factor of systems 
five or more. It has been erroneously suggested that this 
sexual imbalance is the cause of the polygynous mating 
system, in which one male has several female partners. It 
has been demonstrated, however, in all polygynous species 
so far studied, that the ratio of males to females is 50:50 
at the time of birth; in many cases, this ratio persists 
until the cessation of parental care. Therefore, it is the 
polygynous relationship that causes the imbalance, not 
vice versa: because sexual selection is the dominant factor 
in a polygamous and promiscuous species, it results in a 
greater mortality o f males than of females.

Because one male can impregnate many females, thus 
lowering the selective value of an individual male, females 
are more valuable than males in an evolutionary sense.
It can be seen, therefore, that sexual selection always fa­
vours a polygynous and promiscuous system unless it is 
disadvantageous to the females, as it is in most birds. In 
most mammals, however, polygyny is the dominant mat­
ing system because the male is not needed for parental 
care. Therefore, monogamy is favoured over polygamy 
only when some environmental resource (food, for exam­
ple) is limited and when the maximum survival of young 
requires the care of both parents. As in all other aspects 
of reproductive behaviour, the type of mating system that 
is employed by a species is the result of natural selection.

(N.G.S.)

BEHAVIOUR OF ANIMALS IN GROUPS
Characteristics of social behaviour 
among animals
Social behaviour among animals takes many forms. The 
American naturalist and artist John James Audubon ob­
served one of the largest social groups that man has ever 
known, in the fall of 1813 near Henderson, Kentucky. The 
species was the passenger pigeon (Ectopistes migratorius), 
once incredibly numerous but hunted to extinction by the 
end of the 19th Century. Audubon wrote:

The air was literally filled with pigeons; the light o f  noonday 
was obseured as by an eclipse; the düng feil in spots not 
unlike melting flakes o f  s n o w .. . .  The people were all in

arms . . . .  For a week or more, the population fed on no 
other flesh than that o f  p igeons. . . .  The atmosphere, during 
this time, was strongly impregnated with the peculiar odour 
which emanates from the species. . . .  Let us take a column 
o f one mile in breadth, which is far below the average size, 
and suppose it passing over us without interruption for three 
hours, at the rate mentioned above o f  one mile in the minute. 
This will give us a parallelogram o f 180 miles by 1, covering 
180 square miles. Allowing 2 pigeons to the square yard, we 
have 1,115,136,000 pigeons in one flock.

SOCIAL A ND  NON SOCIA L BEHAVIOUR

The largest social organizations ever known are those of 
desert locusts; the pigeons were second; and present-day
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China is probably third, although some pelagic fish schools 
may be next. Persecution by man is reducing all the large 
social organizations except his own: the bison and the 
anchovies off California and Peru have fared poorly com­
pared to smaller groups.

Large numbers or crowding do not in themselves consti­
tute social behaviour. It is usually true, for instance, that 
a fish that produces a million eggs tosses them out less 
socially than does a fish that produces a single young and 
cares for it much more, and that a polygamous bird is less 
social than a faithfully monogamous one. Overcrowding 
leads to many social abnormalities. Crowded cats, for in­
stance, develop a “despot” and “pariahs,” and there is an 
almost continuous frenzy of spiteful hissing, growling, or 
fighting. Crowded rats display, in addition, hypersexuality, 
homosexuality, and cannibalism.

Effects of Animals sometimes are brought together by some local- 
crowding ized attraction or scarcity, as are moths around an electric 

light, animals at a water hole in the dry African savanna, 
birds and bees at a fruit-bearing tree, or iguanas crowd­
ing to nest on islands free of predators. To determine if 
a grouping is social or not, it is necessary to examine 
the distribution of the animal within the limits of its 
needed habitat. Most animals require a certain sort of 
habitat—woodland for a squirrel, or nearly bare ground 
for a horned lark. Within the correct habitat, the animal 
also requires certain resources, such as food and water 
and nesting or roosting sites. The needed habitats and 
resources collectively form the “niche” of the animal. If 
an animal’s niche is locally distributed, the animal may 
be found clumped, even if it is not particularly social. If 
the niche or habitat is patchily or irregularly distributed 
and the animal cannot move easily from one patch to 
another, it is said to live in a “coarse-grain” environment 
or to have a “coarse-grained” niche. Such animals often 
seem social when they are not. If the niche or habitat of 
an animal is rather uniform, so that the animal can move 
about and find what it needs in many places, it is said 
to live in a “fine-grain” environment or to have a “fine- 
grained” niche. Such animals often seem solitary when 
they actually are reacting to each other and hence are 
social. They tend to be solitary because they do not need 
to follow others to get to the right environment.

Within a fine-grain environment, or within one “grain” 
of a coarse-grain environment, animals may occur in 
groups even when they are not social. A “random” pattern 
of distribution, in which animals wander without regard 
to each other, brings asocial animals together at times. An 
even distribution is much more common, as in territories 
of many songbirds in which each pair occupies its own 
plot of ground; these are actually social animals, in the 
sense that each interacts with its neighbours so as to keep 
them at a certain long distance. “Clumped” distribution of 
animals is also common; this usually is truly social in the 
sense that each animal interacts with its neighbours so as 
to keep them at a certain short distance. Regularity of the 
short or long distance an animal keeps from its neighbours 
is thus as much an indication of sociality as is grouping; 
only the theoretical (and probably nonexistent) animal 
that completely ignores its neighbours is truly nonsocial. 
Time is also a factor in spacing; truly social animals have 
a tendency to move to the correct distances from each 
other and to maintain those positions over specifiable time 
periods, such as for the morning hours each day.

FACTORS IN V O LV ED  IN SOCIAL IN TERA CTIO N

Social interaction in time and space is sometimes shown 
to the ethologist by patterns of following and leadership, 
although neither of these is necessarily social; following 

Leadership occurs in a dog tracking a rabbit, and leading is seen in 
and an anglerfish luring a smaller fish for dinner by dangling
dominance a fleshy protuberance on the snout. In the Eurasian red 

deer (Cervus elaphus), an old female leads the does and 
fawns about. Spanish merino sheep have been bred to 
follow each other, while the Scottish highland sheep have 
been bred to be more independent; following may thus 
vary within a species according to its needs or to the 
environmental pressures on it.

Following need not mean there is a leader. The first bird

in a migratory “V” o f geese or pelicans is not continually 
the same, and the leaders of a school of fish change every 
time the school changes direction.

Leadership is sometimes, but not always, associated with 
a dominance hierarchy or peck order, which may or may 
not be a sign of social behaviour. Peck order, first noted 
in bumblebees, means that A pecks B, B pecks C, etc., 
but it does not necessarily mean that A leads C  or B or 
that the three are interacting constructively. The dominant 
central males of a baboon troop tend to influence the

Drawing by Christian D. Olsen

Figure 28: F e e d in g  p o s i t io n s  o f  s ix  b i r d s  in  re la t io n  to  a  
T -s h a p e d  s w a rm  o f  a n ts  ( s t ip p ie d ) .
(A) Gray-headed tanager, E u c o m e t is  p e n ic i l la ta . (B)
Plain-brown w oodcreeper, D e n d r o c in c ia  fu lig in o s a . (C ) Barred 
w oodcreeper, D e n d r o c o la p t e s  c e r th ia . (D) Ocellated antbird, 
P h a e n o s t ic tu s  m c le a n n a n i. (E) Bicoloured antbird, G y m n o p it h y s  
b ic o lo r . (F) Spotted antbird, H y lo p h y la x  n a e v io id e s .

direction taken by the rest of the troop around them; but 
the bullying dominant stag circling around a herd of red 
deer has to follow wherever the females decide to go, and 
his initiative is limited to running straying females back 
to the herd.

Dominance hierarchies may occur whether or not there is 
social behaviour in the usual sense. Among several species 
of birds that follow swarms of army ants in Panama to 
catch insects flushed by the ants, the big ocellated antbird 
{Phaenostictus mcleannani) is dominant, the medium- 
sized bicoloured antbird {Gymnopithys bicolor) is next, 
and the small, spotted antbird {Hylophylax naevioides) is 
chased by all the other members o fth e flock (Figure 28).

Crowding almost any two solitary animals together will 
produce a dominance hierarchy, in which one animal 
becomes boss or kills the other. This is a major cause of 
deaths in zoos and aquariums, but it is not necessarily so­
cial behaviour. Some biologists even say that dominance 
hierarchies are evidence of antisocial rather than social be­
haviour and are expressions of inadequacy in overcrowded 
social Systems. It is certainly true that most peck orders 
appear in unnatural situations, such as among chickens 
in a henyard or animals in a cage. In most animals, the 
absence of a dominance hierarchy, rather than the pres­
ence of such, in a crowded context is a sign of a high 
development of social behaviour.
A further interaction that the ethologist watches for in
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Division of social animals is division of labour. Any two animals will, 
labour of course, divide up food or any other resource between 

them. Indeed, no two animals in nature ever have pre­
cisely the same niche; if two species have similar niches, 
they will tend to develop different ways of doing things, 
or one will exterminate the other. Ecologists call this the 
“competitive exclusion principle.” Man attempts to re- 
duce insect competition by various methods of “control.” 
He kills off other animals by cutting down the trees in 
which they live. Most animals are less destructive and 
tend to divide up the world rather than to exterminate 
other species. Evolution, before the advent of man, seems 
to have produced continuously more kinds of animals 
and a greater division of niches, except in periods of en­
vironmental disaster. The three antbirds mentioned above 
tend to specialize in large, medium, and small prey; to 
the degree that these birds take different foods, they are 
cooperating better with each other.

Division of labour also occurs within a species. Males 
and females of some woodpecker species forage in differ­
ent places in the trees, taking different types of food. Some 
animals use the same resource but do different things to 
get it. The male huia (Heterolocha acutirostris), an extinct 
bird of New Zealand, apparently used his short straight 
beak to open logs while the female, with her long curved 
beak, removed the insect larvae from the long tunnels he 
exposed. Male and female birds often build nests together, 
dividing the labour equally in some cases.

Social insects have more elaborate divisions of labour. 
Animals that cooperate by division of labour tend to use 
varied resources and to find more uses for them.

Division of labour seems to be a passing phase in the 
evolution of most animals other than man. It is evidently 
of little advantage to most animal societies. The honey- 
bee, the leaf-cutter ants, and other animals with division 
of labour nearly always occur only where there is little 
competition from more specialized animals. Few of the 
most advanced insects or other animals show division of 
labour. In habitats such as the coral reef and the tropical 
forest, division of labour tends to be among different spe­
cies rather than within a species.

Social interactions o f various types are more important 
in determining degree of sociality than are most of the 
above characteristics. The only interactions between an­
imals that are seldom considered social are behaviours 
in which animals take something needed by others. The 
question arises, however, as to how to classify the para­
sitic relationships of a fetus in the mother and the male 
anglerfish (Photocorynus spiniceps) on his mate, or the 
fact that killing by predators may help animals to avoid 
overgrazing their habitats. One could speak of communi­
cation of feint and chase in the interaction between moose 
and wolves. When a bird chases another off its territory, 
it uses communication and interacts with the other bird 
very strongly.

Humans often consider chimpanzees or bees as more 
social than desert locusts, because the locusts have rath­
er simple interactions. Male hummingbirds and birds of 
paradise, however, have their elaborate plumages and so­
cial displays because the females get together with them 
so seldom that they might not recognize a suitable mate 
without the displays. It seems generally true that elabo­
rate rituals evolve where social bonds are most fleeting or 
likely to be disrupted. To determine sociality, one must 
look at the total spectrum of social interactions as well as 
at their diversity and productivity, rather than just at a 
single feature.

Altruistic Altruistic social behaviour is often found among ani- 
behaviour mals. An altruistic animal is one that expends some of its 

energy helping another without direct benefit to itself, be 
it a mother bear protecting her cubs against their hungry 
father or a bird giving an alarm call that warns its neigh­
bours of a hawk. An alarm call may help the bird itself, 
of course, by startling the predator or warning it that this 
alert bird wil! be hard to catch.

Psychologists have found that a rat or monkey will slow 
its rate of pressing a lever for food if that lever also gives 
an electric shock to a nearby rat or monkey. Rats will take 
turns sitting on a platform so that others can feed without

being interrupted by electric shock. Rats or pigeons can 
be trained to cooperate in getting food.

Since the altruistic animal always loses something by its 
behaviour, the question arises why altruism exists. One 
answer is that, as the evolutionist Charles Darwin suggest­
ed, when an animal protects its offspring, it helps its kind 
to survive the process of natural selection. When porpoises 
help an injured relative to the surface where it can breathe, 
they seem to be following a pattern of behaviour that 
can be accounted for by evolution. Their altruism clearly 
helps the group and therefore becomes part of the genet­
ic endowment. Altruism, significantly enough, is usually 
limited to an animal’s relatives. Most social animals, such 
as penguins, feed only their own young. When the indi­
vidual animal loses more than it or its relatives gain, as 
when female seals nurse young not their own, the question 
arises whether this serves the survival of the larger group 
or the species. Under some conditions, the survival of the 
group may be more important even than survival of the 
individual, as when the honeybee dies defending the hive.
The worker honeybee, which is not able to reproduce, is 
in the biological sense not an individual so much as an 
extra limb of a collective animal.

Reciprocal altruism, in which a benefit is later returned 
to the benefactor, need not be between related animals 
and may not even seem altruistic. Alarm calls of birds 
often alert entirely unrelated kinds o f birds, which later 
may return the favour. An act that seems selfish in the 
short run is sometimes altruistic in the long run, or vice 
versa, in the case of maladaptation. Wasps, ants and ter­
mites that cannibalize or dominate nestmates at times of 
food shortage may better keep the colony from starving.
Individual ants and bees are often lazy, spending most 
of their time resting or wandering aimlessly, but these 
unemployed individuals form an easily mobilized reserve 
in times of danger.

Individual and group recognition are often important as­
pects of social structure. Ovenbirds (Seiurus aurocapillus) 
in North America recognize neighbouring males by their 
songs and react aggressively mainly to songs of stränge 
males. Animals that have long parental bonds often show 
individual recognition. Herring gulls (Larus argentatus), 
for example, recognize chicks or mates by slight differences 
in voice or appearance. The larger or more ephemeral 
the society, the less there can be individual recognition 
between distant individuals and the more important be­
comes recognition by group characters, such as the “nest 
odours” of social insects. Ants, bees, and termites often 
attack strangers, or even members of -their own colony 
that have been experimentally removed for a few days 
or washed. Many kinds of parasitic insects (beetles, flies, 
butterfly Caterpillars), however, provide food or scents that 
gain them entry to a nest, then prey on larvae there.

Other internal characteristics of societies are age struc­
ture, birth rates, and death rates. A young wasp or termite 
colony has few old animals, a mature colony has more, 
and a declining colony or one that is producing repro­
ductive forms has few young. The old colony has a lower 
percentage of foraging workers than does the young col­
ony, and has a lower birth rate and higher death rate as 
a consequence; but only the old colony produces repro­
ductive forms.

Societies also perform movements, such as nomadism Nomadism 
and migration (see above Migratory behaviour). Army ants and 
wander nomadically after prey. Wildebeest and locusts of migration 
Africa emigrate to green areas of local rains; flocking or 
solitary birds migrate back and forth to escape winter or 
drought; anadromous fishes, such as salmon, move to the 
sea for food and to rivers to spawn; catadromous ones, 
such as eels, do the reverse.

Migrants are often placed at a disadvantage compared to 
residents, for the latter can take the regulär food supplies 
and leave only ephemeral sources for migrants. Migrants 
that follow army ants for food in Central America are 
subordinate to residents and succeed only when residents 
are absent. The migrant can turn its world from a coarse- 
grained one to a fine-grained or dependable one by migrat­
ing from one patch to the next, and by force of numbers 
migrants sometimes displace residents.
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Societies can make use of seasonal environmental changes 
by migrating locally, such as sowbugs clustering to estivate 
in hot weather or ladybugs hibemating in masses. Other 
societies show food storage; e.g., harvester ants (Messor) 
and wood or pack rats (Neotoma). Honey ants (Myrme- 
cocystus) have a “replete” caste that bloat their abdomens 
with stored honey and hang from the roofs of underground 
chambers until tapped by other workers.

Societies show population fluctuations, from extinction 
to explosion. Mass emigrations in some, such as lemmings 
and squirrels, occur mainly after population explosions or 
periodic extirpations o f food supplies. Some populations, 
such as many protozoans, worms, and insects, normally 
undergo violent fluctuations, but are resistant to extinc­
tion. These are animals in which the adults emigrate or 
both adults and young emigrate. Animals in which the 
adults normally occupy a fine-grained habitat and only 
the young move, such as most higher animals, normally 
have relatively stable populations, but are easily killed off 
by a new predator or temporally unpredictable events.

A major external characteristic of the more complex 
societies is that they construct things, or modify their en­
vironments. The elaborate air-conditioned castles of some 
termites, the path systems of feral house cats, and the 
pattems of singing at dawn among birds of ephemeral 
or coarse-grain habitats, all are “structures” created by 
animals.

Cooperation and competition are major aspects of ani­
mal social behaviour. Social facilitation, as when yawning 
spreads through a pride of lions or chickens eat more 
rapidly together, shows that cooperative competition can 
be social. Social animals, which live close together, often 
interfere and fight more with each other, especially in 
early stages, than do solitary ones. A fair percentage of 
the communication between social animals involves “ago­
nistic” or threat-submission behaviour. If this behaviour 
results in a more adaptive dispersion of the animals, it has 
been altruistic. Grouped goldfish and other animals sur­
vive heat, cold, metallic ions, and other “pollution” better 
than do isolated animals; but if too many animals aggre­
gate, they pollute each other. Social groups therefore have 
an optimum size and density, based upon an equilibrium 
between advantages and disadvantages.

Linking the internal and external characteristics of social 
systems are flows of energy and materials. Social systems 
use energy in building structures, or information-rich Sys­
tems. Physically, one can measure the success of a social 
system by how efficiently and extensively it uses energy 
and materials and converts them to physical, biological, 
or cultural structures. Success in the short run can lead to 
disaster in the long run, as when elephants or humans de- 
stroy an African forest and then must starve or emigrate. 
Energy and material flows involve an interspecific web, 
the ecosystem, and must be measured over the long run 
and in general as well as locally or in the short run.

Social behaviour, therefore, must include interactions 
between different kinds of animals. A flock of sandpipers 
in flight is not less social if it includes two species rath­
er than one. If species cooperate, a flock of two species 
can even be more social than a flock of one species. At 
African waterholes, baboons keep the lookout while asso­
ciated antelope are good at scenting predators. Symbiosis 
is social, even though the late biologist Traian Savesculu 
of Romania was half right when he joked “Symbiosis is 
like marriage—a mutual exploitation.” Like all social or­
ganizations, it is both cooperative and competitive.

Social behaviour may thus be defined as “more or less 
diverse and constructive interactions among two or more 
animals.” Social behaviour is usually constructive, pro­
ductive, and adaptive; but it sometimes persists for a time 
after the evolutionary basis for it is gone. For instance, 
many kinds of hawks in the eastern United States have 
almost disappeared, but the flocks of small birds that were 
formerly their prey still form as vigilante groups.

(E.O.W./Ed.)

CO M M U N ICA TIO N  AS A SOCIAL PROCESS

Social behaviour commonly includes communication, 
which may be defined as the sending of a message through

a medium to a receiver so as to change the status and 
perhaps the behaviour of the receiver. In general, commu­
nication is employed by animals to attract or repel other 
individuals of particular groups and to establish and main­
tain distinct forms of social organization that range from 
relatively simple pair and family bonds to the highly struc- 
tured troops of some primates and the complex colonies 
of social insects.

The information involved in animal communication 
can come from many sources; any facet of the environ­
ment perceived is considered information. In linguistic 
communication the primary function of words is to con­
vey information. Similarly, animals (including man) have 
modes of behaviour that, in the course of evolution, were 
selected for their value in providing vehicles for convey- 
ing information. During the evolutionary process some 
of these vehicles also retained more direct functions, but 
many became specialized for a communicative function 
alone. These communicative acts, known as displays, in­
clude various posturings and movements; sounds; particu­
lar ways of making contact among individuals; the release 
of specialized Chemicals called pheromones; and even elec­
trical discharges. Displays have been studied as important 
means for transmitting information in animal communi­
cation. There are, of course, other information sources in 
animals, some of which have also undergone evolutionary 
specialization toward a communication function. Among 
them are what may be called badges— i.e., attributes that 
are merely structural and nonbehavioral in nature: the red 
breast of the robin, the red underside of the breeding male 
stickleback fish, and the mane o f the male Hon. Many 
other sources o f information can be found in the repeat­
ed forms of interaction that develop during prolonged 
relationships between two individuals and in individual 
expectations about the nature o f the roles in which they 
encounter others, both familiär associates and strangers. 
The activities of individuals who interact socially provide 
a constant and usually rieh information source, but, in the 
study of nonhuman communication, the bulk o f systemat- 
ic research thus far has been directed toward displays and 
badges; it is, therefore, these highly specialized categories 
that are of the greatest concern here.

The functions of communication. Because the complexi­
ty of social interactions makes experimental manipulation 
difficult, human understanding o f the role of signalling in 
the social life of animals remains largely based upon infer- 
ence. It is difficult to repeat an example many times with 
rigid control of all variables except the one being inves­
tigated, and attempts to structure the testing Situation to 
simplify the form of interaction often obviate the interac­
tion. Displays are universal among animals of any degree 
of structural complexity, however, so that they would not 
have been evolved and retained if they lacked important 
functions. But the function of a display is likely to differ, 
depending upon the individuals involved. A small bird 
seeing an approaching hawk, for example, may utter a 
vocal display indicating the high probability that it (the 
communicator) is, or soon will be, engaged in an attempt 
to escape. Other small birds, upon hearing this vocaliza- 
tion, may seek cover immediately. Hence, the function of 
the vocalization is to give them a better opportunity to 
remain alive and not to increase the immediate chances 
of survival of the communicator—indeed, its chances for 
survival may slightly decrease. The display functions for 
the communicator in that it protects individuals whose 
continued existence provides a benefit to him greater than 
the cost of using the display. These individuals may be his 
offspring or associates whose similar responses to the envi­
ronment will provide him future protection and, through 
their alertness in the future, make it possible for him to 
spend less time scanning his surroundings for predators.

From the ways and circumstances in which displays are 
used and from the apparent responses of recipients, it 
is possible to enumerate the general functions of animal 
communication. First, displays guide animals to one an­
other, thereby enabling one to advertise its presence and 
behavioral predispositions to potential recipients. Displays 
enable individuals in a group to respond selectively to 
particular associates at appropriate times.

Sources of 
informa­
tion
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Second, communication permits animals to identify one 
Selection another. Individuals can thus select information of im- 
of informa- portance to them— usually from members of their own 
tion species and often particular individuals. Special cases ex­

ist, however; members o f different species that normally 
coexist in the same environment may attend each other’s 
signal. Thus, the maximum alarm communicated by one 
songbird when it discovers a falcon or accipitrine hawk 
in its environment is attended by all other songbirds spe­
cies in the area. In addition, by facilitating identification, 
communication acts at a premating level to help maintain 
reproductive isolation among species.

Third, communication reduces the amount of actual 
fighting and fleeing among animals, an excess of which 
could disrupt social encounters. In functionally aggressive 
encounters, such as territorial or dominance disputes, this 
reduction is achieved by threat displays that often lead to 
some form of capitulation by one opponent before fighting 
occurs. In less aggressive circumstances, communication 
enables animals to appease and reassure one another that 
each is not likely to be initially aggressive in his present 
state. Fourth, communication aids in synchronizing the 
behaviour of individuals who must come into appropriate 
physiological States in order to breed. This is necessary 
within pairs and, in some species, among whole colonies 
of pairs.

Fifth, displays enable individuals to use each other to 
monitor the environment, not only on a relatively long­
term basis but also on a very immediate basis. Thus, in 
species that spend much of their time living in compact 
social groups, such as flocks, coteries, or troops, an indica- 
tion by any one individual that it is fleeing precipitously— 
often a vocal display in addition to the flight itself—usual­
ly correlates with the presence of a dangerous predator 
and leads to evasion, hiding, or alertness on the part of 
the other members of the group.

Finally, communication facilitates the maintenance of 
special relationships between individuals by making avail­
able information about the readiness of each to engage in 
certain activities. The maintenance of individual relation­
ships in cohesive groups is furthered by communication, 
which keeps members aware both of the behaviour of 
associates whom they may not be able to see and of the 
readiness of associates to change their activities. For ex­
ample, vocal displays usually precede flight by a member 
of a resting family of geese, and the family then tends 
to depart as a unit. Within some types of relationship, 
display behaviour also aids in eliciting general classes of 
responses; for example, offspring usually signal to arouse 
various forms of care-giving behaviour from their parents.

The functions in which communication appears to be 
used vary considerably among different species; each has 
specialized features, some quite remarkable. It has been 
demonstrated, for example, that vocalizations and other 
sounds made during hatching by chicken-like birds {i.e., 
members of the order Galliformes) influence the rate of 
hatching of sibling chicks, so that all members of the brood 
can leave the nest simultaneously. It has been suggested 
that birds migrating in flocks may use signals in order to 
inform each other of their position in the night sky, so 
that the individuals in the flock can perhaps compensate 
for small individual navigational errors.

Dialectal One interesting aspect of birdsong is the occurrence of 
differences dialectal differences (regional variations) among popula- 
in tions of a single species living in different areas. Several
birdsongs such changes that are known to occur between adjacent 

populations of the South American rufous-collared spar- 
row {Zonotrichia capensis) correlate with relatively major 
habitat changes. Very few dialectal changes occur over 
an enormous range on the Argentine pampas, but in this 
case the habitat of the species also changes little. The 
habitat changes markedly in the Andes mountains over 
short distances, however, as elevation rapidly increases, 
and, concurrently, many more dialectal changes occur 
there in birds’ songs. The suggested function of the corre- 
lations between display and features of the habitat is that 
they provide markers that identify populations adapted 
to different local conditions; such markers would permit 
more appropriate selection of mates than would otherwise

occur, at least in the marginal areas between populations.
It has been suggested that a similar functional explanation 
may be involved in the evolution of human dialects.

Signals have evolved, the primary function of which lies 
in communication between, rather than within, species— 
particularly in cases in which identifying markings or dis­
plays of dangerous or distasteful animals provide informa­
tion to potential predators or in those in which innocuous 
species mimic the signals. Other species, such as some 
forest falcons {Micrastur) of the New World tropics, ap­
parently employ vocalizations as a kind of lure to attract 
prey species for capture; in this case the information is 
of use only to the individual providing it. An American 
ethologist, Martin Moynihan, has shown that elaborate- 
ly specialized means of communication have evolved in 
bird species that join to form large mixed foraging flocks.
These signals attract individuals to the flocks and help 
to maintain the cohesiveness of the assemblages as they 
move through the trees.

Modes of information transfer. The evolution of ani­
mal behaviour and structures toward a communication 
function has yielded a mode o f communication adapted 
for each externally oriented sensory receptor system—e.g., 
organs of vision, hearing, and taste. Each mode, although 
specialized, has limitations with respect to such properties 
as energy utilization; the ability to surmount environ­
mental obstacles; the ease with which the source of the 
communication can be located; the persistence or transi- 
toriness of the signal; and the available range of physical 
complexity. These differences have been exploited dur­
ing evolution.

Sound. Because sound disseminates and fades rapidly, 
a given unit of information does not remain to interfere 
with, or garble, succeeding units. In addition, sound can be 
varied with regard to pitch, clarity or harshness, duration, 
loudness, and rate of repetition, with each variable pro­
viding greater range of ability to encode. One advantage 
of sound as a medium of communication is that vocal 
displays can be uttered by animals who need to keep their 
appendages free for other activities and can be received by 
individuals who need not face the communicator in order 
to receive the signals.

It is usually a simple matter for an animal with two ears Location of 
to locate the source of a sound, although some modifica- sound 
tions (described below) can help to conceal the location 
of the transmitter from potential dangers. Virtually all of 
the animals for which sound is important are bilaterally 
symmetrical and hence have paired hearing organs. Sound 
is a superb means of encoding information that must pass 
around environmental obstacles, such as trees or other 
Vegetation. Apparently, some animals utilize frequencies 
that are particularly good at bypassing obstacles; this ap­
pears to be the case at least in the vocalizations of forest 
birds. Because the highest frequencies are obstructed in 
the forest and attenuated relatively rapidly by wind and 
air in open habitats, they apparently are not selected for 
use in the communication of at least the majority of ver­
tebrate species.

The most obvious examples of the use of sound in dis­
plays are the vocalizations characteristic of most of the 
better known air-breathing vertebrates {i.e., reptiles, birds, 
and mammals). Many nonvocal means of producing au- 
dible displays exist, although none match the potential 
for elaboration found in vocalizations. Many invertebrates 
produce sounds by rubbing one body part against another 
(stridulation); this technique is also used by fishes and is, 
in some ways, comparable to the ehest beating done by 
the male gorilla {Gorilla gorilla). Gorillas also beat upon 
the ground and upon other objects in their environments; 
alarmed beavers slap the surface of water with their broad 
tails. Some vertebrates have elaborated on this sort of 
behaviour. Many woodpecker species, for instance, seek 
out certain dead limbs or even the tin roofs of buildings 
on which to produce their drumming displays. The North 
American ruffed grouse {Bonasa umbellus) produces a 
sound like the beating of a low drum by beating air 
toward its ehest with its broad wings. Many other birds use 
specialized wing or tail feathers to produce sounds during 
display flights—such as the “winnowing” flight of snipe.
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Other Some forms o f vibrational signalling are not perceived
forms of as sound, at least not by the relevant participants. Thus, 
vibrational although the sounds employed during the social interac- 
signalling tions of honeybees are audible to man, it is likely that 

the bees perceive them primarily as vibrations through 
receptors in their feet. Some other displays of this type are 
not audible to man. Males o f some web-building spiders, 
for example, approach females for mating very cautiously, 
signalling their presence and identity by strumming on the 
females’ webs.

Vision. Visibly encoded information provides for much 
easier pinpointing of source than either sound or Chemi­
cal signals, although visible displays are also much more 
easily obscured by structures in the environment. Ease of 
locating the source of a signal is often extremely impor­
tant as, in a gull colony, for example, in which a large 
number of individuals are present in small space and it is 
important for the recipiënt to identify the individual that 
is displaying. The sight of the communicator also provides 
information about his orientation and so functions (like 
the human signal of pointing) in selection of a relevant 
recipiënt. To avoid the problem of being obscured by the 
environment the communicator is often able to select a 
display position that makes him more easily seen by the 
most relevant recipients. When the latter are at a dis­
tance, for example, the communicator is likely to display 
from a highly placed station, or, in the case of many 
grassland bird species that have no high perches available, 
to perform a flight display above the Vegetation. Visible 
displays in many species of social birds and in at least 
some primates (such as baboons) are often combined into 
relatively complex assortments that are thought to convey 
unusually precise information.

Unlike sounds, which are usually very transient and can 
be difficult to maintain, visible posturings can sometimes 
be maintained with relative ease, although they usually 
interfere with the communicator’s ability to engage in oth­
er forms of behaviour. Many animals have surmounted 
this problem by the evolution of badges—morphological 
specializations, such as bright patches of skin, für, or 
feathers; horns; casques; and crests. Badges convey infor­
mation about the general identity of the communicator 
(i.e., species, sex, age) and some information about his 
physiological state. Animals have also evolved ways to util- 
ize sources of information that supplement displays and 
badges. Some species provide information of some highly 
relevant samples of the environment; the honeybee, for 
example, uses a drop of nectar in the dance at the hive to 
indicate the identity of the food source. Courting males of 
many bird species feed their mates or provide them with 
bits of nest material. Unmated male weaver birds make 
nests at which they display and which are subsequently 
used for breeding; male bower birds build “bowers” (a 
variety of display structures), and male manakins clear 
leks (special display arenas) that serve only a communi­
cative function. The use of constructions in some cases 
extends to supplying information in the absence of the 
communicator, as in territorial marking. Rabbits and oth­
er mammals use düng heaps (both visible and scented) for 
this purpose, and bears scratch marking posts.

Despite their flexibility, visible means of signalling have 
disadvantages in addition to being easily obscured. They 
may be too easily located, drawing undesirable attention 
of predators and other inappropriate recipients to the 
communicator. Moreover, the signals are available only if 
the recipiënt looks at the source directly; this hinders his 
freedom to do other things simultaneously.

Chemicals. Many species have evolved special Chemical 
products that are released under particular circumstances. 
Some of these substances are used as defense mechanisms 
against predators; they apparently function primarily by 
being distasteful or even injurious, but some may serve 
to wam the predator that its intended prey can harm it, 
thus eliminating the need for actual contact. A variety 
of Chemicals called pheromones are used for communi­
cation within a species. Fishes and other aquatic animals 
secrete certain pheromones into the water; moths release 
pheromones as sexual attractants into the air to be wafted 
downwind; and various highly social insects mark surfaces

with pheromones or spray them into the air, sometimes 
secreting them onto their own body surfaces so that Chem­
icals can be directly tasted by other individuals. Scents are 
used by many species to mark territories, as in the well- 
known urination patterns of domestic dogs.

Much research has been done on the use of pheromones 
by species of ants. It has been found that, depending 
on circumstances, different pheromones are secreted from 
different glands; for example, one type is secreted when 
the ants are laying trails, another when they are indicating 
alarm. The rate of release and the response thresholds of 
the different pheromones have been adjusted during the 
course of evolution so that the fading time of the odour 
correlates with the functions performed. Alarm phero­
mones, for example, which cause the ants to congregate,

From E.O . Wilson, “Pherom ones,” copyright ©  1963 
by Scientific American, Ine.; all rights reserved 
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Figure 29: Odour trail of fire ant worker made by exuding a 
pheromone along its extended sting(s). This experimental 
Situation demonstrates the rate of disappearance and active 
space of the trail.

diffuse very rapidly and fade quickly, unless continuously 
renewed by additional secretion from newly attracted indi­
viduals who also take alarm. Pheromones used for group 
identification and for simple assembly (in the absence 
of alarm), fade much more slowly. Even though phero­
mones are less persistent than certain structures used for 
marking, they are used primarily for their persistence—  
at least in the case of species that have other means of 
communication available. Extremely rapid fading of the 
odour is a problem, however, as is the recovery rate of the 
recipient’s ehernoreceptors. Pheromones are probably an 
inadequate means of communication in social events that 
change rapidly.

Touch. Specialized patterns of touching— i.e., tactile 
displays— are often overlooked in studies of animal com­
munication unless they involve distinctive movements. 
Although a recipiënt animal may be aware of a distinctive 
touch, an observer may not; nonetheless, many forms of 
touch are evident. The remarkable dances of honeybees 
are customarily performed on a vertical comb in the 
darkness of the hive. Recipients of these displays follow 
the communicators closely, maintaining contact with their 
antennae; thus, much of the information is probably re­
ceived as changing tactile patterns.

In many mammalian species, the members of social 
groups engage in bouts of grooming (called allogrooming 
when performed on another individual). Although visible 
to group members other than those in the interaction, al­
logrooming probably functions largely as a tactile display. 
Specialized touches with the hands are now suspected to 
be precopulatory signals in female rhesus monkeys (Ma- 
caca mulatta). Individuals of the South American monkey

100 seconds
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Callicebus moloch rest together in trees with their tails in- 
tertwined, a tactile display that probably serves a function 
similar to that served by allogrooming in social groups of 
baboons and macaques.

In some cases the communicator leaves information 
available for individuals it will never meet. Female wasps 
o f at least one species are able to indicate to their off­
spring the direction in which to seek egress from the cells 
in which the eggs are laid. The information is stored in 
the geometry and texture of the walls constructed by the 
females to seal the nest chambers.

Electrical energy. A number of fishes that live in mud- 
dy waters produce regulär patterns of electrical discharges 
as an active sensory system (active in the same sense as a 
bat’s sonar scanning of the environment). There is good 
evidence that some species respond to electrical discharges 
of individuals of the same species, and that some aspects 
of the discharges, including their cessation, may function 
as displays.

The role of displays. The display repertoire. The indi­
vidual animal may have a repertoire of up to about 40 
displays. For most relatively social adult fishes, birds, and 
mammals, the range of repertoire size for different species 
varies from 15 to 35 displays. Further, most species have 
evolved displays adapted for the different sensory modali- 
ty of their recipients; as a result, their repertoires comprise 
sets of displays (e.g., both visual and audible) that overlap 
considerably in the information they convey. A bird can 
often convey information about the probability of flying 
by fluttering its wings and by uttering a particular call and 
may often do both simultaneously. Recipients sometimes 
are able both to see and to hear the communicator; at 
other times, however, he may be obscured behind foliage, 
or, if visible, the sounds may be masked or distorted by 
wind noise or by the calls of other birds. The redun- 
dancy typical of communication systems probably exists 
primarily to facilitate information transfer in such noisy 
environments that may unpredictably interfere with any 
one form of transmission.

Limita- In view of the immense value of language to man, it is 
tions to the remarkable that evolutionary pressures have not produced 
number of a greater elaboration of communication in animals other 
displays than man. This implies that further elaboration would im- 

pair rather than facilitate communication. Although the 
nature of this impairment is still a matter of theoretical 
conjecture, a promising explanation is that of Moynihan, 
who argues, in part, that it is difficult for a species to 
evolve the ability to make rapid and finely tuned responses 
to rare events. Rapid escape from a surprising stimulus (a 
relatively rare event) has frequently evolved but it is not 
a finely tuned response. As the size of a display repertoire 
increases, appropriate circumstances for the use of certain 
displays would become increasingly rare; Moynihan pro- 
poses that the number of displays in an animal’s repertoire 
should not exceed that at which its rarer displays have 
little usefulness. This number of displays cannot yet be 
predicted. Other factors also act to limit the number of 
displays. Among them is the need for each display to be 
sufficiently distinctive to make it unlikely that a recipiënt 
will mistake it for another. Beyond some point, as rep­
ertoire size increases distinctiveness requires increasingly 
elaborate displays that may be time-consuming to produce 
and require too much attention by the recipiënt.

The restriction in the size of the display repertoire 
undoubtedly has had considerable influence on the evo­
lutionary selection of the kinds of information that are 
encoded. An American zoologist, W.J. Smith, has suggest­
ed that this restriction explains two striking characteris­
tics of displays: the paucity of narrowly precise messages 
and the relative abundance and widespread occurrence 
of information about such general behavioral patterns as 
locomotion or social association. Each species has so few 
displays available to it that only a minimal number can 
be used in restricted situations. When practical, a display 
has selective advantages if it conveys information that can 
be of use in mediating a variety of social interactions. 
Some types of activities, such as attack and escape, are 
too critically important in most species to be indicated 
by ambiguous signals. Others, including many of the acts

that bonded (e.g., paired) individuals can perform in each  
other’s Company w ithout endangering the fabric o f  social 
organization, m ay be safely left for a recipiënt to predict 
based on  its experience in  sim ilar contexts, provided it has 
the inform ation that the on ly  likely activities are bond- 
lim ited ones. There is strong selection  pressure toward  
both the use o f  general m essages (in situations in w hich  
im m ediacy o f  correct response is not o f  overriding im ­
portance) and sim ilar m essages (for species with a w ide  
overlap o f  social habits).

The information content o f displays. The study of ani­
mal displays was once primarily concerned with the mo­
tivational States of the animals using the displays. It was 
recognized that, if an animal uses a display only when 
in a certain motivational state, then the display informs 
a recipiënt that the communicator is in that state; the 
recipiënt thus should be able to predict, at least in part, 
the subsequent activities of the communicator. Because 
only certain aspects of the communicator’s motivational 
state are common to all uses of a given display, however, 
these aspects are the only ones that can be said to be en­
coded in the display. Thus, a recipiënt must obtain other 
information in order to establish the presence of other mo­
tivational aspects. It is more useful, therefore, to study the 
behaviour (rather than the motivation) of communicating 
animals in order to correlate specific behaviour pattems 
with specific displays. Because communication is a social 
process, the most productive course of study concerns 
the nature of the information that can be inserted into 
social interactions by displays. This information helps to 
determine the course of the interaction and is concerned 
primarily with making the behaviour of the interactants 
more predictable.

It is important for the recipiënt to be able to identify Identifica- 
the communicator with some degree of precision; if he tion 
identifies himself, through displays or some other means, 
as belonging to a category of individuals important to 
the recipiënt, the latter will pay attention to him, insofar 
as is practical or necessary. Of prime importance is spe­
cific identity; the most important communication occurs 
among members of the same species. Thus, most of the 
flow of communication among members of other species 
is irrelevant. Within a species it may be useful for the 
recipiënt to know the sex and perhaps the age of the 
communicator; even the general physiological state (e.g., 
breeding or nonbreeding condition) may be significant.
All of this information, successfully communicated, nar- 
rows the range of behaviour that can be expected by the 
recipiënt of a display. For bird and mammal species with 
complex social behaviour, some features of the form of 
a display may be peculiar to the individual. A female 
passerine bird (a perching bird) newly arrived from spring 
migration to the region where she will breed encounters 
many individuals of several different species. By using 
certain vocalizations (usually called song), some of the 
birds identify themselves as males of her species and also 
communicate to her that they are in breeding condition 
and probably the information that they are unmated. This 
information enables the female to predict their responses 
to any approaches she might make to them. Also, after 
she begins to form a pair bond with a male, she must be 
able to identify him.
All displays studied thus far identify the communica­

tor to some degree. The amount or kind of identifying 
information differs according to the social requirements 
of the species.

As already noted, identification is not only encoded by 
animals in displays but also in badges. The strikingly dis­
tinctive breeding season plumages of drake waterfowl and 
of males of many other bird species attest to this. Female 
birds of many species are less distinctively coloured and 
it is usually they, not the males, who select a mate; male 
birds of such species apparently accept any female who 
attempts to form a bond, but females respond only to 
males with the correct plumage. The evolution of unusual 
specializations apparently has been necessary in only a few 
cases. Gulls, for instance, are able to distinguish species 
by a combination of eye colour and its degree of contrast 
with the white head.
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Figure 30: V is u a l c o m m u n ic a t io n  in  b i r d s :  s o m e  d is p la y  
p o s t u r e s  th a t a re  w id e ly  d is t r ib u te d  a m o n g  g u lls  a n d  te rn s .
(A) Oblique posture during long call display of the Galapagos 
dusky gull (L a r u s  f u l ig in o s u s ) . (B) Low oblique posture 
during the new call of the Peruvian gray gull (L . m o d e s tu s ) .
(C) Choking posture in choking display of ring-billed gull 
(L. d e la w a re n s is ) . (D) Upright posture of Beicher s gull (L. 
b e lc h e r i) . (E) Climax of head-tossing display of Franklin’s 
gull (L. p ip ix c a n ) . (F) Erect posture of gull-billed fern 
(G e lo c h e lid o n  n ilo t ic a ) .

From M.FI. Moynihan, A m e r ic a n  M u s e u m  N o v i ta t e s  (1959); The American Museum of Natural 
History

Location Closely related in many ways to information concerning 
identification is information specifying location. An ani­
mal may need to transmit its message without fully reveal- 
ing its location. It may, for example, use a visible display 
to a nearby recipiënt while otherwise concealed by Vegeta­
tion from potential and undesirable recipients that would 
perceive vocal displays, ln some cases, however, animals 
provide information about their location in proportion to 
the need of the recipients. A small bird on fleeing from 
a hawk, for example, may utter a high-pitched warning 
vocalization that carries little information about its own 
location. Natural selection has favoured characteristics of 
this vocalization that make its source difficult for a two- 
eared predator to locate. Many small birds hear the sound 
and are warned that one of their associates has found 
desperate reason to flee; they need not know his exact 
location or even why he is fleeing. The hawk, who needs 
primarily the location information, is denied it, largely 
since he is unable to locate the source of the vocalization 
and often has not yet seen the fleeing communicator. It is 
significant that the begging vocalizations of many nestling 
birds are similar to the warning call; the reason also is 
similar—to prevent predators from discovering the loca­
tion of the nest, which the nestlings’ parents, of course, 
already know.

In certain cases a vocalization can vary in ways that 
increase or decrease its locatability. One example, which 
has been studied in detail, is the call given by males 
of the Panamanian frog Engystomops pustulosus as they 
await females at spawning ponds. The call of a lone male 
contains fewer clues to his location than does the call of a 
male in a chorus of other males. The former probably can 
rely on the persistence of any passing female to find him, 
but, because he is alone he is more vulnerable to predators 
and so must give as little information as possible about his 
location. On the other hand, the male within a group gets 
some protection from predators by virtue of being among 
other frogs; not only is the approaching predator likely to 
encounter one of the other frogs first but, collectively, they 
are more likely to detect the predator. After the chorus 
has attracted a female to the immediate region, however, 
any male that is less easily located than his fellows is 
at a disadvantage; under these circumstances each male 
maximizes the ease with which he can be located.

Behavioral Much of the remainder of the information encoded by
informa- animals in their stylized displays is behavioral—it indi-
tion cates the likelihood with which a recipiënt can expect a

communicator to engage in different types of activities.

The bared teeth, growls, curled lip, and bristled hair of 
a watchdog at the approach of a stranger indicate that 
the animal may attack. The same display components 
may also indicate that it may not attack, that something, 
perhaps fear, is holding its aggression in check, howev­
er tenuously. Much of the displaying done by animals 
seems to indicate the probability of attack or escape. Such 
agonistic behaviour patterns must be controlled in the 
establishment and maintenance of organized social units 
such as pairs, families, and troops. A species may encode 
information about antagonistic behaviour in more than 
one display. The green-backed sparrow (Arremonops con- 
irostris), for example, uses a vocalization that sounds like 
“chuck” when it is less likely to attack than to escape, 
but, when both attack and escape are equally probable, it 
utters either of two calls, which Moynihan has described 
as “medium hoarse notes” or “hoarse screams.” Although 
the last two vocal displays indicate equal probabilities of 
the two acts, they do not carry exactly the same informa­
tion. The “hoarse screams” are used when attack or escape 
is very likely to happen, and the “medium hoarse notes” 
are used when the bird’s indecision between the two alter­
natives makes it less likely that either will occur. The two 
displays thus carry information not only about attack and 
escape behaviour but also about the probability that some 
act will occur. In fact, information about the probability of 
a specific act is apparently encoded in all displays, but not 
always in the way described above. The eastern kingbird 
( Tyrannus tyrannus) encodes the information that it may 
attack in a vocalization with a sound similar to “zeer.”
The likelihood that it may attack when using this call 
varies, increasing as the abruptness and harshness o f the 
vocalization increases.

Of the information widely encoded among diverse ani­
mals in displays, little is apparently as narrowly defined as 
attack and escape signals. Although the encoding of infor­
mation regarding attempts by a communicator to engage 
in social play would seem useful in view o f the fact that 
many mammals (and even some birds such as the hob­
by falcon, Falco subbuteo) play socially, information that 
an approaching communicator is not likely to be vicious 
but intends only to play is apparently encoded only by a 
few primates.

Adults of many vertebrate species appear to lack com­
mon reasons for coming into contact with their fellows 
other than aggressively. Many animals thus have difficulty 
in approaching one another closely enough to copulate.
The displays of only a few species provide information 
that an individual is approaching specifically to copulate; 
in fact, the general information provided by the individual The 
in other displays apparently is often sufficiënt, given the importance 
right contextual circumstances, to indicate the intention o f general 
to copulate. So far as is known, the information provided informa- 
by most birds and mammals through their displays is in tion 
large part of a general nature.

In many birds and mammals, approach in order to cop­
ulate is restricted to individuals who have established a 
pair bond. In this relationship each partner adopts, and 
reeognizes as appropriate in the other, behaviour patterns 
that characterize certain roles, special restrictions, and 
special privileges. Such behaviour patterns are regulär in 
occurrence and apparently expected to some degree by 
each individual. The complexity of this behaviour varies 
considerably among species with different degrees of social 
complexity— i.e., the individuals may be merely temporar- 
ily mated or permanent members of a troop of numerous 
individuals—but the appropriate behaviour will, for some 
relationships, include the possibility of copulation. Many 
species employ at such times displays that are used in a 
variety of behaviour characteristic of closely interacting, 
bonded individuals. These displays indicate that the com­
municator will probably select behaviour patterns appro­
priate to the bonded relationship, without specifying what 
the behaviour will be.

The somewhat more precise information that may be 
available among bonded individuals usually appears to 
specify that appropriate behaviour will not involve phys­
ical contact. In these circumstances, the communicator 
simply associates with the other individual, remaining
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in his presence but doing nothing that requires bodily 
contact. Such information about association is apparently 
basic and is encoded by many species, at least of birds and 
mammals. A superficially similar sort of information that 
may also be widespread indicates that the communicator 
will engage in a variety of activities, from social encounters 
to nonsocial acts of individual maintenance {e.g., forag­
ing), but will neither attack nor attempt to escape from

Drawing by J. Adamska-Koperska based on M.H. Moynihan, J o u r n a l  o f  Z o o lo g y  (1966)

Figure 31: Tactile communication; tail-twining by titi monkeys 
C a l l ic e b u s  m o lo c h .

the individuals to whom the display is directed. He will 
thus behave nonagonistically.

General information that has been identified in displays 
of three mammalian species (gorilla, man, and the black- 
tailed prairie dog) appears to be so basic that it, too, may 
be widespread among social vertebrates. The communi­
cator provides information that he will probably hesitate 
to engage in a certain social interaction. This information 
is usually provided when the communicator is engaged 
in an activity that would be hampered by interruption. 
How widespread this sort o f information is among animals 
is not known.

Other kinds of general information known to be wide­
ly encoded are less directly social in nature. The best 
understood information involves the probability that the 
communicator will engage in some form of locomotion. 
One kind o f display may be used when an unmated male 
bird moves from point to point along the boundaries of 
his territory, occasionally stopping to advertise. The same 
display may be used by a mated male as he approach- 
es his rather aggressive and perhaps sexually unreceptive 
mate. It may also be used by either mate on approaching 
a predator near its nest, or later by the nearly indepen­
dent fledglings when importuning increasingly unwilling 
parents. Nor does this exhaust the range of situations in 
which this one display is used. In all cases the display fails 
to indicate with any precision just what the communica- 
tor’s probable activities will be, but it is well correlated 
with a behavioral indication of uncertainty over whether 
the communicator will initiate or cease flying, or change

direction if in flight. In any case the activities of the com­
municator indicate what it may attempt to do, and the 
display appears to provide information as to whether or 
not this apparently probable behaviour will be performed. 
The information the communicator thus provides indi- 
rectly implies that there are factors acting to counter his 
obvious motivational tendencies, these implications have 
different social relevance in different circumstances.

Displays are also known that encode even more general 
information—exactly how general is not yet clear, but the 
following example is illustrative. The blacktailed prairie 
dog {Cynomys ludovicianus) has a combined visual and 
vocal display in which the communicator throws its fore- 
parts vigorously into the air, directs its nose straight up, 
and utters an abrupt, two-part vocalization; the perfor­
mance has been named the Jump-Yip. Jump-Yips are em­
ployed on many occasions, all of which have in common 
a certain probability (usually less than 50 percent) that 
the communicator will begin or continue to flee. Other 
forms of behaviour associated with the Jump-Yip dif- 
fer greatly, depending on the circumstances; for instance, 
the communicator may greet or associate with its mate 
or another individual (such as a member of its family 
group); approach its mate sexually; challenge a neighbour 
aggressively; or do one of various nonsocial acts such as 
foraging or dust bathing. The display seems to function 
either as an indication that some form of behaviour may 
be interrupted or prevented by fleeing but that this oth­
er behaviour may be socially more important than the 
fleeing; or that the other behaviour may be negligible and 
the possibility of flight itself the critical feature of the 
Situation for the particular recipiënt. The display is not 
used unless there is an alternative to flight, but it does not 
provide information about what that alternative is. Such 
information is usually clear enough contextually, however, 
The unspecified alternative might be anything in a prairie 
dog’s behavioral repertoire.
Of widespread occurrence in the displays of birds and 

mammals is information that the communicator, however 
strongly motivated to perform a particular act, lacks the 
opportunity to do so. Thus, when, in a social encounter, 
a juvenile gorilla tries to flee but finds itself cornered, it 
adopts a special posture indicative of its frustrated escape. 
An eastern kingbird or a black-headed gull (Larus ridi- 
bundus) performs a very stylized and spectacular aerial 
display when it is strongly motivated to attack but lacks a 
suitable opponent— such as an intruder into its territory. 
A Carolina chickadee {Parus carolinensis) that appears to 
be seeking a border encounter with a territorial neighbour 
employs a special form of song if the neighbour fails to ap­
pear in response to its challenges. Various songbirds of the 
New World tropics have vocal displays that are used only 
when one bird becomes separated from the companions 
with which it associates while foraging; the calls cease after 
reunion occurs. In short, it appears that if an animal is 
frustrated from engaging in activities of sufficiënt social 
importance to merit communication, it may be able to 
encode its frustration with respect to that activity.

The foregoing describes the types of basic information 
presently known to be widespread among adult birds 
and non-human mammals. Other types of information 
are known to be encoded by other animals: ants pro­
vide directional information in odour trails, honeybees in 
“dances.” The fire ant {Solenopsis) odour trail appears to 
indicate specifically the route to a food source, but the 
honeybee dance is less specific—it can be used to provide 
information about food sources, water sources, and po­
tential sites for new hives. Both cases reflect the evolution 
of communication within complex social organizations of 
invertebrates, based on evolutionary properties quite dif­
ferent from those of vertebrates.

Even among vertebrates, some Systems of social organi­
zation differ markedly from those of most of the birds 
and mammals whose communication pattems have been 
studied. Among nocturnal frogs, for instance, breeding 
males congregate loosely and call to attract females. They 
attempt to mate with any individual that comes near 
them—whether it be a male or a female. A male or a 
female who has already laid her eggs usually utters a

Jump-Yip
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distinctive call and is released; the encoded information 
appears to be that the individual that has been clasped 
does not belong to the class that will shortly lay eggs {i.e., 
gravid females), a rather precise but entirely suitable sort 
of information. Precision in such narrowly specific mes­
sages may well be the rule in groups in which complexity 
of social behaviour is minimal.
Immature animals dependent on adults often have so­

cial requirements quite different from those of adults and 
provide, in part, different information, although they too 
may have displays encoding attack, escape, and frustration 
information. At least among infant mammals, much dis­
playing is done to indicate a need state—such as hunger, 
pain, need for social interaction—for which the infant 
must depend on others. Some displays do not specify the 
needs that are relevant—the most common forms of hu­
man crying, for instance, are rather imprecise. Others, such 
as the widely gaping mouth of a juvenile passerine bird, 
appear to correlate primarily with readiness to eat. Infants, 
because of their often limited behavioral repertoires, are 
somewhat difficult subjects for behavioral studies of the 
kind normally employed by students of animal commu­
nication. They provide an important challenge, however, 
as attempts are made to learn both what they encode in 
their displays and how this information is altered during 
development into adult forms of encoding.

Interpretation of information. The information ex- 
changed during social interactions among animals allows 
them to select their subsequent activities with greater cer- 
tainty that their actions will be more appropriate than 
would be possible without the new information. When an 
animal is offered information through a display, it can se­
lect a response that is based, in part, upon this information. 
Depending upon the abundance and the type of informa­
tion, the response must be such as to permit flexibility— 
i.e., a generalized response may be practical. On the other 
hand, receipt of abundant and varied information per­
mits the individual to choose among less generalized, and 
probably less flexible, responses with a greater certainty of 
making the appropriate selection. Complete understanding 
of animal communication, therefore, requires knowledge 
of the responses that individuals make to the information 
communicated. This is the study of what Colin Cherry has 
referred to as the “meanings” that recipients draw from 
the circumstances in which communication occurs.

The communication process between two animals is sum- 
marized in the following paragraphs. Through displays, 
badges, and other aspects of his appearance and activities, 
one individual adds information to another individual’s 
environment, in which much information is already avail­
able. The human observer is certain that communication 
has occurred only when the second individual selects a 
response, demonstrating the meaning the event has had 
for him. Unfortunately, the study of responses in social 
situations is technically very difficult.

The recipiënt animal certainly ignores most of the many 
sources of information available and weighs others as he 
selects his response. In most instances, his response is not 
directly available to the human observer, for the recipient’s 
mental state or disposition may change without an overt 
indication. For most displays the response observed most 
commonly is indistinguishable from that of inattention. 
When the recipiënt does alter his activity immediately af­
ter exposure to a signal, his first acts may be common to 
many different kinds of events—he may simply face the 
source of information, move a little closer to it, or a little 
farther away.
The first response of a recipiënt to a variety of signals 

conveying many possible types of information about the 
communicator (including high probability of attack, in- 
tent to escape or to engage in association, social play, or 
copulation) may be to approach the communicator. The 
predisposition of the recipiënt to react further is likely to 
depend on the signal, and further activity may not occur 
until the recipiënt is supplied with further information.

Modified displays. Although the nature of displays and 
badges and of the types of information that animals encode 
in them is important in the process of animal commu­
nication, it provides only part of the story; for example,

a display is a vehicle for a particular type of informa­
tion transfer, but the communicator, in the manner of its 
displaying, can modify some aspects of this information. 
The probability of attack, as encoded in the vocal display 
of a bird species, can be ascertained by the abruptness or 
harshness of a vocalization. The intensity of the commu- 
nicator’s involvement in the Situation can also be indi- 
cated by variations in the rate at which the vocalization 
is uttered, or in its loudness. Such modifications provide 
information about the nature of the expected attack—  
whether it will be vigorous or perfunctory—and about the 
communicator’s state with the passage of time.

The position of the communicator as it vocalizes may 
indicate a particular recipiënt as the most relevant in a 
given instance. There is little reason to conclude that the 
orientation of the communicator has become ritualized as 
a part of the display. Sometimes an intermediate orienta­
tion becomes part of a ritualized display, and orientation 
must very often provide important information.

It appears that the information obtained by most animals 
about situations in the environment is either associated 
with stylized displaying or is implied by it with fair prob­
ability. For instance, a bird that utters a call when it 
sights and then flees from a dangerous aerial predator is 
not specifying the presence of a hawk, even though it is 
likely that it has been frightened by a hawk; under some 
circumstances {e.g., if the bird has nestlings) a predator 
normally less dangerous than a hawk, such as a cat, is 
responded to with the call usually given for hawks. The 
bird advertises its fear in the presence of different stimuli 
at different times. It does not specify what the stimuli 
are, but instead, what its probable response is or will be. 
Although a bird does not specify directly that it has a 
territory, it regularly indicates different degrees of readi­
ness to behave aggressively to inappropriate individuals of 
(usually) its own species—and so defines a region, which 
can be labelled its territory, that it will protect from in- 
trusions. A forager bee does not state that it has found 
food at a certain place; rather, she describes a direction of 
flight (perhaps a flight she is likely to make again shortly) 
and, on request, provides a sample of the food. On the 
other hand, an ant that lays an odour trail only between

From P. Marler and W .J. Hamilton, M e c h a n is m s  o l  
A n im a l  B e h a v io r  (©1966); John Wiley & Sons, Inc.
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Figure 32: Sound spectrographs of alarm calls of five species 
of European songbirds showing similarity and broad frequency 
pattern. Each call is a single, simple, slightly descending note, 
lasting 0.6 to 0.8 second.
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a food source and its home colony is providing informa­
tion that food is present; such narrow specific use for a 
display, however, is the exception, at least among birds 
and mammals.

Evalution of communication. In the evolution of com­
munication within a species, one normal constraint usual­
ly is that the exchange of information must be useful to 
both the communicator and the recipiënt. The behavior­
al patterns evolved by the communicator enable him to 
transmit information that increases the probability of a 
social response suited to his needs. A recipiënt evolves 
the tendency to respond to this information only when 
the response suits his needs, which often differ, at least 
superficially, from those of the communicator. When their 
needs are not compatible, lack of selection pressure for 
the recipiënt to respond appropriately usually removes any 
advantages for the communicator, or at best yields an ev­
olutionarily unstable Situation of misinforming, to which 
recipients are always counter-adapting. Yet, in certain 
relationships between individuals belonging to different 
species, particularly in predator-prey relations, selection 
pressures for providing misinformation are such that it is a 
widespread phenomenon. In Batesian mimicry, potential 
prey species advertise that they are actually unpalatable 
or dangerous to predators, which either learn to leave 
most of them unharmed or evolve avoidance responses. 
Other potential prey species, lacking defense mechanisms 
or unpalatability, may mimic the behavioral and mor- 
phological specializations of the unpalatable ones, thus 
surviving by providing predators with false information. 
The predators, of course, are under evolutionary pressure 
to develop means of distinguishing the true from the false 
information.

The evolutionary process by which the transmission of 
information between members of the same species can 
become specialized has been studied by the pioneer Euro- 

Evolu- pean ethologists Konrad Lorenz and Nikolaas Tinbergen, 
tionary They have established that displays are specialized activi- 
precursors ties that have evolved from precursors, or predecessors, of 
of displays several types. Important among these are intention move­

ments— i.e., incomplete performances of acts, such as 
taking flight or turning away, which are usually performed 
by an animal not quite committed to a given course of 
action. Through the process of ritualization, components 
of some intention movements become exaggerated and 
divorced from their directly functional roles. The exag- 
geration is often evident in an increased conspicuousness 
(perhaps with the concurrent evolution of morphological 
badges, to which the display draws attention) or an in­
crease in the conspicuousness of only some components, 
thus creating a difference between the display and its evo­
lutionary precursor.

A second source of precursors in the evolution of displays 
lies in inconspicuous but complete movements, such as 
eyebrow-1 o wering movements that help protect the eyes; 
such movements have been incorporated into the facial 
expressions (frowning) of numerous primate species. Oth­
er movements, such as jabbing motions of attack, are 
ritualized by being aimed in a stiff and often repetitive 
fashion away from their customary targets; these are called 
redirected activities. Still other movements appear to be  
occurring outside their customary functional contexts, as 
if displaced. Called displacement activities, they remain 
perhaps the least understood, particularly since it is not 
always clear that they are as functionally irrelevant as they 
sometimes appear. Displays apparently derived from dis­
placement activities often resemble the activities devoted 
to individual maintenance—self-grooming, feeding, and 
drinking. Such behaviour often occurs in close conjunc- 
tion with other kinds of socially relevant activities and so 
is perhaps easily available for evolutionary specialization. 
Further, some maintenance activities, which are directly 
related to the physiological results of exertion (as when a 
bird rufïles its feathers to cool its body) and thus to active 
social encounters like chasing and fighting, are commonly 
exaggerated as components of display behaviour. Other 
autonomie (involuntary) responses, such as urination and 
defecation by thwarted or frightened mammals, may have 
been sources for the evolution of some marking displays.

The precursors of ritualization are more easily imagined 
for visible displays and perhaps tactile displays than they 
are for other forms, although there is no reason to believe 
that the evolutionary process is fundamentally different 
in any case. Chemical displaying seems highly specialized: 
the Chemicals per se have in most cases probably originat- 
ed from metabolic waste products, and the acts of releas­
ing different Chemicals (the displaying) may have evolved 
from precursors classifiable as individual maintenance ac­
tivities or “autonomie responses.” The evolutionary pre­
cursors of vocal displays are also conjectural, and many 
extant vocalizations undoubtedly arose from preexisting 
ones. Vocalizations must have arisen originally from some Evolution­
form of noisy, controlled breathing; Darwin’s Suggestion ary origin 
that the breathing patterns of terrified or sexually aroused of vocaliza- 
animals would provide a source for specialization has not tion 
been bettered.

The evolutionary process of ritualization yields two some- 
what distinctive classes of displays. As described above, 
much ritualization functions to yield a display distinctly 
different from the act from which it was derived. The 
act, perhaps a movement preparing a bird to take flight, 
remains in the behavioral repertoire of the species, serving 
its original functions, and, to be fully effective, the display 
must be distinguishable from it. There are, however, cases 
in which the form of the act is not altered, but its fre­
quency of usage is in one of several ways. This is possible 
primarily in cases in which the evolutionary precursor is 
not maladaptive when done to excess (with respect to its 
original function). Cases in which increased frequency of 
performance occur are known primarily from social acts, 
whereas acts that are transformed in the process of ritual­
ization may have social or nonsocial precursors. The best 
known example of ritualization through increased usage 
is what is known in mammals as allogrooming and in 
birds as allopreening—care given by one individual to the 
condition of the body surface of another individual. In 
highly social birds and mammals this occurs much more 
frequently than is necessary for cleansing of the fur or 
feathers, is done among animals that have bonded relation­
ships, and is often expressed asymmetrically with respect 
to some feature of the social organization of a species— 
that is, in one species, subordinate individuals may groom 
dominant ones more than the former are groomed by the 
dominants, but in another species the reverse may be true.
In addition to being a sanitary procedure, allogrooming 
apparently expresses the acceptance of bond-limited rela­
tionships by both the groomer and the groomed.

The evolutionary process of ritualization operates within 
a number of limits in addition to those imposed by the 
process of communication. Each species has a history, in 
which the origins of its attributes are, ultimately, products 
of genetic chance.

Closely related species evolve different Solutions to the 
problems and opportunities of communication from those 
of more distantly related species. Each lineage has de­
veloped a working system based on the opportunities it 
has received, or, having failed to develop such a system, 
has become extinct. The products of ritualization are not 
ideal Solutions to communication tasks; rather, they are 
practical ones. The similarities and differences of displays 
among species contain clues to phylogenetic relationships, 
although, like all other such clues, they are most safely used 
when their füll functional significances are understood.
By no means do all of the differences among the com- Non- 

munication patterns of different species result from the genetic 
different genetic peculiarities of the different lineages. Spe- differences 
cies differ in the nature of their social behaviour. Birds, 
for instance, may be paired through the nesting season 
and flock in the remainder of the year; be paired only 
briefly, followed by dispersal on individual territories; be 
paired for life (year round); or utilize various other types 
of social structure. The great range of patterns of social 
organization determines many things about the sorts of 
behavioral interactions occurring among individuals and, 
hence, the functions required o f communication patterns.
The form of social organization is likely to be set, in part, 
by characteristics of the species’ habitat, and the habitat 
thus must indirectly influence the directions of ritualiza-



Behaviour, Animal 697

Bacterial
colonies

Sponges 
and coelen­
terates

tion. Habitats also have a direct influence on ritualization 
of form, because they differ very much in the degree to 
which they obstruct information or mask it by noise. The 
environment of most species also contains other species, 
some of which communicate with similar displays, creat­
ing a need for specific distinctiveness in form.
A basic limitation exists in the nature of the sensory 

receptor organs available to different kinds of animals. 
Social insects make much use of Chemical and tactile 
signalling, but visual signals are relatively more important 
to fishes and visual and auditory signals to birds. Among 
mammal groups there is considerable specialization, but 
on the whole mammals make considerable use of all sen­
sory modalities in display behaviour.

(W.J.S./Ed.)

Types of animal societies

To understand social behaviour more fully, it is necessary 
to examine it throughout the range of animal life. W C. 
Allee, in his classic book The Social Life of Animals, 
distinguishes two major types of animal societies. One 
is the parental, or familial, society, in which parent and 
offspring stay together for varying lengths of time. The 
other is the pair bond, or club, society, composed of in­
dividuals that come together from different families. This 
type was much emphasized by the 19th-century English 
philosopher Herbert Spencer because it corresponded to 
his social Darwinist ideas. The social Darwinist does not 
like to admit that a weak son can win out if he has 
powerful parents; but recent work with rhesus monkeys 
shows clearly that the son of a high-ranking mother tends 
to be protected by his mother and hence gets to the top 
of the hierarchy even if he himself is a weakling. Parental 
societies are very common.

PARENTAL SOCIETIES
Parental societies are found at all levels, from the cell to 
the monkey troupe. All animals provide for their young 
in some way. In every animal there is a period when the 
young is part of the parent and receives materials from 
the parent. Later, the young may partly or completely sep­
arate from the parent; in some animals, the more or less 
separate young is then helped by the parent, or helps it.

Parental behaviour among simple organisms. Even some 
of the simplest organisms show colonial aggregations of the 
parental type. Some viruses form inclusion bodies in the 
cells they attack; these bodies are thought to be colonies of 
daughter viral Strands. Other viruses form ordered arrays.

Bacteria, only a few steps up the evolutionary scale be­
yond viruses, also show parent-young colonies. Diplococci, 
which can cause pneumonia, are dot-shaped bacteria that 
have two daughter cells in each group. Streptococci form 
chains, and staphylococci arrange themselves in grapelike 
clusters. In all of these, and in a large number of other 
colonial bacteria, the offspring that are produced by a 
dividing parent generally stay together for some length of 
time.

Protozoa, a few steps beyond bacteria, also show parental 
sociality. Many reproduce by simple division and hence 
give the daughters help only before the split. Under diffi­
cult conditions, protozoans commonly form a protective 
“cyst” and divide within it. In such divided cysts 2, 4, 8, 
16, 32, or even more daughter cells may associate until 
the cyst “hatches.”

Some protozoans form definite colonies in addition to 
or in place of cysts. Volvox and many other slow-moving 
or sedentary colonial protozoans show differentiation or 
division o f labour between cells of a colony. In Volvox, 
the forward cells have large eyespots and a few rear cells 
take care of reproduction (Figure 34, top).

It is almost certain that sponges evolved from colonial 
flagellate protozoans. Sponges are integrated networks of 
cells, some of them amoeboid (amorphous) and some 
flagellate. It has been shown that if a sponge is strained 
through cloth so that the cells are separated, they will 
reunite and form new sponges so long as a flagellate collar 
cell can rejoin an amoeboid cell. The sponge is thus on the 
border between colonial organization and integrated mul­

ticellular organization (Figure 33, top). One advantage of 
integrated multicellular organization, with different types 
of cells performing different functions, was probably that 
the sponges could become much larger than the largest 
multinucleate or even colonial protozoans and thus could 
capture these protozoans. This type o f organization also 
provides strength: some cells can hold on in swift currents, 
while some can secrete skeletons and others concentrate 
on food getting. Thus Cooperation gave sponges and simi­
lar multicellular animals an advantage in competition with 
even the largest and most aggressive single-celled animals.

Douglas P. Wilson

Figure 33: (Top) A colony of three species of sponges, 
approximately three-quarters life-size. At top of 
colony is small bread-crumb sponge (Halichondria); 
branching mass at right is L e u c o s o le n ia  c o m p l ic a t a ;  
tubulär sponges on left are S c y p h a  c ilia tu m . (Bottom)
Portuguese man-of-war (P h y s a l ia  p h y s a l is ) , the body of 
which may be as much as 12 inches long.

The colonial organization of cells into protozoan colo­
nies or into multicellular animals will be referred to below 
as the “colonial-1” stage (Figure 34, top), in contrast to 
the colonial organization of attached multicellular ani­
mals—the “colonial-2” stage. The colonial-2 stage is well 
developed in successful aquatic animals just above the 
sponges; the coelenterates (hydroids, jellyfishes or medu- 
sae, sea anemones). Coral reefs bear witness to the success 
of colonial-2 growth in other coelenterates (Figure 34, 
bottom). Many different types of free-swimming colonies, 
such as the dangerous fish-killing Portuguese man-of-war 
(Physalia), exhibit huge complexity on the colonial plan 
(Figure 33, bottom). In corals and other colonies, the 
original individual is linked to its offspring in a network. 
Food material and Chemicals are often exchanged between
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individuals over the tubes of this network. Often the dif­
ferent individuals in this network show division of labour. 
Sometimes, as in Obelia, there are only reproductive and 
feeding individuals. In Physalia, there are swimming in­
dividuals, stinging ones, and many others, including one 
that serves as a gas-filled float. The interdependence and 
communication in such a colony is so extensive that the 
colony seems almost to be an individual and is sometimes 
called a superorganism.

Despite the great success of sponges and coelenterates, 
the main line of evolution goes onward through colonial-1 
animals. The link was probably wormlike animals some- 
what like present-day flatworms. Most flatworms and 
higher worms show very little association between par­
ents and young.

From flatworms to insects. The main line of evolution 
leading from flatworms to insects shows little parent- 
young Cooperation or colonial development. The ento- 
proct Bryozoa, or moss animals, form treelike colonies 
like those of corals and thus show type-2 coloniality; but 
it is not certain whether the Bryozoa actually belong to 
the line leading to insects. A few wheel worms or rotifers, 
such as the free-floating Conochilus volvox, form colonies. 
A few annelid worms, such as sybellid fan worms, bud 
off chains of individuals in a manner like the flatworm 
Catenula. This is a common method of breeding in some 
annelids; the special rear “worm,” or “epitoke,” breaks 
off and swims to the surface, where it releases sperm or 
eggs and dies, often in huge swarms of epitokes as in the 
Samoan palolo worm (Palola siciliensis).

Typically such worms as roundworms and earthworms 
strew their eggs about or attach them to something as soon 
as they are fertilized or brood the eggs only briefly. A few 
nemertine worms are viviparous— i.e., they produce live 
young. The annelid worm Ctenodrilus is said to be truly 
viviparous, the nutrition of the young coming via mater- 
nal blood vessels. Most mollusks take little care of their

By courtesy of the American Museum of Natural History, New York City

Figure 34: (Top) Glass model of protozoan colony Volvox 
(magnified about 40 X). (Bottom) Colony of coral animals 
A s t r a n g ia  d a n a e  (magnified about 1.7 X).

young. One chiton, Callistochiton viviparus, gives birth 
to young that have undergone development in the ovary. 
In a few bivalves such as the European oyster (Ostrea 
edulis), the eggs develop in the gill filaments. Most squids 
release single eggs or chains of eggs, but some members of 
the octopus group stay near their eggs and remove debris 
from them. The paper nautilus, Argonauta, forms a paper 
nautilus shell and the mother takes care of her eggs in it. 
At times the male hides in the shell.

Peripatus and its relatives, the onychophorans, are inter­
mediate between annelid worms and arthropods and have 
well-developed parental systems. Some Australian forms 
lay eggs, but others keep the eggs inside until young hatch; 
many of these are viviparous, giving the young secretions 
from the uterus.

Not until one reaches such jointed-legged animals as 
crabs and insects (arthropods) does one find much ex­
tended association between young and their parents. A 
few scattered arthropods still have no parental care other 
than production of eggs. The female walkingstick casually 
drops eggs as she moves about. Many ostracods and co­
pepods, and many of the edible shrimps, shed eggs into 
the ocean waters. Most arthropods, however, care for their 
young briefly.

Scorpions are all viviparous or ovoviviparous (eggs devel­
oping in the mother), and many carry their young about. 
The female pseudoscorpion of the leaf litter often builds a 
little nest, and the young get nourishment from her in a 
belly pouch. The female solifugid, or sun scorpion, makes 
a burrow for her eggs and then brings prey to the young 
after they emerge from the burrow. The female whip scor­
pion attachés eggs to herseif and carries them until the 
young go through several molts; she dies as soon as they 
leave. Spiders generally weave a silken case for eggs and 
young. The female wolf Spider carries her young on her 
back. Some young spiders build a family or community 
web together. The harvestmen and mites mostly lay eggs 
in the environment, but some mites carry eggs until they 
hatch. Some ticks deposit egg masses, and hundreds of 
young seed ticks may stay together, to the dismay of a 
human when such a mass drops on him and starts to 
spread. Sea spiders (pycnogonids) are stränge, for the male 
takes the egg mass from the female and cares for the 
eggs until they hatch, or slightly longer. Most crustaceans 
briefly brood their eggs, or eggs and young, often in special 
pouches on the body of the female.

Millipedes often form a nest; the young Spirobolus lat­
er eat the material of that nest. Some female millipedes 
coil about the eggs for several weeks. Many centipede 
females brood eggs, but others do not. In symphylans, 
often considered a link to insects, the female carries eggs 
in cheek pouches.

Social insects. Insects show the greatest development 
of family structure among animals. Most so-called insect 
societies are, strictly speaking, families. Sometimes they 
are called colonies, but the individuals are not directly 
attached to each other as in the “colonies-1” of protozoa 
and multicellular animals or the “colonies-2” of corals. 
They might be called “colonies-3” because they are “at­
tached” by Chemicals as well as by social behaviour. The 
young stay with both parents or with the mother and form 
social organizations of high complexity. Social behaviour 
of this type is known among the thrips (Thysanoptera), 
Zoraptera, book lice (Psocoptera), web spinners (Embiop- 
tera), termites (Isoptera), and roaches (Blattoidea) of the 
more primitive insects, and in some groups of the higher 
insects—the aphids and lace bugs of the Heteroptera, and 
especially, in the ants, bees, and wasps of the Hymenop- 
tera. Some of these groups bear little resemblance to the 
families of vertebrates. A critical observer might say of in­
sect societies that the parents enslave their first children or 
their sisters, frequently with “drugs,” and thereby ensure 
better care of their later ones.

Societies of lower insects are simple. The female (or male 
in the case of mole crickets, Gryllotalpa), works hard to 
build a nest and to protect its first offspring. The offspring 
may reciprocate by helping to build a colony web under 
a stone or leaf or under tree bark, as in the web spinners 
and book lice. In wood roaches, such as Cryptocercus
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Figure 35: Bivouac of army ants (E c it o n ) between trees, which 
are about 14 inches apart. Inset is detail of bivouac magnified 
slightly larger than life.
Carl W. Rettenmeyer

punctulatus of the southeastern United States, the young 
must stay with the adults, because all have symbiotic pro­
tozoans inside them that digest wood cellulose: at every 
molt the roach loses all its protozoa (because the linings 
of the fore- and hindgut are also molted) and must eat the 
feces of another roach or die.

In termites, the male and female lose their wings after 
a dispersal flight and dig a cavity in which they raise 
the first young. These young have their sexual maturation 
inhibited by Chemical secretions from their parents; in­
stead of reproducing themselves, they work hard to make 
more chambers and get food for the next young. They 
often get fecal material from each other full of symbiotic 
protozoa to digest wood and also use the fecal material to 
build houses. The more advanced forms masticate wood 
and grow fungus on the pulp produced in that way. The 
young have a division of labour, some being workers and 
some soldiers; there are also nasutes, which have snoutlike 
processes that eject a sticky substance used in warfare to 
protect the colony. Such colonies may become huge and 
build houses higher than a man’s head. The first parents 
are not so much the leaders of the colony as egg-producing 
machines cared for by their first offspring. Eventually 
some of the slaves achieve their freedom when the Chem­
ical secretion from their parents runs short; they develop 
wings, fly off, and start new colonies of their own.

Some beetles show behaviour approaching the social. A 
British rove beetle defends its eggs and young against 
intruders. Dung beetles dig burrows and store düng for 
their larvae. The male and female burying beetle cooper­
ate to dig away the soil undernëath small dead animals; 
the female feeds her larvae on regurgitated food. Bark and 
ambrosia beetles dig tunnels in wood and grow fungal 
spores; the female feeds her young on pieces of fungus 
while the male keeps away other males.

Som e m oths and butterflies associate in the Caterpil­
lar stage. Social Caterpillars, such as the tent Caterpillars 
(Lasiocam pidae) and the larvae o f  small erm ine m oths 
(Yponomeuta padella), m ake w ebs similar to those o f  co­
lonial spiders but use them  on ly  to hide in rather than 
to  catch prey.

The origins of social behaviour can be seen in bees and 
wasps. There are solitary bees and wasps, all o f which 
prepare a protected place for the egg and later the larva. 
Some “gall wasps”— as in “gall aphids” and some mites—  
sting plants, which then provide fleshy galis for the young 
larvae. The parent often provides food for the larva. The 
tarantula-killer wasp will sting a huge Spider and store it 
in a drugged state by the egg. The “parasitoid” hymen- 
opterans lay an egg on or in a wandeling Caterpillar to 
parasitize it. Some bees or wasps retum to put a new spi- 
der or other food source into the nest after the first food 
has been eaten, a process called progressive provisioning. 
From this it is only a short step to having a single female 
care for several young in a compound nest, as in Polistes 
wasps, and another short step to having sisters or young 
stay around the nest and help care for the later young. 
In some insects, such as wasps o f the genus Polistes, this 
is done by having the first or strongest female harass or 
dominate the later or weaker ones. Their sexual growth is 
repressed and they cannot lay eggs as long as the domi­
nant female is there. Chemical dominance, or drugging, is 
the next step; in the more social bees and ants, Chemicals 
produced by the queen are actually needed by the workers, 
and exchange of food and drugs (trophallaxis) is regulär.

Division of labour often occurs in ant and bee societies. 
Ants are often polymorphic, with small individuals work­
ing in the nest and medium or medium-large ones working 
outside; huge-headed individuals become protective sol­
diers or even use their heads as plugs to stop up the nest 
entrance to all besides members o f the colony. Honeybees 
have division of labour by age—the youngest bees feeding 
larvae, older ones building the comb, and still older ones 
flying out for nectar and pollen and bee glue. Many of 
the polymorphic differences are apparently determined by 
food, as when the new queen bee gets royal jelly regularly, 
while the smaller workers get royal jelly for only a few 
days. Other differences are genetic, as in the case o f the 
male ant or bee, which comes from an unfertilized egg.
These family societies of insects are diverse and suc­

cessful. Termites and ants are among the most common 
tropical insects, bees and wasps among the common sub- 
tropical and temperate ones. The houses of termites—  
earth castles with shingled construction to shed rain and 
porous outer layers to control carbon dioxide and humid- 
ity—are equalled in their intricacy only by those of man. 
The honeybees communicate with Chemicals and dances 
to teil each other the distance and direction of flowers.

The ferocious defense of the nest by wasps and hor- 
nets avails them little, however, against the onslaughts of 
marauding hordes of army ants (tribe Ecitonini) in the 
tropical forests of the Western Hemisphere and of hordes 
of driver ants (tribe Dorylini) in Africa. The army ants 
(see Figure 35) do not eat trees or people, as early stories 
would have it, but they tear apart arthropods. The driver 
ants, which have scissor-like mandibles that cut flesh, can 
tear apart humans if given the chance. These are probably 
the largest of the familial or “colonial-3” societies. It has 
been estimated that a large colony of the army ant Eciton 
burchelli includes 1,500,000 individuals, and the colonies 
of the driver ant Anomma wilverthi probably contain up 
to 22,000,000.

The leaf-cutter ants o f  the Western Hemisphere live in 
huge underground colonies. They, along with termites and 
a few beetles and moths, are agriculturalists. The leaf- 
cutter ants cut strips of green leaves and make a paste 
of them in which they grow fungus. Their underground 
chambers may reach several yards. It is hard to realize 
that such huge colonies are extended families.

From bryozoans to humans. In the other great line of 
evolution, which leads to man, the social use of the family 
has taken a different tack. Where the first line began with 
actively moving, wormlike individuals and ended with 
drugged, tiny individuals in huge families, the line that 
leads to humans begins with colonial, attached animals 
of the general appearance of corals but of the structure 
of worms and ends with social animals in which families 
play an important but relatively small role.
Some early wormlike animals evidently settled down on 

the floors of ancient oceans, and to protect themselves had
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to develop Shells (as in the lamp shells or brachiopods) 
or colonies with specialized defensive members (as in the 
moss animals or bryozoans). Brachiopods are solitary and 
shed their gametes into the seawater. Moss animals form 
colonies in which there is direct or partially impeded ex­
change of body fluids. Their societies show more division 
of labour than do termite colonies. There are feeding in­
dividuals, reproductive individuals, special whiplike indi­
viduals (vibracula), and bird-head individuals (avicularia) 
that hit or bite other animals settling on the colony.

It seems incongruous to suggest that active vertebrates 
developed from tiny wormlike animals living sedentary 
and colonial lives, but the future does not always belong 
to the strongest, biggest, or fastest animals of a given age. 
The moss animals, with their tiny encrustations or fila- 
mentous colonies, are internally much advanced over the 
more abundant corals.

One major side branch of this line of descent does lead to 
the nonsocial echinoderms— starfish, brittle stars, sea cu- 
cumbers. Few of these animals take care of their offspring, 
and even their gametes tend to be shed broadcast into the 
seawater. Some sea stars, brittle stars, and sea urchins of 
the Arctic and Antarctic brood their eggs. In some, as the 
brittle star Amphipholis squamata, the young are attached 
to the mother and get nourishment from her. Some sea 
cucumbers, equally divided among cold-water and warm­
water forms, brood their eggs externally or, as in Thyone 
rubra of California, inside. A few sea lilies or crinoids 
brood eggs or young.

There is also little parental care in several of the worm­
like side branches of this line of descent. Pogonophor- 
an worms, which even lack a digestive tract, sometimes 
brood eggs in their tubes in the ocean mud. Arrowworms 
(Chaetognatha) occasionally carry eggs about, but most 
release them into the ocean waters where they swim. 
The arrowworms are successful predators, but the line to 
vertebrates leads for the most part through the colonial 
or sedentary filter feeders—the pterobranchs, the acorn 
worms, and the tunicates or sea squirts.

The pterobranchs are sedentary, colonial wormlike ani­
mals, with a central stalk in some colonies but no direct 
connection in others. The individuals of the latter wander 
in and out of the colony tubes. Pterobranchs are related to 
burrowing solitary acorn worms, the hemichordates. All 
these animals release their eggs and sperm rather casually 
into the ocean.

The sea squirts (Tunicata) are mostly soft spongelike 
masses that cling to rocks or pilings in the sea. Most 
shed eggs into the sea, but some brood eggs or young 
and release them partly grown. The young are either free- 
swimming tadpole-like animals or are budded from the 
adult to form a colony.

The line of descent up to this point is, curiously enough, 
closely associated with colonial animals, while the line 
that led to insects produced rather few colonial animals. It 
has been suggested that advances made during periods of 
coloniality may produce better free-living individuals and 
vice versa; the inference is that drastic new changes in a 
colonial animal can be perpetuated because of feeding by 
the rest of the colony and later be incorporated in a viable 
free-living combination.

Some biologists, including Darwin (with his vested in­
terest in competition), have suggested that the sea squirts 
and all the other colonial animals are unimportant side- 
lines in evolution. They suggest that the mainline passed 
through nonsocial, competitive, free-living, wormlike and, 
later, tadpole-like animals. Wormlike animals led to ani­
mals like arrowworms, to the tunicate tadpole, and then 
to fishlike animals such as Amphioxus.

Certainly the next steps were through free-swimming an­
imals with relatively little family life—cephalochordates 
(lancets) and the jawless fishes. Modern lampreys make 
a nest for external fertilization, but the hatching larvae 
make their own way to live as filter feeders in the muddy 
debris of stream bottoms.

Many jawed fishes take little care of their eggs or young, 
Fish and but there are some major exceptions. Many sharks, skates, 
amphibians and rays give birth to live young, and some have placentas 

to nourish them. Some fishes make nests; the Siamese

fighting fish (Betta splendens) and others make bubble 
nests at the surface, while sticklebacks (Eucalia) and a 
mormyrid fish (Gymnarchus)make weed nests, and such 
fishes as salmon dig spawning nests in the bottoms of 
streams. Stickleback males fan their eggs until the young 
hatch, making sure there is enough oxygen. Other fish, 
such as the black-chinned mouthbreeder, fan their eggs by 
keeping them in their mouths. Other mouthbreeder fish 
periodically spit out the young fry and take them back in 
until the young are feeding well. Mouth-breeders include 
a freshwater catfish (Loricaria typus) and some marine 
catfishes (Galeichthys felis and its relatives), plus Cardinal 
fishes (Apogonidae). There are several fish of a dozen dif­
ferent taxonomie assemblages that bear their young alive, 
among them the surf perches (Embiotocidae) and the mol- 
lies (Poeciliidae). Some have a placenta-like arrangement 
to nourish the young until birth.

While care of young by the male is frequent in fishes, it 
is rare among invertebrates (where the sea spiders are the 
only major example). Care by the males frees the female 
to obtain more food and hence raise more young per unit 
of time, which may be necessary in the event that food is 
difficult to find.

Male care of the young is well developed in lungfishes, 
predecessors of land vertebrates. Most salamanders and 
frogs, on the other hand, are not very good parents. The 
male Surinam toad (Pipa pipa) presses the eggs into the 
back of the female, and the young of Rhinoderma dar- 
winii go through development in the vocal pouch of the 
male. The live-bearing frog (.Nectophrynoides) of Africa, in 
which the young hatch within the mother and remain with 
her for protection, is another exception to the general rule 
that amphibians release their eggs and care for them little.

Among reptiles the best parental care is in alligators and Higher 
some crocodiles, where the female makes a mound of vertebrates 
dead leaves or sand and stays around to protect the eggs, 
to release them when they hatch, and to guard the young 
for perhaps as long as a year.

Birds are well known for parental care. Most build nests, 
incubate eggs, and care for young. The males common­
ly help the females in this. Often young birds stay with 
their parents a year or more, and numerous examples 
are known of the young of one brood helping to feed 
the young of later broods. Often the young help the 
parents defend a “group territory,” as among Australian 
bell magpies (Gracticus) and Mexican jays (Aphelocoma 
ultramarina).

The most advanced parental society yet recorded among 
birds is that of the ocellated antbird, which follows swarms 
of army ants in order to capture insects they flush in 
the neotropical forests. This bird’s young stay with their 
parents for several months, then go and find mates, but 
return to their parents periodically for several years. The

Irven DeVore

Figure 36: Mother olive baboon (Pap/'o a n u b is )  and young.
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young bird and its mate are accepted as part of the ex­
tended family; they are not chased away as often as are 
unrelated birds.

An even greater organization of parental care is found in 
mammals, except that the males seldom help care for the 
young. The young are usually nourished before birth by 
the placenta of the mother, except in the egg-laying duck- 
billed platypus, the spiny echidna, and in marsupials. The 
young of marsupials are born prematurely and grow in 
the pouch of the mother for long periods. All mammal 
young, even the platypus and spiny echidna, must lap or 
suck milk produced by the mammary glands of the moth­
er. This ensures that there is a strong family association 
between mother and young (Figure 36).

Commonly, groups develop around a mother and may 
be joined by other such groups and by males to form 
bands, troops, and herds. Troops of monkeys and apes 
are basically families or grouped families. These and wolf 
bands include males, which may help to raise young. 
The “extended families” of humans lead to tribes, States, 
and nations.

Natidnalism as a force in human affairs is commonly 
related to mother and home and family, as well as to 
interlocking family relationships even more complex than 
those of ocellated antbirds or wolf societies.

SOCIETIES WITH SEXUAL BONDS
Nonparental social relationships fall into two categories, 
sexual bonds and nonsexual bonds. Normally, only the 
latter can involve members o f two or more species. Sexual 
bonds lead in many animals to parental bonds, of course, 
but differ in that the bond is normally between offspring 
of different families. The reason for this is that the main 
advantage of sexual union is to combine the good genetic 
features of two different lines. Some young, of course, will 
have the bad features of both lines and will be eliminat- 
ed—a wastage tolerated in nature as a necessary expense.

Most animals depend on elaborate behaviour patterns 
to bring the male and female and their gametes together 
at the right time, rather than using the seemingly more 
certain processes of asexual reproduction, virgin birth, her­
maphroditic self-fertilization, or male parasitism. Many 
marine animals shed eggs and sperm into the water or 
into special nests but do so only when chemically stimu­
lated by the presence of substances from the opposite sex. 
Others use their “internal clocks” to release gametes only 
at a certain time of day or year. Samoan palolo worms 
form special gonadal body sections by budding, then re­
lease them to swarm in huge numbers at the surface of 
the ocean on a schedule set by the Moon. The grunion 
(Leuresthes tenuis), a small Pacific fish of the silversides 
family, is famous for its males and females meeting to 
fertilize eggs high on the beach at the highest tide each 
month and at the highest waves of that tide as well. The 
synchronization of male and female requires them to have 
an internal lunar clock, such as that known for the colour 
changes of fiddler crabs.

The func- Courtship must basically ensure two things: that the 
tions of correct male and female get together at the right time
courtship with as little loss as possible; and that the offspring have

the best possible chance to survive. Ensuring these two 
things has led to elaborate courtship patterns in animals. 
Where different kinds of animals that look, smell, or feel 
alike coexist, each individual must be especially careful 
not to hybridize with the wrong species. Otherwise it will 
waste its eggs or sperm in a union that will produce no 
young, or young that are malformed or maladapted for 
the world into which they emerge. Animals often develop 
complicated odours, colours, or voices as means of identi- 
fication. There are many species of fruit flies of the genus 
Drosophila, and to avoid mismatings, each species has its 
own pattern of waving the wings by the male. The sight 
and sound of the wrong pattern of waving is enough to 
cause a female fruit fly to flee (see also above Reproduc­
tive behaviour).
Where there is only a limited breeding area or a patchy 

environment in which the good areas are restricted, strong 
male-female differences are advantageous. In these cas­
es the males have to advertise, often with song, to help

females locate good areas. Males o f species whose court­
ship displays are performed in groups usually have to 
compete more directly with each other and thus tend to 
develop large size or striking colours, overpowering scents 
or voices, or other exaggerated features. Female domes­
tic chickens, sage grouse, and baboons tend to copulate 
mainly with the lordliest and most dominant males. This 
is not so evident in other animals, in which the females 
tend to mate with the male holding the best territory. The 
dominant male is likely to be the oldest one, the one that 
has proved he can survive and hence is “fittest.”

The success of the “supermasculine” or lordly males in Super- 
a few species may be advantageous only to those males. mascu- 
A few lordly males often usurp the few suitable places to linity 
breed, as in male sea elephants (Mirounga angustirostris) 
on Pacific beaches and in male red-winged blackbirds in 
North American marshes. If the lordly male blackbirds are 
eliminated, however, other males come in and the females 
breed with them just as quickly.

The supermasculine males in these species, full of pomp 
and strutting, seldom care for their young. Baboon males, 
it is true, do at times stop fights between lesser animals 
and drive away leopards or other predators. But usually 
the female takes care of the young herseif. It may even be 
an advantage if she is “ladylike” and unobtrusive, so that 
the lordly male may draw predators away from the young.
Keeping the male away from the young may also allow 
the female and her young more food. If environments are 
limited in food, keeping excess males out o f the breeding 
area clearly is an advantage.

Supermasculinity, as well as being correlated with female 
care of the young, is also associated with polygamy. The 
mating of several animals of one sex with a single indi­
vidual of the other sex tends to be associated in birds 
and mammals with great differences between the sexes.
Serial polygamy, or the mating of an animal o f one sex 
with several of the other sex at different times, may also 
occur. Promiscuity, or the mating of each female with 
several males and each male with several females, tends 
in supermasculine animals to resemble serial polygamy. 
Monogamy, or the mating of each male with one female, 
tends to occur mainly in animals with little difference 
between the sexes.

Having many mates does not necessarily mean that an 
animal is more social than if it has only one mate. In most 
cases, the polygamous male spends much time driving 
away other males and little time courting his females. His 
females spend little time with him, because they are busy 
raising many young—with little care for each. Among Af­
rican weaver birds (Ploceus), monogamous species of the 
forest have smaller clutches than do polygamous ones of 
the savanna.

The whole system of lordly males, ladylike females, po­
lygamy or serial polygamy, and multiple young tends to 
occur mainly in animals with restricted and undependable 
sources of food and other necessities. One investigator 
found that males of the long-billed marsh wren (Cistotho- 
rus palustris) in Washington, where their marshes varied 
greatly in quality, had several mates; females went to 
males with good territories and left neighbouring males, 
with poor territories, mateless. Another investigator found 
that in Georgia, where the marshes were everywhere about 
equal in food supply and nesting cover, the long-billed 
marsh wrens were usually monogamous. The correlation 
suggested by many recent studies is this: sexual dimorph- 
ism and diethism (behavioral differences) arise in animals 
in which environmental opportunities are restricted due 
to undependability or local distribution.

NONFAMILIAL SOCIAL BONDS
Social behaviour also occurs among animals that are not 
necessarily related by parental or sexual bonds. A “flock” 
or “band” of animals may be formed of only one family 
in some cases, but often several families or individuals 
join together.

Spacing. As previously noted, social organization with­
in a species may be shown not only by the presence of 
dumping or positive movement of individuals but also 
by even spacing resulting from negative movements away
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from each other. Sociality is shown more by the presence 
of a definite spacing than by nearness.
There is little evidence for social spacing in protozoans 

and simpler beings, such as viruses and bacteria. Most 
recorded groups of unicellular or lower animals are prob­
ably parental or sexual groups. There seem to be few so­
cial interactions among microorganisms, but this apparent 
dearth of social behaviour may be an artifact introduced 
by the disturbance of observation.

Most colonies of sponges and coelenterates seem to be 
parental colonies or aggregations in favourable sites rather 
than nonfamilial societies. There is little information on 
nonfamilial social organization among colonial-2 animals, 
even among those that can move, such as the colonies of 
Portuguese man-of-wars or the planktonic rotifer or sea- 
squirt colonies. Most worms and their relatives are not 
known to react to each other or to form social structures 
of the “flock” type. Little is known about mollusk orga­
nization; but the simple fact that mollusks do not pile 
up on top of each other suggests that they are capable of 
negative social reactions.

Barnacle larvae prefer to attach next to another member 
of their own species or on a place where one of their 
species has just been removed. They avoid settling on 
top of another member of their own species, even though 
they readily settle on a member of another species. They 
react in part to Chemicals that are specific to their species. 
Barnacles, then, aggregate in colonies but within a colony 
space themselves out. If the multicellular animal is a 
colony-1, the coral colony a colony-2, and the bee society 
a colony-3, the barnacle society may be called a colony-4. 
Colonies-4, in which the interactions take place between 
unrelated, unmated, and unattached individuals, are regu­
lär in arthropods. In many cases the existence or nature of 
a colony-4 is not obvious or is problematical. Bees form 
colonies-3 and perhaps also colonies-4, for colonies of 
bees space themselves out in the environment and avoid 
establishing themselves too close to other active colonies; 
but there is no evidence that bee colonies avoid getting 
too far apart, although if they did then mating between 
bees from different colonies would become difficult.

Colonies-4 are known among other arthropods. Tube- 
dwelling amphipods form colonies but chase each other 
and avoid getting too close. They show the phenomenon 
of “personal space,” or “individual distance,” as surely as 
do swallows sitting on a wire, among whom a new arrival 
settling will sometimes cause shifting outward by individ­
uals on both sides. Individual distance or personal space is 
a fairly sharply defined space around each individual that 
can be penetrated by another individual without hostility 
only after certain overtures.

The amphipod colonies also show the phenomenon of 
territoriality. Territoriality differs from personal space in 
that a territory is centered on some object outside the body 
of the animal itself. The male bitterling (Rhodeus seri- 
ceus), a European fish that lays its eggs inside a freshwater 
clam, will chase male intruders away from his clam even if 
the clam gets up and moves several feet. The male house 
finch (Carpodacus mexicanus) of North America chases 
other males away from his female, wherever she moves. 
More often, however, the external reference for territory is 
a fixed plot of ground, a nest hole, or some immovable set 
of objects. The animal may chase out intruders or tolerate 
them in the territory, but in his territory he is in charge. 
Work with bicoloured antbirds in Panamanian forests 
suggests that a territory may be defined as “an external 
referent in which one animal or group dominates others 
that become dominant elsewhere.” A pair of bicoloured 
antbirds permits others on its territory, but as soon as 
the pair crosses a boundary line into another territory, it 
becomes subordinate to the pair of that territory.

Territoriality is known to exist among insects such as 
dragonflies and ants, some fish, a few frogs, some liz­
ards, most birds, and many mammals. It probably exists, 
at least in Chemical forms, in tube worms of a muddy 
beach or rocky shore, and perhaps even among seden­
tary protozoans.

Swarming. Personal space and territoriality are definite 
negative signs of coloniality-4, but there are also posi­

tive signs. Mutual repulsion is only part of sociality, for 
mutual attraction must also exist. Mutual attraction is 
found in many arthropods above the barnacles. Some of 
the best studied examples are the mating swarms of ants, 
flies, midges, and, especially, fireflies. Another example of 
mutual attraction is the migratory horde, of which the 
African migratory locust (Schistocerca migratoria) is the 
best studied example.

The synchronized communal displays of the fireflies of 
Thailand are among the most impressive exhibitions of the 
insect world. The gatherings of thousands of males on the 
mangroves of the Coastal swamps have been described as a 
city of pulsating glitter, every male anticipating the flicker 
of his neighbours and flashing in unison with them. Com­
munal mating displays of this type are common in birds 
such as manakins, sage grouse, ruffs, and birds of paradise, 
and are called lek displays. Presumably, the communal 
display enables females to find the males more easily. Sel­
dom do bird leks approach the numbers or synchrony of 
a firefly lek in Thailand, but several male manakins some­
times cooperate in a synchronized cartwheel dance. It is 
difficult to explain why males competing with each other 
for mates should help one another, but the phenomenon 
has been well documented.
The legendary colonies-4 of the migratory locusts are far 

larger and more impressive than the migratory colonies-3 
of the army and driver ants. When food is abundant, the 
locusts disperse widely and grow up in what is called the 
“solitaria” phase. As the locusts crowd and encounter each 
other, they begin to change colour and enter the “gregaria” 
phase, in which they look so different that they were once 
considered a separate species. The “gregaria” locusts be- 
have differently too, for they are excitable and social. They 
begin to march over the ground as food supplies diminish. 
Finally they take wing in huge hordes and fly downwind 
to a low-pressure area where rains have recently fallen. 
Here they descend on crops and other Vegetation, eating it 
to the ground before flying to the next low-pressure area. 
The extinct migratory hordes of passenger pigeons were 
apparently similar in their effects on Vegetation.

Many other examples of flocks occur in higher animals, 
especially insects and vertebrates. Most show little internal 
structure. The migratory hordes of armyworms that devas- 
tated midwestern corn fields in the United States before 
the days of synthetic insecticides, the swarms of male and 
female palolo worms in the ocean, the feeding swarms 
of sharks, and the dense schools of herring are all exam­
ples of flocks with little internal structure. The Austrian 
ethologist Konrad Lorenz calls them “anonymous flocks,” 
because it matters little if individuals change places and 
bonds are seldom individualized. When the fish school 
turns, it is like an army platoon turning to the flank, for 
the former side fishes are now the leaders.

The mating choruses at frog ponds provide an example 
of an auditory lek. Some salamanders congregate to breed, 
generally by sight and by odour, in running streams. 
Snakes form winter dens in which there may be hundreds 
of individuals rolled up in balls.

Among birds, pigeons (Columbidae), starlings (Sturni- 
dae), and various blackbirds (Icteridae) form dense flocks 
that wheel about in the sky or mill along the ground during 
foraging, the rearmost flying ahead to become briefly the 
leaders. Shorebirds and gulls gather on mud flats or else­
where to feed. Such birds as the brown creepers (Certhia 
familiaris) reduce the winter cold by dumping together at 
night. Flocks of geese are made of many families of geese. 
Many birds gather into huge roosts, containing thousands 
or even millions of individuals in the case of the red- 
winged blackbirds (Agelaius phoeniceus) of North Amer­
ica. Tricoloured blackbirds (A. tricolor) of California are 
even more colonial than redwing blackbirds when nesting 
and by sheer force of numbers push into colonies of the 
more dominant redwings and displace them. The nesting 
colonies of queleas (Quelea quelea) in Africa contain mil­
lions of nests. There are many such colonies of birds, such 
as the phenomenal colonies of seabirds that are found on 
islands throughout the world.

Mammals often form herds or packs. Many herds are 
more structured than bird societies, simply because many
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mammal groups are combined families plus males. Huge 
migratory herds of wildebeest and zebra wander the Af­
rican plains. Each herd of zebra includes many familial 
harems that are held together by individual males. The 
herd of Scottish red deer is a matriarchal group led by 
an old female and composed of her extended family plus 
other extended families like hers.

Hunting mammals often have even more structured 
groups. A male and female wolf (Canis lupus) and their 
offspring form a hunting pack that may fuse with another 
pack or split apart. African hunting dogs (Lycaon picta)

George Porter—The National Audubon Society Collection/Photo Researchers

Figure 37: A herd of American bison (B is o n  b is o n ) .

and hyenas (Hyaena and Crocuta) form similarly flexible 
hunting packs, which are said to be even more effective 
than lion groups at running down prey.

Primate troops are often as complex as societies of hunt­
ing mammals or more so. Superimposed on their parental 
and sexual bonds is a group organization based on the 
occupation of a given area. The troop may also accept 
animals from outside. The society of baboons (Figure 36), 
as studied on the plains of Kenya, is very highly organized. 
Around the edge of the troop as it moves are the subadult 
males, watching carefully for predators and snatching bites 
of food when they can. Inside, the playful groups of ju­
veniles stay close to the central hierarchy, a cooperating 
group of two or three big males that keep the subadult 
males at the periphery. The males of the central hierarchy 
are replaced, as they get old and toothless, by brash young 
males moving in from the periphery. With the central 
hierarchy march the females and their infants, protected 
both by the big males and by the peripheral younger males. 
The society is integrated by mutual grooming sessions, in 
which the big males get most of the grooming, and by 
domination by the big males.

INTERSPECIFIC ASSOCIATIONS
Individual animal interactions. Associations of animals 

often include more than one species. These groups may 
be called colonies-5 or colonies-0, since there is recent 
evidence that the nucleus and other parts of the cell were 
originally symbiotic viruses and bacteria. The most inti- 
mate form of interspecific association is that known as 
symbiosis, or mutualism, in which dissimilar organisms 
live together (see biosphere: Biotic interactions).

Multicellular animals often live on or beside other an­
imals. Small fish live in the tentacles of some jellyfish, 
sea anemones, and even the Portuguese man-of-war, yet 
are able to evade or inactivate the stinging cells. Some 
hydroids and worms live on tubes of other worms or on 
the Shells of other invertebrates. The tubes of worms and 
shrimp often harbour other worms or fish. At times, the 
animal will live only on one kind of shell and is found 
nowhere eise. Paleontologists have found some evolution­
ary sequences in which such an animal first lived on rocks 
and Shells of a wide variety of types, then developed larger 
forms that lived on one type of animal and probably got 
food from it.

Complex associations. Slave making is a kind of social 
relation that verges on parasitism. Certain kinds of ants 
raid colonies of other kinds o f ants, carry off their young, 
and raise them as slaves. The slaves are perfectly socialized 
members of the colony and probably do not even realize 
that their social behaviour is misdirected. They exchange 
food and drugs with their captors as willingly as they 
would have with their own species, had they been reared 
by their own workers.

One of the most complex associations is that of animals Associa- 
around army and driver ants. In the huge colonies of army tions in ant 
ants live dozens o f other kinds of insects, millipedes, and colonies 
mites. Some help clean debris below the nests; some have 
Chemicals that allow them to fool the ant security guards 
and enter the colony. Mites, beetles, and others ride on 
the ants or march in their columns. Some may help the 
ants by cleaning them or by giving them Chemicals they 
crave. Others are like wolves in the fold, eating the food 
of the ants or even their larvae. The swarms of ants are 
also waited upon by many kinds of flies and birds. The 
flies lay eggs on insects and spiders fleeing from the ants.
The birds capture animals flushed by the ants. In the trop- 
ics o f the Western Hemisphere, nearly 50 kinds of birds 
follow the army ants persistently and would probably die 
without them.

Some of these associations may not be social in any 
accepted sense of the word. Humans are not social with 
rats and fleas merely because they live with them. Some 
interspecific associations, however, are definitely social.
These include the mixed flocks of antelope, zebra, and 
wildebeest on the African plains, for example, and mixed 
flocks of birds throughout the world.

One can travel for hours across the African plains or 
through a tropical forest scarcely seeing an animal and 
suddenly be surrounded by a herd or flock of many kinds 
of animals. Usually each animal eats a different kind or 
type of grass or fruit or insect, although sometimes there 
is overlap in the foods taken or ways of feeding. The 
flock moves along together, not spending much time at 
each concentrated food source. Often it includes parental 
groups (colonies-2 in the case of mothers carrying young, 
or colonies-3 after the young separate).

The fact that forest flocks are usually of several species 
rather than one probably reflects the fact that forests have 
more species of animals, and hence each species has less of 
a food supply and must not allow competitors of its own 
species about it, even its own offspring. In less complex 
habitats, there are usually very few species, and the ani­
mals can tolerate their own young even though these are 
competitors. They may even use their young—to detect 
predators (in the case of baboons) or to build a “city” (in 
the case of bees and ants).

When a forest is destroyed and begins to grow back, Eco- 
the first animals that come in tend to be kinds that are systems 
solitary and very antagonistic or uncommunicative. Later, 
flocking animals become more common, although they 
still resist groups of outsiders. Finally, as the mature forest 
re-establishes itself, one finds mostly paired animals that 
do not keep their young with them. These paired ani­
mals tend to associate with pairs of other species to form 
mixed flocks. Eventually, every animal links itself with 
every other in the system, forming what ecologists call 
a complex “food web,” “ecosystem,” or “web of life.” It 
is gradually being recognized that such a web is socially 
cooperative as well as socially competitive. The ecosys­
tem eventually approaches a stage of “colony-6,” or what 
the French biologist and philosopher Teilhard de Chardin 
called the noosphere.

Dynamics of social behaviour
COSTS AND GAINS
Social behaviour among humans is often regarded as an 
end in itself, the expression of a basic drive that has no 
necessary purpose. Biologists doubt that any animal has 
social tendencies without some adaptive advantage.

The costs. Social behaviour and communication not 
only take an animafs substance and energy; they impede 
feeding, drinking, and other inputs necessary for life. The
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first cells that associated with other cells to form multi­
cellular filaments lost the ability to absorb on the side by 
which they were attached. Perhaps the reason most multi­
cellular filaments occur among animals that are attached 
to the ground or to some other surface is that such animals 
lose less proportionately than members of free-floating ag­
gregations; attachment on one side to the ground already 
limits their input. Locomotion is impaired if animals must 
stay together. The single-celled ciliates could not readily 
have evolved into higher organisms, because dividing them 
into many joined cells would have slowed down these fast- 
moving predators. A speedy golden plover trying to stay 
with other shorebirds in a mixed flying group near shore 
constantly turns back to keep with them; it is impeded by 
its social tendency.

Social behaviour also attracts enemies. Groups of ani­
mals have epidemics, while solitary animals seldom do. 
Many disease-carrying parasites spread much more easily 
at times when animals are together. Some rabbit fleas are 
even adapted to the hormonal cycles of the rabbits, so 
that they reproduce at the times of year the rabbits are 
reproducing and hence are social.

Predators, like parasites, often have an easier time if 
animals are crowded together; the animals are often busy 
reacting to each other and the predator can sneak up 
without being observed. Their communicatory systems 
may even attract predators. Tuna prey specifically on fish 
in schools; a small hawk in tropical America (Accipiter 
superciliosus) mainly on mixed bird flocks.

Social behaviour increases the number of interactions be- 
Conflict tween animals and thus the chances of conflict. The con- 
and its flicts may be solved by fighting, by patterns of dominance
avoidance and Submission (peck orders), or by mutual avoidance.

Mutual fighting and mutual avoidance have the same 
result—a partitioning of resources for which the animals 
are competing.

The gains. Against these disadvantages of being social, 
it is possible to set a number of clear advantages. They fall 
into six broad categories, corresponding to the six possible 
kinds of animal behaviour. By social behaviour animals 
gain: (1) food and other resources, (2) reproductive advan­
tages, and (3) shelter and space. They are enabled to avoid 
(4) physical and other small hazards, (5) competitors, and
(6) predators or other large dangers. The first and third of 
these gains are reactions to desirable things of small (1) 
and medium to large size (3) respectively; the fourth and 
sixth are reactions to undesirable things of these sizes.

Food. The value of being social in getting food is ob­
vious in the case of hunting bands. Cooperative hunting 
has been found among wolves and African hunting dogs, 
hyenas, lions, killer whales, porpoises, cormorants, white 

Coopera- pelicans, pairs of eagles and of ravens, tuna when chasing
tive small fish, army ants, primitive and modern men, and
hunting many other animals. Animals that hunt cooperatively can 

trap, chase, and tear apart prey that would otherwise be 
too fast, strong, or large for them. In African hunting dogs 
the chase is run by the leader of the pack, but the rest 
keep the antelope or other prey from dodging left or right 
and also help fall on it when the leader catches it. Flocks 
of wattled starlings (Creatophora cinerea) fly after African 
migratory locusts and surround one group after another, 
eating every trapped locust from each group. In army ants, 
the individuals are bound to each other by Chemical “trail 
substances” so that no individual gets far from the group; 
when one finds prey, it grabs it and emits an “alarm” 
Chemical that causes nearby ants to grab, bite, and sting so 
that the prey is overwhelmed within seconds. They then 
tear the prey, usually insects or other arthropods, limb 
from limb and carry it back to the nest.

Interspecific groups of birds are sometimes food-getting 
societies. Drongos (Dicrurus species) of Africa flush much 
food, and other birds follow them to get it. Honey-guides 
(Indicator species) of Africa lead honey badgers or men 
to bee nests and eat wax after the mammals break open 
the nests for honey. Hawks have been known to follow 
railroad trains for the same reason, and hornbills and 
hawks follow monkeys. The birds, lizards, flies, and other 
animals that associate with army ants offer other examples 
of interspecific food-providing associations. One animal

may steal food from another, as American widgeons (Anas 
americana) steal grass from redheads (Aythya americana).

In addition to hunting and flushing food cooperatively, 
animals sometimes lead others to food or teach them to use 
it. Parents, especially among mammals, often teach their 
young to hunt or lead them to food. Animals that must 
migrate or depend upon seasonally available resources of­
ten depend on others to show them what foods are good 
and where. Vultures and jackals flock to carcasses on the 
African plains. American robins (Turdus migratorius) in 
California have been observed learning to use certain ber­
ries after flocks of cedar waxwings (Bombycilla cedrorum) 
came through and started eating the berries. Tests with a 
tape recorder show that the recorded calls of some birds 
that follow army ants will attract unrelated kinds of birds 
that also follow ants. In the laboratory, some animals 
learn to push a lever for food by watching others get food 
that way and learn to avoid distasteful foods by watching 
others cough it up. In studies of Japanese monkeys (Ma- 
caca fuscata), the habit of washing potatoes before eating 
spread from the younger to older monkeys of a troupe.
In Britain, a few titmice learned to open milk bottles and 
drink cream; the habit spread much too rapidly to be a 
genetic change. (Coverage of learned behaviour is found
in LEARNING, ANIMAL.)
Reproduction. The reproductive advantages of social Mating 

behaviour have mostly been discussed earlier. It was noted behaviour 
that sex is a way of combining desirable genes from dif­
ferent lines, genes that otherwise might slowly or never 
get together. In many lines of animals, parental behaviour 
is clearly useful in protecting or teaching the young. This 
normally requires the adult to have fewer young. The 
careful parent loses in time and energy and number of 
offspring but comes to prevail in evolution if it has more 
descendants than does a careless parent that lets its young 
die. The careless parent prevails if it can get more young 
out by caring for each one less; some parasites are careless 
parents because each of the young needs little care and 
a large number must be produced to get to an extremely 
distant host.

Shelter. Social behaviour is often used in habitat selec­
tion and shelter selection, even to the extent of making 
it possible for the animal to improve the environment 
it finds. Male birds that later will fight with each other 
over territorial boundaries gather first at areas where they 
hear another bird singing, rather than hunting for a more 
isolated (and probably unsuitable) place. Certain beetles 
that attack pines put out a scent that attracts other beetles; 
only as a result of concerted attack by all beetles can the 
protective pitch of the tree be reduced so that all may 
enter. Movement to a flock is a good way to find a patch 
of habitat or a shelter. It has been suggested that flock- 
ing increases the accuracy of migration, since the average 
direction taken by a flock is more correct than the indi­
vidual directions taken by individual birds. Small flocks of 
European starlings returning to a California roost were less 
accurate in their direction than large flocks. Cooperative 
building of structures is well known in humans, prairie 
dogs, rats (whose tunnel systems rival the catacombs in 
complexity), beavers, certain weaver finches, wasps, bees, 
termites, and many others; symbiotic use of structures 
occurs in many animals.

Hazards. Social behaviour can also help animals avoid 
small hazards. This includes avoiding heat or cold and wet 
or dry situations as well as preening or grooming to keep 
off dirt, parasites, and other small environmental hazards.
A goose cleaving the air for its companions at the front 
of a V-shaped flock, a parent bird brooding its young or 
sheltering it from the Sun, a group of creepers roosting 
together to help each other survive the cold winter night, 
and a group of baboons grooming each other to pick off 
ticks furnish other examples.

Competitors. Dangers from competition are avoided by 
agonistic behaviour. The five basic types of agonistic be- Agonistic 
haviour are aggressive display (threat), submissive display behaviour 
(appeasement), attack, avoidance, and fighting.
Social aggressive display is not common. Males of a 

troupe of howler monkeys all yell at a neighbouring troupe 
to make them keep their distance. Baboon males in the
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“central hierarchy” cooperate to keep aggressive young 
males from winning, backing each other up with threats. 
Social attack occurs in some birds and mammals that 
keep group territories and may lead to fighting if the other 
group attacks or threatens.

Highly social submissive display and escape also are not 
common. A baboon troupe may retreat as another moves 
in at a water hole. But even when a single animal retreats 
from a competitor it is a social act. Territoriality is cer- 
tainly a System in which an animal defends its right to be 
dominant in part o f its home range. The basic feature of 
territoriality, however, is not aggression in a certain area 
but Submission outside that area. The common idea that 
strong animals survive and the weak do not is true only 
in the short run, for in a few generations all reproducing 
animals are equally strong. Strong animals will begin to 
lose if they keep on chasing others. An animal that keeps 
too large a territory will spend more time chasing away 
intruders than it will in eating or reproducing, unless it 
can get others to help it. Bees get help by drugging the 
nonreproductive members of their colony. Most animals 
limit themselves so that the territory of the most dominant 
animal or group of animals never exceeds about twice the 
size of the least dominant animal or group of animals of 
that species. Most often the young animal has a small 
territory but defends a larger one as he gains experience, 
then gradually loses it as he reaches old age.

Predators. The final reason for social behaviour, and 
one of the most important, is to avoid predators or other 
large dangers. Just as animals can sometimes overcome 
large prey by grouping to attack it, so they can sometimes 
overcome large predators by grouping to defend against 
them. Cooperative and spirited attacks upon predators 
occur in most animals that protect their young and are a 
regulär phenomenon in gull and tern colonies, in baboon 
troupes, in bees and wasps, and many others. “Mobbing” 
is a similar phenomenon in which the attack is not carried 
all the way to the predator but so harasses it that it départs 
or at least is prevented from getting its prey. The massed 
effect of many mobbing birds is more intimidating to a 
predator than is mobbing by one or two birds.
Grouping also helps against predators because a predator 

is distracted by the “confusion effect” of so many shapes, 
sounds, or smells. Human hunters know that one cannot 
shoot a duck out of a flock by aiming at the flock; the shot 
is more likely to pass between the birds than if the hunter 
aims at one of them. Similarly, hawks have been seen 
to drive through a flock and miss every bird. Successful 
predators either dive to break up a flock and then grab a 
separate animal or pick off an outlying one at the start. 
Butterflies on tropical trails also swirl up in a confusion 
effect from a mud puddle. The phenomenon is caused by 
the difficulty the eye or other sense organ has in analyzing 
or following very complex motions that cross each other.

Another advantage of the group or flock is that many 
eyes can see a predator more quickly than can one pair 
of eyes. Ornithologists have found that social birds are 
nervous outside of a flock and must spend too much time 
watching to be able to forage effectively. Certain species 
that forage by peering in dense Vegetation are especially 
in danger and must associate with other species that look 
about more actively in open foliage. The peering species 
often are good at yelling and perhaps help the other birds 
by scaring or disturbing predators. This suggests that a 
social organization may have many reasons for being.

DEVELOPMENT FACTORS
As noted above, behaviour changes somewhat in the 
course of evolution. Biologists commonly call the genetic 
determinants of behaviour in a line of organisms in­
stinct. Every behaviour pattern, however, can be changed 
somewhat by the individual animal in the course of its 
experience. The old view that instinct and learning are 
two different types of behaviour is seldom accepted today, 
even though some kinds of behaviour certainly have little 
learning superimposed.
The real question is how social behaviour develops. It is 

possible to breed animals for aggressiveness or nonaggres- 
siveness, and by further crosses to study the inheritance of

behaviour. Mouse strains that show different degrees of ag­
gressiveness are easy to develop. Biochemical imbalances 
also affect behaviour: in many animals an oversupply of 
male hormones causes aggressive and antisocial behaviour. 
Pituitary hormones, especially luteinizing hormone, have 
the same effect in other animals, such as starlings.

Stimulation of the brain or removal of part of it gives 
evidence o f a structural basis for behaviour; Stimulation 
of the hypothalamus produces many social behaviour pat­
tems, such as sexual activity and aggression. There are 
even “pleasure centres” that the animal will stimulate on 
its own, if given a bar to press that sends a shock to its 
head. Sexual centres are one of the “pleasure centres” that 
rats are fond of stimulating.

Another approach is to isolate the animal and see if  it 
still develops a particular behaviour. Young pigeons reared 
in cardboard tubes will fly soon after release, showing that 
practice is not necessary. Some young songbirds reared in 
isolation develop normal songs, and many develop normal 
calls. Many songbirds must listen to songs of their own 
species at a particular age, however, to learn them.

An animal may develop social behaviour while still in 
the egg or mother. Baby ducklings peep to the calling 
mother from the egg. An animal may develop social be­
haviour soon after it emerges or at some critical period 
later. A young duckling follows the first object it sees, be 
it a duck or a duckling or the hand of the experimenten 
Young birds, ants, and some mammals “imprint” on the 
first object they see to such an extent that they may court 
it or show agonistic behaviour to it later. A mother goat 
given a lamb in exchange for her kid soon after birth will 
adopt the lamb and drive away her own kid when it is 
returned to her.

Later learning also influences social behaviour. Mice that 
experience defeat learn to run rather than fight; the op­
posite holds for mice that win. Most animals, however, 
start at the bottom of a peck order and take defeats in 
stride, later becoming the dominant animals if they man­
age to survive. It has been found that association with 
other young monkeys helps a monkey to behave properly 
in sexual activity later, although many learn to copulate 
properly without this opportunity.

THE EVOLUTION OF SOCIALITY
The fact that bees and ants form complex societies, more 
complex in some ways than those o f apes, shows that so­
cial behaviour occurs in small animals as well as in large 
ones, in animals with small brains or large ones, and in 
both major lines of evolution. If bacteria can be rather 
social and humans rather solitary, there is no reason to 
suppose sociality is more advanced in evolution than is 
solitary life.

Social behaviour is instead an adaptation to certain en­
vironmental opportunities. The evolution of sociality can 
be glimpsed in the line that leads from the earwig through 
wood-eating cockroaches to termites, or in the line from 
solitary bees to social ones. Communication systems also 
evolve, as may be seen in the line leading from dully 
coloured monogamous crows to brightly coloured birds 
of paradise and plain bowerbirds in New Guinea. In this 
system, the male bird of paradise is brightly coloured to 
attract the crowlike female. The bright male also attracts 
predators. The bowerbirds have lost the bright plumage; 
instead they make elaborate maypoles or bowers decorated 
with flowers to attract females. One bowerbird even paints 
the walls of his bower, using a mashed berry or a straw 
stained in berry juice. These bowerbirds have become safe- 
ly coloured, for they have replaced bright plumage with 
bright objects.

The ecological maturity and regularity of a habitat seem 
to determine to some extent how social its inhabitants 
will be. Among African weaver finches, the forest-living 
ones are solitary and monogamous; birds of savannas and 
marshes flock and nest polygamously; and those of very 
dry habitats tend to be relatively solitary. The same phe­
nomenon has been noted for cats; leopards of the forest 
and cheetahs of very open country tend to be less social 
than lions of open savanna areas. Antelope, deer, mon­
keys, and apes show similar differences. The general rule

Social 
behaviour 
as an
adaptation
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is that, as an environment grows up from the level of bare 
ground to that of savanna and finally forest, the solitary 
animals are replaced by social ones and then by solitary 
ones again. In the forest, however, one-species societies 
decline in importance and societies of several species form. 
The same things happen as a marine community goes 
from bare rock to the complexity o f a coral reef.

Societies o f the same species, therefore, seem adapted for 
intermediate habitats that are in transition between bare 
ground and forest. It may be that the reason for this is 
that most intermediate habitats are unstable, likely to be 
limited in space or time. (E.O.W./Ed.)
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The Development of Human Behaviour

Humanists and scientists alike have long speculated 
about the relative importance of endowment and 
experience, or of “nature” and “nurture,” in the 

development of human behaviour. During the 19th Cen­
tury, developmental psychology emerged as a discipline 
devoted to the systematic investigation of these factors. 
The term “behaviour” may be understood to embrace 
both the expressed and potential capacity for activity in 
the physical, mental, and social spheres of life. The “devel­
opment of human behaviour,” in turn, encompasses three 
interrelated phenomena: the genesis, or origins, of be­
haviour; continuity, or constancy, of behaviour over time; 
and discontinuity, or change, in behaviour. The concerns 
of those who study the development of human behaviour 
comprise, first, the description of human capacities and 
activities over the entire life cycle; second, the compari- 
son of human capacities and activities at different points 
in the life span, across different cultural and ecological 
contexts, and often among different species; and, third, 
the explanation of the interaction of the endogenous (in- 
temally arising) and exogenous (externally arising) forces 
that guide and influence the development of human ca­

pacities and activities. The breadth of this inquiry places 
scientists who study the development of human behaviour 
in a position to provide information about the natural 
history of behaviour, the growth o f individual behaviour, 
the functions of behaviour, and the causes of behaviour—  
in short, what develops and when, how, and why. As 
a consequence, some scientists believe that all biological 
and social inquiry is circumscribed by the study of the 
development of human behaviour.

The present article treats both the study and the phe­
nomena of the development of human behaviour. Because 
of the intimate relation between physical and behavioral 
aspects of human development, a brief discussion of phys­
ical changes is offered for each developmental stage. For 
further treatment of biological development, see growth 
and development, biological. For further treatment of 
particular facets of behavioral development, see emotion
AND MOTIVATION, HUMAN', LEARNING AND COGNITION,
human; perception, human; Personality; sex and
SEXUALITY.
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Theory and practice in research
THEQRIES OF DEVELOPMENT
The concept of development is complex and is defined by 
several characteristics, or principles. One is that develop­
ment must have an orderly, cumulative, and progressive 
character. Continuity and discontinuity in life reflect sys­
tematic, successive adaptation in organization over time. 
A second principle is that development is not a straight- 
forward empirical concept; if it were, the direct inspection 
of data would indicate to any observer whether or not de­
velopment had taken place. Scientists often disagree about 
development because the concept is actually a postulation. 
In fact, whether or not development has occurred in any 
given instance is generally determined by whether the fea­
tures of the data fit an implicit or explicit concept of what 
development entails.

Debates about the character of development arise be­
cause different scientists recognize different criteria and, in 
tum, because they are committed to different philosoph- 
ical beliefs regarding fundamental aspects of the nature 
of human life. As a consequence, in discussing orienta­
tion, theory, and data about the development of human 
behaviour, it is necessary to consider the different philo- 
sophical perspectives, or metatheories, that stand behind 
scientific thinking.

A metatheory is a theory about a theory; that is, a philo- 
sophical view about what constitutes a good and useful 
theory. Issues of metatheory arise in debates about what 
sorts of ideas ought to be included in a useful theory of 
behavioral development. For instance, should the theory 
stress ideas about genetic inheritance or about environ­

mental influence, or should it stress the intimate relation 
between the two? Scientists differ on this question be­
cause adhering to different metatheories means espousing 
different views of the nature of life. In spite of the mul- 
titude of differences, though, the study o f human behav­
ioral development shows the influences of three distinct 
metatheories.

Some scientists advocate the view that human beings do 
not differ qualitatively from other natural phenomena and 
that human beings are therefore controlled by the same 
forces that control nature. Since all natural phenomena are 
composed of the same units {i.e., atoms and molecules), 
the mechanical laws of chemistry and physics that explain 
the actions of these basic units provide information about 
how human beings act as well. The basic model of this 
mechanistic metatheory is the machine, in which complex 
phenomena are ultimately reducible to the workings of el- 
ementary parts and their relations. Movement of the parts 
is initiated by an application of forces outside the unit and 
results in a chainlike sequence of events. Applied to the 
study of human development, the mechanistic model Pos­
tulates human beings who are essentially passive and only 
reactive to outside forces. The individual is at rest until 
activity is caused by external forces (stimuli) that bring 
about change (responses). Complex human activities, such 
as the mental act of problem solving or even the feeling 
of emotions, can be measured quantitatively (at least in 
theory) as the action of a multitude of stimulus-response 
Connections.

A contrasting organismic metatheory holds that mecha­
nism is inapplicable to the study of human beings because 
atoms and molecules within humans fuse to create char-
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acteristics that do not exist in isolated parts. A proper 
knowledge of human beings is lost if parts or elements are 
studied by themselves; hence, human development must 
be apprehended in a holistic rather than mechanistic man­
ner. This organismic view applied to the study of human 
development yields an active model in which individuals 
are constantly active and in which qualitative change is 
evident in the individual’s action on the environment.

A third metatheory postulates that human development 
arises from continuous interaction among different levels 
of organization, including inner physical and biological 
phenomena as well as cultural and historical events. The 
interaction of phenomena at all these levels contributes to 
human development. In this eontextual view, all levels sub­
ject to analysis are reciprocally related and are constantly 
changing. For example, biological changes in the person 
influence psychological functioning, just as social mores 
influence psychological and biological characteristics.

The metatheories outlined above exert telling influences 
on how scientists address basic questions about behavioral 
development. They also drive deep divisions between sci­
entists over several key issues in the character and sources 

Two salient of development. The purpose of specific developmental 
issues: theories is to comprehensively explain the origins of and
origins and the constancy or change in human behaviour. Three 
constancy broad perspectives have been articulated in response to 
or change these two salient issues. Each perspective is based on one 

of the metatheories outlined above, and each succeeds 
to a degree in explaining development, although no sin­
gle perspective accounts satisfactorily for the development 
of human behaviour. (Reciprocally, development could 
never be understood by assessing any individual cause- 
effect relation.)
Two of these major perspectives were initiated in the 

17th and 18th centuries out of epistemological debate, that 
is, debate regarding the origins and growth of knowledge. 
Nativists, notably René Descartes and Immanuel Kant, 
argued that human beings are created in the image of God 
and are born with a good nature and worldly knowledge. 
Empiricists, notably George Berkeley and John Locke, ar­
gued that human nature and knowledge are not innate but 
develop out of experience. Thus, one school contended 
that behaviour emerges, maintains itself, or changes be­
cause of endogenous forces, or forces arising from within 
the individual; such a view implies an organismic model 
of the world, according to which individuals are seen as 
dynamic and change is seen as qualitative. The second 
school contended that behaviour emerges, maintains itself, 
or changes because of exogenous forces, or those arising 
from outside the individual; in the mechanistic worldview 
implied here, all change merely comprises sequences of 
cause-effect reactions. A third school argues that devel­
opment takes place through the interaction over time of 
endogenous and exogenous influences.

The endogenous view. An organismic view (in modern 
terms identified with genes, heredity, and the processes of 
maturation) locates the impetus for developmental genesis, 
constancy, and change within the individual. Development 
is seen to reflect an unfolding biological program regarded 
as largely fixed and universal. Among the features of be­
havioral development, proponents of this view distinguish 
species-typical tendencies, those that all human beings 
share by virtue o f being human—such as the propensity 
to cry when distressed or to attend to novelty—from her­
itable tendencies, those that individuals possess by virtue 
of their particular genetic endowment—such as activity 
level or the disposition to distractibility. Of course, these 
two sets of tendencies articulate, or occur in systematic 
interrelation.

Two false beliefs are commonly held about endogenous 
influences in development. The first is that any behaviour 
with biological origins must be present at birth; to the 
contrary, behaviours associated with puberty emerge nat- 
urally more than a decade after birth. The second is that 
behaviours with biological origins are necessarily fixed. 
Rather, they can change by themselves or be influenced 
by experience; for example, the readiness to cry may vary 
naturally among babies, but the actual frequency of any 
baby’s crying can be influenced by the parents’ responses.

The study of endogenous factors in human behaviour 
falls within several fields of investigation. Behaviour genet- 
ics attempts to chart the influence o f genetic programming 
on the development of behaviour throughout the life cycle. 
In this field, for example, consanguinity studies (studies 
of blood relatives) bear out the common Observation that 
the more closely individuals are related the more similar 
they tend to be in certain physical and behavioral traits 
(e.g., height and shyness, respectively); heritability quan- 
tifies the relative contribution of genetics to behavioral 
expression. The disciplines of ethology (the study o f an­
imal behaviour) and sociobiology place the development 
of human behaviour in its larger evolutionary framework. 
These disciplines often argue that human behaviour and 
its development are best understood in the context o f their 
evolutionary history. For example, ethological compar- 
isons reveal the values of such factors as relative physical 
immaturity and social play for cognitive growth in the 
young of different species.

Endogenous forces would appear to account most easily 
for those aspects of development that are sequenced, or 
time bound, occurring at particular periods in the life 
cycle. The development of walking is a good example; the 
sequence of crawling, toddling, and walking and the ages 
at which these developments occur are consistent enough 
among individuals to suggest a genetic timetable for their 
unfolding. Exogenous forces, however, might also explain 
such behaviour: environments could uniformly pressure 
children to start to walk and to follow the same sequence 
and roughly the same schedule in doing so. It is not 
difficult, therefore, to attribute motive in development in- 
correctly, especially in cases where only the behaviour can 
be observed and where that behaviour unfolds over long 
periods of time.

The exogenous view. The direct alternative to the en­
dogenous view is a mechanistic one, which locates the 
forces for development in the individual’s environment 
(i.e., in experience and learning). Behavioral genesis, con­
stancy, and change, according to this view, reflect the 
Operation of a small set of simple, elegant, and power­
ful principles of learning and socialization, which include 
associative conditioning and Observation. Thus, for ex­
ample, spontaneous behaviours (e.g., babbling in infants) 
that elicit positive responses (e.g, parental smiles) tend to 
recur. Of course, development could not proceed were it 
govemed solely by such principles o f reinforcement; actual 
responses over time are never so consistently appropriate 
as the theory of learning requires, and development that 
depended on reward would be remarkably haphazard, 
slow, or limited. Imitation is a kind of omnibus learn­
ing that requires only observation, intemalization, and 
reproduction of what is experienced and so is extremely 
efficiënt and ubiquitous.

In the exogenous view, experience influences the devel­
opment of human behaviour in three basic ways. The 
most dramatic form of influence occurs when experience 
induces otherwise undeveloped behaviours to emerge. If 
behaviours are partially developed, experience may serve 
to facilitate their further development. Experience may 
also be necessary simply to maintain partially or even 
fully developed behaviours; in the absence of experience, 
emerging or mature behaviours may be lost.

Doubtless, truths are to be found in each of these extreme 
positions—the one attributing the development of human 
behaviour to nature, the other to nurture—and there exist 
examples of genesis, continuity, and discontinuity in be­
haviour that support each. But during the past Century of 
developmental study it has become clear that neither na­
ture nor nurture alone wholly accounts for development; 
environment provides individuals with stimuli and expe­
riences, and genetics contributes sensitivities, propensities, 
and capacities by which individuals avail themselves of 
those stimuli and experiences. Endogenous and exogenous 
factors together determine development, and both must 
be considered.

The interactionist view. Endogenous and exogenous 
factors combine to influence development according to 
three basic patterns: normative age-graded influences, nor­
mative history-graded influences, and nonnormative life-
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event influences. Normative age-graded influences consist 
of biological and environmental determinants of individ­
ual development that are tied to chronological age. They 
are normative to the extent that their timing, duration, 
and clustering are similar for most people. Examples 
include maturation events, such as growth spurts and 
changes in endocrine system function, as well as socializa- 
tion events, such as marriage and retirement. Normative 
history-graded influences consist of biological and envi­
ronmental determinants of individual development that 
are correlated with historical time. They are normative to 
the extent that they are experienced by most people living 
in the same era. Examples include historical events such 
as periods of economic depression and even the noticeable 
change in modern times in the age at which puberty be­
gins. Sociocultural developments include changes in sex- 
role expectations and child-rearing practices. Both age- 
graded and history-graded influences vary with time. Non­
normative life-event influences are not directly indexed by 
time since they occur more or less at random. Examples 
include illness, divorce, and the death of a spouse. In short, 
the life span is filled with events that are common to all 
people (e.g., birth, puberty, and death), peculiar to certain 
groups of people (e.g., religiöus or social ceremonies), and 
specific to individuals (e.g., encountering a certain role 
model or having a particular illness). As a consequence, 
all human beings exhibit certain behavioral developments 
that are universal and others that are unique; moreover, 
each new generation develops in a world that shares some 
features with the world of its parents and some with the 
world of its children but also has features peculiar to its 
historical moment.

In essence, then, human beings develop as changing indi­
viduals in a changing world. They develop in response to 
events that occur at all times in life. At any one time, phe­
nomena affecting the life course are present at all levels of 
being—the inner-biological, the individual-psychological, 
the social, and the historical. Since events at each plane 
affect events at every other, the forces at each of these 
planes interact to influence human development. People 
may in turn influence the environments in which they 
live as much as environments influence them. A person 
is both a product of biological, psychological, sociological, 
and historical forces and a producer of those same forces. 
This concept of the nature of human development evokes 
the idea of a dynamic interaction among the many di- 
mensions of development across the life span.

Both specific and general theories of human development 
have been constructed around this notion of interaction. 
Three important specific theories are those of Jean Pia­
get, Sigmund Freud, and the developmental contextual- 
ists. Both Freud and Piaget posited universal, biologically 
driven stages of development that colour the individual’s 
changing knowledge and Interpretation of the environ­
ment. (See below Infant and child development.)

Piaget’s theory is concerned almost exclusively with the 
development of the mental life of the child. He supposed 
that at different points in the life cycle human beings 
interpret their encounters with the world in identifiably 
distinct ways and that at particular points, based on the 
interplay o f maturation and feedback from the exercise of 
particular strategies of understanding, they become dissat- 
isfied with immature and inaccurate interpretations and 
construct increasingly maturer and more accurate ones. 
In Piaget’s structuralist view, equilibration—the process 
of adjusting and perfecting the balance between mental 
understanding and function in the world—is the central 
engine of change. For Piaget an individual pursues and 
takes advantage of experiences to achieve higher levels of 
understanding. A young child, for example, may at first 
draw a chimney top parallel to the angled roof of the 
house rather than parallel to the ground. Such a feature 
does not reflect the child’s own experience but rather a 
naive assumption, which as a result of growing interactive 
experience is eventually modified to conform with reality.

Freud’s theory is concerned almost exclusively with social 
and emotional development. He supposed that develop­
ment consists of the resolution of confrontations between 
the evolving individual and the conflicting demands of the

social world. According to Freud, individuals are biologi­
cally endowed with needs that motivate their behaviours 
and are modified and transformed through their social 
experiences. Although for Freud the emergence of psy- 
chosexual stages is determined primarily by maturation, 
experiences during different periods in development for- 
ever colour the individual’s socio-emotional growth.

Developmental contextualists also argue that develop­
ment proceeds out of interactions between the individual 
and the world; in addition, they stress interactions within 
the person (for example, among cognitive, emotional, and 
motivational processes) and interactions among biological 
and physical-environmental processes. Thus, this theory is 
probabilistic (i.e., based on the assumption that certainty 
is impossible) with regard to what a person can know, as 
well as what can be known about that person—knowledge 
is always a function of a particular set of biological, psy­
chological, social, ecological, and historical conditions.

Prevailing opinion among behavioral scientists posits an 
even more intricate transaction between nature and nur­
ture, or endowment and environment. According to this 
view, individuals are born into the world with both cogni­
tive and social propensities that help to shape their expe­
riences, and in turn they are shaped by their experiences 
to the degree that the environment presents certain events 
and that the individuals themselves are plastic (responsive) 
to them. In other words, development is a transactional 
process in which the individual and the environment con­
tinuously affect each other through time. Attributes of the 
individual have meaning for development only by virtue 
of their interaction with a particular set of time-bound 
contextual conditions, and, reciprocally, development can 
only be understood by specifying relations of the con­
text to specific developmental features of the individual. 
This position has two significant corollaries. One is that 
individuals help to produce their own development by 
provoking significant others in their lives, by processing 
information and events in the world idiosyncratically, and 
by actively selecting or shaping the context within which 
they act or interact. A second is that events in one period 
of life help to shape and to texture what transpires or how 
what transpires is understood in other periods of life that 
come before as well as after.

The theoretical Orientations described above have impli- 
cations for key issues in the study of human development, 
for what develops, and when, how, and why. In the mech­
anistic view, development is the quantitative accretion of 
identical elements; in the case of behaviour, for instance, 
these elements are stimulus-response Connections. The 
number of such connections changes over time, and there 
is no a priori direction of change. Moreover, a stage in 
development merely summarizes the organization of such 
connections; there is nothing qualitatively distinct about 
the individual at one or another stage. In the organis­
mic tradition, however, qualitative status and change in 
both structure and function are emphasized, and change 
constitutes a specified movement toward a predetermined 
end state. A stage in development denotes an organization 
of behaviour that is qualitatively different from those of 
prior or subsequent stages. Developmental contextualism 
emphasizes the bidirectional character of both qualitative 
and quantitative change in structure-function relations. 
The interactionist view admits of stages, born of an in- 
trinsic interplay between nature and nurture.

TECHNIQUES OF RESEARCH
All scientific research rests on the pursuit of knowledge by 
observation and experimentation. To study the develop­
ment of human behaviour, a scientist must decide, first, 
the means by which observations and experiments should 
be made and, second, the designs according to which ob­
servations and experiments should be scheduled.

Means of observation and experiment. Scientists ob- 
serve genesis, continuity, and discontinuity in human 
behaviour in many different ways. Choice of technique 
is determined by many factors, including an interest in 
avoiding reactivity (influences a person experiences as a 
result of being observed). One useful way to study the 
development of human behaviour is to observe it natu-
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ralistically, either by participant observation (in which the 
researcher actually becomes a part of the study setting for 
an extended period of time) or by structured observation 
(adopting a more detached and rigorous stance with regard 
to the setting). Either way, the observations must be sys- 
tematic, and the behaviours investigated must be explicitly 
operationalized (i.e., they must be defined so that they 
can be replicated independently). Naturalistic observation 
is reasonably faithful to everyday life and usually provides 
valuable information about behaviour. Its role in the study 
of the development of human behaviour has been impor­
tant; indeed, modern developmental study was initiated by 
Charles Darwin’s observations of his infant son William 
(“Doddy”). Limitations of naturalistic observation include 
the fact that it may be inefficiënt in that the behaviours of 
interest may occur only at infrequent or irregulär intervals, 
that researchers may be unable to attend simultaneously 
to a variety of behaviours of interest (even with the aid 
of supplementary recording apparatus), that the descrip- 
tive data yielded by naturalistic observation often do not 
serve the purpose of explanation, and that uncontrolled 
as well as unknown factors may influence the behaviours 
being observed. Consider, for example, a study of the de­
velopment of aggression in five-, six-, and seven-year-old 
children. A researcher may choose appropriate samples 
of children and then observe predetermined categories of 
aggressive behaviour while the children are at play in a 
schoolyard. It is possible, however, that after several days 
the researcher would find that he had too few observa­
tions of the behaviours of interest, that the observed field 
of action was too great in scope, that the activity itself 
was too furious, or that the observations yielded only 
descriptive information that aggressive acts occurred with 
certain frequencies in children at certain ages but did not 
explain why they occurred. Furthermore, factors peculiar 
to the Situation but not observed by the researcher could 
selectively influence the expression of behaviours.

Two other approaches to the study of behavioral de­
velopment are controlled and experimental observation. 
In controlled observation, the research Situation is nat­
uralistic but structured, and participants’ behaviours are 
not directly manipulated. In experimental observation, 
the researcher exercises maximum control over the ob­
servations and performs direct, calculated manipulations 
of behaviours.

To illustrate controlled observation, suppose that the re­
searcher is interested in the bases on which adolescents 
form heterosexual relationships. The researcher may place 
a group of male and female adolescents unacquainted with 
each other in a classroom and instruct them to form two- 
person study groups, ostensibly to examine a topic about 
which all have little background. Observers may then rate 
the physical attraction between couples. The Situation has 
been controlled, and some characteristics of participants 
within the Situation have been arranged. To illustrate 
experimental observation, suppose that the researcher is 
interested in the extent to which each of three types of 
instructional techniques influences learning. Since variable 
factors such as sex, age, social class, intelligence, race, 
religion, and type of school can also influence learning, 
these factors must be controlled in order to focus the study 
on the instructional techniques. Thus, the subjects of the 
study may be limited to 10-year-old, white, middle-class, 
Protestant boys of average intelligence, attending a public 
elementary school in the Southern United States. The only 
factor varied would be the type of instruction to which 
these children are exposed so that only the precise effects 
of instructional technique on learning are determined. In 
this type of experimental observation, conditions are ma­
nipulated in such a manner that only those factors whose 
effects are to be ascertained actually vary, and this Varia­
tion itself is also controlled, yielding particularly clear data 
on the phenomenon. Unfortunately, information yielded 
in such a study would be limited to the conditions of the 
study, and because of this limitation it may be far re- 
moved from everyday life. The effects of the instructional 
techniques on boys or girls of different racial composi­
tions and social backgrounds, or who attend schools in 
different places, would be unknown. Moreover, the known

effects of instructional technique even on the subjects of 
the study would be limited; in the real world the factors 
that the researcher would have controlled would vary and 
would, no doubt, influence his subjects along with the 
instructional mode.

Observational techniques are useful only when the be­
haviours in question are observable and are ethically open 
to scientific study. Alternative techniques may be required 
in some circumstances: when it is desirable to study large 
numbers of people over intervals shorter than those per­
mitted by behavioral observation; when there is no overt 
behaviour to observe (as when feelings, attitudes, values, 
or recollections are of interest); when the behaviour may 
not readily or ethically be seen through observation (as in 
activities that may be harmful or embarrassing); or when 
the presence of a researcher may distort the behaviour (as 
in sexual interactions or voting). Questionnaires and inter­
views can circumvent these difficulties, although subjects’ 
recollections or predictions regarding their behaviour must 
not be considered a true index of actual behaviour.

Most methods of studying behavioral development in­
volve an element of compromise. For example, naturalis­
tic observations are inefficiënt but retain real-life validity; 
experimental observations are more efficiënt but risk inva- 
lidity for the sake of control. Obviously, both approaches 
contribute to the scientist’s goals of objectivity, reliability, 
efficiency, replicability, and representativeness. In order 
to increase both validity and accuracy, scientists often 
employ what are called converging operations, bringing 
several different research strategies to bear upon the same 
problem or question.

Designs of observation and experiment. The basic stages 
of behavioral development proceed according to a biolog­
ical timetable measured by chronological age; historical 
context, however, strongly influences certain expressions 
of development, as many characteristic behaviours and 
attitudes of each succeeding generation may differ from 
those of the previous one. In designing investigations into 
particular aspects and patterns of behavioral development, 
scientists must take both of these influences into account. 
“Design” here refers to the selection of a particular ar- 
ray of individuals for observation or study. Of the many 
Standard designs in developmental research, two are most 
populär. Each has utility, but each also has weaknesses 
that must be weighed against its strengths. In the longitu­
dinal design, the scientist observes and compares the same 
individuals over time. This procedure provides the only 
means of assessing directly continuity and discontinuity 
in the individual’s behaviour across stages of develop­
ment, of interrelating development in different domains, 
and of evaluating the effects of early experience on later 
behaviour. Longitudinal study is expensive and time con- 
suming, however, and many potential subjects are unwill- 
ing to participate in research over long periods of time, 
so that samples studied tend to be small; also, willing 
participants may not be representative of the population 
at large. Furthermore, repeated assessment risks altering 
the behaviour of participants. The most widely used devel­
opmental research Schedule is the cross-sectional design, 
in which individuals of different age groups, or birth 
cohorts, are studied at the same time. Observations of 
different ages can be completed relatively quickly in this 
design, without practice effects (behavioral changes caused 
by the observation itself) or attrition, and this approach 
is relatively inexpensive. Cross-sectional design, however, 
does not permit many of the comparisons (e.g., indi­
vidual growth) allowed by longitudinal evaluation. Also, 
in a cross-sectional study it is difficult to control all of 
the variables that may affect behaviour differences among 
groups, since such differences may reflect real age changes 
or initial inequality among age groups. Therefore, whether 
and the extent to which age-group differences correspond 
to age changes within individuals over time is left open 
to question.

Alone, neither of these two developmental research de­
signs allows for adequate determination of the contribu- 
tions of the separate factors of chronological age and birth 
cohort since each involves a confounding of potential 
components of change. When variables are confounded,
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the influence of one behaviour cannot be separated from 
that of another since the two may be influencing be­
haviour at the same time. Thus, findings about devel­
opment gained from longitudinal study may reflect age- 
related changes, determined endogenously, or exogenously 
determined changes related to the historical context of 
birth and development. Likewise, cross-sectional results 
confound chronological age and birth cohort, so that at 
any one time individuals of different cohorts may ex­
hibit different behaviours caused by either their different 
chronological ages or by their having been born during 
different time periods.

Some limitations of conventional designs are transcended 
by combining longitudinal and cross-sectional features in 

Sequential sequential designs. In the so-called cross-sequential design 
lesigns a succession of two or more cross-sectional studies is 

conducted; in the so-called cohort-sequential design two 
or more longitudinal studies are conducted in succession. 
Sequential designs assess the relative contributions of age 
and cohort simultaneously, but they are difficult and often 
expensive to undertake.
Thus, conventional research designs do not allow for 

unconfounded assessment of the contributions of age and 
cohort, and less conventional ones are difficult to imple- 
ment. Because of their respective benefits and shortcom- 
ings, the various methods yield variously useful depictions 
of development. No research method is without limita­
tions, and the general view is that all of the conventional 
designs of research can contribute to understanding the 
development of behaviour if they are employed with clear 
recognition of their limitations.

Development across the life cycle

Any attempt to answer central questions as to what de­
velops, when, how, and why requires two assumptions. 
First, it is necessary to partition the life cycle; sometimes 
chronological age (a continuous variable) is an appropri­
ate measure, but at other times some category of the life 
span is more apt (e.g., infancy and childhood). Second, 
it is necessary to distinguish among the various domains 
in which development occurs (e.g., Sensation and percep- 
tion). These two decisions are not as straightforward as 
they appear. For example, there is some reason to suspect 
that the concept of “adolescence” as a separate stage in 
the life cycle is historically relatively new, and there is also 
debate about whether perception differs from cognition. 
Nevertheless, certain biological events, such as birth or 
the onset of reproductive maturity at puberty, or social 
events, such as the acquisition of language or retirement 
from work, mark off distinctive and often universal phases 
of the life span. Likewise, development takes shape in 

Phases of separate physical, mental, and social spheres. With these 
develop- categories in mind, therefore, it is possible to examine
ment highlights of development in three domains—the phys­

ical, mental, and social—during five phases of the life 
cycle—prenatal life (physiological development only, for 
the purposes of this discussion), infancy and childhood, 
adolescence, adulthood, and old age. A common view 
depicts human development in terms of genesis before 
birth; growth and maturation during infancy, childhood, 
and adolescence; stability during adulthood, and inevitable 
degeneration and decline during old age. However con- 
venient and reasonable such a breakdown may appear, 
closer examination of each stage reveals disparities and 
continuities that defy simple categorization.

PRENATAL PHYSIOLOGICAL DEVELOPMENT
In order to examine the development of behaviour 
throughout all phases of the life cycle, it is necessary to 
begin with the phase before birth, in which behaviour as 
it is considered in this article does not yet emerge but 
in which the “constitution” of the individual, to whatever 
degree such a concept is regarded as operational, may be 
said to take shape.

Three periods of prenatal development have been distin­
guished—the zygotic, the embryonic, and the fetal. The 
period ofthe zygote, or fertilized egg, lasts from the mo­
ment of conception through the time of implantation in

the endometrium, or lining of the uterus. The hallmark 
of this period is cell multiplication. The succeeding pe­
riod of the embryo lasts for approximately two months, 
during which time fundamental morphological and struc­
tural developments occur. At this stage, three layers of the 
organism are distinguishable—the ectoderm, presumptive 
of mature skin, sense organs, and central nervous system 
structures of brain and spinal cord; the mesoderm, pre­
sumptive of mature muscles, blood, and the circulatory 
system; and the endoderm, presumptive of mature diges­
tive, respiratory, and other internal organs. At two months 
after conception the embryo is little more than a couple of 
centimetres long, but it is morphologically humanoid: all 
of the major organs are differentiated, although they are 
not fully developed or maturely proportioned. For exam­
ple, arms and legs are recognizable, as are fingers and toes; 
the stomach produces digestive juices; the kidneys filter 
blood; and the heart beats. The following period, that of 
the fetus, lasts from two months after conception to the 
end of gestation and is a time of increasing function and 
change in bodily proportion. In the fetal period, fingers 
separate and grow nails, veins develop, muscles intercon- 
nect; the fetus has been observed to suck, blink, and even 
yawn. By four months, fetuses are feit to “quicken,” or 
move in utero; by six months, the expansion and contrac­
tion of the lungs and the functioning of the nasolacrimal 
ducts indicate breathing and crying; and by seven months, 
fetuses may survive in the extrauterine environment.

It was once believed that a “preformed” human organism 
resided either in the mother’s egg, waiting to be released, or 
in the head of the father’s sperm, waiting for a medium in 
which to grow. It is now known that each parent endows 
the offspring with one compiementary member of each of 
23 pairs of chromosomes that form its genetic constitu­
tion, or genotype. The genes that make up chromosomes 
are themselves composed of Chemical codes that guide the 
development of both structure and behaviour. Although 
genetic endowment is critically important in the life of the 
individual, the genotype does not necessarily predict the Genotype 
phenotype (the individual’s observed characteristics). Dif- and 
ferent people with different genetic makeups sometimes phenotype 
look or behave similarly, just as “identical” twins, whose 
genetic makeups are the same, may look or behave differ- 
ently. Genetic endowment and experience interact even at 
the earliest stages of the life cycle to shape the structure 
and behaviour o f the individual.

Because the time before birth is a period of rapid and 
extensive development, many factors may influence the 
course and quality of prenatal growth. These factors in­
clude parental age (birth complications tend to increase 
with parental age), diet (protein is advantageous and mal- 
nutrition is perilous since nutrients constitute both the 
building materials of development and the fuel by which 
development is propelled), and ingestion of drugs, as well 
as exposure to disease and environmental toxins. The 
mechanism of action of such effects is not straightforward:
At prescribed times, known commonly as sensitive peri­
ods, the organism becomes especially vulnerable to exoge- “Sensitive 
nous influences that may temporarily or permanently alter periods” 
structures or behaviours. These sensitive periods usually 
occur between the time a particular structure or function 
emerges and the time it reaches its mature state. For ex­
ample, the eyes and the visual system develop most rapidly 
during the second month of pregnancy, and matemal con­
traction of rubella (German measles) at this time presents 
a nearly 50 percent risk of causing infant cataracts. De­
velopmental timing is so important that different toxins 
have similar (often serious) effects during the same phase 
of prenatal life, yet they may not affect development in 
identifiable ways at other stages. Further, the effect may 
be disproportionate to the dose, and it may be delayed.

Structures related to particular functions emerge at 
various times during prenatal development. Subcortical 
structures that control the behavioral state, including the 
hypothalamus and arousal system of the reticular for­
mation, emerge first. Components of the limbic system 
and basal ganglia, which govem emotion, instinct, and 
posture, develop next. Finally, the cortex and its corti­
cal association areas, concerned with awareness, attention,
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memory, and thought, emerge last. Because of the nervous 
system’s complexities and astonishing ability to regulate 
and integrate information, its development in prenatal life 
is especially remarkable. The adult human brain contains 
approximately 100,000,000,000 neurons; because virtually 
no new neurons are generated after birth, some 250,000 
cells must be generated every minute before birth. In hu­
man beings, genetic programming ensures the cell abun­
dance that is required to perceive, think, feel, and act. 
The individual cell comes into being, matures, develops 
sophisticated interconnections with other cells, and subse­
quently specializes in function. In short order individual 
neurons aggregate morphologically to initiate meaningful 
human brain functions. This predetermined specialization 
does not preclude the plasticity of individual cells or of 
cell masses since their functions may be modified if they 
are relocated (through transplantation, for example) be­
fore a sensitive period occurs; in addition, some cells may 
assume the functions of other cells that die, exhibiting fur­
ther exchange of function. Neurological research suggests 
that the newborn brain is particularly open or plastic in 
these regards. Although the neonatal or newborn period 
is commonly considered a time of growth, expansion, 
and development, another essential neurological function 
in early life is the contraction, death, and elimination of 
initial cell overproduction. Overproduction is thought to 
underpin plasticity early in the life cycle and the restric­
tion of function later.

Brain function is intimately linked to the development of 
the sensory Systems that enable the organism to register, 
integrate, and interpret its world. The senses do not lie 
dormant until they are suddenly switched on at birth; ev­
idence suggests that the sensory systems function well be­
fore birth. The different senses seem to achieve structural 
and functional maturity at different times prenatally— 
in the order of sensitivity to touch, position, sound, and 
light— reflecting a staggered developmental schedule that 
loosely follows the order in which these systems developed 
during the species’ evolution.
Although it is notoriously difficult to establish causal 

relations between the brain and behaviour, it would be 
surprising if behavioral development were not reflected in 
analogous changes in the structure and working of the 
human brain. Indeed, in large measure, the psychological 
accomplishments of infancy reflect impressive prenatal de­
velopments of the nervous system. In the space of approx­
imately nine months a single fertilized egg develops into 
a complex, self-regulating organism, and in an additional 
nine months it develops further into a sentient child capa­
ble of some intelligent feelings, thoughts, and actions. In 
short, development of the central nervous system prepares 
the fetus for its new role as a child outside the womb.

INFANT AND CHILD DEVELOPMENT
By definition, infancy is the period of life between birth 
and the acquisition of language, approximately one to 
two years later. Despite its brevity, this phase of develop­
ment has attracted a disproportionate amount of attention 
and interest, perhaps because the physical and behavioral 
changes that take place during this time are more dramatic 
than at any other period in the human life span. The 
average newborn weighs approximately 1 \  pounds (3.4 
kilograms) and measures approximately 20 inches (51 cen­
timetres); by the end of the first year of postnatal life the 
average infant weighs approximately 20 pounds, or nearly 
three times the birth weight, and measures approximately 
30 inches in height, or half again the birth length. Change 
is equally remarkable in every sphere of development: in 
the shape and capacity of the body and its muscles, in 
the advancing complexity of the nervous system, in the 
growth of sensory and perceptual capacity, in the ability 
to make sense of and to negotiate the physical world, and 
in the formation of social affinities and the emergence of 
personal and social styles. At no other point in the life 
span do such major changes occur in so many aspects of 
development so quickly; nor at any other time are they so 
thoroughgoing. The pervasiveness, rapidity, and clarity of 
developmental change in infancy help to account for the 
universal fascination with this stage in the life cycle.

Physiological aspects. After approximately 266 days of 
gestation, an unknown factor causes the maternal pitu­
itary gland to release a hormone (oxytocin) that in turn 
initiates muscular contractions of the uterus and the sub­
sequent expulsion of the fetus. The duration of this pro­
cess, called labour, is influenced principally by maternal 
age and parity (number of children previously born); it is 
approximately 17 hours on average for firstbom babies. 
Significant risks during this period to later psychologi­
cal development include oxygen deprivation (anoxia) and 
overuse of anesthetics, both of which have been associated 
with a variety of ad verse long-term sequelae, such as mo­
tor defects and impaired cognitive performance. At birth, 
infants are examined immediately to determine the need 
for medical Intervention and to establish normal function- 
ing. For all its drama, however, birth neither terminates 
nor initiates development; it is simply one stage in an 
ongoing developmental process.
Newborn activity appears to be spontaneous and random; 

newborn babies move their eyes, mouths, hands, and feet 
constantly and without apparent purpose, and they seem 
to shift abruptly and unpredictably among States o f sleep 
and alertness. Long-term observation, however, reveals 
considerable regularity in the pattern of cycles of many be­
haviours in the newborn. Involuntary activity is organized 
at greatly different rhythms. The rhythms of breathing and 
sucking are rapid, cycling regularly at frequencies of one 
or more per second; general bodily movements cycle at 
periodicities of a minute or two; and waking, quiet sleep, 
and active sleep are low-frequency phenomena that cycle 
at periods of one or more hours. At any given time, new- 
bom activity reflects the simultaneous but independent 
cycles of several complex rhythms.
In the first month, newborns are awake for about a 

third of the day. State of consciousness is an important 
consideration in infancy, since most of what infants learn 
about the world, about people, and about their own abili- 
ties can only be acquired during periods of quiet alertness 
and attentiveness. Although human neonates appear help- 
less, they are capable of a small number of integrated 
and organized (if limited) behaviours: These are reflexes, 
simple and unlearned stimulus-response sequences that 
are biologically meaningful and suggest an evolutionary 
and adaptive significance. For example, approach reflexes 
serve to maintain sustenance and include breathing, suck­
ing, and swallowing. Avoidance reflexes, which ward off 
danger, include coughing, sneezing, blinking, and muscle 
withdrawal. The regularity of reflex function in human 
infants provides a means of assessing normal neurological 
development, since both the emergence and disappearance 
of many reflexes by the end of the first year indicate 
neurological integrity.

Physical and motor development in infancy and early 
childhood are impressive because they are so evident 
and because change is so rapid. Moreover, physical and 
motor development have both practical and theoretical 
implications for growth in other spheres of psychological 
functioning. Because physical growth is so easy to observe 
and quantify, it was one of the earliest subjects of study 
by scientists. Its study betrays several general principles, 
including directionality. Whether in terms of anatomy, 
complexity of function, or voluntary control, growth tends 
to proceed cephalocaudally, or from the head of the body 
to the feet, and proximodistally, or from the centre of 
the body outward. A second principle of growth is the 
independence of Systems. In the first years of develop­
ment, the nervous system achieves more than half of its 
adult status, physical characteristics of the body develop 
to less than a third of their eventual goal, and secondary 
sexual characteristics develop hardly at all. A third prin­
ciple of physical growth and development is canalization, 
the narrowing or restricting of alternatives so that geneti­
cally endowed targets tend to be reached in preference to 
others. A fourth general principle combines the normal 
(Gaussian) distribution of many physical, biological, and 
psychological characteristics with the proviso of individual 
differences. The normal distribution shows species-typical 
characteristics. For example, very few adults are four or 
seven feet (1.2 or 2.1 metres) tall; many more are five and
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six feet tall, and most fall in between. These distributions 
of structure and function are important since they dehne 
norms as well as probable ranges for individual differences. 
For many normal developmental achievements, the age 
of acquisition has enormous import, but the true range 
of individual differences is extraordinary especially when 
considered in proportion to the child’s age. For exam­
ple, some children first walk at 10 months, others at 18 
months; some children say their first word at nine months, 
others at 29 months. Developmental Variation in physical 
growth, as in other spheres of life, may arise in many 
different ways. Parents particularly tend to be interested 
in knowing how individual children develop character­
istic capacities; scientists, too, find questions concerning 
the origins and growth of individual differences especially 
interesting, but they tend more often to focus on gen­
eral developmental capacities and trends. It is important 
to keep in mind that, statistically, the central tendency 
of a distribution does not necessarily best represent that 
distribution, nor is it necessarily optimal for members of 
the distribution. Moreover, general developmental trends 
need not necessarily represent how all or even any indi­
viduals develop.

Like physical growth, motor development is dramatic in 
the first years of life. From the newborn, unable even to 
grasp an object or to roll over from the position in which 
originally placed, emerges the toddler, who is manually 
deft and able to locomote anywhere at will. Psychomo- 
tor development also suggests a program of maturation, 
although research shows that experiences can channel its 
course. Depending on the behaviour involved, maturation 
and experience vary in relative importance. For exam­
ple, though experience facilitates the coordination and 
strengthening of muscles generally, experience seems to 
play a less significant role in the development of gross 
skills such as walking (in which limits are set largely by 
the rate of physical maturation) than in the development 
of finer skills such as skiing (in which earlier and better 
training seems to make a great difference).

Although hardly mature, the senses function well at birth. 
Perception constitutes a necessary first step in experienc- 
ing and interpreting what the world has to offer, and for 
this reason philosophers and scientists have been attracted 
to the study of perception at or near the beginning of 
life. Determining how the senses function in infancy also 
offers a glimpse into the infant’s perceptual world and sug­
gests what aspects of the environment can influence that 
infant’s development. No matter how early in life a per­
ceptual capacity manifests itself, it can only manifest itself 
in terms of actual experience; potential is not observable 
until it is brought into use. Conversely, no matter how 
late in an individual’s life an ability emerges, its emer­
gence can never be attributed exclusively to experience. 
Research into the origins of perception has focused on the 
related goals of, first, determining whether or not particu­
lar perceptual capacities are present at the beginning of life 
and, second, tracing continuity or discontinuity in those 
capacities as they develop. Perceptual ability is a natural 
outgrowth of biological sensory function; however, expe­
riences are also critical for normal perceptual growth and 
development. An experiment conducted with institution- 
alized newborns, for example, showed that introducing a 
visually interesting stabile, or fixed sculptural form, into 
the infants’ otherwise bland environment at one month 
after birth nearly doubled their visual attentiveness and 
visually directed reaching. Studies of naturalistic mother- 
infant interaction also suggest that experience influences 
infants’ competence in visual and tactual exploration. Fur- 
thermore, it is known that in the development of taste, 
the greater the variety of infantile experiences, the more 
open to new tastes the child will be.

Research shows the achievement of extraordinary percep­
tual sophistication over the first months and years of life. 
In vision, for instance, newborn babies attend selectively 
to parts of patterns in which there is information. During 
the first half year of life there is rapid development in 
acuity, from 20/800 vision (in Snellen notation) among 
two-week-olds to 20/70 vision in 5 ‘A-month-olds to 20/20 
vision at five years. Research shows, too, that well before

the end of the first year infants perceive form as form 
(for example, they perceive an object’s shape to remain 
stable even through transformations of the object’s image 
on the retina), perceive depth in space (showing sensitivity 
to a “visual cliff” and to an object looming at them), dis­
tinguish orientation (smiling at faces on the vertical axis 
more often than at upside-down or horizontally rotated 
ones), locate objects in space (reaching in ways that indi­
cate good prediction of location), and display sensitivity to 
object movement (discriminating among different kinds 
of motion). Before they are six months of age, infants 
give evidence that they perceive the colour spectrum in a 
qualitative, relatively mature fashion, partitioned into cat­
egories of hue. In audition, newborns give evidence that 
they hear, and young infants have been found to display 
sensitivity to basic dimensions of sound as well as to ele- 
mental qualities of human speech. Indeed, young infants 
are especially attracted to speech as meaningful communi­
cation rather than mere noise or a composition of different 
sounds. Knowledge of the development of taste, smell, 
and touch in early life is more rudimentary than that of 
seeing and hearing; nevertheless, by their facial expressions 
when sweet, sour, and bitter substances are placed on 
their tongues, neonates give evidence that they discrim- 
inate among common tastes and rate them hedonically, 
or according to their relative pleasurableness. Moreover, 
by evidence of their facial expressions and attempts to 
approach or withdraw from diverse odours introduced by 
means of cotton swabs held beneath the nose, neonates 
give evidence that they discriminate among common 
odours and rate them hedonically. Indeed, breast-feeding 
babies only days old recognize maternal scents. Likewise, 
infants explore tactually with increasing efficiency. With 
age, mouthing of objects decreases while fingering and 
manipulation increase. Exploratory activities rapidly de­
velop to match the characteristics of the object explored; 
e.g., infants have been observed to respond to a change in 
an object’s shape by rotating the object and to a change 
in an object’s texture by increased fingering.

Just as an adult at the ocean sees the waves, hears the 
surf, smells the salt air, and experiences these sensations 
as an integrated percept, so over the first year does the 
infant experience the world by means of senses working in 
concert. For example, manipulation allows tactual explo­
ration and enhances visual investigation. Studies show that 
infants are extremely sensitive to multimodal informa­
tion even when it stimulates different senses in distinctly 
different ways; thus, they can associate a particular face 
with a particular voice. In uncovering these facts about 
early perceptual life, investigators have eradicated the once 
staunchly held notion that infants and young children are 
perceptually deficiënt.

Cognition and language. Cognitive development, which 
takes place against this backdrop of remarkable neurolog­
ical, physical, and perceptual change, entails the child’s 
growing ability to make sense of the physical and the 
social environment, that is, to recognize specific objects 
and persons, to learn the laws that govern their behaviour, 
and to participate meaningfully in communicative dia- 
logue. What learning, thinking, and language are and how 
they develop over the first years of life constitute central 
concerns of scientists interested in the development of 
human behaviour.

According to the principle of association, two events that 
occur in close proximity in space or in time tend to be 
remembered together so that the recurrence of one will 
bring the other to mind. Because it is a basic mecha­
nism of learning, this principle has long been thought to 
subserve cognitive and emotional growth. Several types 
of learned association have been identified; among them 
are classical conditioning (in which a neutral stimulus 
assumes the properties of an evocative stimulus through 
association with it), instrumental conditioning (in which 
actions that are followed by reward tend to recur and 
actions followed by punishment tend to be inhibited), 
and exposure learning (as in the progressive decline in 
responding to an event that is available continuously or 
repeatedly). These types of learning are thought to involve 
the construction of a mental representation of an event
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and ongoing comparison of available Stimulation with that 
mental representation. Research clearly demonstrates the 
very early functioning of these different modes of learning. 
Newborns can associate a particular orientation of the 
mother’s face with the sweet-tasting substance that is con- 
sistently paired with it; they alter their sucking pattems for 
the reward of mother’s voice; and they pay diminishing 
attention to repeated stimuli. There is even evidence that 
these modes of learning operate among fetuses in utero.

All of these phenomena indicate that infants from the 
start of life can avail themselves of many experiences. The 
fact that human beings can learn so early in life, however, 
does not preclude development of the learning capacity. 
Indeed, even in the first years of life, growth in the ability 
to leam is impressive; for example, the rate of exposure 
learning shows steady and dramatic change even during 
the first postnatal year, perhaps reflecting the ongoing 
physiological maturation of the central nervous system. 
Factors other than age also influence early learning. These 
factors include the behavioral state (usually the attentive- 
ness of the infant or child), the elements to be associated 
(it is by no means self-evident that classical conditioning 
can be established between any two events or that any be­
haviour can be strengthened through instmmental leam- 
ing; rather, human beings are evolutionally “prepared” 
to leam some associations with greater facility), and the 
complexity of the learning task. When learning begins, 
more than associations are learned; knowledge is also ac­
quired about the task of learning. It is widely believed that 
learning in infants leads to the development of effectance 
(self-confidence in the ability to control experience), to 
the motivation to leam more, and thereby to even greater 
discovery and mastery.

The devel- Learning requires memory; the effects of learning are 
opment of minimal in the absence of any storage and aggregation of 
memory knowledge. In considering the growth of memory, scien­

tists distinguish between two pairs of concepts: First, there 
is the storage, or encoding, of incoming information as 
opposed to the retrieval of that information later. Second, 
there is recognition, in which the memory of an experi­
ence is cued by repeating the experience, as opposed to 
recall, in which the memory is retrieved without any cues. 
Research demonstrates reasonable capacity for recogni­
tion even among newborns, as well as rapidly improved 
encoding and retrieval over the first years of life. For 
example, infants familiär with one face will later look at a 
novel face in preference to the familiär one, and toddlers 
observing the hiding of a toy will later successfully search 
for it. Again, age combines with conditions of learning to 
affect the robustness of memory. For example, training 
conducted over several intervals (distributed practice) typ­
ically results in better memory than training conducted 
all at once (massed practice), and evaluation of memory 
after a short delay shows more positive results than does 
evaluation after a longer delay. In general, encoding skills 
and short-term memory seem to improve rapidly over the 
first year, and retrieval skills and long-term memory seem 
to improve gradually over the entire course of childhood.

Two approaches dominate psychological evaluation of 
the development of thought. One tradition is rooted in 
the psychometrie testing of intelligence, and the other is 
founded on the Piagetian theory of qualitative changes 
in mental structure. The two views converge in the be­
liefs that intelligence implies successful adaptation to the 
environment and that genetic inheritance and experience 
interact in contributing to the development of intelligence. 
Just as it would be disadvantageous for nature to fix an 
organism’s intelligence in advance of its experiences in the 
world, it would be highly counterproductive to leave the 
development of intelligence wholly to experience, since 
individuals’ experiences can vary so widely. Although in­
telligence may manifest itself in many ways, psychological 
tradition has fixed on verbal and logical skills to evaluate 
individual achievement.

The mental testing movement was founded at the be­
ginning of the 20th Century to study differences in adult 
perceptual functioning and to identify incipient mental 
deficiency in childhood. Two compelling questions related 
to the early development of intelligence soon arose—

namely, how early in life intelligence might manifest it­
self and whether an individual’s intelligence early in life 
was related in a meaningful way to that individual’s in­
telligence in maturity. In general, traditional infant tests 
applied in the first years of life have shown poor reliability 
(consistency of test scores over time) as well as poor va­
lidity (relation of test scores to independent and objective 
criteria). Several rationales have been provided by way of 
explanation: Some have argued, for example, that early 
development proceeds by fits and starts so that unreliabil- 
ity and unpredictability are inherent to this stage of life; 
some have argued that early life is a period of such rapid 
growth that test items appropriate for one age may be in- 
appropriate for another; and some have argued that early 
life is a period of such extreme susceptibility to experiences 
effecting rapid change that children affected by different 
experiences may be inappropriately tested with the same 
items. By contrast with results of traditional infant tests, 
new measures of attention in early life that attempt to 
assess the child’s efficiency in acquiring information from 
the environment exhibit reasonable reliability and validity. 
Individual differences among infants and young children 
of given ages, as well as different levels o f competence 
across ages for comparable cognitive tasks, have long been 
attested, but early psychometrie tests repeatedly showed 
that only after four to five years of age did children’s 
scores begin to stabilize in relation to their performance in 
maturity. Recent work suggests a degree of predictability 
in cognitive growth from an earlier period in the life cycle.

Contemporary research supports the theory of an en- 
dowed intelligence that is open to postnatal experience. 
Studies of both the origins and the maintenance of in­
telligence from infancy into adulthood show the roles 
of both endogenous and exogenous factors. On the one 
hand, identical twins, who share 100 percent of their 
heredity and most of their environment, are more alike 
in the pattern and development of their intelligence than 
are fraternal twins, who also share a good deal of their 
environment but only half their heredity on the aver­
age; likewise, parent and child intelligence test scores are 
strongly associated. On the other hand, parental intelli­
gence is thought to influence parental behaviour toward 
children, which in turn is presumed to influence child 
mental performance. So, for example, institutionalized 
children and children from lower social classes tend not 
to score as highly on standardized intelligence tests as do 
children from intact families or upper social strata, ow- 
ing presumably to the disparity in formative experiences. 
The demonstrable success of cognitive interventions with 
deprived children supports these findings and goes far to 
discount alternative explanations that the apparent influ­
ence of family structure and social class on test scores 
reflects inherent differences in cognitive ability among the 
comparison groups. Indeed, research has progressed sig- 
nificantly toward pinpointing the types of experience that 
affect cognitive development, including the amount, va­
riety, appropriateness, and contingency of Stimulation, as 
well as the interactive quality between child and adult. Re­
search shows, too, how the efficacy of these different types 
of experiences varies across infancy and childhood. Recog- 
nizing the role that experience plays in the development of 
intelligence is especially important, since, in everyday life, 
infants and young children normally provoke adults to act 
in different ways with them, and individual as well as age 
differences clearly affect the types of learning experiences 
to which children are exposed.

There can never be empirical certainty about which 
factors contribute to the development of cognition. En­
vironmental and genetic bases for characteristics such as 
intelligence in children reared by their biological parents 
cannot be separated because these two sets of forces are 
ineluctably intertwined.

Based on extensive observations and informal tests of 
his own three children early in the 20th Century, Jean 
Piaget proposed what he called a genetic epistemology, 
according to which infants and young children constantly 
reconstruct their own means of knowing in ways that 
join their evolutionary history with their particular expe­
riences in the world. In doing so, Piaget rejected both the
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nativism and the empiricism then prevailing and intro­
duced a new set of concepts. In contrast to nativists, for 
whom the basic elements of knowledge are innate ideas, 
and to empiricists, for whom the basic element is Sen­
sation, Piaget introduced the notion of schemes, roughly 
defined as the various faculties of the central nervous 
system (including sight, hearing, symbolic thought, and 
language) by which information about the environment 
is processed. In Piaget’s view, intelligence is a function 
of adaptation employing the complementary techniques 
of extracting meaning from data by organizing them ac­
cording to existing schemes (assimilation) and modifying 
existing schemes in order to assimilate new information 
more efficiently (accommodation). Assimilation, for ex­
ample, predominates during pretend play, in which reality 
is interpreted as the child wishes, and accommodation 
predominates during imitation, in which the child mimics 
new realities as closely as possible.

In Piaget’s view, human beings throughout their lives 
actively adapt their own mental structures, which unfold 
according to a genetic timetable, in order to maintain 
equilibrium with the perceived environment. Two exam­
ples are the decline in childhood egocentrism and the rise 
of the concept of objects as independent entities; both 
are based on the child’s transactions with the physical 
and social environment. Piaget proposed that the devel­
opment of understanding in the child proceeds through 
a series of four universal stages, fixed biologically and 
manifesting distinct dimensions of mental activity: (1) the 
sensorimotor stage (first two years of life), in which the 
child experiences his physical seif, through reflexes and 
external stimuli, as an entity in an environment; (2) the 
preoperational stage (age two to six or seven), in which 
the child learns to manipulate the environment by means 
of symbolic thought and language; (3) the concrete op­
erational stage (age seven to 11 or 12), in which the 
beginnings of logic appear in the form of classifications 
of ideas and an understanding of time and number; (4) 
the formal operational stage (age 12 to adulthood), char­
acterized by the manipulation of abstract concepts and 
the mastery of reasoning. Piaget’s theory has been influ­
ential in educational policy by suggesting that there are 
constraints on how significantly the environment can in­
fluence cognitive growth if a child has not reached the 
appropriate stage to assimilate certain experiences. It has 
influenced linguistic theories by suggesting that aspects of 
both language acquisition and social attachment attend 
the cognitive apprehension of the permanence of objects 
and the development of mental representation. It has also 
provoked deeper inquiry into processes related to Cogni­
tion—such as children’s play, the development of which 
has been shown to be orderly, sequential, based on action, 
and increasingly oriented toward the environment.

Piaget’s work has an important extension into the study 
of moral growth in childhood. Piaget hypothesized that 
all people pass through two phases of moral reasoning. 
In the first phase an objective and concrete morality is 
based on the constraints imposed by the powerful (e.g., 
adults) on the nonpowerful (e.g., children). In the second 
phase the individual develops a subjective morality based 
on an abstract understanding of the contracts implicit in 
cooperative and autonomous relationships. Piaget’s stress 
on the universal ordering of moral growth represents an 
approach that is quite distinct from relativistic, response- 
centred approaches. As such, it has stimulated considerable 
interest among developmental researchers. In particular, 
the American psychologist Lawrence Kohlberg proposed 
several stages of development in order to account for the 
many observable qualitative changes in a person’s moral 
reasoning. Kohlberg’s theory of moral development, like 
Piaget’s, is based on the idea that to focus only on the 
response in a moral Situation is to ignore important dif­
ferences in people’s moral reasoning at different points in 
their lives. These differences in reasoning may, in fact, 
give different meanings to identical responses evoked at 
various developmental stages.

In order to investigate the reasoning underlying moral 
responses, Kohlberg devised a moral development inter­
view based on a series of stories, each presenting imagi-

nary moral dilemmas. On the basis of reasons people give 
in answering questions about dilemmas in the interview, 
Kohlberg classified them into three stages of moral reason­
ing. At the first stage, preconventional moral reasoning, a 
child uses external and physical events and objects (such 
as pleasure or pain) as the source for decisions about 
moral rightness or wrongness. At the second stage, con­
ventional moral reasoning, the child acts as others expect, 
in accordance with the established order of society. At 
the last stage, postconventional moral reasoning, moral 
judgments are made according to the view that there 
are arbitrary, subjective elements in social rules and that 
rules and institutions of society are not absolute but rela­
tive. Such postconventional reasoning is related to formal 
operational thinking and thus begins with adolescence 
(see below Adolescent development: Cognition). Kohlberg’s 
stages of moral reasoning follow the social perspective of 
the person, which moves toward increasingly greater scope 
(i.e., including more people and their institutions) and 
greater abstraction (i.e., from reasoning about physical 
events such as pain or pleasure to reasoning about values, 
rights, and implicit contracts). Transition from one stage 
to another is characterized by gradual shifts in the most 
frequent type of reasoning; thus, at any given point in life 
a person may function at more than one stage at the same 
time. Moreover, different people pass through the stages of 
moral reasoning at different rates. Finally, different people 
are likely to reach different levels of moral thinking in 
their lives, raising the possibility that some people may 
never reach the third, most abstract, stage.

Language occupies the central place among early ac- 
complishments in perceptual, cognitive, and social devel­
opment. In their fourth month, infants indiscriminately 
respond to social communication; by their 24th month, 
toddlers comprehend the meaning of prepositions. It is 
significant that the English words infant and baby both 
have their origins in language-related concepts, the former 
deriving from Latin words meaning “nonspeaker,” and the 
latter sharing a Middle English root with “babble.” Many 
people believe that children enter personhood only when 
they begin to communicate with others through language.

Language, which has a complex and intricate structure, 
poses a formidable task for those who try to acquire it, 
whether they are mature adults or immature children; yet, 
paradoxically, babies meet the challenge of language leam- 
ing seemingly with great facility. Language has complex 
productive (speech utterance) and receptive (comprehen- 
sion) aspects and operates simultaneously on at least three 
planes. First, sounds that are to be linguistically mean­
ingful must be produced and perceived as separate from 
noise. Second, meaning must be grasped in order to say 
and to understand how Symbols are related to the real 
world as well as to imaginary referents. Third, to ensure 
meaningful communication, rules must be mastered for 
encoding and decoding word order.

The mystery of language acquisition has intrigued people 
throughout history. St. Augustine, for example, wrote that 
children learn language by imitating, and Constantine the 
Great supposed that infants could not articulate words 
because their teeth were not yet firmly rooted. King James 
I of England, who sponsored a translation of the Bible, 
sought to identify the original language o f Adam and Eve. 
Toward this end he conceived of a unique experiment, 
proposing to place two infants on an otherwise uninhab- 
ited island in the care of a deaf-mute nurse; the King 
reasoned that if the two children spontaneously developed 
speech, theirs would be man’s “natural language.”

Some psycholinguists have argued that language learning 
proceeds on the basis of the child’s experiences, whereas 
others have asserted that language acquisition could only 
develop on a foundation of biological endowment. This 
disagreement between empiricist associationism and na­
tivism in so fathomless a domain as language learning has 
been called “the debate between the impossible and the 
miraculous.” Research shows, however, that infants are 
surprisingly well prepared in both motivation and compe- 
tencies to establish communication.

In order to discover how language might be acquired, 
psycholinguists have listened to and questioned children
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as well as consulted their parents as reporters. Observation 
is the method that dominates this field of study, but the 
technique is limited, as shown by the exasperation par­
ents often feel at their young child’s failure to say with a 
stranger what the child readily says at home. Standardized 
assessment tests for the first few years are not yet well 
developed, and parents themselves (whose diaries have 
provided much of the earliest detailed information about 
language development) are often subject to bias.

Dirnen- Despite these methodological difficulties, there has been 
sions considerable progress in understanding language develop-
of ment. In sound perception, research reveals that, either
language natively or on the basis of little experience, very young

infants divide the speech stream, map correspondences be­
tween the eye and the ear, and recognize particular speech. 
In vocalization, newborn infants sound cries that are dis- 
tinguishable as signals of pain or hunger; later, infants 
follow a nearly universal course from babbling through 
single-word utterances to grammatical speech. Children’s 
earliest sensitivities to sound and their earliest vocal ex­
pressions give evidence of a strong biological influence. 
Yet, even in the first year both the production and the 
perception of speech sounds are increasingly shaped by 
the linguistic environment, reflecting the child’s exquisite 
sensitivity and susceptibility to specific experiences.
The acquisition of grammar has sparked some of the 

longest standing debates in developmental inquiry. Some 
researchers propose that children learn the rules of lan­
guage through reinforcement or through imitation; others 
maintain that, given the enormous requirements of lan­
guage learning, such a view is hopelessly simplistic and 
hardly practicable, and they theorize that human beings 
have innate dispositions toward basic language structure. 
Again, evidence supports both views. Children everywhere 
seem to move through a universal sequence of syntactic 
acquisition, lending support to a biological theory, al­
though children learn the grammar of whatever their local 
language community happens to be. It is often hypothe- 
sized that the human brain has specially developed to meet 
linguistic requirements, but it is equally clear that adults 
engage with infants in motor and nonverbal activities that 
mirror language in structure and that pave the way for 
the child’s comprehending and producing grammatically 
correct utterances.

Semantics and reference—properly mapping sounds to 
their meaning—constitutes another aspect of language 
study. Although the question of reference is not so much 
plagued by the nature-nurture debate—for the acquisition 
of meaning cannot readily be attributed to biology—its 
study is affected by disputes that range from defining ex­
actly what is meant by a “word” to pinpointing the process 
of matching referents. Whatever the view may be on these 
issues, it is known that by three years of age children are 
learning at least two new words per day in an odyssey that 
has brought them from infancy to a working vocabulary 
of 3,000 words.

In language, as in other spheres of behavioral devel­
opment, quantitative as well as qualitative individual 
differences abound. For example, some 13-month-olds 
comprehend only a dozen or so words, whereas others 
comprehend as many as 100; some do not speak at all, 
whereas others have a productive vocabulary of nearly 
50 words. Further, some babies possess vocabularies or­
ganized mainly around names of objects, whereas others 
tend to converse in social formulas principally for the pur- 
pose of communicating their feelings and desires. Studies 
show that heredity and experience both contribute to these 
striking individual differences. For example, infants’ com- 
petence in communicating tends to be associated with the 
competence of their biological (as opposed to their adop- 
tive) parents, yet certain parental activities with infants are 
also known to assist the development of communication.

The development of language follows a clear and prob­
ably universal ontogeny that may, at least initially, be 
affected by variations in experience. Within limits, normal 
children seem to follow the same path to basic linguistic 
proficiency and to travel at more or less the same rate, 
largely (though not wholly) independent of their general 
intelligence, the language community in which they are

reared, and the amount of early help they receive. Yet 
nearly all specific manifestations of language learning seem 
to be prompted and transformed by the child’s specific ex­
periences. Critical factors in language development appear 
to be the amount and variety of verbal Stimulation as well 
as adult sensitivity to infant language levels, especially in 
dynamic interplay with infants’ feedback. Toddlers obvi­
ously leam only the particular language to which they 
are exposed, and differences in experience result in corre­
sponding differences in language competency. To ease this 
task, parents and teachers readily adjust the language they 
typically direct to infants. Thus, the processes involved in 
language acquisition appear to be both rigid and flexible.
They assure certain outcomes even in the face of an un- 
stable environment, and at the same time they encourage 
flexibility in response to a variegated environment.

The foregoing discussion analyzes language acquisition 
in the child by separating language into sound, syntax, 
and symbol both in perception and in production. Al­
though each plane entails a separate kind of learning, 
these components are not independent; rather, they mesh 
in astonishing complexity to produce what is arguably an 
entirely new organism.

Personality and social development. Assessing and inter- 
preting the earliest expressions of personality and sociabil- 
ity in human beings have long challenged those who study 
the development of behaviour. Personality can be thought 
to include the emotions, their characteristic pattem of 
expression in individual temperament, and the ways in 
which experiences and development in growing up enlarge 
and modify basic temperament and emotions. There is no 
generally accepted definition even of basic emotions, such 
as joy, anger, fear, and affection; nonetheless the emotions 
are recognized as playing a significant role in regulating 
internal psychological processes as well as in influencing 
interpersonal interaction—primarily through vocal, facial, 
or gestural expression. So, for example, the experience 
of joy not only energizes an individual, but its expres­
sion also encourages others around the person to remain 
near and to keep up a pleasurable interaction. Watching 
face and gesture and listening to voice, some theorists 
have argued that the earliest expressions of emotion are 
learned through experience, presumably through parent- 
infant interactions. By contrast, others have suggested that 
emotions are not necessarily outcomes or products of 
experiences or thought, that emotions are expressed and 
comprehended universally, and that emotions possess sur­
vival value as important means of communication with 
others of the species; on these bases, these theorists have 
concluded that basic emotions reflect innate capacities for 
which no social experience is required.

Developmental studies show that infants both express Earliest 
and interpret many distinct and presumably core emo- expressions 
tions in the first years o f life, contrary to previous views o f emotion 
that they can exhibit only undifferentiated general ex­
citement. Quite frequently in their everyday interactions, 
for example, newborns clearly respond to pleasant stimuli 
with facial expressions that may reasonably be interpreted 
as positive and to unpleasant stimuli with negative ones; 
this is not to imply that experience plays no role in shap- 
ing the expression of emotions, since different cultures 
obviously socialize different emotional displays in infants 
and young children. The very young are also recognized 
to discriminate among expressions of emotion conveyed 
in face, voice, and gesture. Although the ability to dis- 
criminate does not necessarily imply understanding of 
emotional meaning, research shows that children in the 
first and second years of life use the emotional expressions 
of others to regulate their own behaviour, especially with 
regard to decision making. So, for example, young chil­
dren are more likely to approach and explore a toy when 
an adult they “consult” signals joy, as opposed to disgust 
or fear, and they will even physically position themselves 
so as to be able to read that adult’s expressed emotions 
more clearly.

Most emotions remain available throughout life, but in- The 
dividuals differ in the characteristic pattems of emotions concept of 
they display, that is, in their temperament. Temperament tempera- 
has many definitions; commonly, it is conceived of as ment
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a constitutionally based source of characteristic socio- 
emotional elements in the individual, such as affect, at­
tention, and motor activity. Although individual patterns 
of these components of Personality are often thought of 
as enduring and valid in different situations, they, too, 
are certainly subject to modification according to the cir­
cumstances of life. Presumably personality constitutes the 
elaboration and transformation of basic temperamental 
dispositions in development through experience, social in­
teraction, and cognition. Its constitutional base does not 
mean that temperament is genetically fixed, and models 
of temperamental Variation acknowledge reciprocal influ­
ences of environment and organism acting through time 
so that aspects of temperament are identifiable early in 
life but may alter with age or environmental change. A 
convergence of methodologies that combines observing 
infants and children with interviewing parents has shown 
moderate agreement in the evaluation of infant and child­
hood temperament. Research on newborn Variation (espe­
cially in twins) has strongly supported the appropriateness 
of a behaviour-genetic model of the origins of tempera­
ment. The study of childhood temperament is particularly 
attractive to clinicians since, if temperament is constitu­
tional and enduring, understanding infant temperament 
promises to provide clues to understanding mature per­
sonality and perhaps to solving parts of the puzzle of 
pathology in personality. Moreover, individual differences 
in infant and childhood temperament can be expected to 
provoke different styles of caretaking and to shape, for 
good or ill, the nature of children’s social interactions.

Infancy and childhood witness the dawning of social 
awareness, when children come to understand that their 
behaviour can affect the behaviour of others in consistent 
and predictable ways (intentionality and effectance) and 
that others can be counted on to respond when signaled 
(trust). These basic social characteristics are often born of 
tum taking (reciprocity) in interpersonal interaction. In 
their encounters first with parents and later with significant 
others, infants and young children appear to interact adap- 
tively. Perhaps the central accomplishment in personality 
development in the first years of life is the establishment 

Attach- of specific and enduring emotional bonds, or attachment.
ment The objects of attachment seem to be the persons who re­

spond most consistently, predictably, and appropriately to 
the baby’s signals, primarily the mother but also the father 
and eventually others. Interestingly, mothers and fathers 
have been observed to behave differently with their infants 
and young children: Mothers hold, comfort, and calm in 
predictable and rhythmic ways, whereas fathers play and 
excite in unpredictable and less rhythmic ways. Children 
quickly learn to expect different patterns of interaction 
from these two figures.

Research suggests that varied social Stimulation facilitates 
the growth of interactional skills in infants and young 
children. The development of social styles seems to de­
pend on the nature of early interactions, on temperament, 
and on adult behavioral pattems; moreover, transactions 
among these factors have ramifications for children’s so­
cial and cognitive development, including their propensity 
to explore the environment, the stability of their gender 
identity, and the facility with which they interact socially 
with peers. Toddlers who are more secure than others in 
their attachment to parents approach cognitive challenges 
such as problem solving more enthusiastically and persis- 
tently, and they behave in more socially competent and 
independent ways in preschool.

Perhaps the preeminent theorist of social and personality 
development is Sigmund Freud, who, in the first decades 
of the 20th Century, established the modern practice of 
psychoanalysis. Freud saw a parallel between the transfor­
mation of energy in the physical world and events that 
occur in mental life. Human life, he hypothesized, is gov- 
erned by a mental energy that he called libido. Libido 
cannot be created or destroyed; humans are born with a 
finite amount of it, and instead of its being transformed 
into another type of energy, its area of localization within 
the body successively changes over the course of develop­
ment. Freud postulated a universal, biological progression 
in which libido is centred in particular body zones for

determined lengths of time. Each stage in this progression 
is, in Freud’s terms, a stage of psychosexual development.
Where the libido is concentrated determines which Stim­
ulation is required to gratify it. Experience can facilitate 
or hinder the development of certain feeling States, but it 
is nature that determines where and when libido moves.
Freud specified five stages of psychosexual development. Freud’s
The first psychosexual stage is the oral stage. During stages of 

the first year of life, gratifying Stimulation centres on the develop- 
mouth region, where libido is concentrated, and pleasure ment 
is obtained by sucking and biting. If the baby’s attempts 
at oral gratification are frustrated often enough, some of 
the libido may become fixated (arrested) at this stage 
of development; that is, not all the libido will be free 
to progress to the next stage. Freud believed that adult 
emotional problems result from fixation, and in the case 
of oral fixation such problems involve attempts to obtain 
the gratification missed at the oral stage. As an adult the 
individual may, for example, overeat. Fixation of libido is 
a potential problem at any stage.

The anal stage lasts from about age one to age three and 
occurs when libido centres in the rectal area. Children at 
this stage obtain pleasure through exercising their sphinc- 
ter muscles, expelling or withholding bowel movements.
The anal stage corresponds to the period when children 
in many Western societies are toilet trained, and frustra­
tion resulting from severe toilet training can result in anal 
fixation, in which adults are either “loose” (messy and 
wasteful) or “uptight” (holding back everything, including 
their feelings).

In the phallic stage, which according to Freud Spans years 
three to five, the libido in both sexes moves to the genital 
area. For boys, gratification is obtained through manipu­
lation and Stimulation of the genitals. Mothers are most 
likely to provide such Stimulation, and boys therefore 
conceive an incestuous sexual desire for their mothers.
Boys recognize that their fathers stand in the way of such 
desires, and this arouses negative feelings toward them.
Freud labeled this emotional reaction the Oedipus com­
plex, after the legendary Greek king who mistakenly killed 
his father and married his mother. According to Freud’s 
theory, when boys realize that their fathers are rivals, they 
come to fear that their fathers will punish them by castra­
tion. As a result, boys experience castration anxiety. The 
power of this anxiety forces boys to give up their desires 
for their mothers and in turn identify with their fathers; 
that is, boys come to model themselves after their fathers.
Although presumably mothers also provide most genital 
Stimulation for girls, girls (for reasons not perfectly clear 
even to Freud himself) fall in love not with their mothers 
but with their fathers. Then, analogous to what occurs 
with boys, girls desire to possess their fathers incestuously 
but realize that their mothers stand in the way. At this 
point the similarity with male development ends. Girls 
are afraid that their mothers will punish them for their in­
cestuous desires, but, although it is possible that girls first 
fear punishment in the form of castration, their awareness 
of feminine genital structure causes them to realize that, 
in a sense, they already have been punished. That is, girls 
perceive that they do not have a penis but only an inferior 
(to Freud) clitoris. Hence, girls experience what Freud 
called penis envy. Penis envy impels girls to resolve the 
Oedipal conflict by relinquishing their incestuous love for 
their fathers and identifying with their mothers.

According to Freudian theory, the form of adolescent 
and adult development is determined in early childhood.
The first five years, comprising the first three psychosexual 
stages, are especially critical for functioning in later life.
After the end of the phallic stage (at about five years of 
age) and until puberty begins (at about 12 years of age),
Freud said that the libido is latent. It is not localized in any 
bodily zone; thus, during the latent stage no zones of grat­
ification emerge or exist. At puberty the libido reemerges, 
again in the genital area, but this time in a mature adult 
form of the phallic stage. If the person’s psychosexual de­
velopment has not been too severely restricted during the 
first five years of life, adult sexuality can now be directed 
to heterosexual union and reproduction.

Although Freud made great contributions to psycholog-
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ical theory—particularly in his concept of unconscious 
urges—later critics pointed out that actual Freudian re­
search is practically impossible. Such elegant concepts 
as the theory of psychosexual stages cannot be verified 
through scientific experimentation and empirical observa­
tion. But Freud’s concentration on development in early 
childhood influenced even those schools of thought that 
rejected his theories.

The study of postnatal behavioral development prior to 
adolescence has tended to lay stronger emphasis on in­
fancy than on childhood, not because later development 
is unimportant but because it is widely held by different 
schools of thought that the most significant developments 
in behaviour take place early in the life cycle. Psycho- 
analysis argues for the enduring quality of early experi­
ences; learning theory argues that early experiences are 
prominent because they are primary, have no compet- 
ing propensities, and are thus easy to establish and long 
lasting; ethology proposes that sensitive periods of suscep- 
tibility to environmental influence predominate in infant 
life; and Piaget’s theory of genetic epistemology also sug­
gests that advanced cognitive and social capacities build 
on simple developments that take place very early in life. 
Infancy and early childhood are thus premiere phases of 
the life cycle whose characteristics—given, developing, or 
acquired—are generally fundamental to later experiences 
that build on or modify them.

ADOLESCENT DEVELOPMENT
Adolescence may be defined as that period within the life 
span when most of a person’s characteristics are chang­
ing from what is typically considered childlike to what 
is typically considered adultlike. Changes in the body are 
the most readily observed; but other, less definitive at- 
tributes such as thoughts, behaviour, and social relations 
also change radically during this period. The rate of such 
changes varies with the individual as well as with the 
particular characteristic.

Physiological aspects. The physical and physiological 
changes of adolescence do not proceed uniformly; how­
ever, a general sequence for these changes applies to most 
people. It is useful to speak of phases of bodily changes in 
adolescence in order to draw important distinctions among 
various degrees and types of change. Bodily changes affect 
height, weight, fat and muscle distribution, glandular se- 
cretions, and sexual characteristics. When some of these 
changes have begun, but most are yet to occur, the person 
is said to be in the prepubescent phase. When most of 
those bodily changes that will eventually take place have 
been initiated, the person is in the pubescent phase. Fi­
nally, when most of those bodily changes have already 
occurred the person is in the postpubescent phase; this 
period ends when all bodily changes associated with ado­
lescence are completed.
The bodily changes of adolescence relate to both pri­

mary and secondary sexual characteristics. Primary sexual 
characteristics are present at birth and comprise the ex- 
temal and internal genitalia (e.g., the penis and testes in 
males and the vagina and ovaries in females). Secondary 
sexual characteristics are those that emerge during the 
prepubescent through postpubescent phases (e.g., breasts 
in females and pigmented facial hair in males).

Several important bodily changes occur specifically within 
each of the three periods that characterize adolescent phys­
ical maturation. The period of prepubescence begins with 
the first indication of sexual maturation. It ends with the 
initial appearance of pubic hair. In males, there is a con­
tinuing enlargement of the testicles, an enlargement and 
reddening of the scrotal sac, and an increase in the length 
and circumference of the penis. These changes all involve 
primary sexual characteristics. Insofar as secondary sexual 
characteristics are concerned, there is no true pubic hair 
at this stage, although down may be present. In females, 
prepubescent changes typically begin an average of two 
years earlier than with males. The first phenomena of 
female development in this period are the enlargement of 
the ovaries and the ripening of the ova. In contrast with 
those of males, these changes in primary sexual charac­
teristics are not outwardly observable. However, changes

involving secondary sex characteristics can be seen (e.g., 
the rounding of the hips and the first phase of breast devel­
opment). The latter begins with an elevation of the areola 
surrounding the nipple, which produces a small cone-like 
growth called the breast bud. As with the male, there is 
no true pubic hair, although down may be present.

The onset of pubescence in both sexes occurs with the 
appearance of pubic hair, and this period ends when pubic 
hair development is complete. The peak velocity (speed) 
of growth in height and weight also occurs during this 
phase. This so-called growth spurt occurs about two years 
earlier in females than in males. Another key change of 
pubescence in females is menarche, or the onset of men- 
struation, which occurs about 18 months after the max­
imum height increase of the growth spurt and typically 
is not accompanied initially by ovulation. In pubescence 
the primary sexual characteristics continue the develop­
ment initiated in prepubescence. In females the vulva and 
clitoris enlarge; in males the testes continue to enlarge, 
the scrotum grows and becomes pigmented, and the penis 
becomes longer and increases in circumference. In regard 
to secondary sexual characteristics, in females there is in­
creased breast development, with the breast buds enlarging 
to form the primary breast; in males, the voice deepens 
and pigmented axillary and facial hair appear, usually 
about two years after the emergence of pubic hair.

The phase of postpubescence starts when pubic hair 
growth is complete, there is a deceleration of growth 
in height, changes in the primary and secondary sexual 
characteristics are essentially complete, and the person is 
fertile. Some changes in primary and secondary sexual 
characteristics occur in this phase. For instance, in males, 
it is during this period that the beard begins to grow; in 
females, there may be further breast development.

Although, as noted, the ordering of these bodily changes 
is fairly uniform among individuals, there is considerable 
Variation in the rate of change. Some adolescents mature 
more rapidly and others more slowly than most of their 
peers. Of course, there are also youths who pass through 
the periods of bodily change at the average rate. Varia­
tions in the rate of bodily change in adolescence often 
affect psychological and social development. Early-matur- 
ing adolescent boys are typically better adjusted than late 
maturers and have more favourable interactions with peers 
and adults. These advantages of early maturation and dis- 
advantages of late maturation tend to continue through 
the middle adult years for males. For females, however, 
early maturation is associated with more psychosocial 
disadvantages than is late maturation. Maturing at an 
average rate seems to be most advantageous for females. 
However, the relations between female maturation rates 
and personality and social functioning in later life have 
not been determined.

Bodily changes among adolescents can also differ accord­
ing to sociocultural and historical influences. The age of 
menarche, for example, varies among countries and even 
among different cultures within one country. Moreover, 
there has been a historical trend downward in the average 
age of menarche, translating into a decrease of several 
months per decade from about 1840 to the present. This 
phenomenon is generally ascribed to the improved health 
and nutrition of children and adolescents.

Cognition. The dramatic physical and physiological 
changes characteristic of adolescence have an equally dra­
matic impact on cognitive and social functioning. Ado­
lescents think about their “new” bodies and their “new” 
selyes in qualitatively new ways. In contrast with sen- 
sorimotor and more limited spatiotemporal modes of 
thinking, which according to Piaget characterize infancy 
and childhood, beginning at about puberty the formal 
operational, or hypothetico-deductive, mode of thought 
emerges, characterized by reasoning and abstraction. In the 
formal operational stage, adolescents begin to discriminate 
between their thoughts about reality and reality itself and 
come to recognize that their assumptions have an element 
of arbitrariness and may not actually represent the true 
nature of experience. Thus, adolescent thinking becomes 
somewhat experimental in the scientific sense, employing 
hypotheses to test new ideas against outward reality.
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In forming hypotheses about the world, adolescent Cog­
nition can be seen to grow along with formal, scientific, 
logical thinking. Consider, for example, a problem of com- 
binatorial thought: An adolescent is presented with five 
jars, each containing a colourless liquid. Combining the 
liquids from three particular jars will produce a colour, 
whereas using the liquid from either of the two remain­
ing jars will not produce a colour. The adolescent is told 
that a colour can be produced but is not shown which 
combination produces this effect. Children at the concrete 
operational stage typically try to solve this problem by 
combining liquids two at a time, but after combining all 
pairs, or possibly trying to mix all five liquids together, 
their search for the workable combination usually stops. 
An adolescent at the formal operational stage, on the other 
hand, will explore all possible Solutions, systematically 
testing all possible combinations of two and three liquids 
until a colour is produced. As another example, consider 
adolescent thinking in respect to certain types of verbal 
problems—for instance, as represented by the question “If 
Jane is taller than Doris and shorter than Francine, who 
is the shortest of the three?” Concrete operational children 
may be able to solve an analogous problem (e.g., one using 
sticks of various lengths, with the sticks actually present). 
Abstract verbal problems, however, are usually not solved 
until the capacity for formal operations has emerged.

Formal operational thought does not seem to be a stage 
characterizing all adolescents. Studies of older adolescents 
and adults in Western cultures show that not all indi­
viduals attain formal operations. In turn, in some non- 
Western groups there is a failure ever to attain formal 
operations. Some researchers have attributed these differ­
ences to the differences between rural and urban societies 
and the different kinds of schooling offered by each. There 
is, however, little evidence for socioeconomic or educa- 
tional differences being associated with the achievement 
of formal operational thought.

Formal operational thinking also has limitations, predi- 
cated in part on the fact that adolescents often think about 
their own thinking. Just as the infant is preoccupied with 
his physical seif in a world of new stimuli, so the adoles­
cent may be preoccupied with his own thinking in a world 
of new ideas. Such preoccupation often leads to a kind of 
egocentrism, which can manifest itself in two ways: First, 
the individual may presume that his or her own con­
cerns, values, and preoccupations are equally important 
to everyone eise; second, the urgency of this new thinking 
may paradoxically give rise to an overestimation of one’s 
uniqueness, often resulting in feelings of alienation or 
of being misunderstood. Although the formal operational 
stage is the last stage of cognitive development in Piaget’s 
theory, the egocentrism of this stage diminishes over the 
course of the person’s life, largely as a consequence of in­
teractions with peers and elders and—most importantly— 
with the assumption of adult roles and responsibilities.

The social context. The adolescent’s social context is 
broader and more complex than that of the infant and 
the child. The most notable social phenomenon of adoles­
cence is the emergence of the marked importance of peer 
groups. The adolescent comes to rely heavily on the peer 
group for support, security, and guidance during a time 
when such things are urgently needed and since perhaps 
only others experiencing the same transition can be relied 
upon to understand what that experience is. Contrary to 

Influence cultural stereotype, however, the family is quite influential 
of the for adolescents. Indeed, no social institution has as great
family an influence throughout development as does the family.

Most studies indicate that most adolescents have few, if 
any, serious disagreements with parents. In fact, in choos- 
ing their peers adolescents typically gravitate toward those 
who exhibit attitudes and values consistent with those 
maintained by the parents and ultimately adopted by the 
adolescents themselves. For instance, while peers influence 
adolescents in regard to such issues as educational aspira- 
tions and performance, in most cases there is convergence 
between family and peer influences. While it is the case 
that adolescents and parents have somewhat different at­
titudes about issues of Contemporary social concern (e.g., 
politics, drug use, and sexuality), most of these differences

reflect contrasts in attitude intensity rather than attitude 
direction. That is, rather than adolescents’ and parents’ 
standing on opposite sides of a particular issue, most 
generational differences simply involve different levels of 
support for the same position. In sum, there is virtually no 
evidence supporting the cultural stereotype of adolescence 
as a period of storm and stress. Most adolescents continue 
their close and supportive relationships with their parents, 
and their relationships with peers tend to support parental 
ideals rather than run against them.

Personality. The dramatic changes that characterize 
puberty present the adolescent with serious psychosocial 
challenges. A person who has lived for 12 years has devel­
oped a certain sense of seif as well as of self-capacity. In 
adolescence, however, this knowledge of self is challenged.
As has been discussed, the rather sudden bodily changes in 
this period are accompanied by equally dramatic changes 
in thoughts and feelings. Thus, all the assumptions ado­
lescents held about the self in earlier stages may no longer 
be relevant to the new individuals they find themselves to 
be. Because a coherent sense of self is necessary for func­
tioning productively in society, adolescents ask a crucial 
psychosocial question: Who am I?

At precisely the time that adolescents feel unsure about 
who they are, society begins to ask them related questions.
For instance, adolescents are expected to make the first 
steps toward career objectives. Society asks adolescents, 
then, what roles they will play as adults, that is, what 
socially prescribed set of behaviours they will choose to 
adopt. Thus a key aspect of this adolescent dilemma is 
that of finding a role, which is generally taken to be the 
outward expression of identity. The emotional upheaval 
provoked by this mandate is called the identity crisis. In The 
order to resolve this crisis and achieve a sense of identity, identity 
it is necessary to synthesize psychological development crisis 
and societal directives. The adolescent must find an ori­
entation to life that not only fulfills the attributes of the 
self but at the same time is consistent with what society 
expects of a person; that is, a role cannot be something 
that is self-destructive (e.g., sustained fasting) or socially 
disapproved (e.g., criminal behaviour). In the search for 
an identity the adolescent must discover what he or she 
believes in and what his or her attitudes and ideals are.
For commitment to a role entails, to a greater or lesser 
degree, commitment to a set of values.
If the adolescent fails to resolve the identity crisis by the 

time of entry into adulthood, he or she will feel a sense 
of role confusion or identity diffusion. Some young adults 
waver between roles in a kind of prolonged “moratorium,” 
or period of avoiding commitment. Others seem to avoid 
the crisis altogether and settle easily on an available, so­
cially approved identity. Still others resolve their crises 
by adopting an available but socially disapproved role or 
ideology. This latter Option is called negative identity for­
mation and is often associated with delinquent behaviour. 
Resolution of the adolescent identity crisis has a profound 
influence on development during later adulthood.

All societies traditionally prescribe stereotyped roles to 
each sex. These roles have adaptive significance; that 
is, they allow society to maintain and perpetuate itself.
From this reasoning, it follows that differences in sex- 
role behaviour, at least initially, arose from the different 
tasks males and females performed for survival—especially 
those tasks centred around reproduction. Differing biolo- 
gies exert differing pressures on psychosocial development; 
however, these pressures do not occur independently of 
the demands of cultural and historical milieus. The bio­
logical basis of one’s psychosocial functioning is believed 
to relate to adaptive Orientations for survival. Many dif­
ferences exist between males and females, but the nature 
of individual differences between the sexes is dependent 
on interactions among biological, psychological, sociocul- 
tural, and historical influences.

DEVELOPMENT IN ADULTHOOD AND OLD AGE
In sheer number of years, the periods labeled adulthood 
and aging constitute the major portion of the human life 
span. Historically, however, these periods were seen as less 
significant and interesting developmentally than infancy,
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childhood, and adolescence. Adulthood was viewed as a 
time of continuity, a period when what had been devel­
oped earlier was utilized. Aging was viewed as a time of 
decline, a period when what had been developed earlier 
was lost. Contemporary opinion is that adulthood and 
aging are just as significant and interesting as are earlier 
periods of the life cycle. Adulthood and aging are charac­
terized by both growth and decline.

Central nervous system processing. There is relatively 
clear evidence that, with advancing age, individuals show 
a tendency toward decreasing speed of response. This is a 
gradual change occurring across the entire life span that 
shows up in a variety of so-called speeded tasks (those 
in which errors would be unlikely if the individual had 
an unlimited amount of time to complete the tasks). For 
example, reaction time tests (which measure the time 
elapsing between the appearance of a signal and the begin­
ning of a responding movement) are usually viewed as a 
measure of central nervous system processing. Mean speed 
of response on such tasks increases with age until the late 
teens, remains constant until the mid-20s, and then de- 
clines steadily throughout the remainder of the age range.

Considerable evidence has accumulated to link changes 
in brain electrical activity to the slowing of behaviour. 
The electroencephalogram (EEG) provides a record of the 
brain’s electrical activity. The normal human EEG displays 
continuous rhythmic activity in the form of wavelike pat­
terns varying in frequency and amplitude. The dominant 
rhythm is the alpha wave, which reaches its maximum fre­
quency in adolescence and begins to slow gradually after 
young adulthood. This slowing may be related to disease 
processes (particularly vascular disease) as well as to basic 
aging processes. The older adult’s central nervous system 
appears to be in a state of under-arousal in comparison to 
that of the younger adult.

Cognition. Decline in the rate of central nervous system 
processing does not necessarily imply a similar change in 
learning, memory, or other intellectual functions. How­
ever, considerable evidence indicates that the learning 
ability of young adults is superior to that of older adults 
and that the faster the pace of the task the more differ­
ence age makes. Older learners benefit more from slower 
pacing of tasks than do younger learners. When allowed 
to regulate the pace of the task themselves, older learners 
often show an improvement in performance, whereas this 
is not necessarily the case with younger learners.

However, in regard to memory, as opposed to the 
Memory learning or acquisition of information, research suggests
functions that there are relatively few age-related differences within

the primary-memory system, the temporary maintenance 
system for conscious processing of information. Age is 
a significant factor, however, in the functioning of the 
secondary-memory system. Secondary memory depends 
on the elaboration and organization of information in 
terms of its semantic content or meaning. Compared to 
younger adults, older adults appear to be deficiënt in these 
processes. Generally, they do not spontaneously use orga- 
nizational strategies as extensively as do younger adults, 
or, if they use them, they do so less effectively. How­
ever, when various organizational strategies are built into 
the Situation, the performance of older adults improves 
significantly.
Most studies examining memory for general knowledge 

have found that older adults retrieve such information as 
well as or better than do younger adults. Within some 
contexts, older adults appear to integrate and retain the 
meaning of sets of sentences and texts as well as do 
younger adults. For example, when young, middle-aged, 
and elderly adults are asked questions covering such top­
ics as famous people, news events, history, geography, the 
Bible, literature, Sports, mythology, and general Informa­
tion (e.g., “What was the former name of Muhammad 
Ali?”; “What is the Capital of Kampuchea?”), their an- 
swers typically show no evidence of age differences in the 
retrieval of knowledge. In fact, elderly people may actually 
answer more questions correctly than do younger groups. 
Older adults also appear to have accurate knowledge about 
their own memory processes—knowledge that has been 
labeled metamemory. For example, research has found

no age differences regarding subjects’ assessments of the 
relative reliability of visual and verbal memory, regard­
ing the use of memory strategies (e.g, reminder notes), 
or regarding memory monitoring (e.g, prediction of the 
number of items that would be recalled following various 
memory tasks).

Psychometrie approaches to cognition suggest that intel­
ligence is characterized by two distinct properties. Fluid Fluid and 
intelligence, measured by tests that minimize the role of crystallized 
cultural knowledge, reflects the degree to which the indi- intelligence 
vidual has developed unique qualities of thinking through 
incidental learning. Crystallized intelligence, measured by 
tests that maximize the role of cultural knowledge, reflects 
the degree to which the individual has been accultur- 
ated through intentional learning. Fluid intelligence shows 
a steady decline from adolescence through middle age.
Across the same age range, however, a steady increase 
occurs in crystallized intelligence. When measures of both 
properties are taken, few age-related differences appear.

Finally, there are age-related differences on several mea­
sures of cognitive functioning. In general, older adults 
perform more poorly than do younger adults on tasks 
requiring both concrete operational thought and formal 
operational thought.

Some features of cognitive functioning—speed of re­
sponse, secondary memory, and fluid intelligence—seem 
to decline with age. Others—contextual memory and crys­
tallized intelligence—increase. Aging does not inevitably 
precipitate a decline in cognitive functioning. Indeed, there 
is growing evidence that older persons can largely modify 
their intellectual performance, documenting a clear life- 
long capacity for cognitive change in human beings.

Personality and social development. Several theories of 
personality development stress that adulthood and aging 
are periods of qualitative change, of discontinuity, and 
of transformations of earlier life patterns. These changes 
are believed to arise in relation to the demands of the 
person’s changing biological status and social context—  
the family, the workplace, and society in general. Thus, 
personality development is both an individual and a social 
phenomenon.

In the view of the German-bom U.S. psychoanalyst Erik 
Erikson, certain psychosocial demands, or crises, confront Erikson’s 
the individual at distinct intervals throughout life. The theory of 
young adult, for instance, is expected to enter into an in- crises 
stitution— i.e., marriage and family—that will perpetuate 
the society. The degree to which the basic need for in- 
timacy on all levels—physical, emotional, and others— is 
met in such a relationship determines in most individuals 
the conception of the seif as belonging or as isolated. In 
middle adulthood the crisis develops between the sense of 
generativity and the sense of Stagnation. In this stage the 
individual is expected to play the role of a contributing, 
generative member of society. Generativity can take the 
form of providing the goods and services by which society 
functions or of producing, rearing, and socializing future 
members of society. The inability to develop a productive 
self-conception results in a feeling of Stagnation. In ma­
turity, according to Erikson, a crisis arises with regard to 
the sense of ego integrity versus the sense of despair. In 
this stage, individuals realize that they are reaching the 
end of life. If they have successfully progressed through 
the previous stages of development, they can face old age 
with satisfaction in the feeling that a full and complete 
life has been led. Individuals for whom this integrity of 
life is lacking often feel a sense of despair over “wasted” 
opportunity.
The American psychologist Daniel J. Levinson also di- 

vides adult life into qualitatively distinct periods. Confin- 
ing his study to men, Levinson identified five eras within 
their lives that are not stages of biological, psychological, 
or social development but that together constitute a life- 
cycle structure. The eras are: (1) preadulthood (birth to 
age 22); (2) early adulthood (age 17 to 45); (3) middle 
adulthood (age 40 to 64); (4) late adulthood (age 60 to 
85); and (5) late late adulthood (age 80 and over). Each 
of these eras is in turn made up of a series of devel­
opmental periods and transitions. For example, in early 
adulthood a first major transition, ordinarily beginning at
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age 17 to 18 and extending until age 22 to 23, represents 
a developmental link between preadulthood and early 
adulthood. The young man in this early adult transition 
faces two major tasks. The first task is to modify relation­
ships with his family and with other persons, groups, and 
institutions significant to his preadult world. The second 
task is to take a preliminary step into the adult world. 
This requires making initial explorations and choices for 
adult living. Major life events within this transition may 
include graduating from high school, moving out of the 
family home, seeking gainful employment, or attending 
college. Entering the adult world begins in the early 20s 
and extends until the late 20s. The focus of this period is 
on exploration and provisional commitment to adult roles 
and responsibilities. The young man faces two antithetical 
tasks. On the one hand, he must explore alternate possi­
bilities for adult living, keeping options open and avoiding 
strong commitments. On the other hand, he must create 
a stable life structure, becoming responsible and “making 
something” of himself. Crucial life events during this pe­
riod include occupational choice, first job, marriage, and 
the birth of children.

The age range of 28 to 33 years represents a transition 
between the period of entering the adult world and the 
next period of settling down. This transition provides the 
young man with an opportunity to adjust and enrich 
the provisional adult life structure that he created earlier. 
For most men, however, a moderate to severe crisis is 
common; divorce and occupational change are frequent 
during this time. A settling down period then follows, 
beginning in the early 30s and extending until about age 
40. This period, during which the man’s task is to become 
a full-fledged adult, emphasizes stability and security. The 
individual makes deeper commitments to his occupation, 
family, or whatever enterprises are significant to him. In 
addition, he generally concentrates on “making it.” This 
involves long-range planning toward specific goals with a 
timetable for their achievement. Most men fix on a key 
life event, such as a promotion or new job, as represen­
tative of ultimate affirmation or evaluation by society. 
During the last years of the settling down period, there 
is a distinctive phase designated as “becoming one’s own 
man,” ordinarily occurring at age 36 to 40. The man’s 
major task during this phase is to achieve greater inde­
pendence and authority by striving for the goals of his 
various enterprises.

The mid-life transition spans four to six years, reaching 
a peak in the early 40s. It forms a developmental link 
between early adulthood and middle adulthood and, be­
ing part of both eras, represents a beginning and ending, 
a meeting of past and future. A task of the mid-life 
transition is to work on and partially resolve this discrep- 
ancy between what is and what might be. The transition 
may be relatively smooth, but it is more likely to in­
volve considerable turmoil. The period of entering middle 
adulthood begins at about age 45 and extends until about 
age 50. Sometimes the start of this new life structure is 
marked by a significant life event, such as a change in 
job or occupation, a divorce or love affair, or a move 
to a new community. In other instances, the changes are 
more subtle.

Research evidence does not unequivocally support the 
discontinuous, stagelike changes in adult personality pro­
posed by theorists such as Erikson and Levinson. In fact, 
several major studies of personality development during 
the adult and aged years present evidence for both change 
and constancy. For instance, studies of healthy adults be­
tween the ages of 40 and 80 residing in the Kansas City 
area during the 1950s found evidence for both continuity 
and change of adult personality. On the one hand, per­
sonality structure was stable; four personality types—inte­
grated, defended, passive-dependent, and unintegrated— 
emerged among respondents regardless of age. Similarly, 
characteristics dealing with the socio-adaptational aspects 
of personality (e.g., goal-directed behaviour, coping styles, 
and life satisfaction) were not age-related. It seems, there­
fore, that the ways in which healthy adults interact with 
the environment may be stable even though the roles they 
adopt alter with age. On the other hand, individual styles of

coping with the inner world of experience showed marked 
age differences. For example, 40-year-olds feit in charge of 
their environment, viewed the seif as a source of energy, 
and were positive about risk taking, whereas 60-year-olds 
saw the environment as threatening and even dangerous 
and viewed the seif as passive and accommodating.

Other studies of personality development from birth 
through early adulthood have also found evidence for con­
stancy and change. For example, behavioral dispositions 
of the early school years, including passive withdrawal 
from stressful situations, dependency on family, arousal 
of anger, involvement in intellectual mastery, sexual be­
haviour and sex-role identification, and anxiety over social 
interaction, have been found to carry over into adulthood. 
The degree of stability in these behaviours exhibited from 
childhood to adulthood seems to be closely related to cul­
tural expectations of appropriate sex-role behaviour. If a 
pattern of childhood behaviour is consistent with sex-role 
expectations, it will more likely remain stable over time.

Other studies, concentrating on the development from 
adolescence into adulthood among people born in Cal­
ifornia in the late 1920s and early 1930s, found differ­
ent personality types for males and females that showed 
substantial stability over time. Personality characteristics 
reflecting socialization and self-presentation, for example, 
tended to remain stable. On the other hand, two major 
types of personality characteristics, those reflecting infor­
mation processing and those reflecting interpersonal rela­
tions, tended to change. There were differences between 
the sexes both in what was constant and in what changed 
across life. For example, life-style patterns among the 
parents of the California children were more continuous 
between young adulthood and old age for fathers than 
they were for mothers. Fathers who in early adulthood 
were unwell and disengaged from their families showed 
these same characteristics in late adulthood. In regard to 
personality, however, there was more apparent continuity 
between young adulthood and old age among mothers 
than among fathers. For example, mothers who were 
group-centred showed a more psychologically healthy per­
sonality and had a more satisfying life in later years than 
in earlier years, whereas non-group-centred mothers were 
happy and healthy at age 30 but lost their health and 
physical stamina by age 70.

In general, older adults tend to engage in greater in- 
trospection and self-reflection than do younger adults, 
showing a general movement from the outer world toward 
the inner world. They tend to withdraw emotional invest­
ments, be less assertive, and avoid challenges. Adulthood 
and old age involve both constancy and change. These 
periods of life are continuations of the past as well as new 
phases in their own right.

CQNCLUSIONS
This article treats as separate various substantive spheres of 
human development—physical, perceptual, cognitive, lin­
guistic, personality, and social—as it does various temporal 
phases of development—prenatal life, infancy, childhood, 
adolescence, adulthood, and old age. However, human 
beings are coherent wholes, and behavioral development 
is unified, so that development in any one arena of life at 
any one time is ineluctably interrelated with development 
in other arenas at the same and at other times in patterns 
of mutual influence. In the life course, genetic endowment 
and biology interact with cultural context and experience 
to shape the development of human behaviour. Each of 
these powerful sources of influence on development has 
distinctive characteristics, and it is their transaction over 
time as well as the degree of congruence between the two 
that influence outcome. Our elucidation of the processes 
that underpin human growth is central to understanding 
normal as well as abnormal development. Study of the 
development of human behaviour is unwieldy; life does 
not submit to elegant scientific analysis or to precise pre- 
diction. Therefore, developmental study takes as its goals 
the general description and explanation of origins, of con­
stancy, and of change in perceiving, thinking, feeling, and 
behaving. Any such undertaking requires constant recon- 
sideration in light of new data and new insights.
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Beirut

Beirut (Arabic Bayrüt; French Beyrouth) is the Cap­
ital, largest city, and main port of the Republic of 
Lebanon. It occupies a metropolitan area of ap­

proximately 26 square miles (67 square kilometres) on 
the Mediterranean coast, at the foot of Mt. Lebanon. It 
comprises two hills, al-Ashrafiyah (East Beirut) and al- 
Musaytibah (West Beirut), that protrude into the sea as a 
roughly triangulär peninsula; in the immediate hinterland 
lies a narrow Coastal plain (as-Sähil) that extends from the 
mouth of the Nähr al-Kalb (Dog River) in the north to 
that of the Nähr ad-Dämür (Damur River) in the south. 
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Physical and human geography
THE LANDSCAPE

The city plan, Under the Ottoman viläyet administra­
tion and the French Mandate, the growth of Beirut was 
planned, but after independence in 1943 it was as hap­
hazard as it was rapid. It is estimated that the population 
of the city increased tenfold between the early 1930s and 
early 1970s and the city’s area grew to three times the size 
it had been in 1900. By the 1950s, few tracés of the old 
city were left, and most of those were destroyed in the 
1974-76 Lebanese civil war and its aftermath.
The neighbourhoods. Street plans and block arrange­

ments in the city and its suburbs are not consistent or uni­
form. In most quarters, modern high-rise buildings, walk- 
up apartments, slum tenements, modern villas, and tradi­
tional two-story houses with red-tiled roofs—all in varying 
States of repair—stand side by side. After 1974, countless 
houses and apartments, particularly in West Beirut, were 
forcibly occupied by refugees from rural areas, especially 
from the Shfi areas of South Lebanon.

The downtown area of central Beirut (the old city) was 
Civil war destroyed during the civil war and remained in ruins, 
destruction a vacant belt between East and West Beirut that could 

not be reconstructed because of sporadic fighting there 
between rival factions. As a result, all business moved out 
of the area to establish new premises in the Christian and

Muslim sides of the city. While few areas of Beirut were 
purely residential before 1974, none was by 1980.

THE PEOPLE
The resident population of Beirut is more or less evenly
divided between Muslims and Christians. The overwhelm-
ing majority in both religiöus groups is ethnically Arab and Ethnic and
includes Palestinian refugees, Syrian residents, and others. religiöus
The most important ethnic minority is the Christian Ar- groups
menians; there is also a Kurdish ethnic minority among
the Muslims. East Beirut is almost solidly Christian, West
Beirut is predominantly Muslim, and a number of mixed
neighbourhoods (notably in the district of Ra’s Bayrüt)
are cosmopolitan in character. The Jewish community is
concentrated in the neighbourhood of Wadi Abü Jamil.
The larger Christian communities are the Maronites and 
the Greek Orthodox; the Christian minorities, apart from 
the Armenians, include Greek Catholics, Protestants, Ro­
man Catholics, and others. Originally, the Sunnls were the 
dominant Muslim community, but Shfi Muslims began 
moving into the city in increasing numbers from the 1960s.
Small numbers of Druzes live in parts o f West Beirut.

ECONOMIC AND POLITICAL CONDITIONS
Between 1952 and 1975, Beirut was the hub of economic, 
social, intellectual, and cultural life in the Arab Middle 
East. In an area dominated by authoritarian or militarist 
regimes, the Lebanese Capital was generally regarded as a 
haven of liberalism, though a precarious one. With its sea- 
port and airport—coupled with Lebanon’s free economic 
and foreign exchange system, solid gold-backed currency, 
banking-secrecy law, and favourable interest rates—Beirut 
became an established banking centre for Arab wealth, 
much of which was invested in construction, commercial 
enterprise, and industry (mostly the manufacture of tex­
tiles and shoes, food processing, and printing). Foreign 
banking and business firms found in Beirut an ideal base 
for their operations in the Arab Middle East. The “free 
zone” of the Beirut port was a leading entrepot for the 
region. A skilled professional class provided varied so­
phisticated services for a pan-Arab clientele. Beirut was 
also a centre for tourism. The large number of daily and 
weekly newspapers, joumals, and other periodicals, which 
were normally uncensored, kept the Arab world informed 
about regional and world developments and provided a 
full array of editorial opinion. Beirut’s schools, colleges, 
and universities—the American University of Beirut, Uni- 
versité Saint Joseph, Université Libanaise (Lebanese Uni­
versity), and Beirut Arab University—attracted students 
from many Arab countries. An underlying lack of consis­
tency and organization, however, and an undercurrent of 
social and political unrest never escaped notice.

Beirut became a prominent centre for Palestinian resis- Political 
tance organizations after the Arab-Israeli War of 1967, terrorism



r24 Beirut

and became the headquarters of the movement after the 
Palestine Liberation Organization (plo) in Jordan was 
crushed in 1970. The Lebanese govemment failed in re­
peated attempts to bring the Palestinian movement in 
Beirut and the rest o f Lebanon under control. Arab nation­
alist and leftist political parties established armed militias 
for themselves, frequently in association with the Pales­
tinian resistance movement. When the plo was trapped by 
Israeli troops in West Beimt in 1982, the organization was 

leirut’s removed from Lebanon by multinational forces. Sectarian 
estruction violence continued after the Israeli withdrawal, destroying 

the established order of the city.
Beimt is no longer the hub of the Arab Middle East. 

The incessant fighting that began with the civil war, the 
Israeli bombing of West Beimt, and the chronic shelling 
that continued after the Israeli withdrawal ate away at the 
city’s infrastmcture. The Green Line established in the 
1970s to separate the Christian and Muslim factions in 
East and West Beimt, respectively, became a dangerous 
barricade permanently dividing the city. Businesses and 
residents alike left the city as hopes for a cease-fire waned, 
and even basic services such as water and electricity came 
to be only sporadically available.

History
THE EARLY PERIOD
The antiquity of Beimt is indicated by its name, derived 
from the Canaanite name of Be’eröt (Wells), referring to 
the underground water table that is still tapped by the 
local inhabitants for general use. Although the city is men­
tioned in Egyptian records of the 2nd millennium bc, it 
did not gain prominence until it was granted the status of 
a Roman colony, the Colonia Julia Augusta Felix Berytus, 
in 14 bc. The original town was located in the valley 
between the hills o f al-Ashrafïyah and al-Musaytibah. lts 
suburbs were also fashionable residential areas under the 
Romans, who constmcted an aqueduct to augment the 
city’s water supply. Between the 3rd and 6th centuries ad, 
Beimt was famous for its school of law. The Roman city 
was destroyed by a succession of earthquakes, culminating 
in the earthquake and tidal wave of ad 551. When the 
Muslim conquerors occupied Beimt in 635, it was still 
mostly in mins.

Arab and Christian rule. Beimt was reconstmcted on 
a small scale by the Muslims and reemerged as a small, 
walled garrison town administered from Baalbek as part of 
the jund  (Muslim province) of Damascus. Until the 9th or 
lOth Century, it remained commercially of no significance 
and was notable mainly for the careers of two eminent lo­
cal jurists, al-Awzä'I (died 774) and al-Makhül (died 933). 

The A return of maritime commerce to the Mediterranean in
msaders the lOth Century revived the importance of the town, par­

ticularly after Syria passed under the mie of the Fätimid 
caliphs of Egypt in 977. In 1110 Beimt was conquered by 
the military forces of the First Cmsade and was organized, 
along with its Coastal suburbs, as a fief of the Latin King­
dom of Jerusalem.

As a cmsader outpost, Beimt conducted a flourishing 
trade with Genoa and other Italian cities; strategically, 
however, its position was precarious because it was subject 
to raids by the Druze tribesmen of the mountain hinter­
land. Saladin reconquered Beimt from the cmsaders in 
1187, but his successors lost it to them again 10 years later. 
It was the Mamlüks who finally drove the cmsaders out 
of the town in 1291. Under Mamlük mie, Beimt became 
the principal port o f call in Syria for the spice merchants 
from Venice.

Ottoman rule. Beimt, along with the rest o f Syria, 
passed under Ottoman mie in 1516, shortly after the 
Portuguese had rounded the African continent (1498) to 
divert the spice trade of the East away from Syria and 
Egypt. The commercial importance of Beimt declined in 
consequence. By the 17th Century, however, the city had 
reemerged as an exporter of Lebanese silk to Europe, 
mainly to Italy and France. Beimt at the time was techni- 
cally part of the Ottoman province (eyalet) of Damascus, 
and after 1660 of Sidon. Between 1598 and 1633, how­
ever, and again between 1749 and 1774, it feil under the

control of the Ma(n and Shihäb emirs (feudal suzerains 
and fiscal ägents) of the Druze and Maronite mountain 
hinterland. From the mid-17th to the late 18th Century,
Maronite notables from the mountains served as French 
consuls in Beimt, wielding considerable local influence.
During the Russo-Turkish War of 1768-74, the town suf­
fered heavy bombardment by the Russians. Subsequently 
it was wrested from the Shihäb emirs by the Ottomans, 
and it soon shrank into a village of about 6,000.

The growth of modern Beimt was a result of the Indus­
trial Revolution in Europe. Factory-produced goods of the 
Western world began to invade the markets of Ottoman 
Syria, and Beimt, starting virtually from nought, stood 
only to profit from the modern industrial world. The Egyptian 
occupation of Syria by the Egyptians (1832-40) under occupation 
Muhammad CA1I Pasha provided the needed stimulus for 
the town to enter on its new period o f commercial growth.
A brief setback came with the end o f the Egyptian occu­
pation; by 1848, however, the town had begun to outgrow 
its walls, and its population had increased to about 15,000.
Civil wars in the mountains, culminating in a massacre 
of Christians by Dmzes in 1860, further swelled Beimt’s 
population, as Christian refugees arrived in large numbers.
Meanwhile, the pacification of the mountains under an 
autonomous govemment guaranteed by the great powers 
(1861-1914) stabilized the relationship between the town 
and its hinterland, where traditional silk production was 
mechanized by French and local industrial concerns. In 
1886 Beimt was made the Capital o f a separate province 
(viläyet) comprising the whole of Coastal Syria, including 
Palestine. By the turn o f the Century, it was a city of 
about 120,000.
Meanwhile, Protestant missionaries from Great Britain, 

the United States, and Germany and Roman Catholic 
missionaries mainly from France became active in Beimt, 
particularly in education. In 1866 the American Protestant 
Mission established the Syrian Protestant College, which 
later became the American University o f Beimt. In 1881 
French Jesuit missionaries established the Université Saint 
Joseph. Printing presses, introduced earlier by Protestant 
and Roman Catholic missionaries, stimulated the growth 
of the city’s Publishing industry, mainly in Arabic but also 
in French and English. By 1900 Beimt was in the van- 
guard of Arabic joumalism. A class of intellectuals sought 
to revive the Arabic cultural heritage and become the first 
spokesmen of a new Arab nationalism.

MODERN BEIRUT
Beimt was occupied by the Allies at the end of World War 
I, and the city was established by the French mandatory 
authorities in 1920 as the Capital of the State of Greater 
Lebanon, which in 1926 became the Lebanese Republic.
The Muslims of Beimt resented the inclusion of the city in 
a Christian-dominated Lebanon and declared loyalty to a Muslim- 
broader pan-Arabism than most Christians would support. Christian 
The resultant conflict became endemic. The accelerated tensions 
economie growth of Beimt under the French Mandate 
(1920-43) and after produced rapid growth of the city’s 
population and the rise of social tensions. These tensions 
were increased by the influx of thousands of Palestinian 
refugees after 1948. The political and social tensions in 
Beimt and elsewhere in Lebanon, coupled with Christian- 
Muslim tensions, flared into open hostilities in 1958, and 
even more violently in 1974-76. The conflict continued 
to simmer, with sporadic emptions o f violence, and Beimt 
became a divided city.

West Beimt was largely destroyed by heavy fighting be­
tween Israeli forces and members of the Palestine Libera­
tion Organization (plo) in 1982, when Israel launched a 
full-scale attack on plo bases operating in the city. Israeli 
troops surrounded West Beimt, where most plo guerrilla 
bases were located, and a series of negotiations brought 
about the evacuation of plo troops and leaders from 
Lebanon to other Arab nations.

Divisive sectarian loyalties only increased after the Israeli 
withdrawal. Neither the continued Syrian military pres­
ence nor the formation of a coalition govemment could 
defuse the violence. The shelling persisted, and much of 
the population fled. (K.S.S./Ed.)
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Belgian Literature

T he literature of Belgium falls into two main divisions 
by language: Flemish (the Netherlandic language 
as spoken in Belgium, and equivalent to Dutch in 

The Netherlands) and French. To this may be added a 
third, Walloon, a literature written in local dialects of 
French and Latin origin that are spoken in the provinces 
of Hainaut, Liège, Namur, Luxembourg, and the south of 
Brabant. (These provinces together were known as Wal- 
lonia.) This article provides a brief historical account of 
the development of each of these three literary traditions. 
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Flemish
EARLY LITERATURE

Relationship with Dutch literature. When considering 
the literature of Flemish-speaking (Dutch-speaking) Bel­
gium it must be remembered that the Belgian territories 
were united with the Netherlands politically, economi- 
cally, and culturally until 1579, when, as a result of the 
Reformation, the northern (Reformed) provinces seceded 
from the Roman Catholic south. Thus until the early 17th 
Century the literature of Flanders and Holland must be 
considered as a whole (see d u t c h  l it e r a t u r e ). It was in 
Flanders that the literature of the medieval Low Countries 
flowered most profusely. It was, moreover, in Flanders 
and Brabant that learning showed new vigour under the 
influence of the Renaissance and the Reformation. In lit­
erature inspired by the Reformation the tone was set by 
the glowing satiric verse of the Catholic Anna Bijns and 
the polemical satire on the Catholic Church, Biencorf der
H. Roomsche Kercke (1569; “The Beehive of the Roman 
Catholic Church”), of the Calvinist Philips van Marnix 
van Sint Aldegonde. The Renaissance in the Netherlands 
began with Lucas de Heere, Karei van Mander, and Jan

Baptista van der Noot, all of whom, significantly, had fled 
from the south for religiöus reasons.

Decline. Many left the south as a result of the reli- 
gious and political troubles before 1579, and the literary 
revival in Flanders and Brabant was interrupted. Whereas 
Holland was approaching its golden age, in the south a 
decline set in. But Justus de Harduwijn, a lyrical poet in 
the Classical style of the French Pléiade; Richard Verste­
gen, a polemicist and writer of prose characters; Adriaen 
Poirters, a populär moralist; the dramatists Willem Ogier 
and Cornelis de Bie, and, especially, Michiel de Swaen, 
the last important poet and playwright of the Baroque 
period, who was deeply inspired by his religion, compare 
favourably with most writers of their time. The decline 
was most noticeable in the early 18th Century, when the 
aristocracy and intellectual elite came increasingly under 
French influence.

Revival. Before the end of the 18th Century, however, 
Willem Verhoeven and Jan Baptist Verlooy had started a 
reaction against this French influence. Like Contemporary 
historical and scientific writers they reverted to the work 
of the 16th-century Humanists but neglected the medieval 
masterpieces. Revival was helped by the rederijkers (rhe- 
toricians), who continued, more or less successfully, to use 
Flemish, not French. Karei Broeckaert wrote dialogues 
modelled on Joseph Addison’s Spectator essays in a spirit 
of rational liberalism, creating a literary figure, “Gys- 
ken,” the ironie representative of the ancien régime; he 
also wrote the first Flemish prose story, Jellen en Mietje 
(1811). The poet Pieter Joost de Borchgrave embodied the 
transition from Classicism to Romanticism, and Jan Bap­
tist Hofman, a prolific playwright, introduced middle-class 
sentimental tragedy, or drame bourgeois.

19TH-CENTURY LITERARY TRENDS
The Romantic movement. Romanticism made its influ­

ence feit in the 19th Century and was linked to a revival 
of nationalist consciousness. The older generation—Jan 
Frans Willems, Jan Baptist David, Philip Blommaert, and 
Ferdinand Snellaert—while remaining rationalists, redis- 
covered the rich medieval inheritance. To their group be- 
longed two important poets of the new age, Karei Lodewijk 
Ledeganck and Prudens van Duyse. The younger genera­
tion was more spontaneously Romantic, as was illustrated 
by the work of Hendrik Conscience, creator of the Flemish 
novel. Theodoor van Rijswijck and Johan Alfried de Laet 
freed poetry from Classical concepts and forms, and the 
ultra-Romantic stories of Eugeen Zetternam and Pieter 
Frans van Kerckhoven denounced social evils.

Realism and other post-Romantic trends. Led by a Re­
alist, Domien Sleeckx, a reaction against Romanticism 
set in about 1860. Writing became characterized by acute 
observation, description of local scenery, humour, and, 
not infrequently, a basic pessimism, as could be seen in 
novels such as Anton Bergmann’s Ernest Staes (1874) and 
Virginie Loveling’s Een dure eed (1892; “A Dear Oath”). 
The poets Johan Michiel Dautzenberg, Jan van Beers, 
and Rosalie Löveling, together with the first important 
Flemish critic, Max Rooses, also reflected a new Realis- 
tic approach.

The
reaction 
of Flemish 
Realism
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Parallel to this Realism was a remarkable revival in po- 
etry in West Flanders, headed by a Roman Catholic priest, 
Guido Gezelle, undoubtedly the greatest Flemish poet 
ofth e  19th Century. Albrecht Rodenbach wrote militant 
songs, thoughtful lyrics, monumental epics, and a verse 
tragedy, Gudrun (1882).

The review Van Nu en Straks (1893-1901; “Of Now 
and Later”), which was to make Flemish literature of Eu­
ropean importance, was influenced more by Gezelle and 
Rodenbach than by the Dutch generation of the 1880s. 
Led by Pol de Mont, an already complex modern poet, 
the writers of the 1880s had, however, widened horizons 
and, by emphasizing individualism and “art for art’s sake,” 
prepared the ground for their successors.

TH E 20TH CEN TU RY

The turn of the Century. The writers grouped around 
Van Nu en Straks helped to bring about a true revival of 
Flemish culture. Though they held a wide variety of opin- 
ions, they all strove for an art that would comprehend all 
human activity, and in which individual feelings would be 
given universal significance. In his masterly essays and his 
symbolic novel De wandelende Jood (1906; “The Wan­
deling Jew”), their leader, August Vermeylen, advocated 
a rationalism infused with idealism. Prosper van Lan- 
gendonck, on the other hand, interpreted the incurable 
suffering of the poète maudit. In 1898 Emmanuel de Born 
published Wrakken (“Wrecks”), the first modern Flemish 
psychological novel, and Starkadd, an early Wagnerian 
drama by Alfred Hegenscheidt, was produced.

The poetry and prose of Karei van de Woestijne formed 
a symbolic autobiography of a typical fin de siècle person­
ality, the sophisticated, world-weary sensualist striving for 
spiritual detachment. His work, a passionate confession of 
human frailty, represents one of the great achievements of 
European Symbolism.

Stijn Streu veis, a master of prose, made the West Flem­
ish rural landscape his microcosm, a visionary world in 
which man is dwarfed by nature (De Vlaschaard, 1907; 
“The Flax Field”). The polished work of Herman Teir- 
linck, novelist, dramatist, and essayist, was characterized 
by imagination, sensuality, and a sonorous vocabulary. 
In the stylistically refined stories of F.V. Toussaint van 
Boelaere there were often tragic undertones.

As well as that resulting from the influence of Van Nu en 
Straks, other important tendencies developed. Naturalism 
found a first representative in Reimond Stijns. It reached 
its height in the robust tales and pithy plays o f Cyriel 
Buysse and in the regional novel, as exemplified by the 
evocations of Bruges by Maurits Sabbe and the vivid treat­
ment of Antwerp life by Lode Baekelmans. The pictorial 
verse of Omer Karei de Laey and the vigorous rhythms of 
René de Clercq have permanent value. The poems, plays, 
and essays of Cyriel Verschaeve are passionate expressions 
of his Augustinian outlook.

The group associated with the review De Boomgaard 
(1909-11; “The Orchard”), which included Andre de Rid­
der and Paul Gustave van Hecke, strove to be more cos- 
mopolitan than Van Nu en Straks and defended a more 
dilettante attitude to culture. The elegiac poet Jan van 
Nijlen had affinities with this group.

After World War I. During World War I there was a 
new flowering of the picturesque regional tale: Pallieter 
(1916), by Felix Timmermans, and the roguish De witte 
(1920; Whitey), by Ernest Claes, became known outside 
Flanders. From the poetry of August van Cauwelaert and 
the prose of Franz de Bäcker it could be seen that the 
generation that fought in the war stressed life rather than 
literature. But a trend first revealed during the German 
occupation found its most direct outlet in revolutionary 
Expressionism, and the review Ruimte (1920-21; “Space”) 
published its manifesto: ethics must take priority over 
aesthetics, and the art of the community over that of 
the individual. Expressionism was most apparent in lyri- 
cal poetry and drama. Wies Moens’ poetry reflected this 
humanitarian trend, whereas Gaston Burssens remained 
less pathetic and more playful. The outstanding lyricist 
of the movement was Paul van Ostaijen, who expressed 
faith in humanity in Het sienjaal (1918; “The Signal”)

but soon went through a crisis of Dadaism, adopted 
rhythmic typography (Bezette stad, 1921), and wrote pure 
poetry concentrating on word and sound, grotesque verse 
and prose, and penetrating essays on art and poetry. The 
review f  Fonteintje (1921-24; “The Little Fountain”), 
whose editors included Richard Minne and Maurice Roe- 
lants, reacted against Expressionism. Expressionism also 
gave new life to drama. In the 1920s the Flemish Populär 
Theatre became one of the foremost avant-garde theatres 
in Europe. The Standard of drama was raised by Herman 
Teirlinck and Anton van de Velde.
By 1930 the tide of Expressionism had run out and the 

novel came into its own. The regional novel was replaced 
by the psychological novel, introduced by Roelants with 
Komen en gaan (1927; “Coming and Going”), and was 
raised to great stylistic heights by Maurice Gilliams (Elias, 
1936) who was also a subtle poet and essayist. Gérard 
Walschap wrote of man’s social, religiöus, and moral Prob­
lems, and Lode Zielens wrote about the lives of the poor.

The focal point of the novel was man. The skeptical 
Raymond Brulez and the disenchanted humanist Marnix 
Gijsen were both more or less detached observers of hu­
man weaknesses.

In Willem Elsschot’s short but superb novels, such as 
Lijmen (1924; Soft Soap) and Kaas (1933; “Cheese”), 
caustic irony and an astringent style mask the underlying 
compassion. The new tone was set by the “personalistic” 
poets of the Vormen (1936-40; “Forms”) group, of whom 
Pieter Geert Buckinx is representative.

After World War II. The major writers of World War 
II and the postwar period were novelists. The range of sub­
jects and styles in the novel was remarkable. The problem 
novels by Paul Lebeau and Gaston Duribreux, the “magic- 
realist” work of Johan Daisne and Hubert Lampo, the 
Social Realism of Piet van Aken (Het begeren, 1952; “De­
sire”) and Louis-Paul Boon (De kapellekensbaan, 1953; 
Chapel R o a d \  the Existentialism of Jan Walravens (Ne­
gatief, 1958; “Negative”), and Hugo Claus’s experimental 
novels are but a sample. Boon, Walravens, and Claus 
belonged to a review group called Tijd en Mens (1949- 
55; “Time and Man”), which was marked by postwar 
chaos, rebellion, and Experimentalism. Boon and Claus 
eventually became recognized as the outstanding postwar 
novelists.

In the 1960s the experimental trend in the novel led to 
new prose either based on stream-of-consciousness associ­
ation (Hugo Raes, Ivo Michiels, and Paul de Wispelaere) 
or consisting of introverted “texts” dwelling largely on the 
act of writing itself (Willy Roggeman and Daniel Rob­
berechts). Nevertheless, the tradition proved to be fertile; 
e.g., in the satiric and allegorical novels by Ward Ruys- 
linck and in Jef Geeraerts’ violent colonial novels. Walter 
van den Broeck later emerged as an accomplished writer, 
employing a mixture o f autobiography and social history.

In postwar Flemish poetry the impact of Experimental­
ism made itself feit in the work of Albert Bontridder and 
Hugo Claus, whose Oostakkerse gedichten (1955; “Oostak- 
ker Poems”) has remained a milestone. The playful Paul 
Snoek and the sombre Hugues Pernath continued the ex­
perimental line. In the 1970s a Neorealist reaction set in 
(Herman de Coninck, Roland Jooris), followed by a Neo­
romantic revival (Eddy van Vliet). The poetry of Freddy 
de Vree, on the other hand, is more intellectual.

Postwar drama, at first still dominated by Teirlinck, 
saw new talent emerging in Jozef van Hoeck (Voorloping 
vonnis, 1957; “Provisional Verdict”), in the literary plays 
of Herwig Hensen, and in the political theatre of Tone 
Brulin, but especially in the many original plays and 
adaptations of Claus, such as Suiker (1958; “Sugar”) and 
Vrijdag (1969; Friday). Van den Broeck later made his 
mark with socially committed and naturalistic work.

French
BEGINNINGS

In the history of French literature, that by Belgian writ­
ers in French forms an important chapter. Even before 
Belgium achieved independence in 1830, many outstand­
ing works were written in French by writers of Flemish
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origin. They were responsible for some o fth e  medieval 
chansons de geste. In the Middle Ages too, didactic, re- 
ligious, and lyrical poetry, plays, and chronicles began to 
be written. The names of Jean Le Bel, Jean Froissart, 
Georges Chastellain, and Philippe de Commynes indicate 
the wealth of early historiography by Flemish writers, 
while Jean Lemaire de Beiges was one of the great late 
medieval poets and rhetoricians (rhétoriqueurs).

The death of Margaret of Austria (1530) was followed 
by a period of literary sterility, prolonged until the end of 
the ancien régime by unstable economic conditions, the 
indifference to native culture o f süccessive foreign govern­
ments, and the strong influence o f 17th- and 18th-century 
French literature. Only a few writers are remembered, and 
notable among them is Charles Joseph, prince de Ligne.

Between the end of the 18th Century and 1880 attempts 
were made to create an original, native literature. The poet 
André van Hasselt is still remembered. More important 
were the novelist Charles de Coster, whose Légende. . .  
d ’Ulenspiegel (1867; The Glorious Adventures ofT yl Uien­
spiegel) has attained the status of an epic of Flanders, and 
the influential essayist Octave Pirmez.

TH E “ JE U N E  BELG IQ U E”  M O V EM EN T

Impetus for the long-awaited literary renaissance came 
from Max Waller, founder in 1881 of an influential review, 
La Jeune Belgique (“Young Belgium”), which indicated a 
possible national literary consciousness; essentially, how­
ever, the review was the vehicle of expression of individual 
writers dedicated to the idea of art for art’s saké.

Of novelists early associated with the movement, Camille 
Lemonnier, Eugène Demolder, and Georges Eekhoud were 
the most influential. A later Jeune Belgique novelist was 
Georges Rodenbach, celebrator of silence and spirituality, 
whose Bruges-la-morte (1892; “Bruges the Dead City”) 
was the epitome of decadent fiction.

Stimulated by the Jeune Belgique movement was a group 
of poets much concerned with style and language. Among 
them were Grégoire Le Roy, a gifted lyrical Symbolist 
poet; Charles van Lerberghe, who explored the potential 
of Symbolist verse; and Albert Mockel, founder of an 
influential Symbolist review, La Wallonie.

They were overshad9 wed, however, by three poets of 
international stature: Émile Verhaeren, Maurice Maeter­
linck, and Max Elskamp. Verhaeren extolled humanity’s 
struggle toward social justice; Maeterlinck, creator of the 
Symbolist poetic drama, illuminated life’s inner meaning; 
and Elskamp treated themes from folklore and legend.

Outstanding dramatists were Maeterlinck (L ’Oiseau bleu, 
performed 1908; The Blue B ird) and Verhaeren. Edmond 
Picard, a playwright, novelist, and critic, propounded So- 
cialism, Symbolism, and Impressionism. The period also 
saw a beginning, in the work o f Godefroid Kurth, of mod­
em historiography and criticism. An outstanding historian 
was Henri Pirenne. Art and literary criticism flourished, 
and an atmosphere for a flowering of scholarship culmi- 
nated in the foundation (1920) o f the Belgian Académie 
Royale de Langue et de Littérature Frangaises.

TH E M O D ER N  PERIO D

Between World Wars I and II. A new generation of 
Belgians who wrote in French arose between World Wars 
I and II. The novels of André Baillon showed keen yet 
compassionate observation of life. Jean Tousseul was con- 
cemed with human suffering, whereas Charles Plisnier 
wrote powerfully analytical novels (Mariages, 1936; Noth­
ing to Chance). Constant Malva was a radical socialist 
writer. Jean de Bosschère displayed a multifaceted talent. 
Other talented novelists were Marie Gevers and the vision- 
ary Franz Hellens. Paul Nougé and Marcel Lecomte were 
important figures in Belgian Surrealism, and Jean Ray 
was a pioneer of fantastic literature in Belgium. Somewhat 
later, Georges Simenon imbued the detective story with 
exceptional psychological penetration.

The poetry of this period was characterized by increased 
stylistic experiment and the development of a neoclas- 
sical poetry of great fluency. Henri Michaux, influenced 
by Surrealism, revolutionized the poetic language. Marcel 
Thiry and Edmond Vandercammen, whose lyrical style

harmonized traditional and modern, and Géo Norge were 
chief exponents of an experimental use of words. Clément 
Pansaers was influenced by Dada. Another group was 
headed by Odilon-Jean Périer, an original poet of unusual 
clarity who was the leading light of his generation.

In drama Fernand Crommelynck wrote savage farces 
laced with poetry. Michel de Ghelderode astonished audi- 
ences by a love of anachronistic character and Situation 
and puppetlike characters, and Herman Closson reinter- 
preted historical events and characters.

Developments after World War II. After World War II 
the novel became less regional than formerly, often set in 
foreign surroundings; generally it subordinated action to 
detailed psychological analysis of characters’ reactions in 
somewhat contrived situations. Albert Ayguesparse, Hu­
bert Juin, and Maud Frère were all ultimately concerned 
with the theme of man. Breadth of subject matter and 
meticulous style characterized the work of Suzanne Lilar 
and of Franpoise Mallet-Joris, who won instant success 
with Le Rempart des béguines (1951; Into the Laby­
rinth). Gaston Compère and Dominique Rolin displayed 
both technical prowess and emotional intensity. Notable 
younger novelists included René Kalisky, Pierre Mertens, 
Conrad Detrez, and Marcel Moreau.

Postwar poetry often reverted to regulär metrical forms 
in poems on the eternal themes of love and death. Chris­
tian Dotremont, Jean-Pierre Verheggen, Jacques Izoard, 
and Werner Lambersy investigated the frontiers o f poetic 
language. Outstanding dramatists were Georges Sion, who 
wrote comedy, religiöus and historical plays, and transla- 
tions from Shakespeare; Charles Berlin, whose Prétendants 
(1947), a modern version of the Ulysses story, was played 
abroad as Love in a Labyrinth; and Jean Mogin, whose 
plays, successful in both Paris and Brussels, explored 
“being” and “nonbeing.” Later dramatists of note were 
Kalisky, Jean Sigrid, and Paul Willems.

Literary periodicals, which were usually organs for politi­
cal or literary groups of writers, were influential, especially 
Le Journal des Poétes, which in 1952 founded a bien- 
nial international conference o f poets and critics, held at 
Knokke-Het Zoute and later at Liège.

Walloon
EA RLY  W RITING S

The origins of dialect literature in Wallonia are obscure. 
From the 9th to the 1 Ith Century Latin held sway in the 
abbeys, the only intellectual centres of the period. With 
the exception of the Cantilene de Sainte Eulalie (c. 900), 
the first vernacular writings date only from the middle 
of the 12th Century. They are chiefly anonymous tracts, 
among which the Poeme moral, consisting of nearly 4,000 
alexandrines, stands out. During the next three centuries 
Walloon literature is marked by the importance of its local 
chronicles and certain aspects of its religiöus drama.

At the beginning of the 17th Century, Wallonia—par­
ticularly the district of Liège—became conscious of the 
literary possibilities o f dialect, and from then on the num­
ber of writings increased. An “Ode” in the Liège dialect 
appeared in 1620, and pasquéyes (paskeyes, paskeilles), 
poems describing local life and history, enjoyed a vogue.

TH E 18TH A N D  19TH C EN TU RIES

Use of the patois broadened in the 18th Century. The 
success of comic opera at Liège resulted in several note- 
worthy librettos. L i Voyadjue di Tchaudfontaine (1757; 
“The Journey to Chaudfontaine”), Li Lidjwès egagi (“The 
Enlisted Liégeois”), and Les Hypocondres (“The Hypo- 
chondriacs”) resulted in the formation of the Théatre 
Liégeois. In lyric poetry the cramignon (a type of song for 
dancing) and the Noeis (Christmas carols and dialogue) 
adopted a genuine realism.

The number of Walloon poets and other dialect writers 
increased during the 19th Century. Charles-Nicolas Si- 
monon wrote the moving stanzas of “Li Copareye” (the 
name of the clock of the cathedral of Saint-Lambert), 
Francois Bailleux his charming “Mareye,” and the first 
great Walloon lyric poet, Nicolas Defrêcheux, his famous 
“Leyiz-m’plorer” (1854; “Let Me Weep”). The establish-
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ment at Liège, in 1856, of the Société Liégeoise de 
Littérature Wallonne had considerable influence on both 
language and literature. The number of poems, songs, 
plays, and even translations into Walloon of such authors 
as La Fontaine, Ovid, and Horace increased.
Other parts of Belgium, apart from prolific Liège, still 

remained active centres of dialect writing. In the 19th 
Century, Namur could boast especially of Charles Wérotte 
and Nicolas Bosret, poet of the touching song “Bia 
Bouquet.” The works of Jean-Baptiste Descamps and 
others originated in Hainaut. Walloon Brabant was the 
home of a truculent Abbé Michel Renard.

By the end o fth e  19th Century many writers working 
in Walloon dialects chose a rather doctrinaire Realism 
to depict workaday existence and remained somewhat 
hidebound by social conventions. Poets included Joseph 
Vrindts and, above all, Henri Simon, who sang of 
working peasantry. Successful playwrights included André 
Delchef and Édouard Remouchamps, whose vaudeville 
comedy in verse, Täti rpèriquï (performed 1885; “Tati the 
Hairdresser”), married observation and technical dexterity.

T H E 20TH C EN TU R Y

Walloon literature explored new paths in the 20th Century. 
Dialect studies were undertaken by an army of scholars, 
and the literary possibilities o f  the dialect were extended 
as a result o f a standardizing of rules of spelling and gram­
mar, as well as of attempts by Émile Lempereur and some 
other writers to renew the sources of inspiration. Alongside 
several Veteran authors, such as the talented prose writer 
Joseph Calozet of Namur, the younger generations sought 
to achieve a strict unity of thought and technique. Among 
poets the following were to be noted: Franz Dewandelaer, 
Charles Geerts, Willy Bai, Henri Collette, Émile Gilliard, 
Jean Guillaume, Marcel Hicter, Albert Maquet, Georges 
Smal, and Jenny d’Invémo. Widely praised storytellers 
and novelists were Léon Mahy, Dieudonné Boverie, and 
Léon Maret, among many others. The dramatists in­
cluded Francois Roland, Jules Evrard, Georges Charles, 
Charles-Henri Derache, Francois Masset, and J. Rathmès.

The work of dialect writers continued to be assisted by 
the Société de Littérature Wallonne, with its associations

and Publishing centres at Liège, Namur, Mons, La Lou- 
vière, Nivelles, and Brussels.
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Berlin

T he Capital and chief urban centre of Germany, 
Berlin lies at the heart of the North German Plain, 
athwart an east-west commercial and geographic 

axis that helped make it the Capital of the kingdom of 
Prussia and then of a unified Germany. Berlin’s former 
glory ended in 1945, but the city survived the destruction 
of World War II. It was rebuilt and came to show amazing 
economie growth. Germany’s division after the war put 
Berlin entirely within the territory of the German Demo­
cratie Republic (East Germany). The city itself echoed the 
national partition—East Berlin being designated the Cap­
ital of East Germany and West Berlin being a Land, or 
state (though not constitutionally incorporated as such), of 
the Federal Republic of Germany (West Germany), from 
the rest of which it was physically isolated. This unique

status, later enforced and symbolized by the concrete bar- 
rier erected in 1961 and known as the Berlin Wall, made 
Berlin a continuous focus of crisis and confrontation be­
tween the Eastem and Western powers for some 40 years. 
The sudden downfall of the East German communist 
regime—and the accompanying opening of the wall—in 
late 1989 unexpectedly raised the prospect for Berlin’s 
reinstatement as the all-German Capital. That status was 
restored in 1990 under terms of the reunification treaty, 
and subsequently Berlin was designated a Land (state), 
one of the 16 constituting unified Germany. In addition 
to their political significance, these developments heralded 
the city’s retum to its historie position of prominence in 
European culture and commerce.
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Physical and human geography
TH E LA N DSCA PE

The city site. Berlin is situated about 112 miles (180 
kilometres) south of the Baltic Sea, 118 miles north of 
Czechoslovakia, and 110 miles east of the border that 
partitioned Germany from 1949 to 1990. It lies in the 
wide glacial valley of the Spree River, which runs through 
the centre of the city. The mean elevation of Berlin is 
115 feet (35 metres) above sea level. The highest point 
near the centre of Berlin is the peak of the Kreuzberg, a 
hill that rises 216 feet above sea level northwest of the 
Tempelhof Airport.

Measuring about 23 miles from north to south and 28 
miles from east to west, Berlin is by far the largest Ger­
man city. It is built mainly on sandy glacial soil amid 
an extensive beit of forest-rimmed lakes, formed from the 
waters of the Dahme River to the southeast and the Havel 
to the west; indeed a third of the Greater Berlin area is 
still covered by sandy pine and birch woods, lakes, and 

“Devil’s beaches. “Devil’s Mountain” (Teufelsberg), one of several 
Mountain” hills constructed from the rubble left by World War II 

bombing, rises to 394 feet and has been turned into a 
winter Sports area for skiing and siedding.

Climate. Berlin lies where the influence of the Atlantic 
Ocean fades and where the climate of the Continental 
plain begins. This climatic crossroads gives the city what 
the inhabitants call Berliner Luft, a type of air colder 
than but not as damp as that of western Germany and 
fresher, despite increasing industrial smog, because of 
quick replenishment from across lake-studded flatlands. 
The political events of 1989 and 1990 made possible 
the development o f citywide pollution-control programs. 
Berlin’s mean annual temperature is about 48° F (9° C), 
and mean temperatures range from 32° F (0° C) in winter 
to 65° F (18° C) in summer. The average precipitation is 
23 inches (598 millimetres). About one-fifth to one-fourth 
of the total falls as snow.

The city layout. The original twin towns of Berlin and 
Kölln developed from the 13th Century on an island of 
the Spree River (the site of Kölln) and a small portion 
of land on the north bank of the river facing the island 
(the site of Berlin). An independent Hanseatic city in the 
Middle Ages, Berlin, still a small town, became the Capital 
of the electors of Brandenburg from the 15th Century on- 
ward. The narrow streets and alleys of the medieval town 
remained largely intact until they were destroyed during 
the massive aerial bombing of World War II.

From the late 17th and early 18th centuries, when the 
electors of Brandenburg (also kings of Prussia from 1701) 
developed into powerful figures on the European political 
stage, the central quarter expanded and was embellished 
with broad avenues, handsome squares, and grandiose 
stone buildings. The central area acquired broad north- 
south avenues, such as Wilhelmstrasse and Friedrich­
strasse, and also its characteristic east-west road axis. 
Supplementing this main axis are several great exit roads 
that now serve as major traffic arteries. The developing 
suburbs of the later 19th Century grew up around these 
arteries and their subsidiary streets. Where destruction 
during World War II was massive, there has been large- 
scale construction of modern high-rise apartment and of­
fice buildings. Although the only major park near the 
centre of Berlin is the Tiergarten, which lies just west of 
the Brandenburg Gate, Berlin has always been a surpris- 
ingly green city, with luxuriant trees softening the effect of 
the stone apartment blocks in most streets. Water is even 
more prevalent. With the Spree River running through 
the city’s centre, the broad beit of lakes spreading out east 
and west, canals running through much of the city, and 
several artificial ports, Berlin is very much a city on water.

Until the political eruption of 1989, the most notorious 
and pervasive feature of Berlin’s topography was the Berlin 
Wall, originally erected by the East German govemment 
on Aug. 13, 1961, to stop free movement between East 
Berlin (and indeed East Germany) and West Berlin. The 
boundary between East and West Berlin and the boundary 
between West Berlin and East Germany, for a combined 
length of 103 miles, were closed until 1989 by a solid ring

of barriers, consisting mostly of wall. There were several 
heavily guarded Crossing points between West and East 
Berlin, the most famous of which was Checkpoint Charlie 
on Friedrichstrasse.

The landscape immediately next to the wall became one The city 
of the distinctive features of a divided Berlin. In East divided 
Berlin, a closed zone, guarded by watchtowers and armed 
patrols, flanked the wall, with the area dosest to the wall 
constituting the so-called “death strip.” On its western 
side, the wall was accessible from the start, and many vis- 
itors, Germans and non-Germans alike, endowed it with 
graffiti, ranging in quality from crude to artistically signif­
icant. Over the years, the original wall structure of steel- 
girded concrete was replaced incrementally (up to three 
times in some sections) with prefabricated concrete slabs 
set between steel pilings. After the opening of the wall on 
Nov. 9, 1989, new Crossing points, such as that at Pots­
damer Platz, were created by simply lifting out whole sec­
tions with cranes. Enterprising individuals from both sides 
who broke through with hammers and chisels—or who 
salvaged fragments for the souvenir market—received the 
nickname Mauer Spechte, or “wall woodpeckers.” Along- 
side the remnants of the wall lie open spaces and tracks 
of abandoned streetcar lines. In some places buildings had 
immediately adjoined the wall, and in the early days of 
division some people died attempting to jump to freedom 
from their upper floors. Today, crosses mark the places 
where these and other would-be refugees, numbering at 
least 80, lost their lives.

In terms o f urban planning, the effects of the political 
and physical division of Berlin were many and pervasive, 
partly because the walled boundary created, in effect, an 
urban frontier immediately west of what had been the 
city’s central administrative quarter, Berlin Mitte, which 
became part of East Berlin. West Berlin was thus forced 
to develop a new central area o f its own around the Kur­
fürstendamm and the nearby Zoo railway station in the 
former suburb of Charlottenburg, separated from Berlin 
Mitte by the broad expanse of the Tiergarten. The area 
had been a distinctive commercial and entertainment dis­
trict since the late 19th Century, but rebuilding following 
extensive damage from World War II gave it a decidedly 
modern character.

Throughout the city, an effbrt to blend the modern 
with the traditional is evident. The most striking exam­
ple in the western part is the Kaiser Wilhelm Memorial 
Church (Kaiser-Wilhelm-Gedächtniskirche), which incor- 
porates the bell tower of the original 19th-century struc­
ture (ruined in World War II) into a dramatic glass and 
concrete church built in 1961. A landmark of more con­
ventional historie preservation in the west is the restored 
Reichstag building. The decision to restore the former 
parliament house in the 1970s at a cost of 100 million 
deutsche marks was a controversial one—the building had 
been torched in the early days of Hitler’s chancellorship 
(a key event in his assumption of dictatorial powers) and 
heavily bombarded during the final Soviet offensive in 
April 1945. Following the events of late 1989, the future 
role of the Reichstag in the new Berlin became a focus of 
national speculation. In early 1990, work was completed to 
make the building’s plenary session chamber suitable for 
parliamentary use. Other buildings of note in the western 
part of the city include the Philharmonie Hall (Philhar­
monie; 1963) and the New National Gallery of modem art 
(Neue Nationalgalerie); the gallery was the last creation of 
the architect Ludwig Mies van der Rohe, who first worked 
in Berlin before World War I. The Hall for Chamber 
Music (Kammermusiksaal), a companion facility to the 
Philharmonie Hall, opened in 1987. The Charlottenburg 
Palace, dating from the late 17th Century, is perhaps the 
city’s most outstanding example of Baroque design.

The eastem part of the city has its own architectural 
Symbol and war-memorial church—St. Nicholas Church Buildings 
(Nikolaikirche), dating from about 1200. Only the red- in the east 
brick shell of Berlin’s oldest building remained standing 
after a bombing attack during World War II, but restora- 
tion was completed in 1987, the 750th anniversary of 
Berlin’s founding. The church, capped by two steeples 
brought from West Germany, serves as the centrepiece
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1 Opera House
2 Technical University
3 Victory Column
4 Bellevue Palace
5 Reichstag Building
6 Brandenburg Gate
7 Humboldt University
8 Museum Island
9 Alexanderplatz

Berlin.

10 Town Hall
11 Marx-Engels-Plätz
12 Hitler's Bunker
13 Philharmonie Hall
14 New National Gallery
15 Europa Centre
16 Kaiser Wilhelm 

Memorial Church
17 Ernst-Reuter-Platz

of the old city enclave, the St. Nicholas Quarter (Niko­
laiviertel), which includes replicas of townhouses from 
three centuries.

Two structures erected by the communist state dominate 
central Berlin—a 1,197-foot (365-metre) television tower 
(the Femsehturm) and the Palace of the Republic (Palast 
der Republik), both adjacent to the Alexanderplatz. The 
tower, completed in 1969 to mark the 20th anniversary of 
the founding of East Germany, commands the Berlin sky­
line and has a revolving restaurant at the 800-foot level. 
The Palace of the Republic was opened in 1976 as the 
new seat of the East German parliament (Volkskammer), 
occupying the site of the former palace of the Prussian 
and German kings and kaisers. The decision to raze 
rather than to restore that badly damaged residence met

with wide public disapproval. Also on the Alexanderplatz, 
which has prospects of once more becoming a crossroads 
of a united Berlin, rises the 39-story hotel Stadt Berlin, 
one of the city’s tallest buildings.

In the same general area stand Berlin’s oldest surviving 
church, St. Mary’s Church (Marienkirche), and the Mu­
seum Island, on which are located the Old (Altes) and 
New (Neues) museums, the National Gallery (National­
galerie), the Bode Museum, and Pergamon Museum with 
its famous Greek altar of Zeus. Also in this area are the 
Town Hall, built of red brick; the State Council Building; 
and the rebuilt St. Hedwig’s Cathedral, which dates from 
1747 and which was the first Roman Catholic church to 
be built in Berlin after the Reformation.

The cultural district centred on Unter den Linden, the
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broad avenue leading from near the Alexanderplatz to 
the Brandenburg Gate, also reflects the old and new. 
At its eastern end Stands the Berlin cathedral (Berliner 
Dom), restoration of which did not begin until the late 
1970s. For its entire length the avenue features modern 
hotels and shops and landmarks including the restored Ar­
senal (Zeughaus), New Guardhouse (Neue Wache), Berlin 
Palace (formerly the Crown Prince’s Palace), Princesses’ 
Palace (Prinzessinnenpalais), Opera House, National Li­
brary, Kaiser Wilhelm Palace, and Humboldt University. 
The Brandenburg Gate’s sculptured chariot with four 
horses was restored in 1958; damage incurred during the 
celebrations marking New Year’s Eve 1989 necessitated 
another restoration, to be completed by 1991, the 200th 
anniversary of the gate’s construction.

South of Unter den Linden is the old Gendarme Market, 
renamed Academy Square, one of the finest architectural 
centres in Berlin, where restoration of the German cathe­
dral and the Schauspielhaus, the former royal playhouse, 
was completed in time for the city’s 750th anniversary. 
By 1990, restoration of the French cathedral, the dorne of 
which matches the German one, also was nearing comple- 
tion. Wilhelmstrasse, which runs north-south and which 
retains its name in the western part of the city, was once 
the site of Prussian and Reich govemment buildings. Re­
moval of the wall west of the Street exposed the remains 
of Hitler’s bunker and the nearby Potsdamer Platz, once 
the city’s busiest traffic hub. Before its sudden collapse, 
the East German govemment had bulldozed the bunker 
area and begun erecting a series of apartment buildings. 
Souvenir hunters and others reopened the underground 
complex, which has again become a focus of histori­
cal examination. Potsdamer Platz, a storied place in the 
memories of older Berliners, was the site where the wall 
was breached on Nov. 12, 1989. Since then, city planners, 
architects, and commercial enterprises have proposed var­
ious schemes for the area’s revitalization.

THE PEOPLE
Although the two sectors divided by the wall were approx­
imately equal in area, the population of East Berlin num- 
bered less than two-thirds that of West Berlin. Because 
the average age of West Berliners was higher than that of 
other West Germans, West Berlin encouraged the immi- 
gration of younger West German workers. With the end 
of partition, new or restored patterns of population growth 
quickly emerged. Some from the west sought cheaper 
housing in the east. Property values soared throughout 
the city. Many international firms sought Berlin locations. 
Some projections estimated that Berlin’s total population 
would reach or exceed 5 million by the year 2000, as 
compared to a total of 3.4 million in mid-1990.

THE ECONOMY
Industry and trade. To a large extent, traditional eco­

nomie activities, greatly reduced by World War II, have 
been revived throughout Greater Berlin. These include 
the production of textiles, metals, clothing, porcelain and 
china, bicycles, and machinery. Electronics became a Prin­
cipal postwar industry in both city halves. The cigarette 
and confectionery manufacturing that developed in West 
Berlin continues to flourish.

During the years of partition, West Berlin was a typical 
Western city, with plentiful consumer goods and luxury 
items. East Berlin authorities, on the other hand, tried to 
maintain morale through Provision of cheaper basic ele­
ments in the cost of living, although salaries and pensions 
were lower than in the West. Central to the creation of a 
unified German state was the introduction of the deutsche 
mark, the West German currency, as the only legitimate 
monetary unit in the whole of the country on July 1, 1990.

Transportation. In urban transportation, the bus is now 
the mainstay, although East Berlin maintained streetcar 
service as well. Modern rapid-transit systems brought some 
postwar unity to the sphere of transport. The S-Bahn 
(Stadtbahn), an elevated railway system started in 1871, 
serves the whole city and metropolitan area. Through trains 
are few, with only one major station in the western part of 
the city. Construction of the subway, or Untergrundbahn

(called the U-Bahn), began in 1897, and by World War II 
the city had one of the finest systems in Europe.

Air traffic has played an important role since 1945, par­
ticularly in the West in 1948, at the time of the Soviet 
blockade of the Western sectors. Tempelhof, the main 
field of the airlift, lost its traditional role as the centre of 
Berlin’s air traffic during the 1970s. The airfield remained 
in use under the control of the U.S. Air Force, but outly- 
ing Tegel, created as an auxiliary airfield by the Western 
Allies during the Soviet blockade, became West Berlin’s 
primary field, handling all civilian traffic. Berlin-Schöne- 
feld in East Berlin was developed to handle the largest of 
modem aircraft. During the partition, only planes of the 
United States, Great Britain, and France were able to use 
the air corridors to the West. German reunification was 
expected to bring a general revision of Berlin’s commercial 
air traffic pattern. Planners studied proposals to build a 
still larger third major airport outside the city.

The Reichsautobahn (National Expressway) in Berlin is 
part of a national superhighway network inaugurated be­
fore World War II. The system is linked with the Berliner 
Ring, a circle of autobahns around the city, putting Berlin 
in the centre of access spokes. Even before the events 
of November 1989, both Germanys had cooperated in 
developing road and rail traffic to and from Berlin. An 
autobahn connecting West Berlin with Hamburg was fi- 
nanced largely by West Germany.

ADMINISTRATION AND SOCIAL CONDITIONS
Government. In the East and West separately, district 

govemment after World War II continued much as before, 
with a chief burgomaster, or mayor, a city assembly, or 
parliament, and district mayors and councils, although a 
trend toward centralization ran strongly in such matters as 
citywide integration of primary and secondary education.

The parliamentary and municipal elections held through­
out East Germany in the spring of 1990—the first free 
elections in this part of Germany since Hitler’s rise to 
power in 1933—initiated changes that were intended to 
reunify both Germany and Berlin politically as well as 
practically. The central East German communist govem­
ment, whose presence had long overshadowed East Berlin’s 
city council, was quickly tumed out of power by the freely 
elected delegates of the People’s Chamber (Volkskammer). 
The Social Democratie Party, which had originated in 
what became East Germany but was subsequently ousted 
or absorbed by the communist regime, made the strongest 
showing in East Berlin. The mayor of West Berlin, also 
a Social Democrat, soon thereafter called for a joint city 
administration to seat itself in Berlin’s traditional Town 
Hall in the eastem sector.

In most respects, West Berlin was considered the 1 lth 
Land of West Germany. The city’s delegates to the Bun­
destag in Bonn, however, lacked füll voting powers, be­
cause the Land Berlin remained under occupation status, 
not constitutionally a part of West Germany. Formal re­
unification ended four-power jurisdiction in Berlin, and 
the city then became one of Germany’s 16 Länder.

Overt postwar remilitarization by Germans was apparent 
only in East Berlin. The West German Bundeswehr (Fed­
eral Defense Force) was barred from West Berlin, and, al­
though West Berliners could volunteer for military service, 
they were not eligible for the draft. For this reason, there 
was a steady movement of young West German males to 
West Berlin. East Germany openly drafted East Berliners, 
but by early 1990 this whole system had broken down.

In matters of justice, East Berlin was fully integrated 
within the overall East German court system. In West 
Berlin the Allies forbade the West German Constitutional 
Court from exercising jurisdiction. In practical law, how­
ever, West German justice and legislation applied in West 
Berlin under the federal Constitution just as the East Ger­
man system applied in East Berlin.

Health. Far-reaching health insurance is available 
throughout the city, which forms Germany’s largest centre 
of medical activity. In the eastern part the Charité, which 
was founded as a royal hospital in 1710, was among those 
institutions hard hit by a shortage of medical professionals 
following the massive emigration in 1989. Authorities in

Joint city 
administra­
tion
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both sectors hoped that the opening of the wall would 
contribute to the stabilization and improvement of health 
services throughout the east. In the western part a modern 
Klinikum, or teaching hospital, has introduced new meth­
ods to medical practice.

Education. Berlin has traditionally played a leading role 
in German education. Communist ideology formed the 
basis of education in East Berlin until the fall of the regime 
made necessary an overhaul of both curriculum and the 
teacher-selection process. East Berlin had an earlier start 
in rebuilding its university system through physical con­
trol of the Frederick William University, now Humboldt 
University. Because of communist hegemony, noncom- 
munist academies left East Berlin in 1948 and founded 
the Free University in West Berlin. From its inception, 
the Free University drew political activists from all over 

Students Germany. At first, many students participated in daring 
and politics operations to bring refugees out of the East. By 1965 a 

new left had emerged whose militancy was carried into 
the streets, leading to clashes with the police. After a de­
cline in student activism in subsequent decades, the events 
of 1989 and the movement for reunification brought a 
resurgence of political participation on West Berlin cam- 
puses. In East Berlin student dissidence had been limited 
until reform groups, often led by academies, emerged 
throughout the city in the late 1980s, notably under the 
protection of Protestant churches. It was these groups who 
first protested the falsified results of a municipal election 
in May 1989, triggering a wave of similar demonstrations 
elsewhere in East Germany. By November 1989, these 
efforts had coalesced into a centralized movement, which 
shortly before the opening of the wall brought more than 
one million demonstrators into the centre of East Berlin 
on a single afternoon.

With more than 100,000 students already enrolled in the 
three major universities in the west, the coming together 
of both the city halves and their respective educational 
systems posed new questions regarding acceptance of aca­
demie credentials and the management and accommoda­
tion of an east-west flow of students and teachers.

Several notewörthy libraries operate in the city. Two li- 
braries of acclaim in the west are the American Memorial 
Library, built with U.S. aid after the Berlin blockade, and 
the Art Library, a state museum founded in 1867. The 
National Library in the east is also a major cultural and 
educational centre.

CULTURAL LIFE
When Berlin was a provincial Capital, it only rarely rivaled 
cities such as London and Paris as a cultural magnet and, 
because of the regionalism of German life, seldom monop- 
olized talented individuals as did other national capitals. 
From the 18th Century, however, its cultural contribution 
became distinctive, and, if its 19th-century title “Athen an 
der Spree” (“Athens on the Spree”) seems exaggerated, the 
contribution of Berliners to the arts and Sciences, never­
theless, has been considerable. By 1750 the Prussian State 
Opera on Unter den Linden was rated among the finest 
opera houses in Europe, and the city’s link with musical 
excellence was firmly established. Berlin never rivaled Vi­
enna as a centre for German composers, although Felix 
Mendelssohn, a scion of one of the city’s distinguished 
Jewish families, lived much of his life in Berlin.

Literary The renaissance of German literature, dating from the 
renaissance late 18th Century, found at least one of its homes in 

Berlin. Among the finest 19th-century writers associated 
with Berlin was Theodor Fontane, who wrote for the city’s 
newspapers the Kreuzzeitung and Vossiche Zeitung and 
who perfected the German realistic novel. Other noted 
19th-century writers who flourished in Berlin were the 
playwright Heinrich von Kleist and E.T.A. Hoffmann, 
who is best known for his fantastic short stories.

From the 18th Century the Prussian state was served by a 
line of distinguished architects. Among these were Andreas 
Schlüter, who initiated the late German Baroque style; 
Georg Venzeslaus von Knobelsdorff, who built Sanssouci 
Palace outside Berlin for Frederick the Great; and Karl 
Friedrich Schinkel, who gave the centre of Berlin its char­
acteristic Neoclassical grandeur. The court painter Antoine

Pesne and the sculptor Christian Daniel Rauch, among 
lesser talents, lived in Berlin.

From the founding of the Frederick William (now Hum­
boldt) University in 1810, Berlin became one of the fore- 
most centres of German intellectual life. The city once 
rivaled Leipzig as a centre for German Publishing, but its 
publishers’ row was almost wiped out by wartime bomb­
ing. In the 19th Century Berlin was also the centre for 
German newspaper Publishing, and it still has more daily 
newspapers than most large cities.

Berlin’s role as a city of the imagination, of myth and The 
Symbol, reached its zenith not during the years of imperial Weimar 
splendour but during the era that followed, the period period 
of the troubled Weimar Republic in the 1920s, when 
Berlin developed an extraordinary reputation for cultural 
brilliance and intellectual ferment. For many foreigners 
Berlin’s more garish image of the period was epitomized 
by the British novelist Christopher Isherwood in such 
works as Mr Norris Changes Trains and Goodbye to 
Berlin. The clubs, cabarets, and other amusement enter­
prises that made Berlin notorious in" the 1920s continued 
into the postwar period. The image of Weimar cultural 
brilliance was to be succeeded by another image of Berlin: 
the city of smoking and charred ruins when the Nazi 
regime crashed into defeat. Some of the loss brought by 
the Nazi interregnum could never be entirely regained— 
for instance, the cultural impact of the decimated Jewish 
community. Berlin has made strenuous efforts, however, 
to salvage and rebuild its cultural life.

The new Opera House (Deutsche Oper Berlin) was 
opened in West Berlin in 1961, and it quickly established 
a position as one of the leading opera houses of the 
Western world. The Opera House in East Berlin, bumed 
down in 1843 and destroyed again by World War II 
bombs, was rebuilt in 1951; it is home to the long-estab- 
lished Deutsche Staatsoper (German National Opera). East 
Berlin’s Comic Opera also gained fame. Classical music 
in general still finds a distinguished home in Berlin. Fore- 
most among many notable musical ensembles is the world- 
famous Berlin Philharmonie Orchestra, founded in 1882 
and reaching new heights in the postwar period under the 
leadership of the conductor Herbert von Karajan.

In the theatre of East Berlin, international acclaim was 
won by the Berliner Ensemble, founded by the playwright 
Bertolt Brecht after he returned to the city in 1948 fol­
lowing wartime exile. In the western part are three state 
theatres—the Schiller-Theater; its associated theatre work­
shop, the Schiller-Theater-Werkstatt; and the Schlosspark- 
Theater—as well as numerous privately operated theatres.
In the early 20th Century Berlin became the German cen­
tre of film production. From the 1960s a notable revival 
of filmmaking began in West Berlin. The Berlin Film Fes­
tival, founded in 1951, became one o f the most important 
in the world.

Berlin is famous for its many excellent museums (see 
above The city layout). Because the prewar museum sites 
and parts of the old collections were located in what be­
came East Berlin, a magnificent new museum complex, 
collectively called the Dahlem Museums, was built in the 
western district of Dahlem. The Egyptian Museum, in the 
western part, is also noted for its outstanding collection, 
which includes the celebrated bust o f  Queen Nefertiti. In 
the Reichstag building there is a permanent exhibition 
illustrating German history. The transfer of art works 
among formerly estranged institutions began in 1990 even 
before unification was formalized.

History
THE EARLY PERIOD

Origins. The name Berlin appears for the first time 
in recorded history in 1244, seven years after that of its Founding 
sister town, Kölln, with which it later merged. Both were 
founded at about the beginning o f the 13th Century. In 
1987, both East and West Berlin celebrated the city’s 
750th anniversary. Whatever the date of foundation, it is 
certain that the two towns were established for geographic 
and mercantile reasons, as they commanded a natural 
east-west trade route over the Spree River.
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The way for their founding was opened by a Germanic 
resurgence in the area, which had been abandoned to the 
Slavs by the original Germanic tribes as they migrated 
westward. The Slavs were subdued by Albert I the Bear, 
a Saxon who crossed the Elbe River from the west. His 
successors took the title margrave of the mark (border 
territory) of Brandenburg. Berlin still retains as its Symbol 
a defiant black bear standing on its hind legs.

The settlements of Spandau and Köpenick, now 
metropolitan districts, preceded the establishment of 
Berlin-Kölln. The Ascanians, followers of Albert I the Bear, 
established their fortress in 1160 at Spandau in the north 
where the Spree flows into the Havel River; by 1232 the 
fortress had eamed the privileges of a town. Berlin-Kölln 
emerged between Spandau to the northwest and Köpenick 
to the southeast. By 1250 Berlin-Kölln dominated the 
mark of Brandenburg east to the Oder River, where a fort 
had been built in 1214, and in the 14th Century it joined 
the Hanseatic League of northern German towns.

The Hohenzollerns. In 1411 the mark of Brandenburg 
came under the govemorship of the Nürnberg feudal 
baron Frederick VI, beginning Berlin’s association with 
the Hohenzollerns, who from the end of the 15th Century 
as prince electors o f Brandenburg established Berlin-Kölln 
as their Capital and permanent residence.

The Thirty Years’ War of 1618-48 laid a heavy financial 
bürden on the city, and the population was reduced from
12,000 to 7,500. When Frederick William the Great Elec- 
tor assumed power in 1640, he embarked on a building 
program, including fortifications that enabled him to expel 
Swedish invaders. His rule also marked the beginning of 
the development of canals, which by 1669 provided a di­
rect link between Breslau (now Wroclaw, Pol.) in the east 
and Hamburg and the open sea in the west. In 1709 the 
framework of Greater Berlin was laid when Berlin-Kölln 
and the newer towns of Friedrichswerder, Dorotheenstadt, 
and Friedrichstadt were put under a single magistrate. The 
population grew from 12,000 in 1670 to 61,000 in 1712, 
including 6,000 French Huguenot refugees.

The role of During the first half o f the 18th Century, Berlin expanded 
Frederick in all directions. Frederick II the Great adomed the city 
the Great with a number of new buildings, and, soon after his death, 

the Brandenburg Gate was completed (1791). In 1810 the 
scholar Wilhelm von Humboldt founded what became 
East Berlin’s Humboldt University. It early attracted such 
outstanding thinkers as the philosopher Georg Wilhelm 
Friedrich Hegel and the father of communism, Karl Marx. 
Berlin had its first populär uprising in 1830 when tailors’ 
apprentices took to the streets over working conditions. 
The Revolution of 1848 produced 200 dead in a clash 
between soldiers and citizenry. By this time the city’s 
population had risen to 415,000, from about 100,000 a 
Century before. With the opening of the Berlin-Potsdam 
line in 1838, Berlin became the centre of an expanding 
rail network.

The period of railway growth was also that of Otto von 
Bismarck, whose successful military ventures as prime 
minister of Prussia paved the way for the creation of 
a united Germany. The Second Reich came into being 
when the king of Prussia was crowned Kaiser (Emperor) 
William I in 1871, at which time the population of Berlin, 
his Capital, was 826,000.

THE 20TH CENTURY
The republic and Hitler. Three times in the 20th Cen­

tury, the date of November 9 has marked dramatic events 
in the history of Germany and Berlin. On that date in 1918, 
Berlin became the Capital of the first German republic. Ex­
actly 20 years later, Nazi storm troopers (Sturmabteilung) 
vandalized Jewish synagogues, shops, and other properties 
in the night of violence known as Kristallnacht (Night 
of Broken Glass). And on Nov. 9, 1989, East German 
authorities opened the barricade that had divided the city 
for 28 years.

The period 1918-33, in Berlin as elsewhere in Germany, 
was one of great disorder, runaway inflation, mass unem- 
ployment, and the rise to power of Adolf Hitler. Political 
and economic chaos spurred his ascendancy. By 1932 
the unemployed in Berlin alone totaled 636,000, and on

Jan. 31, 1933, Hitler became chancellor, his storm troop­
ers marching through the Brandenburg Gate with massed 
flags and torches. He took absolute power in February and 
March o f that year.

In 1936 Berlin was the scene of the most spectacular of 
modern Olympic Games, held in a specially built 100,000- 
seat stadium complex. Two years later, Kristallnacht, so 
called after the shattered Windows of Jewish-owned build­
ings, was a landmark event of another kind. This rampage 
initiated a wave of persecution that in Berlin reduced a 
Jewish population of 170,000 to 5,000 by 1945. In May 
1990, drawn by the momentous changes sweeping central 
and eastem Europe, the World Jewish Congress met in 
Germany for the first time in the organization’s history, 
holding sessions in both East and West Berlin. Already in 
late 1989, both halves ofthe city had announced that they 
would vigorously pursue a bid to bring the Olympics back 
to Berlin in the year 2000.

Allied aerial bombing during World War II cost Berlin Impact 
an estimated 52,000 dead. Another 100,000 civilians died of World 
in the battle for Berlin launched by the Soviet Army on War II 
April 16, 1945. Berlin’s residential districts, factories, mili­
tary facilities, streets, and cultural buildings were pounded 
into the sandy plain (one-sixth of all the wartime rubble 
in Germany lay in Berlin). The war left Berlin with a pop­
ulation that was 70 percent female, and in the aftermath 
of bombardment, the Trümmerfrauen (“rubble women”) 
cleared the refuse. On April 30, 1945, Hitler committed 
suicide in his bunker below the Chancellery. On May 
8 Soviet officials staged an elaborate German surrender 
ceremony in Berlin, rivaling that held by the Western Al­
lies the day before in Reims, Fr. This divided ritual began 
the drama of the postwar city, the focal point of an East- 
West political struggle.

Berlin divided. On Oct. 1, 1920, the creation o f a 
metropolitan Berlin took place through the fusing o f 7 
districts, 59 country communities, and 27 landed estates 
into a single association. Twenty resultant districts became 
integral parts of metropolitan Berlin but still remained 
largely autonomous. At the end of World War II the So­
viet Union took eight of Berlin’s districts as its sector of 
occupation: Berlin Mitte, Prenzlauer Berg, Friedrichshain,
Treptow, Köpenick, Lichtenberg, Weissensee, and Pankow 
(Lichtenberg and Weissensee later being re-formed into 
the three districts of Hohenscheinhausen, Marzahn, and 
Hellersdorf). What was called the New West End, de­
veloped after old Berlin had outgrown its space, became 
West Berlin. The U.S. sector was formed by the south­
em  districts of Zehlendorf, Steglitz, Tempelhof, Neukölln,
Kreuzberg, and Schöneberg. The British sector embraced 
the central and western districts o f the Tiergarten, as 
well as Wilmersdorf, Charlottenburg, and Spandau. The 
French were allotted the northern Wedding and Reinick­
endorf districts.

This apportioning was based on an agreement reached 
in London in 1944 by the United States, Britain, and 
the Soviet Union, acting on a British plan that divided 
Germany into occupation zones and Greater Berlin into 
sectors within, but not part of, the Soviet zone of occu­
pation. A significant feature of the agreements conceming 
Berlin was the inability of the Western side to get a written 
Soviet guarantee o f access.

In March 1948 the Western powers decided to unite 
their zones of Germany into a single economie unit. In 
protest, the Soviet representative withdrew from the Allied 
Control Council. In June 1948, the West introduced a cur­
rency reform in the western sectors of occupied Germany, 
including West Berlin. The Soviet Union responded by Blockade 
launching a land blockade of West Berlin. and airlift

A great airlift broke this attempt to cut off the city from 
vital supplies, Western Allied planes hauling 1,831,200 
tons o f food, coal, and other necessities. The Soviets aban­
doned the blockade on May 12, 1949, but the Western 
Allies kept flying until September, building up a year’s 
supply of essential goods. From time to time afterward 
access by road to West Berlin was denied for short periods 
as a form of harassment. In the meantime, on Nov. 30,
1948, a separate municipal govemment with its own chief 
burgomaster, or mayor, was set up in East Berlin, and this
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The
opening of 
the wall

com pleted  the Splitting o f  Berlin betw een  East and West.
On June 17, 1953, some 50,000 workers, reacting to 

restrictive policies, rebelled in East Berlin. The uprising, 
which spread throughout East Germany, was crushed by 
Soviet intervention. In August 1961 West Berlin was phys- 
ically separated from East Berlin by the erection of a wall 
topped with barbed wire and was isolated from the East 
German countryside elsewhere mainly by an encircling 
wire-mesh fence surmounted by watchtowers overlooking 
a strip of cleared ground. All of the 103-mile barrier was 
lighted at night. Patrols on foot and on small vehicles 
passed regularly. Trained dogs on long leashes guarded 
areas difficult to monitor by sight. Before its sudden 
transformation into an anachronism, the Berlin Wall had 
grown to about 12 feet (3.7 metres) in height, uniformly 
whitewashed on its eastern side, in contrast with the lively 
graffiti on the west. The barrier had reduced escape at­
tempts to a trickle, until the changed political condition 
of Germany’s neighbours to the east and south made indi­
rect flight possible, notably through Hungary into Austria 
and then West Germany. In an effort to ease tensions, 
the United States, Britain, and France had joined the 
Soviet Union in signing a Berlin agreement in 1971. The 
working out of practical details for easier access to West 
Berlin from the West and for visits beyond the wall by 
West Germans and West Berliners was left to officials of 
the two German States. This resulted in an eastward flow 
by West Germans and West Berliners that numbered 9 
million visits inside East Germany and another 27 million 
overland transit trips to and from West Berlin by car or 
train in 1988.

However, small steps toward normalization were not 
nearly enough, especially for the shut-in East German pop- 
ulace. In East Berlin and elsewhere, tens of thousands of 
demonstrators took to the streets in the autumn of 1989, 
demanding first the removal of the communist regime and 
then reunification with West Germany.

On November 9 the partition of Berlin dissolved with 
a speed few had thought possible. During the three days 
following, more than two million East Berliners and East 
Germans engulfed West Berlin, coming by car, on foot, 
and by subway and elevated trains. A provisional East 
German govemment then permitted West Berliners and

West Germans to enter East Berlin freely, so that by New 
Year’s Day 1990 east-west movement in Berlin had be­
come an uncontrollable flood.

By mid-1990, whole sections of the wall, including that 
paralleling the mid-city Brandenburg Gate, had been re- 
moved. With Crossing points proliferating, Berlin became 
in effect one city, although two governments still sepa- 
rately govemed. Under the terms of the treaty enacting 
the reunification of the two German States, Berlin once 
again became the national Capital.
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Beverage Production

T he preparation of potable liquids from water and 
plant matter reflects a recurrent human predilec- 
tion for variety, Stimulation, and conviviality, as 

well as an ihgenuity in exploiting resources toward those 
ends. This article treats beverages made by infusion, such 
as tea and coffee; alcoholic beverages, including beer and 
wine, made by fermentation; distilled spirits, requiring 
fermentation and distillation; and soft drinks, consisting 
of carbonated water flavoured with sweetened syrup.

For information on the cultivation of tea, coffee, and 
other crops important to beverage production, see the 
Macropcedia article farming. For information on milk 
beverages, see food processing. Information on fruit 
juices may be found in the entries on individual fruits in 
the Micropcedia.

For coverage of related topics in the Macropcedia and 
Micropcedia, see the Propcedia, section 731. (Ed.)

This article is divided into the following sections:

Tea 735
History o f  the tea trade 735 
Classification o f teas 735 
Processing the leaf 735 
Packaging 736 
Preparing the beverage 736 

Coffee 737 
History 737
Processing green coffee 737 
Processing the bean 737 
Packaging and brewing 738 

Beer 738
History o f  brewing 738 
Types o f beer 738 
The brewing process 739 
Maturation and packaging 741

Wine 741 
History 741 
The wine grape 741 
Wine regions and varieties 742 
The wine-making process 743 
Aging and bottling 746 
Special wines 746 

Distilled spirits 749 
History o f distilling 749 
Production 749
Maturation, biending, and packaging 751 

Soft drinks 752
History o f soft drinks 752 
Production 753 
Packaging and vending 753 

Bibliography 753



Beverage Production 735

Tea in 
India and 
Ceylon

Black, 
green, and 
oolong teas

Tea

Tea is made from the young leaves and leaf buds of the 
tea plant, Camellia sinensis. Two principal varieties are 
used, the small-leaved China plant (C. sinensis sinensis) 
and the large-leaved Assam plant (C. sinensis assamica). 
Hybrids of these two varieties are also grown.

HISTORY OF THE TEA TRADE
According to legend tea has been known in China since 
about 2700 bc. For millennia it was a medicinal beverage 
obtained by boiling fresh leaves in water, but around the 
3rd Century ad it became a daily drink, and tea culti- 
vation and processing began. The first published account 
of methods of planting, processing, and drinking came 
in ad 350. Around 800 the first seeds were brought to 
Japan, where cultivation became established by the 13th 
Century. Chinese from Amoy brought tea cultivation to 
the island of Formosa (Taiwan) in 1810. Tea cultivation 
in Java began under the Dutch, who brought seeds from 
Japan in 1826 and seeds, workers, and implements from 
China in 1833.

In 1824 tea plants were discovered in the hills along the 
frontier between Burma and the Indian state of Assam. 
The British introduced tea culture into India in 1836 and 
into Ceylon (Sri Lanka) in 1867. At first they used seeds 
from China, but later seeds from the Assam plant were 
used.

The Dutch East India Company carried the first consign- 
ment of China tea to Europe in 1610. In 1669 the English 
East India Company brought China tea from ports in Java 
to the London market. Later, teas grown on British estates 
in India and Ceylon reached Mincing Lane, the centre of 
the tea trade in London.

By the late 19th and early 20th centuries, tea growing 
had spread to Russian Georgia, Sumatra, and Iran and 
extended to non-Asian countries such as Natal, Malawi, 
Uganda, Kenya, Congo, Tanzania, and Mozambique in 
Africa, to Argentina, Brazil, and Peru in South America, 
and to Queensland in Australia.

CLASSIFICATION OF TEAS
Teas are classified according to region of origin, as in 
China, Ceylon, Japanese, Indonesian, and African tea, or 
by smaller district, as in Darjeeling, Assam, and Nilgris 
from India, Uva and Dimbula from Sri Lanka, Keemun 
from Chi-men in China’s Anhwei Province, and Enshu 
from Japan.

Teas are also classified by the grade, or size, of the pro- 
cessed leaf. Traditional sifting operations result in larger 
leafy grades and smaller broken grades. The leafy grades 
are: flowery pekoe (FP), orange pekoe (OP), pekoe (P), 
pekoe souchong (PS), and souchong (S). The broken grades 
are: broken orange pekoe (BOP), broken pekoe (BP), BOP 
fanning, fannings, and dust. Broken grades usually have 
substantial contributions from the more tender shoots, 
while leafy grades come mainly from the tougher and 
maturer leaves. In modern commercial grading, 95 to 100 
percent of production belongs to broken grades, whereas 
earlier a substantial quantity of leafy grades was produced. 
This shift has been caused by an increased demand for 
teas of smaller partiele size, which produce a quick, strong 
brew.

The most important Classification is by the manufactur- 
ing process, resulting in the three categories of fermented 
(black), unfermented (green), and semifermented (oolong 
or pouchong). Green tea is usually produced from the 
China plant and is grown mostly in Japan, China, and to 
some extent Malaysia and Indonesia. The infused leaf is 
green, and the liquor is mild, pale green or lemon-yellow, 
and slightly bitter. Black tea, by far the most common 
type produced, is best made from Assam or hybrid plants. 
The infused leaf is bright red or copper coloured, and the 
liquor is bright red and slightly astringent but not bitter, 
bearing the characteristic aroma of tea. Oolong and pou­
chong teas are produced mostly in Southern China and 
Taiwan from a special variety of the China plant. The 
liquor is pale or yellow in colour, as in green tea, and has 
a unique malty, or smoky, flavour.

PROCESSING THE LEAF
In tea manufacture, the leaf goes through some or all of 
the stages of withering, rolling, fermentation, and drying. 
The process has a twofold purpose: (1) to dry the leaf 
and (2) to allow the Chemical constituents of the leaf to 
produce the quality peculiar to each type of tea.

The best-known constituent of tea is caffeine, which gives 
the beverage its stimulating character but contributes only 
a little to colour, flavour, and aroma. About 4 percent 
of the solids in fresh leaf is caffeine, and one teacup of 
the beverage contains 60 to 90 milligrams of caffeine. 
The most important Chemicals in tea are the tannins, or 
polyphenols, which are colourless, bitter-tasting substances 
that give the drink its astringency. When acted upon by an 
enzyme called polyphenol oxidase, polyphenols acquire a 
reddish colour and form the flavouring compounds of the 
beverage. Certain volatile oils contribute to the aroma of 
tea, and also contributing to beverage quality are various 
sugars and amino acids.
Only black tea goes through all stages ofthe manufactur- 

ing process. Green tea and oolong acquire their qualities 
through variations in the crucial fermentation stage.

Black tea. Withering. Plucking the leaf initiates the 
withering stage, in which the leaf becomes flaccid and 
loses water until, from a fresh moisture content of 70 to 
80 percent by weight, it arrivés at a withered content of 
55 to 70 percent, depending upon the type of processing.
In the traditional process, fresh leaf is spread by hand in 

thin layers onto trays or sections of coarse fabric called 
tats. It is then allowed to wither for 18 to 20 hours, de­
pending upon several factors that include the temperature 
and humidity of the air and the size and moisture content 
of the leaf. Withering in the open air has been replaced 
by various mechanized systems. In trough withering, air is 
forced through a thick layer of leaf on a mesh in a trough. 
In drum withering, rotating, perforated drums are used 
instead of troughs, and in tunnel withering, leaf is spread 
on tats carried by mobile trolleys and is subjected to hot- 
air blasts in a tunnel. Continuous withering machines 
move the leaf on conveyor beits and subject it to hot air 
in an enclosed chamber, discharging withered leaf while 
fresh leaf is simultaneously loaded.

Mechanized systems greatly reduce withering time, but 
they can also lower the quality of the final product by re- 
ducing the time for Chemical withering, during which pro- 
teins and carbohydrates break down into simpler amino 
acids and sugars, and the concentration of caffeine and 
polyphenols increases.

Rolling. At this stage, the withered leaf is distorted, 
acquiring the distinctive twist of the finished tea leaf, and 
leaf cells are burst, resulting in the mixing of enzymes 
with polyphenols.

The traditional method is to roll bunches of leaves be­
tween the hands, or by hand on a table, until the leaf 
is twisted, evenly coated with juices, and finally broken 
into pieces. Rolling machines consist of a circular table 
fitted in the centre with a cone and across the surface 
with slats called battens. A jacket, or bottomless circular 
box with a pressure cap, stands atop the table. Table and 
jacket rotate eccentrically in opposite directions, and the 
leaf placed in the jacket is twisted and rolled over the cone 
and battens in a fashion similar to hand rolling. Lumps of 
rolled leaf are then broken up and sifted. The smaller leaf 
passing through the sieve—called the fines—is transferred 
to the fermentation room, and the remaining coarse leaf 
is rolled again.

In many countries, rolling the leaf has been abandoned 
in favour of distortion by a variety of machines. In the 
Legg cutter (actually a tobacco-cutting machine), the leaf 
is forced through an aperture and cut into strips. The 
crushing, tearing, and curling (CTC) machine consists of 
two serrated metal rollers, placed close together and re- 
volving at unequal speeds, which cut, tear, and twist the 
leaf. The Rotorvane consists of a horizontal barrel with 
a feed hopper at one end and a perforated plate at the 
other. Forced through the barrel by a screw-type rotating 
shaft fitted with vanes at the centre, the leaf is distorted by 
resistor plates on the inner surface of the barrel and is cut 
at the end plate. The nontraditional distorting machines

Caffeine
content

Impor­
tance of 
withering
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A rolling machine twisting tea leaves, coating them with juices, 
and breaking them into pieces; Sri Lanka.
By courtesy of the Tea Council U.S.A.

The
form ation  
□f flavour 
and colour

Prevention  
3f ferm en­
tation

can burst lea f cells so thoroughly that in m any cases they  
render the withering stage unnecessary. H ow ever, unlike 
traditional rolling, they do not produce the larger leafy 
grades o f  tea.

F e r m e n ta t io n .  F erm entation com m ences w hen leaf cells 
are broken during rolling and continues w hen the rolled  
lea f is spread on  tables or perforated a lum inum  trays un­
der controlled cond itions o f  tem perature, hum idity, and  
aeration. T he process actually is not ferm entation at all but 
a series o f  Chemical reactions. T he m ost im portant is the 
oxidation  by polyphenol oxidase o f  som e polyphenols into  
com pounds that com bine w ith other polyphenols to form  
orange-red com p oun d s called theaflavins. The theaflavins 
react w ith m ore units to  form  the thearubigins, which are 
responsible for the transform ation o f  the lea f to a dark 
brow n or coppery colour. T he thearubigins also react with  
am ino acids and sugars to  form  flavour com pounds that 
m ay be partly lost i f  ferm entation is prolonged. In gen­
eral, theaflavin is associated with the brightness and brisk 
taste o f  brewed tea, w hile thearubigin is associated with  
strength and colour.

In traditional processing, op tim um  ferm entation is 
reached after tw o to four hours. T his tim e can be halved in  
ferm enting lea f broken by the Legg cutter, CTC m achine, 
and R otorvane. In skip ferm entation, the lea f is spread in  
alum inum  skips, or boxes, w ith screened bottom s. Larger 
boxes are used in trough ferm entation, and in continuous  
ferm entation the lea f is spread on trays on  a conveyor  
system . In all o f  these ferm entation system s the lea f is aer- 
ated by forced air (oxygen being necessary for the action  
o f  the enzym es), and it is brought by autom ated  conveyor  
to the dryer.

D r y in g .  A t this stage, heat inactivates the polyphenol 
enzym es and dries the lea f to a m oisture content o f  
about 3 percent. It also caram elizes sugars, thereby adding 
flavours to the finished product, and im parts the black  
colour associated with ferm ented tea.

Traditionally, ferm ented lea f was dried on  large pans or 
sereens over fire, but since the late 19th Century, heated  
forced air has been used. A  m echanized  drier consists o f  a 
large cham ber into the bottom  o f  w hich hot air is blown  
as the lea f is fed from  the top  on  a series o f  descending  
conveyors. T he dried lea f is then  coo led  quickly to  prevent 
overdrying and loss o f  quality. M od em  innovations on  
the drier are the hot-feed drier, where hot air is supplied  
separately to  the feeder to  arrest ferm entation im m ediately  
as the lea f is fed, and the fluid-bed drier, where the lea f  
m oves from  one end o f  the cham ber to  the other over a 
perforated plate in a liquid fashion.

Green tea. In preparing unferm ented tea, the oxidizing  
enzym es are killed by steam blasting the freshly plucked 
lea f in  perforated d m m s or by roasting it in  hot iron pans 
prior to rolling. The lea f is then  subjected to  further heat- 
ing and rolling until it tu m s dark green and takes a bluish  
tint. T he leaves are finally dried to  a m oisture content o f

3 to 4 percent and are either crushed into  sm all p ieces or 
ground to a powder.

W ith the inactivation  o f  polyphenol oxidase, the polyphe­
nols are not oxid ized  and therefore rem ain colourless, 
allow ing the processed lea f to  rem ain green. The absence  
o f  theaflavins and thearubigins in  the finished lea f also  
gives the beverage a weaker flavour than black tea.

Oolong tea. After a brief w ithering stage, the leaf is 
lightly rolled by hand until it becom es red and fragrant. 
For oolong it is then  ferm ented for about one-half, and  
for pouchong for one-quarter, o f  the tim e allow ed for 
black tea. F erm entation is stopped by heating in  iron  
pans, and the lea f is subjected to m ore rolling and heating  
until it is dried.

PACKAGING
Sorting and grading. T he first step in packaging tea is 

grading it by partiele size, shape, and cleanliness. This 
is carried out on  m echanical sieves or sifters fitted with  
m eshes o f  appropriate size. W ith sm all-sized teas in de­
m and, som e processed teas are broken or cut again at this 
stage to get a higher proportion o f  broken grades. Undesir- 
able particles, such as pieces o f  tough stalk and fibre, are 
rem oved by hand or by m echanical extractor. W innow ing  
by air rem oves dust, fibres, and fluff.

Packing. Teas are packed in  airtight containers in  order 
to prevent absorption o f  m oisture, w hich is the principal 
cause o f  loss o f  flavour during storage. Packing chests are 
usually constructed o f  p lyw ood, lined  with a lum inum  foil 
and paper, and sealed w ith the sam e material. A lso used  
are corrugated cardboard boxes lined  with alum inum  foil 
and paper or paper sacks lined  w ith plastic.

Blended teas are sold to consum ers as loose tea, w hich is 
packed in corrugated paper cartons lined with a lum inum  
foil, in m etal tins, and in fancy packs such as m etallized  
plastic sachets, or they are sold  in tea bags m ade o f  
special porous paper. Tea bags are m ainly packed with  
broken-grade teas.

Instant tea. Instant teas are produced from  black tea by 
extracting the liquor from  processed leaves, tea wastes, or 
undried ferm ented leaves, concentrating the extract under 
low  pressure, and drying the concentrate to a pow der by 
freeze-drying, spray-drying, or vaeuum -drying. Low  tem ­
peratures are used to  m in im ize loss o f  flavour and aroma. 
Instant green teas are produced by sim ilar m ethods, but 
hot water is used to  extract liquor from  powdered leaves. 
Because all instant teas absorb m oisture, they are stored  
in  airtight containers or bottles.

PREPARING THE BEVERAGE
Biending. T ea sold  to the consum er is a b lend o f  as 

m any as 20 to 40  teas o f  different characteristics, from  
a variety o f  estates, and from  m ore than one country. 
Price is an im portant factor, w ith  cheap teas (called fillers) 
used to round o ff a b lend and balance cost. Elends are 
often designed to  be o f  good  average character w ithout 
outstanding quality, but distinctive blends— for exam ple, 
with a flavour o f  seasonal C eylon  tea or the pungency and  
strength o f  A ssam  tea— are also m ade.

Brewing. A tea in fusion  is best m ade by pouring water 
just brought to the boil over dry tea in a warm  teapot 
and steeping it from  three to  five m inutes. The liquor 
is separated from  the spent leaves and m ay be flavoured  
with m ilk, sugar, or lem on .

Tasting. Professional tasters, sam pling tea for the trade, 
taste but do not con su m e a light brew in w hich the liquor  
is separated from  the lea f after five to  six m inutes. The  
appearance o f  both  the dry and infused lea f is observed, 
and the arom a o f  vapour, colour o f  liquor, and cream ing  
action (form ation o f  solids w hen cooled) are assessed. F i­
nally the liquor is taken in to  the m outh  with a sucking  
noise, swirled around the tongue, brought in to contact 
with the palate, cheek, and gum s, and then  drawn to  the  
back o f  the m outh  and up to  the olfactory nerve in  the 
nose before being expectoratcd. T he liquor is thus feit, 
tasted, and sm elled. Tasters have a large glossary o f  term s 
for the evaluation o f  tea, but the less-dem anding consum er  
drinks it as a thirst quencher and stim ulant and for its 
distinctive sour-harsh taste. (S.Si.)

Preventing  
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m oisture
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Coffee

Coffee, a beverage brewed from the roasted and ground 
seeds o f the tropical evergreen coffee plant of African 
origin, is consumed either hot or cold by about one-third 
of the people in the world, in amounts larger than those 
of any other drink. Its popularity can be attributed to 
its invigorating effect, which is produced by caffeine, an 
alkaloid present in green coffee in amounts between 0.8 
and 1.5 percent for the Arabica varieties and 1.6 to 2.5 
percent for Robusta.

Two species of the coffee plant, Coffea arabica and C. 
canephora, supply almost all of the world’s consump- 
tion. Arabica coffee, which is divided between Brazilians 
and milds, is considered to brew a more flavourful and 
aromatic beverage than Robusta, the main variety of
C. canephora. Arabicas are grown in Central and South 
America, the Caribbean, and Indonesia, while Robustas 
are grown mainly in Africa.

HISTORY
Wild coffee plants, probably from Kefa (Kaffa), Ethiopia, 
were taken to southem Arabia and placed under culti­
vation in the 15th Century. One of many legends about 
the disco very of coffee is that of Kaldi, an Arab goat- 
herd, who was puzzled by the queer antics of his flock. 
About ad 850, Kaldi supposedly sampled the berries of 
the evergreen bush on which the goats were feeding and, 
on experiencing a sense of exhilaration, proclaimed his 
disco very to the world.

Whatever its historical origin, the stimulating effect of 
coffee undoubtedly made it populär, especially in Con­
nection with the long religiöus service of the Muslims. 
The orthodox priesthood pronounced it intoxicating and 
therefore prohibited by the Quriän, but despite the threat 
of severe penalties, coffee drinking spread rapidly among 
Arabs and their neighbours.

During the 16th and 17th centuries, coffee was intro­
duced into one European country after another; many 
accounts are recorded of its prohibition or approval as a 
religiöus, political, and medical potion. Coffee gained pop­
ularity as a beverage in the London coffeehouses, which 
became centres of political, social, literary, and eventually 
business influence. The first coffeehouse in London was 
established about 1652. In Europe, too, the coffeehouse 
flourished later in the 17th Century. In such North Amer­
ican cities as Boston, New York City, and Philadelphia, 
coffeehouses became populär beginning in the late 1600s.

Until the close of the 17th Century, the world’s limited 
supply of coffee was obtained almost entirely from the 
province of Yemen in southem Arabia. But, with the 
increasing popularity of the beverage, the propagation of 
the plant spread rapidly to Java and other islands of 
the Indonesian archipelago in the 17th Century and to 
the Americas in the 18th Century. Coffee cultivation was 
started in the Hawaiian Islands in 1825.

By the 20th Century the greatest concentration of produc­
tion was centred in the Western Hemisphere—particularly 
Brazil. In the late 19th and early 20th centuries, industrial 
roasting and grinding machines came into use, vacuum- 
sealed containers were invented for ground roasts, and 
decaffeination methods for green coffee beans were de­
veloped. After 1950 the production of instant coffee was 
perfected. The popularity of instant coffee led to increased 
production of the cheaper Robusta beans in Africa.

(T.C.W./Ed.)

PROCESSING GREEN COFFEE
Hulling. The ripened fruits of the coffee shmbs, known 

as coffee ehernes, are processed by disengaging the coffee 
seeds from their coverings and from the pulp and by dry- 
ing the seeds from an original moisture content of 65-70 
percent water by weight to 12-13 percent. Two different 
techniques are used: a wet process (used mainly for the 
mild Arabica coffees) and a dry process (used for Brazil­
ians and Robustas).

The wet process. First the skin and pulp of the fresh 
fruit is removed by a pulping machine, which consists 
of a rotating drum or disk that presses the fruit against

a sharp-edged or slotted plate, disengaging the pulp from 
the seed. Pulp still clings to the coffee, however, as a thin, 
mucilaginous layer. This is eliminated by fermentation, 
actually a form of digestion in which naturally occurring 
pectic enzymes decompose the pulp while the wetted seeds 
are held in tanks for one to three days. Washing clears 
all remaining tracés of pulp from the coffee seeds, which 
are then dried either by exposure to sunlight on concrete 
terraces or by passing through hot-air driers. The dry skin 
around the seed, called the parchment, is then mechani- 
cally removed, sometimes with polishing.

The dry process. In this process, the fruits are immedi­
ately placed to dry either in sunlight or in hot-air driers. 
Although mechanical drying is replacing the labour- and 
time-consuming sun drying, more time and equipment are 
required than in drying pulped seeds in the wet process. 
When the fruits have been dried to a water content of 
12 percent, they are mechanically hulled to free the seeds 
from their coverings.

Grading and storage. T he practice o f  grading coffee  
gives sellers and buyers a guarantee con cem in g  the origin, 
nature, and quality o f  the product to  aid their negotiations. 
Each country has a certain num ber o f  defined types and  
grades, but there are n o  international Standards outside  
the contract market.

T he prolonged storage o f  coffee in the producing countries 
presents problem s, especially  in  the warm  and hum id  
Coastal regions, where m old s and parasites m ay develop  
and cause damage; for this reason coffee from  these areas 
is exported as quickly as possible. In  m oderate clim ates, 
the Conservation o f  dry lots does not pose a problem  as 
long as they are stocked in  w ell-ventilated places.

PROCESSING THE BEAN
Decaffeination. Caffeine can be removed from the green 

coffee by a variety of methods. In the most common, 
solvent extraction, the beans are steamed to raise the 
moisture content and bring the dissolved caffeine to the 
surface of the beans. They are then washed by an or­
ganic solvent such as methylene chloride, which extracts 
the caffeine. The solution is removed by steam, and the 
beans are dried.

Roasting. The aromatic and gustatory qualities of cof­
fee are developed by the high temperatures to which they 
are subjected during roasting or broiling.

Temperatures are raised progressively to about 220°- 
230° C (430°-440° F). This releases steam, carbon diox­
ide, carbon monoxide, and other volatiles from the beans, 
resulting in a loss of weight between 14 and 23 percent. 
Internal pressure of gas expands the coffee beans by 30 to 
100 percent. The beans become a deep, rieh brown, and 
their texture becomes porous and crumbly under pressure. 
But the most important phenomenon of roasting is the 
appearance of the characteristic aroma of coffee, which 
arises from very complex Chemical transformations within 
the bean. Roasting too long can destroy volatile flavour 
and aroma compounds. For this reason, Robusta beans 
are often over-roasted (as in the dark French and Italian 
roasts) to rid the coffee of its natural harshness.

In the oldest method of roasting, a metal cylinder, or 
sphere, containing the coffee is rotated above a source 
of heat such as charcoal, gas, or electricity. In modern 
roasters, hot air is propelled by a blower into a rotating 
metal cylinder containing the coffee. The tumbling action 
of rotation ensures that all beans are roasted evenly.

Regardless of the method used, the coffee, after leaving 
the industrial roasters, is rapidly cooled in a vat, where it 
is stirred and subjected to cold air propelled by a blower. 
Good-quality coffees are then sorted by electronic sorters 
to eliminate those seeds, either too light or too dark, that 
roasted badly and whose presence depreciates the quality.

Grinding. Some coffees are left as whole beans to be 
ground at the time of purchase or by the consumer at 
home. But a large part of the coffee is ground, or milled, 
by the manufacturer immediately after roasting. In most 
modern roasting plants, grinding is accomplished by feed­
ing the coffee through a series of serrated or scored rollers, 
set at progressively smaller gaps, that first crack the beans 
and then cut them to the desired partiele size.

Effects 
of over- 
roasting
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The degree of fineness is important. If a coffee is too 
coarse, water filters through too fast to pick up flavour; if 
it is too fine, water filters through too slowly and retains 
particles that deposit ät the bottom of the cup.

PACKAGING AND BREWING
Packaging. Effective packaging prevents air and mois­

ture from reaching the coffee. Ground coffee alters rapidly 
and loses its aromatic qualities within a few days if it is 
not put into hermetically sealed containers immediately.

The air, especially in humid atmospheres, causes ran- 
cidity through oxidation of fatty components. Modem 
packaging materials, plastic films like polyethylene and 
complexes of aluminum and cellulose, are capable of con- 
serving the quality of coffee for a time. But the most satis- 
factory solution to the problem is packing under vacuum 
or in an inert gas, in rigorously impervious containers.

Brewing. There are several methods of extracting flavour 
and aroma from ground coffee. In steeping or boiling, 
pulverized coffee is measured into hot water, which is set 
or boiled before being poured off the grounds. In percola- 
tion, water is brought to the boil in an um and fed up a 
tube to a basket holding the coffee. After filtering through 
the coffee, the water drips back to the um, where it is 
forced back up the tube and recirculated until the brew 
reaches the desired strength. In the filter, or drip, method, 
hot water is slowly filternd through the coffee and dripped 
into a receptacle; it is not recirculated. The espresso ma­
chine forces boiled water under pressure through finely 
ground coffee; because the water has only brief contact 
with the grounds, it extracts a highly flavoured brew with 
little bittemess.

Caffeine Caffeine content varies with the variety of bean and
content method of brewing. One serving (five fluid ounces) of 

Arabica instant coffee contains about 70 milligrams of 
caffeine, while a serving of brewed Robusta may contain 
200 milligrams.

Instant coffee. In the manufacture of instant coffee 
(called soluble coffee in the industry), a liquid concen­
tration of coffee prepared with hot water is dehydrated. 
This can be done by spray drying in hot air, by drying 
under vacuum, or by lyophilization (freeze drying). The 
operations are complex and methods vary among manu- 
facturers. The resulting soluble powder, on the addition of 
hot water, forms reconstituted coffee. The average yield is 
25 to 30 percent by weight of the ground coffee. Because 
it picks up moisture readily, instant coffee needs special 
vacuum packages. (R.C./Ed.)

Beer

Beer is an alcoholic beverage produced by extracting raw 
materials with water, boiling (usually with hops), and fer- 
menting. In some countries beer is defined by law—as in 
Germany, where the Standard ingredients, besides water, 
are germinated barley, hops, and yeast.

HISTORY OF BREWING
Before 6000 bc, beer was made from barley in Sumeria 
and Babylonia. Reliefs on Egyptian tombs dating from 
2400 bc show that barley or partly germinated barley was 
crushed, mixed with water, and dried into cakes. When 
broken up and mixed with water, the cakes gave an ex­
tract that was fermented by microorganisms accumulated 
on the surfaces of fermenting vessels.

The basic techniques of brewing came to Europe from 
the Middle East. The Roman historians Pliny (in the Ist 
Century bc) and Tacitus (in the Ist Century ad) reported 
that Saxons, Celts, and Nordic and Germanic tribes drank 
ale. In fact, many of the English terms used in brewing 
(malt, mash, wort, ale) are Anglo-Saxon in origin. During 
the Middle Ages, the monastic orders preserved brewing 
as a craft. Hops were in use in Germany in the 1 Ith Cen­
tury, and in the 15th Century they were introduced into 
Britain from Holland. In 1420 beer was made in Germany 
by a bottom fermentation process; before that, yeast rose 
to the top of the fermenting product and was allowed to 
overflow or was manually skimmed. Brewing was a winter 
occupation, and ice was used to keep beer cool during the

summer months. Such beer came to be called lager (from 
German lagern, “to store”). The term lager is still used Lagers and 
to denote beer produced from bottom-fermenting yeast, ales 
and the term ale is now used for top-fermented British 
types of beer.

The Industrial Revolution brought the mechanization of 
brewing. Better control over the process, with the use of 
the thermometer and Saccharometer, was developed in 
Britain and transferred to the Continent, where the de­
velopment of ice-making and refrigeration equipment in 
the late 19th Century enabled lager beers to be brewed in 
summer. In the 1860s the French chemist Louis Pasteur 
established many of the microbiological practices still used 
in brewing. The Danish botanist Emile Hansen devised 
methods for growing yeasts in culture free of other yeasts 
and bacteria. This pure-culture technology was quickly 
taken up by Continental lager brewers but not until the 
20th Century by the ale brewers of Britain. Meanwhile,
German-style bottom-fermented lagers fermented by pure 
yeast cultures became dominant in the Americas.

Brewing in  the 20th  Century is a large-scale industry.
M od em  breweries use stainless-steel equ ipm ent and com - 
puter-controlled autom ated  operations, and they package 
beer in  m etal casks, glass bottles, a lu m in u m  cans, and  
plastic Containers. Beers are now  exported w orldwide and  
are produced under license in  foreign countries.

TYPES OF BEER
Beverages similar to beer are produced in Japan (sake, 
from rice) and Mexico (pulque, from cactus). In Nigeria 
and South Africa, malted sorghum is used to produce 
burukutu and Kaffir beers.

In the West, the properties of the water used for brew­
ing, the types of malt, the brewing practices, and the 
yeast strains have contributed to traditional distinctions 
between beers. Early British beers were made from succes- 
sive extracts of a single batch of brown malt. The first and 
strongest extract gave the best quality beer, called strong 
beer, and a third extract yielded the poorest quality beer, 
called small beer. In the 18th Century London brewers 
departed from this practice and produced porter. Made 
from a mixture of malt extracts, porter was a strong, 
dark-coloured, highly-hopped beer consumed by the mar­
ket porters in London. Brewers in Burton upon Trent, 
using the famous hard waters of that region and pale 
malts roasted in coke-fired kilns, created pale ales, also 
called best bitter. Pale ale is less strong, less bitter, paler Pale ale, 
in colour, and clearer than porter. Mild ales—weaker, mild ale, 
darker, and sweeter than bitter—are a common Variation; and stout 
more colour is obtained by special malts, roasted barley, 
or caramels, less hops are used, and cane sugar is added to 
impart sweetness and aid maturation. Stouts are stronger 
versions of mild ale; some, such as milk stouts, contain 
lactose (milk sugar) as a sweetener.
Bottom-fermented lagers have their origins in different 

regions of Continental Europe. Brewers in Plzen (now in 
Czechoslovakia) used local soft waters to produce the fa­
mous Pilsner beer, which became the Standard for highly 
hopped, pale-coloured, dry lagers. Dortmunder is a pale 
lager of Germany, while Munich has become associated 
with dark, strong, slightly sweet beers with less hop char­
acter. The dark colour comes from highly roasted malt, 
and other characteristic flavours arise during the decoc- 
tion mashing process. Bock is an even stronger, heavier 
Munich-type beer that is brewed in winter for consump- 
tion in the spring. Märzbier (“March beer”) is a lighter 
brew produced in the spring. While all German lagers are 
made with malted barley, a special brew called weiss beer 
(Weissbier; “white beer”) is made from malted wheat. In 
other countries such as Denmark and The Netherlands, 
other cereals are used in lighter coloured larger beers.

The 20th Century has seen the erosion of traditional 
distinctions based on place of manufacture, raw materials, 
and brewing methods. This has caused a reaction among 
a small body of consumers. In Britain it has encouraged 
support for smaller, traditional ale breweries. In the United 
States a growing number of “microbreweries” make beers 
with more flavour and colour.

The strength of beer may be measured by the percentage
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by volume of ethyl alcohol. Strong beers are in excess of 4 
percent, and so-called barley wines 8 to 10 percent. Diet 
beers or light beers are fully fermented, low-carbohydrate 
beers in which enzymes are used to convert normally unfer- 
mentable (and high-calorie) carbohydrates to fermentable 
form. In low-alcohol beers (0.5 to 2.0 percent alcohol) 
and “alcohol-free” beers (less than 0.1 percent alcohol), 
alcohol is removed after fermentation by low-temperature 
vacuum evaporation or by membrane filtration.

THE BREWING PROCESS
Beer production  in vo lves m alting, m illing, m ashing, ex­
tract Separation, hop  addition  and boiling, rem oval o f  
hops and precipitates, coo lin g  and aeration, ferm entation, 
Separation o f  yeast from  young beer, aging, m aturing, and  
packaging. T he object o f  the entire process is to  convert 
grain starches to  sugar, extract it w ith water, and then  
ferm ent it w ith  yeast to  produce the alcoholic, lightly car- 
bonated  beverage.

Malting. Malting modifies barley to green malt, which 
can then be preserved by drying. The process involves 
steeping and aerating the barley, allowing it to germinate, 
and then drying and curing the malt.

Barley. In order to be fermented by yeast, the food 
reserve o f barley, starch, must be converted by enzymes 
into simple sugars. Two enzymes, a- and /?-amylases, carry 
out the conversion. The latter is present in barley, but 
the former is only made during germination of the grain. 
Specially bred strains o f barley (generally low in nitrogen 
content) are used for malting. Other important charac­
teristics are yield, even germination, ability to produce 
enzymes, and a highly extractable malt.

Steeping. Malting begins by immersing barley harvested 
at less than 12 percent moisture in water at 12° to 15° C 
(55° to 60° F) for 40 to 50 hours. During this steeping pe­
riod, the barley may be drained and given air rests, or the 
steep may be forcibly aerated. As the grain imbibes water, 
its volume increases by about 25 percent, and its moisture 
content reaches about 45 percent. A white root sheath, 
called a chit, breaks through the husk, and the chitted 
barley is then removed from the steep for germination.

Germination. Activated by water and oxygen, the root 
embryo of the barleycom secretes a plant hormone called 
gibberellic acid, which initiates the synthesis of a-amylase. 

Conversion The a- and /?-amylases then convert the starch molecules 
of starch of the com into sugars that the embryo can use as food. 
into sugar Other enzymes, such as the proteases and /Lglucanases, 

attack the cell walls around the starch grains, converting 
insoluble proteins and complex sugars (called glucans) 
into soluble amino acids and glucose. These enzymatic 
reactions are called modification. The more germination 
proceeds, the greater the modification. Overmodification 
leads to malting loss, in which rootlet growth and plant 
respiration reduce the weight of the grain.

In traditional malting, the steeped barley was placed in 
heaps called couches and, after 24 hours, spread on a 
floor to permit germination. Because respiration of the 
grain causes oxygen to be taken up and carbon dioxide 
and heat to be produced, control of aeration, Ventilation, 
and temperature was achieved by manually tuming the 
grain. Large-scale floor maltings with mechanical turners 
were introduced and then replaced by pneumatic malt­
ings, in which germination occurred in boxes with the bed 
automatically tumed, aerated, and ventilated with forced 
air. In some malting operations gibberellic acid is sprayed 
onto the barley to speed germination, and bromates are 
used to suppress rootlet growth and malting loss. Although 
less-modified malts are traditionally used in lagers, and 
well-modified malts in ales, it is now usual to produce 
well-modified malts regardless of whether lager or ale is 
to be made.

Kilning. Green malt is dried to remove most of the 
moisture, leaving 5 percent in lager and 2 percent in 
traditional ale malts. This process arrests enzyme activity 
but leaves 40 to 60 percent in an active state. Curing at 
higher temperatures promotes a reaction between amino 
acids and sugars to form melanoidins, which give both 
colour and flavour to malt.

In the first stage of kilning a high flow of dry air at 50° C

(120° F) for lager malt and 65° C (150° F) for ale malt is 
maintained through a bed of green malt. This lowers the 
moisture content from 45 to 25 percent. A second stage 
of drying removes more firmly bound water, the tempera­
ture rising to 70°-75° C (160°-170° F) and the moisture 
content falling to 12 percent. In the final curing stage, 
the temperature is raised to 75°-90° C (170°-195° F) for 
lager and 90 ° - 105° C (195°-220° F) for ale. The finished 
malt is then cooled and screened to remove rootlets.

Special malts are made by wetting and heating green malt Roasting 
in closed drums at high temperatures. Made in this way special 
are crystal (caramel), chocolate (black), and amber malts; malts 
used in small and varying proportions (2 to 3 percent of 
brewing malt), they introducé considerable variations in 
colour and flavour to finished beers. Chocolate malt and 
roasted ungerminated barley are used at a high propor­
tion (25 percent) to make stouts and porters. The use of 
unmalted cereals has also become common, because they 
are less expensive sources of starch and can be used to 
dilute malt colour and flavour, thereby yielding fresher, 
lighter beers.

Modernization. M o d em  m altings can produce m alt in  
four to  five days, and technological im provem ents give  
precise control over tem perature, hum idity, and use o f  
heat. T ow er m altings have been  developed  w ith  an upper­
m ost floor for steeping and low er floors for germ ination  
and kilning, producing a com pact, sem icontinuous Opera­
tion  that is also fully autom ated.

Mashing. After kilning, the malt is mixed with water, 
and the enzymatic conversion of starch into fermentable 
sugar is completed.

Milling. For efficiënt extraction with water, malt must 
be milled. Early milling processes used stones driven man­
ually or by water or animal power, but modem brewing 
uses mechanically driven roller mills. The design of the 
mill and the gap between the rolls are important in obtain- 
ing the correct reduction in size of the malt. The object is 
to retain the husk relatively intact while breaking up the 
brittle, modified starch into particles.

Mixing the mash. The milled malt, called grist, is mixed 
with water, providing conditions in which starch, other 
molecules, and enzymes are dissolved and rapid enzyme 
action takes place. The solute-rich liquid produced in 
mashing is called the wort. Traditionally, mashing may be 
of one of two distinct types. The simplest process, infusion Two 
mashing, uses a well-modified malt, two to three volumes mashing 
of water per volume of grist, a single vessel (called a mash methods 
tun), and a single temperature in the range of 62° to 
67° C (145°to 150° F). With well-modified malt, break­
down of proteins and glucans has already occurred at the 
malting stage, and at 65° C the starch readily gelatinizes 
and the amylases become very active. Less well-modified 
malt, however, benefits from a period of mashing at lower 
temperatures to permit the breakdown of proteins and 
glucans. This requires some form of temperature program- 
ming, which is achieved by decoction mashing. After grist 
is mashed in at 35° to 40° C (95° to 105° F), a proportion 
is removed, boiled, and added back. Mashing with two or 
three of these decoctions raises the temperature in stages 
to 65° C. The decoction process, traditional in lager brew­
ing, uses four to six volumes of water per volume of grist 
and requires a second vessel called the mash cooker.

Other sources of starch that gelatinize at 55° to 65° C can 
be mashed along with malt. Wheat flour and com (maize) 
flakes may be added directly to the mash, whereas com  
grits and rice grits must first be boiled in order to gela­
tinize. Their use requires a third vessel, the cereal cooker.

Modem mashing systems use mixed grists and mash 
mixers, which are efficiently stirred and temperature- 
programmed mashing vessels. Enzymes of bacterial and 
fungal origin may be added as aids. Ale and lager are 
mashed in the same equipment, but they require differ­
ent temperature programs and grist composition. Modem 
breweries often practice high-gravity brewing, in which 
highly concentrated worts are made, fermented, and then 
diluted, allowing more beer to be brewed on the same 
equipment.

Separating the wort. The mash tun used in infusion 
mashing is fitted with a false base containing precisely-
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machined slots through which the husk, preserved during 
milling, cannot pass. The trapped husk thus forms a filter 
bed that removes solids from the wort as it is drained, 
leaving a residue o f spent grains. Wort Separation takes 
four to 16 hours. For thorough extraction, the solids are 
sprayed, or sparged, with water at 70° C.

The decoction brewer transfers the mash to a Separation 
vessel called the lauter tun, where a shallow filter bed is 
formed, allowing a more rapid runoff time of about 2 yh  
hours. Large modern breweries use either lauter tuns or 
special mash filters to speed up the runoff and conduct 10 
or 12 mashes a day. As much as 97 percent of the soluble 
material is obtained, and 75 percent of this is fermentable. 
Wort is approximately 10 percent sugar (mainly maitose 
and maltotriose), and it contains amino acids, salts, vita­
mins, carbohydrate, and small amounts of protein.

B oiling. A fter Separation, the w ort is transferred to  a 
vessel called the kettle or copper for boiling, w hich is 
necessary to arrest en zym e activity and to  obtain  the bit­
tem ess value o f  added hops.

Hops. Several varieties of the hop (Humulus lupulus) 
Flavouring are selected and bred for the bitter and aromatic qualities 
value of that they lend to brewing. The female flowers, or cones, 
hops produce tiny glands that contain the Chemicals of value

in brewing. Humulones are the Chemical constituents ex- 
tracted during wort boiling. One fraction of these, the 
a-acids, is isomerized by heat to form the related iso-a- 
acids, which are responsible for the characteristic bitter 
flavour of beer.
Traditionally the dried hop cones are added whole to 

the boiling wort, but powdered compressed hops are often 
used because they are more efficiently extracted. In addi­
tion, the hop components may be extracted by solvents 
such as liquid carbon dioxide and added in this form to 
the wort or, after isomerization, to the finished beer.

Heating and cooling. The kettle boil lasts 60 to 90 
minutes, sterilizing the wort, evaporating undesirable aro- 
mas, and precipitating insoluble proteins (known as hot 
break, or trüb). Trub and spent hops are then removed 
in a separator where the hop cones form the filter bed. 
In modem practice a more rapid Whirlpool separator is 
also used. This device is a cylindrical vessel into which 
wort is pumped at a tangent, the circulating Whirlpool 
movement causing solids to form a cone at the bottom. 
Clarified wort is cooled, formerly in shallow troughs or by 
trickling down an inclined cooled plate but now in a plate 
heat exchanger. This last is an enclosed, hygienic vessel in

By courtesy of the Miller Brewing Company, Wisconsin; photo by Scott J. Witte

Testing the wort before adding hops and boiling the kettle.

which hot wort runs along plates while cold water passes 
along the other side in the opposite direction. Oxygen is 
added at this stage, and the cooled wort passes to fermen­
tation vessels.

Fermentation. In this most important stage o f the brew­
ing process, the simple sugars in wort are converted to 
alcohol and carbon dioxide. Fermentation is carried out 
by yeast, which is added, or pitched, to the wort at three 
kilograms per hectolitre (about four ounces per gallon), 
yielding 10,000,000 cells per millilitre of wort.

Yeast. Yeasts are classified as fungi; those strains used 
for fermentation are o f the genus Saccharomyces (mean­
ing “sugar fungus”). In brewing it is traditional to refer to 
ale yeasts used predominantly in top fermentation as top 
strains of S. cerevisiae and to lager yeasts as bottom strains 
of S. carlsbergensis. Modem yeast systematics, however, 
classifies all brewing strains as S. cerevisiae, and many 
ales are made by bottom fermentation with what were 
originally top strains.

More than 400 simple organic compounds have been 
characterized in beer and many more identified, and the 
majority of these are produced by yeast. The bitter sub­
stances of hops, ethyl alcohol, and carbon dioxide have 
the greatest effects on the senses of taste and smell. Other 
compounds giving a beer its character include: esters such 
as isoamyl acetate (banana), ethyl hexanoate (apple), and 
ethyl acetate (solvent); higher alcohols such as isoamyl 
alcohol and 2-phenyl ethanol; acids such as octanoic, 
acetic, isovaleric, butyric malie, and citric; dialkyl sulfides 
such as dimethyl sulfide; and diketones such as diacetyl.
The ester ethyl isovalerate and the aldehyde nonenal con- 
tribute to stale and oxidized flavours. The mechanisms of Formation 
metabolism leading to the formation o f these flavouring of 
agents is neither well understood nor easily changed. Until flavouring 
new processes (perhaps genetic engineering) can produce compounds 
changes in brewer’s yeast, brewers will attach great value 
to known yeast strains and will maintain selected strains 
for brewing particular beers.

Fermenting methods. Brewing is unique among the fer­
mentation industries in that yeast from one fermentation 
is used to pitch the next. This means that hygienic con­
ditions and rigorous quality control are necessary. A high 
proportion of live cells and freedom from bacteria and 
other yeasts are important quality considerations.

Traditional open-topped earthenware fermentation ves­
sels gave way to round, wooden and later square, 
copper-lined fermentors, and brewery fermentation Sys­
tems evolved around the mechanism used to separate 
yeast from freshly fermented, or green, beer. Top fer- 
mentations, in which yeast rises to the surface, require 
the most elaborate systems, but most brewing operations 
now use more hygienically operated closed vessels and 
bottom fermentation. These vessels, erected outside the 
brewery, are several thousand hectolitres in capacity (one 
hectolitre =  26 gallons) and are made of stainless steel.
Temperature control is achieved automatically by circu­
lating cold liquid in jackets fitted to the wall ofthe vessel.
Large ale breweries also use this system, removing ale 
yeast (S. cerevisiae) from the bottom of the vessel.

The temperature of the wort at pitching is 15° to 18° C 
(59° to 65° F) for ale and 7° to 12° C (50° to 63° F) for 
lager. As fermentation proceeds, the specific gravity falls 
as the sugars are converted by the yeast. The extent of 
fermentation is governed by the wort composition and by 
the amount of fermentable sugar to remain in maturing 
beer. During fermentation, yeast multiples five- to eight- 
fold and generates heat. The temperature is allowed to rise 
until it reaches 20° to 23° C (68° to 74° F) for ale and 
12° to 17° C (54° to 63° F) for lager. At that point the 
fermentation is cooled to 15° C (59° F) for ale and 4° C 
(39° F) for lager, considerably slowing yeast action. Yeast 
is then removed and the green beer, still containing about
500,000 yeast cells per millilitre, is transferred to a condi­
tioning or maturation vessel, where a secondary fermen­
tation may take place. In traditional brewing, the primary 
stage of fermentation took seven days for ale and three 
weeks or more for lager. These times have been shortened 
to two to four days and seven to 10 days by modem 
practices using more efficiënt fermentation vessels.
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MATURATION AND PACKAGING
Priming A slow secondary fermentation of residual or added sugar 
and (called primings) or, in lager brewing, the addition of ac-
krausening tively fermenting wort (called krausen) generates carbon 

dioxide, which is vented and purges the green beer of 
undesirable volatile compounds. Continued yeast activity 
also removes strong flavouring compounds such as di- 
acetyl. Allowing pressure to build up in the sealed vessel 
then increases the level of carbonation, giving the beer 
its “condition.” In traditional brewing, large volumes of 
ale were conditioned in tanks for seven days at 15° C, 
whereas lagers were matured at 0° C (32° F) for up to 
three months. These long maturation periods were caused 
by the precipitation of protein-tannin complexes, which 
at low temperature form “chili hazes” that are slow in 
settling out. Modem practice speeds up this process by 
adding excess tannin, clarifying with protein or tannin 
adsorbents, or using enzymes to degrade the proteins.
Traditional, or “real,” ales are packaged into casks. Sugar 

primings, clarifying agents such as isinglass finings, and 
whole hops are added, and the beer is transferred to the 
point of sale, where it is carefully vented to the proper 
level of conditioning before being sold. Some British and 
Australian ales are packaged in bottles together with yeast 
to make “bottle-conditioned” beer.

Beer produced on a large scale in modem breweries is 
kept free of oxygen (which ultimately spoils beer), filtered 
through cellulose or diatomaceous earth to remove all 
yeast, and packaged at 0° C under pressure of carbon 
dioxide. Beer produced by high-gravity brewing is diluted 
to the desired alcohol concentration, immediately prior to 
packaging, with oxygen-free, carbonated water. Most beers 
packaged in bottles or metal cans are pasteurized in pack 
by heating to 60° C for five to 20 minutes. Beer is also 
packaged into metal kegs of 50-litre (in the United States, 
15-gallon) capacity after pasteurization at 70° C for five to 
20 seconds. Modem packaging machinery is designed to 
operate hygienically, exclude air, and mn at rates of 2,000 
cans or bottles per minute. (T.W.Y.)

Wine

Wine is the fermented juice of the grape. Of the grape 
genus Vitis, one species, V. vinifera (often erroneously 
called the European grape), is used almost exclusively. 
Beverages produced from V. labrusca, the native American 
grape, and from other grape species are also considered 
wines. When other fruits are fermented to produce a kind 
of wine, the name of the fruit is included, as in the terms 
peach wine and blackberry wine.

HISTORY
The spread of viticulture. Vitis vinifera was being culti­

vated in the Middle East by 4000 bc, and probably earlier. 
Egyptian records dating from 2500 bc refer to the use of 
grapes for wine making, and numerous Old Testament ref­
erences to wine indicate the early origin and significance 
of the industry in the Middle East. The Greeks carried on 

Greek and an active wine trade and planted grapes in their colonies 
Roman from the Black Sea to Spain. The Romans carried grape 
wine trade growing into the valleys of the Rhine and Moselle (which 

became the great regions of Germany and Alsace), the 
Danube (in modem-day Romania, Yugoslavia, Hungary, 
and Austria), and the Rhone, Saone, Garonne, Loire, 
and Marne (which define the great French regions of 
Rhone, Burgundy, Bordeaux, Loire, and Champagne, re­
spectively). The role of wine in the Christian mass helped 
maintain the industry after the fall of the Roman Empire, 
and monastic orders preserved and developed many of the 
highly regarded wine-producing areas in Europe.
Following the voyages of Columbus, grape culture and 

wine making were transported from the Old World to the 
New. Spanish missionaries took viticulture to Chile and 
Argentina in the mid-16th Century and to lower California 
in the 18th. With the flood of European immigration in 
the 19th and early 20th centuries, modern industries, based 
on imported V. vinifera grapes, were developed. The prime 
wine-growing regions of South America were established 
in the foothills of the Andes Mountains. In California, the

centre of viticulture shifted from the southem missions to 
the Central Valley and the northern counties o f Sonoma,
Napa, and Mendocino.

British settlers planted European vines in Australia and 
New Zealand in the early 19th Century, and Dutch settlers 
took grapes from the Rhine region to South Africa as 
early as 1654.

The introduction of the eastern American root louse, 
phylloxera, seriously threatened wine industries around 
the world between 1870 and 1900, destroying vineyards 
almost everywhere that V. vinifera was planted but espe­
cially in Europe and parts of Australia and California. To 
combat this parasite, V. vinifera scions (detached shoots 
including buds) were grafted to species native to the eastem 
United States, which proved almost completely resistant 
to phylloxera. After the vineyards recovered, European 
governments protected the reputations of the great regions 
by enacting laws that allotted regional names and quality 
rankings only to those wines produced in specific regions 
under strictly regulated procedures. Today, newer wine- 
producing countries have passed similar regulations.

Enology: scientific winemaking. Prior to the 19th Cen­
tury little was known about the process of fermentation or 
the causes of spoilage. The Greeks stored wine in earthen- Early 
ware amphorae, and the Romans somewhat extended the storage 
life of their wines with improved oaken cooperage, but 
both civilizations probably drank almost all of their wines 
within a year of vintage and disguised spoilage by adding 
such flavourers as honey, herbs, cheese, and salt water.
Wooden barrels remained the principal aging vessels until 
the 17th Century, when mass production of glass bottles 
and the invention of the cork stopper allowed wines to be 
aged for years in bottles.

In the mid-19th Century the French chemist Louis Pas­
teur and others explained the nature of fermentation and 
identified thé yeasts responsible for it. Pasteur also iden- 
tified the bacteria that spoil wine and devised a heating 
method (later called pasteurization) to kill the bacteria.
Later in the Century, methods were developed for growing 
pure strains of specific yeasts in culture. Advances in plant 
physiology and plant pathology also led to better vine 
training and less mildew damage to grapes.

Mechanized innovations in the 20th Century have mainly 
contributed to quality control. Stainless steel fermentation 
and storage tanks are easily cleaned and can be refriger- 
ated to precise temperatures. Automated, enclosed racking 
and filtration systems reduce contact with bacteria in the 
air. Beginning in the 1960s, the use of mechanical grape 
harvesters and field cmshers allowed quick harvesting and 
immediate transfer to fermentation tanks.

THE WINE GRAPE
The thousands of grape varieties that have been developed, 
with 5,000 reported for V. vinifera alone, differ from one 
another in such characteristics as colour, size, and shape 
of berry; juice composition (including flavour); ripening 
time; and disease resistance. They are grown under widely 
varying climatic conditions, and many different processes 
are applied in producing wines from them. All of these 
possible variations contribute to the vast variety of wines 
available.

Species and varieties. Vitis vinifera, probably originat- 
ing in the Caucasus Mountains, is the principal wine- 
producing plant, with most of the world’s wine still made 
from varieties of this species. V. labrusca and V. rotundi- 
folia have been domesticated in the eastem United States, 
the domestication of V. amurensis has been reported in 
Japan, and various interspecies hybrids have been used 
for wine production. The high sugar content of most V. Qualities 
vinifera varieties at maturity is the major factor in the of Vitis 
selection of these varieties for use in much of the world’s vinifera 
wine production. Their natural sugar content, providing 
necessary material for fermentation, is sufficiënt to pro­
duce a wine with alcohol content of 10 percent or higher; 
wines containing less alcohol are unstable because of their 
sensitivity to bacterial spoilage. The moderate acidity of 
ripe grapes of the V. vinifera varieties is also favourable to 
wine making; the fruit has an acidity of less than 1 percent 
(calculated as tartaric acid, the main acid in grapes) and a
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pH of 3.1 to 3.7 (mildly acid). Malie acid is also an impor­
tant acid; only small amounts of citric acid are present.
A third factor attracting wine makers to this grape is its 

tremendous range in composition. The pigment pattern 
of the skin varies from light greenish yellow to russet, to 
pink, red, reddish violet, or blue-black; the juice is gen­
erally colourless, although some varieties have a pink to 
red colour, and the flavour varies from quite neutral to 
strongly aromatic (Gewürztraminer, Cabernet Sauvignon, 
Zinfandel). Some varieties, such as Pinot Noir, having 
rather neutral flavoured juice, develop a characteristic 
flavour when fermented on the skins and aged.

The species V. labrusca and V. rotundifolia seldom con­
tain sufficiënt natural sugar to produce a wine with alcohol 
content of 10 percent or higher, and additional sugar is 
usually required. Their acidity at maturity is often exces­
sive, with a low pH. Varieties of these species usually have 
distinctive flavours. The flavours of V. labrusca, owing 
to methyl anthranilate and other compounds, are consid­
ered too pronounced by some consumers. This flavour, 
especially prevalent in wines made from the Concord-type 
varieties, is commonly called “foxy.”

Cultivation. Grapes, although primarily a temperate- 
zone plant, can be grown under semitropical conditions. 
They are not adapted to the cooler parts of the temperate 
zone, where growing seasons may be too short to allow the 
fruit to reach maturity or where low winter temperatures 
(less than —7° C [20° F]) may kill the vine or its fruitful 
buds. V. vinifera is more susceptible to damage from win­
ter conditions than is V. labrusca.

C lim ate strongly influences the co m p osition  o f  mature 
grapes. A  m ajor cause o f  the Variation am ong grapes from  
different areas is the differing quantities o f  heat received  
by the vines during the growing season. O ther im portant 
factors include differences in  night and day temperature, 
hours o f  sun, and soil tem perature.

Grapes begin their growth cycle in the spring when av­
erage daily temperature is about 10° C (50° F). To reach 
maturity, they require a certain amount of heat above 
10° C during the growing season. This amount of heat, 
called the heat summation, is calculated by totaling the 

The heat number of degrees of average daily temperature over 10° 
summation C for each day of the growing season. A heat summation 

of about 1,800° is required for successful growth. If the 
heat summation is less than required, the grapes will not 
ripen; they will reach the end of the growing season with 
insufficiënt sugar and too much acidity. This condition, 
frequently occurring in the eastem United States, Switzer- 
land, and other cool regions, can be corrected by adding 
sugar to the crushed grapes. Where the heat summation 
is much greater than required, as in Algeria and parts of 
California, the grapes mature earlier and with less acidity 
and colour than those produced under cooler conditions.

Factors influencing the heat summation of a vineyard 
and, therefore, grape composition include: exposure (in 
Europe, best from the east); air drainage (preferably from 
the slopes to the valley); soil temperature (above 10° C 
during the growing season); and soil moisture content (not 
too dry at any time and not waterlogged for more than 
short periods).

Seasonal conditions also can be critical, especially in re­
gions of low heat summation, as found in parts of France 
and Germany. When the growing season in such areas is 
warmer than usual, the fruit produced is riper and better 
balanced than is usual in cool seasons. In warm regions 
the sweeter dessert wines may benefit from somewhat low 
heat summation, resulting in less berry raisining (moisture 
loss) and giving the fruit better colour and acidity than is 
achieved when the growing season is excessively warm.

Such cu ltivation  practices as w eeding and pruning also 
m ay influence the m ature fruit com p osition . A lthough the 
com p osition  o f  the soil has an influence on  soil temper­
ature, root Penetration, w ater-holding capacity, and vine  
nutrition, its effect on  the quality o f  w ine, varying from  
region to  region, is poorly understood.

WINE REGIONS AND VARIETIES
Almost all wines are labeled by the region of production, 
maturity of the fruit, variety of grape or type of wine, and

year of production, and they can be further distinguished 
by such characteristics as colour, sweetness, and varietal 
aroma. Specific characteristics are traditionally associated 
with certain wines, and in many cases these traditions are 
guaranteed by law.

Discussed below are the wines and viticultural laws of 
France, Italy, West Germany, the United States, Aus­
tralia, and South Africa. Many other countries produce 
enormous quantities of table wines. In Europe there are 
Spain, Portugal, Switzerland, Hungary, Yugoslavia, Ro­
mania, Bulgaria, Greece, and the Soviet Union. In North 
Africa and the Middle East there are Algeria, Tunisia, and 
Israel. In South America there are Brazil, Peru, Chile, and 
Argentina. In Asia Japan is the largest producer.

Europe. In Europe wines are primarily distinguished by 
the region where they are produced.

France. Most French wines are everyday vins ordi- 
naires, of no outstanding regional, varietal, or vintage 
characteristics. The finest wines are entitled to the appel- The 
lation d ’origine contrölée (AOC; “controlled name of ori- French 
gin”), which is based on a hierarchy of specific geographic appellation 
areas known to produce the best wines. The largest area d ’origine 
in the hierarchy is the region; allowing for some Variation, contrölée 
within the regions are districts, within the districts are 
communes, and within the communes are vineyards, or 
chäteaus. To receive any of these successively more rigor- 
ous appellations, wines must be produced within specific 
areas and must meet Standards of grape variety, alcoholic 
content, quantity of harvest, and techniques of vine grow­
ing and wine making. Of the smaller areas, some chäteaus 
and communes receive rankings of quality such as villages, 
supérieure, and grand cru (“great vintage”).
The greatest regions of France are Bordeaux, Bur­

gundy, Rhone, Loire, Champagne, and Alsace. Following 
the AOC hierarchy, Bordeaux contains such districts as 
Médoc, which contains the commune Pauillac, which in 
tum contains three grand cru chäteaus. Bordeaux wines 
are mainly red and dry (except for those of the district of 
Sauternes, which are white and sweet). Primary varieties 
for the red wines are Cabernet Sauvignon, Cabemet Franc, 
and Merlot; for the white, Sauvignon Blanc and Sémillon.

Burgundy is smaller than the Bordeaux region. It com­
prises the districts o f Chablis (dry white wines), Cote d’Or 
(red and white), Beaujolais (red), and Mäcon (white and 
red). The white wines are made from Chardonnay or Alig- 
oté, the reds from Pinot Noir or (in Beaujolais) Gamay.

The Rhone region produces mostly strong, full-bodied 
red wines from the Syrah grape. The Loire is known for 
its white wines, the district of Pouilly-Fumé using Sauvi­
gnon Blanc grapes and Vouvray using Chenin Blanc. In 
the Champagne, legal definitions extend to the bottle- 
fermentation process by which the sparkling wine is pro­
duced; Pinot Noir and Chardonnay are the principal vari­
eties. Alsace differs from other French regions by defining 
its mostly dry white wines primarily by grape variety, 
producing Alsatian Riesling, Gewürztraminer, Pinot Gris, 
and Sylvaner.

Wines receiving the Classification vins délimités de qualité 
supérieure (VDQS; “delimited wines of superior quality”), 
must meet Standards of region, variety, alcohol content, 
and sensory quality that result in good quality but are less 
severe than those of the AOC.

Italy. Known for its huge output of everyday red vini 
da tavola (“table wines”), Italy labels its best traditional 
wines as denominazione di origine controllata (DOC) or 
denominazione di origine controllata e garantita (DOCG).
These wines must be produced in specific regions and 
must adhere to Standards similar to the French AOC. La­
bels may indicate the grape variety—as in Barbera d’Alba, 
a red wine of the Barbera grape grown in the district of 
Alba in the Piedmont region.

Piedmont produces red Barolo and Barbaresco and the 
white, sparkling Asti Spumante. Vermouth, the flavoured 
dessert wine of Italy, originated in Turin, the principal 
Piedmontese city. From the district of Verona in the 
Veneto region come the red wines of Vaipoiicella and Bar- 
dolino and the whites of Soave. Tuscany is famous for the 
red wines of the various Chianti zones. Dry white Frascati 
wines come from the Latium region near Rome, while
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German
Qualitäts­
wein

American
labeling
laws

Marsala, the fortified wine sweetened with concentrated 
grape juice, comes from Sicily.

Germany. The prime viticultural areas of West Ger­
many fall into 11 regions, which are divided into districts, 
villages, and vineyards. A wine of better quality than the 
everyday Tafelwein and Landwein may receive the Clas­
sification Qualitätswein bestimmter Anbaugebiete (QbA; 
“quality wine from a designated region”) if it is produced 
in a specific region and meets Standards of taste and al­
cohol content. Sugar may be added in the production of 
QbA wines to make up for Germany’s short, cool growing 
season. Wines of the highest category, Qualitätswein mit 
Prädikat (QmP; “quality wine with special attributes”), 
must come from specific districts and be fermented from 
their natural sugar. The various Prädikate reflect the 
ripeness of the grape and, therefore, the sweetness of the 
wine. In order of increasing sugar content, they are: Kabi­
nett (ripe harvest); Spätlese (late harvest); Auslese (selected 
late harvest); Beerenauslese (selected overripe); and Trock­
enbeerenauslese (from berries dried on the vine).
About 90 percent of German wines are white. Riesling, 

Sylvaner, Müller-Thurgau, and Gewürztraminer grapes 
create the soft, fragrant, low-alcohol wines for which the 
country is famous.

Regions outside Europe. The newer wine-producing 
countries, lacking the centuries-old viticultural regions of 
Europe, emphasize the grape variety in their production 
of fine wines. Beginning in the 1960s, some of these 
countries enacted regulations guaranteeing the authentic- 
ity of these wines.

United States. Much American wine is mass-produced 
generic wine, often given such European-derived names 
as chablis, burgundy, and port. These brands must in­
clude an appellation of origin, such as California chablis, 
on the label.

Varietal wines may be labeled after a V. vinifera grape if 
the designated variety makes up at least 75 percent of the 
product. It must then claim an appellation of origin. If the 
appellation is a county, state, or even the country, then 
no less than 75 percent of the wine’s grapes must come 
from that area. If the appellation is one of the growing 
number of approved viticultural areas, then that area must 
account for 85 percent or more of the grapes. Wines may 
bear a vintage date if at least 95 percent of their grapes 
are harvested in that year.
California produces about 90 percent of American wines. 

The Napa Valley, Sonoma County, and other cooler areas 
of the north coast region produce the best wines. Cabernet 
Sauvignon and Chardonnay are the most prestigious, fol­
lowed by Sauvignon Blanc and Pinot Noir. The Zinfandel, 
grown almost exclusively in California, produces a wine 
equal to those of the classic European grapes. California 
wines tend to be of higher alcoholic content and more 
pronounced varietal aroma and flavour than their Euro­
pean counterparts.
Australia. The main regions are found in an arc rim- 

ming the cooler Southern States of New South Wales, Vic­
toria, and South Australia. The Shiraz grape produces fine 
red wines, as does the Cabernet Sauvignon. Prominent 
white wines are Sémillon and Chardonnay. Sweet dessert 
wines are produced from Muscat and other grapes.

South Africa. Under the Wines of Origin laws, 75 per­
cent of a varietal wine must come from the designated 
variety. The wine may claim one of many designated 
regions of origin only if all of the grapes come from that 
region (80 percent for fortified wines).

Long famous for sherry-type wines made from the Chenin 
Blanc (also called the Steen), South Africa also produces 
wines from several other noble varieties in areas along the 
cooler southwestern Cape.

THE WINE-MAKING PROCESS
Harvesting. Fresh and fully ripened wine grapes are pre­

ferred as raw material for wine making. In cool climates, 
as in northern Europe and the eastern United States, 
however, lack of sufficiënt heat to produce ripening may 
necessitate harvesting the grapes before they reach full ma­
turity. The resulting sugar deficiency may be corrected by 
direct addition of sugar or by the addition of a grape juice

concentrate. Grapes allowed to reach full maturity on the 
vine, or partially dried by exposure to sun after harvesting, 
are high in sugar content as a result of natural moisture 
loss (partial raisining as in the production of Malaga wines 
in Spain). A beneficent mold, Botrytis einem, may also be 
employed to hasten moisture loss (as in the production of 
Sauternes in France). These grapes are used to produce 
sweet table wines. Special methods employed to produce 
these wines include the addition of sulfur dioxide, the 
use of small fermenting vessels during processing, or the 
use of cool temperatures—the objective being to stop the 
fermentation before all the sugar is fermented.

Because of the effect upon grape composition, proper 
timing of the harvest is of great importance. Premature 
harvesting results in thin, low-alcohol wines; very late har­
vesting may yield high-alcohol, low-acid wines.

Harvesting may be completed in one picking or in sev­
eral. The grape cluster is cut from the vine with a special 
knife, or shears may be used for their convenience in 
removing rotten berries. The clusters, placed in buckets 
or boxes, are transferred to larger containers (large tubs in 
Europe, metal gondola trucks in California and elsewhere) 
for transportation to the winery. Mechanical harvesting Mechani- 
systems, based on shaking the berries from the clusters cal 
or on breaking the sterns, are widely used in California, harvesting 
Australia, France, and elsewhere.

At the winery the grapes may be dumped directly into 
the crusher or may be unloaded into a sump and carried 
to the crusher by a continuous conveyor system.

Crushing. In modern mechanized wine production, the 
grapes are normally crushed and stemmed at the same 
time by a crusher-stemmer, usually consisting of a perfo­
rated cylinder containing paddles revolving at 600 to 1,200 
revolutions per minute. The grape berries are crushed and 
fall through the cylinder perforations; most of the sterns 
pass out of the end of the cylinder. A roller-crusher may 
also be used. Ancient methods of crushing with the feet 
or treading with shoes are rare.

When red grapes are used to produce a white juice, as 
in the Champagne region of France, crushing is accom­
plished by pressing.

Red grapes are sometimes introduced whole into tanks, 
which are then closed. The resulting respiration in the 
fruit, consuming oxygen and producing carbon dioxide, 
kills the skin cells, which lose their semipermeability, 
allowing easy colour extraction. There is also some intra­
cellular respiration of malie acid. This respiration process 
is slow and in warm regions may result in wines of low 
colour and acidity and distinctive odour.

Juice Separation. When the juice of white grapes is 
processed or a white wine is desired, the juice is usu­
ally separated from the skins and seeds immediately after 
crushing. Occasionally, to increase flavour extraction, the 
white skins may be allowed to remain in contact with the 
juice for 12 to 24 hours, but this procedure also increases 
colour extraction, sometimes undesirably.

Alan Pitcairn/Grant Heilman Photography

Pouring Pinot Noir grapes into the press for the production of 
sparkling wine, Napa Valley, Calif.
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Two main procedures are employed to separate the juice 
from the solids. Much of the juice may be drained off by 
placing the crushed grapes in a container having a false 
bottom and often false sides. This juice is called the free 
run juice, and the mass of crushed grapes is called the 
must, a term also used to refer to the unfermented grape 
juice, with or without skins.

More commonly, the crushed grapes are placed in a 
press. The traditional basket press is gradually being sup- 
planted by a horizontal basket press, applying pressure 
from both ends. Continuous screw-type presses are also 
employed, especially for drained pulp. The Willmes press, 
widely employed for white musts, consists of a perforated 
cylinder containing an inflatable tube. The crushed grapes 
are introduced into the cylinder, and the tube is inflated, 
pressing the grapes against the rotating cylinder sides and 
forcing the juice out through the perforations. Several 
pressings may be made without the extensive hand labour 
required for basket presses.
Continuous presses are practical for production of red 

wines, in which skins, seeds, and juice are all fermented 
together. Separation of the juice is simplified because fer­
mentation makes the skins less slippery, and the amount 
of free run juice obtained is, therefore, much greater than 
for unfermented musts. Separation of the less slippery 
solids from the juice by pressing is also simplified.

The drained pomace (crushed mass remaining after ex­
traction of the juice from the grapes), from white or red 
fermentations, may be used to provide distilling material 
for production of wine spirits. Water is usually added, 
the fermentation is completed, and the low-alcohol wine 
is drained off. The pomace may be further washed and 
pressed or may be distilled directly in special stills.

Must treatment. White musts are often turbid and 
cloudy, and settling is desirable to allow Separation of 
the suspended materials. Such measures as prior addi­
tion of sulfur dioxide and lowering of the temperature 
during settling help prevent fermentation and allow the 
suspended material to settle normally. In many areas 
wineries centrifuge the white must to remove the solids. 
In this process a strong pulling force is created by circu­
lar motion. Musts are sometimes pasteurized, inactivating 
undesirable enzymes that cause browning. The addition of 
pectin-splitting enzymes to the musts to facilitate pressing 
is uncommon. Bentonite, a type of clay, may be added 
to musts to reduce total nitrogen content and facilitate 
clarification.

There is renewed interest in the prefermentation heat 
treatment of red musts to extract colour and deactivate 
enzymes. This process, when performed rapidly at mod­
erate temperatures and without undue oxidation, may be 
particularly desirable in the production of red sweet wines, 
which employs short periods of fermentation on the skins, 
and for use with red grapes that have been attacked by 
the parasitic fungus Botrytis cinera, which contains high 
amounts of the polyphenol oxidase type of enzymes that 
cause browning.

Fermentation. The process of alcoholic fermentation 
requires careful control for the production of high quality 
wines. Requirements include suppression of the growth of 
undesirable microorganisms, presence of adequate num­
bers of desirable yeasts, proper nutrition for yeast growth, 
temperature control for prevention of excessive heat, pre- 
vention of oxidation, and proper management of the cap 
of skins floating in red musts.

Grape skins are normally covered with bacteria, molds, 
and yeast. The wild yeasts such as Pichia, Kloeckera, 
and Torulopsis are often more numerous than the wine 
yeast Saccharomyces. Although species of Saccharomyces 
are generally considered more desirable for efficiënt alco­
holic fermentation, it is possible that other yeast genera 
may contribute to flavour, especially in the early stages 
of fermentation. Saccharomyces is preferred because of its 
efficiency in converting sugar to alcohol and because it 
is less sensitive to the inhibiting effect of alcohol. Under 
favourable conditions, strains of Saccharomyces cerevisiae 
have produced up to 18 percent (by volume) of alcohol, 
although 15 to 16 percent is the usual limit.
Use of the yeast Schizosaccharomyces pombe has been

proposed for the early stages o f alcoholic fermentation. 
Because it metabolizes malie acid, this yeast would be 
useful in excessively acid musts, but commercial appli- 
cations have not yielded consistently favourable results. 
The addition of lactic-acid bacteria to musts, using strains 
metabolizing malie acid, is now common.

The number of undesirable microorganisms is greatest in 
partially rotted or injured grapes. Such damage may oc­
cur in harvesting or during transportation, particularly in 
warm climates. Suppression of undesirable microorganism 
growth is required, and the most common method used 
is the addition of sulfur dioxide to the freshly crushed 
grapes at the rate of about 100 to 150 milligrams per litre. 
Sulfur dioxide is more toxic to undesirable microorgan­
isms than to desirable microorganisms. When it is used 
in musts, an inoculum of the desired yeast strain, usually 
called a pure yeast culture, is added. Musts are rarely pas­
teurized, although this process may be applied when they 
contain undesirable amounts of oxidizing enzymes from 
moldy grapes.

Enologists, technicians in the Science of wine making, 
do not agree on the most desirable yeast species and 
strain, but strains of S. cerevisiae are generally used. The 
chosen strain is allowed to multiply as much as possible 
in sterilized grape juice and is then transferred to larger 
containers of sterilized grape juice, where it continues to 
grow until the desired volume is reached. Suitable pressed 
yeasts of desirable strains are added directly, avoiding the 
troublesome practice of building up and maintaining a 
pure yeast culture. About 1 to 3 percent of a pure yeast 
culture, or sufficiënt pressed yeast to provide a population 
of 1,000,000 cells per millilitre, is used.

Temperature control during alcoholic fermentation is 
necessary to (1) facilitate yeast growth, (2) extract flavours 
and colours from the skins, (3) permit accumulation of 
desirable by-products, and (4) prevent undue rise in tem­
perature, killing the yeast cells.

Optimum temperature for growth of common wine 
yeasts is about 25° C (77° F), and in many viticultural 
areas of the cooler temperate zone, grapes are crushed at 
about this temperature. Fermentation is seldom started at 
so high a temperature, however, because it is then difficult 
to prevent the temperature from exceeding 30° C during 
fermentation.

Extraction of flavours and colours is not a problem in 
white musts; the crushed grape mass is usually separated 
from the skins before fermentation. Fermentation of white 
musts at relatively cool temperature (about 10° to 15° 
C [50° to 60° F]) apparently results in greater formation 
and retention of desirable by-products. An undesirable 
feature of such relatively low-temperature fermentations 
is the longer period required for completion (six to 10 
weeks compared to one to four weeks at higher tempera­
tures) and the tendency for the fermentation to stop while 
residual sugar remains. (This is not always considered un­
desirable— i.e., in German wine production.) In practice 
white table wines are usually fermented at about 20° C.

In red wine musts, the optimum colour extraction con­
sistent with yeast growth occurs at about 22° to 28° C 
(72° to 82° F). Alcoholic fermentation produces heat, 
however, and careful temperature control is required to 
prevent the temperature from reaching a point (about 
30° C) where yeast growth is seriously restricted. At still 
higher temperatures, growth will stop completely. Modem 
temperature control is accomplished by use of heat ex- 
changers. Older methods include placing the fermenters in 
a cold room; using cold pipes in the fermenter; pumping 
the must through double-walled pipes, with cold water in 
the surrounding pipe; pumping the must through a sump 
containing cooling coils; and pumping the coolant through 
jackets surrounding the tank.

Contact with air must be restricted to prevent oxidation 
during fermentation. In very large containers, the volume 
of carbon dioxide given off is sufficiënt to prevent entry of 
air. In small fermenters, fermentation traps are inserted, 
preventing entry of air but permitting exit of carbon diox­
ide. These traps are particularly desirable during the final 
stage of fermentation, when carbon dioxide evolution is 
slow. Following fermentation, small amounts of sulfur

Optimum 
tempera­
tures for 
fermenta­
tion



Beverage Production 745

dioxide are added to help prevent oxidation. Ascorbic acid 
(50 to 100 milligrams per litre) is sometimes employed 
to decrease the oxidation and thus the amount of sulfur 
dioxide required as an antioxidant, but is not generally 
recommended.

The cap of skins and pulp floating on top of the juice 
in red-wine fermentation inhibits flavour and colour ex­
traction, may rise to an undesirably high temperature, 
and may acetify if allowed to become dry. Such problems 
are avoided by submerging the floating cap at least twice 
daily during fermentation. This Operation, comparatively 
easy with small fermenters, becomes difficult with large, 
tall fermenters of up to 100,000-gallon (380,000-litre) ca­
pacity. In large units the fermenting must is drawn off 
near the bottom and pumped back over the cap. The use 
of small fermentation vessels permits a greater percentage 
of heat loss to the surrounding atmosphere, simplifying 
temperature control.

Postfermentation treatment. With appropriate must 
composition, yeast strain, temperature, and other factors, 
alcoholic fermentation ceases when the amount of fer- 
mentable sugar available becomes very low (about 0.1 
percent). Fermentation will not reach this stage when (1) 
musts of very high sugar content are fermented, (2) al- 
cohol-intolerant strains of yeast are used, (3) fermentations 
are carried on at too low or high temperatures, and (4) 
fermentation under pressure is practiced. Fermentation of 
normal musts is usually completed in 10 to 30 days. In 
most cases, the major portion of the yeast cells will soon 

Racking be found in the sediment, or lees. Separation of the super- 
natant wine from the lees is called racking. The containers 
are kept füll from this time on by “topping,” a process 
performed frequently, as the temperature of the wine, and 
hence its volume, decreases. During the early stages, top­
ping is necessary every week or two. Later, monthly or 
bimonthly fillings are adequate.

Normally the first racking should be performed within 
one to two weeks after completion of fermentation, par­
ticularly in warm climatic regions or in warm cellars, as 
the yeasts in the thick deposit of lees may autolyze (digest 
themselves), forming off-odours.

Early racking is not required for wines of high total acid­
ity— i.e., those produced in cool climatic regions or from 
high-acid varieties. Such wines may remain in contact 
with at least a portion of the lees for as long as two to four 
months, permitting some yeast autolysis in order to release 
amino acids and other possible growth factors favouring 
growth of lactic-acid bacteria. These bacteria then induce 
the second, or malolactic, fermentation.

Malolactic fermentation. Enologists have known for 
some time that young wines frequently have a secondary 
evolution of carbon dioxide, occurring sometime after the 
completion of alcoholic fermentation. This results from 
malolactic fermentation, in which malie acid is broken 
down into lactic acid and carbon dioxide. The fermen­
tation is caused by enzymes produced by certain lactic- 
acid bacteria.

Flavour by-products of unknown composition are also 
produced during this fermentation. Malolactic fermenta­
tion is desirable when new wines are too high in malie 
acid, as in Germany, or when particular nuances of taste 
and flavour are desired, as in the red wines of Burgundy 
and Bordeaux in France. In other regions, some producers 
may encourage malolactic fermentation, and others may 
discourage it, depending upon the particular character de­
sired in the wine. In all regions, this second fermentation 
is somewhat capricious. One product, diacetyl (a flavour 
and aroma agent), is apparently beneficial at low levels 
and undesirable at higher levels.

At low temperatures, malolactic fermentation proceeds 
slowly, if at all. German cellars are often equipped with 
steam pipes, raising the temperature to encourage this 
fermentation. The bacteria may fail to grow because of a 
deficiency or complete absence of essential amino acids. 
Most lactic-acid bacteria growth can be inhibited by the 
presence o f 70 to 100 milligrams per litre of sulfur dioxide.

E xcessive m alolactic ferm entation m ay produce wines 
too  low  in  acidity (flat tasting) or with undesirable odours 
(m ousy, Sauerkraut, or diacetyl). Such faults m ay be pre-

vented by earlier racking, filtration, and addition of sulfur 
dioxide.

Clarification. Some wines deposit their suspended ma­
terial (yeast cells, particles of skins, etc.) very quickly, and 
the supematant wine remains nearly brilliant. This is par­
ticularly true when 50-gallon wooden barrels, which have 
greater surface-to-volume ratio than larger containers, are 
employed. The rough interior of wooden cooperage fa- 
cilitates deposition of suspended material. Other wines, 
particularly in warm regions or when large tanks are used, 
may remain somewhat cloudy for long periods. Removal Removal 
of the suspended material during aging is called clarifica- of 
tion. The major procedures involved are fining, filtration, suspended 
centrifugation, refrigeration, ion exchange, and heating. material

Fining. Fining is an ancient practice in which a mate­
rial that aids clarification is added to the wine. The main 
processes involved are adsorption, Chemical reaction and 
adsorption, and possibly physical movement. Proteins and 
yeast cells are adsorbed on fining agents such as ben- 
tonite (a type of clay formed mainly of montmorillonite) 
or gelatin. Chemical reactions occurring with tannins and 
gelatin may be followed by adsorption of suspended com­
pounds. If an inert material, such as silica, is added to a 
cloudy wine, some clarification will occur simply by the 
movement of the particles o f inert silica through the wine.
This action probably occurs to a certain extent with the 
addition of any fining agent.

Bentonite has largely replaced all other fining agents.
Such fining agents as gelatin, casein, isinglass, albumin, 
egg white, nylon, and PVPP (polyvinyl pyrrolidone) may 
be used for special purposes, including removal of excess 
tannin or colour.

Excessive amounts of metals, particularly iron and cop­
per, may be present in the wine, usually from contact 
with iron or metal surfaces. These result in persistent 
cloudiness and require removal by such special fining 
materials as potassium ferrocyanide (blue fining), long 
recommended in Germany. Cufex, a proprietary product 
containing potassium ferrocyanide, may be used in the 
United States under strict control. Phytates have been used 
for removing iron. In modem winery operations excessive 
metal content is rare, mainly owing to the use of stainless 
steel equipment.

Filtration. Filtration is another ancient practice, and 
early filters consisted of rough cloth-covered sereens 
through which the wine was poured. Modem filter pads 
are made of cellulose fibres of various porosities or consist 
of membrane filters, also in a range of porosities. The 
pore size of some filters is sufficiently small to remove 
yeast cells and most bacterial cells, but filters operate not 
only because of pore size but also by a certain amount 
of adsorption. Diatomaceous earth-filter aids, commonly 
added to the wine during filtration, increase the functional 
life of a filter by retarding pore clogging.

Centrifugation. Centrifugation, or high-speed spinning, 
used to clarify m usts, is also applied to w ines that are 
difficult to  clarify by other m eans. T his Operation requires 
careful control to  avoid  undue oxidation  and loss o f  alco­
hol during the process.

Refrigeration. Refrigeration aids wine clarification in 
several ways. Temperature reduction often prevents both 
yeast growth and the evolution of carbon dioxide, which 
tends to keep the yeast cells suspended. Carbon dioxide 
is more soluble at lower temperatures. A major cause of 
cloudiness is the slow precipitation of potassium acid tar- 
trate (cream of tartar) as the wine ages. Rapid precipitation 
is induced by lowering the temperature to —7° to — 5° C 
(19° to 23° F) for one or two weeks. If the resulting wine 
is filtered off the tartrate deposit, tartrate precipitation will 
not usually cause clouding later.

Ion exchange. Another method of tartrate stabilization 
is to pass a portion of wine through a device called an ion 
exchanger. If this ion exchanger is charged with sodium, it 
will replace the potassium in potassium acid tartrate with 
sodium, making a more soluble tartrate. Usually, if the 
potassium content of the blend of either treated or un- 
treated wine is reduced to about 500 milligrams per litre, 
no further precipitation will occur. Exceptions may occur, 
however, and to be safe, tartrate and potassium contents
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Checking inventory of wine casks in the cellars of a northern 
California winery.
Comstock

and pH are included in the calculation. The use of ion 
exchange is illegal in several countries.

Heating. Many wines contain small amounts of pro­
teins that may cause clouding either by precipitation or 
by reacting with copper or other metals to form aggregates 
that in tum form clouds. The use of bentonite removes 
some protein, and protein adsorption is increased if the 
wine is warm when fined. Pasteurization at 70° to 82° C 
(158° to 180° F) also can be used to precipitate proteins, 
but in modem practice this process is seldom employed 
to aid clarification.

AGING AND BOTTLING
Aging. Many wines improve in quality during barrel 

and bottle storage. Such wines eventually reach their peak 
and with further aging begin to decline. During the aging 
period, acidity decreases, additional clarification and sta- 
bilization occur as undesirable substances are precipitated, 
and the various components of the wine form complex 
compounds affecting flavour and aroma.

Wines are usually aged in wooden containers made of 
oak, allowing oxygen to enter and water and alcohol to 
escape. Extracts from the wood contribute to flavour. Hu- 
midity affects the kind of constituents that escape, with 
alcohol becoming more concentrated in wine stored un­
der conditions of low humidity and weakening with high 
humidity. As the water and alcohol are released, volume 
decreases, leaving headspace, or ullage, that is made up 
by the addition of more of the same wine from another 
container.

Aging in Some red table wines appreciate in quality, developing
wood less astringency and colour, and a greater complexity of

flavour with aging in oak cooperage of up to 500-gallon 
size for two to three years. In the best red wines, addi­
tional improvement may continue with two to 20 years 
of bottle aging (the rate of aging being lower in the bottle 
than in the barrel). Many dessert wines improve during 
cask aging, particularly sweet sherries, but extraction of 
excessive wood flavour must be avoided. Those rosé and 
dry red wines that will not improve with long cask and 
bottle aging are aged for a short period of time, clarified, 
and then bottled. More than 90 percent of all table wines 
are probably marketed and consumed before they are two 
years old. In dry white wines, a fresher flavour is con­
sidered desirable, and the chief benefit of aging is greater 
clarification as various undesirable substances are precip­
itated. These wines are rarely aged in the wood for long 
periods, and some are never kept in wood. This change 
is possible because of the efficiency of new clarification 
methods. Earlier bottling of white wines reduces costs

for storage and for handling in wooden cooperage and 
produces fresher, fruitier flavour. Sweet white table wines 
profit by some aging in wood.

Bottling. Before bottling, wine may require biending, 
filtration, and use of antiseptics to combat microbe devel­
opment. Often several casks containing the same wine will 
develop differences during aging, and biending is desirable 
to ensure uniformity. Wines that are slightly deficiënt in 
colour or acid may be blended with special wines as a 
means of correction. Biending frequently improves quality 
by adding to the complexity of the wine.

A final polishing filtration is required before bottling, 
and the amount of sulfur dioxide is adjusted, especially 
in sweet table wines. Sulfur dioxide is frequently used, 
but sorbic acid or sorbates are used in sweet table wines 
to inhibit yeasts, although they are not generally rec­
ommended because of the off-odour that may develop.
Such operations as the addition of sulfur dioxide, heating 
(wherever beneficial), and polishing filtration are usually 
accomplished by a continuous in-line process. Equipment, 
usually semiautomatic or completely automatic, must be 
free of undesirable microorganisms and is made of resis­
tant alloys to avoid undesirable metal pickup.

During the actual bottling Operation, oxygen pickup must 
be kept to a minimum. Bottomfilling—that is, inserting 
a tube into the bottle and filling from the bottom—is 
often used. In some cases, the bottle may be flushed with 
carbon dioxide before filling, or the wine may be sparged 
(agitated) with nitrogen gas. Wines subject to oxidation 
require special care.

Sterile new bottles are used in the United States. Else­
where, bottles may be reused after thorough cleaning and 
sterilization. The bottle shape and colour are dictated by Bottle 
custom and cost. Some white wines, subject to change shape and 
when exposed to light, are preferably bottled in brown, colour 
brownish green, or greenish blue coloured bottles. Al­
though brown glass is probably preferable for Sauternes, 
custom dictates the use of clear bottles. Glass is still 
the usual material, although experiments have been made 
with plastics.

After bottling, the closure is made. Screw caps are used 
for Standard wines. Cork closures are preferred for wines 
that will be aged in the bottle. Red wines that may be 
aged in the bottle for many years are closed with corks 
two inches (five centimetres) long or longer. Occasionally 
a cork may communicate an off-odour, called “corked,” 
to the wine, apparently resulting from a contaminant or 
from a defect that allows mold growth in or on the cork.

A capsule is placed over the closure, the label is applied, 
and the bottles are packaged in cases for shipment. Wines 
requiring bottle aging are often not capsuled, labeled, or 
cased until they have been aged.

Bottled table and dessert wines should be stored on 
their sides during aging, both at the winery and by the 
final customer pending consumption. Appropriate storage 
conditions include absence of light and low, even temper­
atures maintained at about 12° to 16° C (54° to 61° F).
Diurnal fluctuations in temperature lead to rapid aging 
and early deterioration.

SPECIAL WINES
The procedures discussed above are primarily concerned 
with the production of still (non-sparkling) table wines.
Sparkling, dessert, and flavoured wines require special 
techniques.

Sparkling wines. Wines containing excess carbon diox­
ide are called sparkling wines. They are always table wines, 
usually containing less than 4 percent sugar. The two basic 
techniques used for their production are a second sugar 
fermentation, often induced artificially, or direct carbon- 
ation, involving the addition of carbon dioxide.

Sparkling wine results when the escape o f carbon dioxide 
from the fermenting liquid is prevented. The basic material 
is usually a dry white, rosé, or red table wine. Sufficiënt 
sugar is added to the basic wine to produce a pressure of 
about five or six atmospheres (units o f pressure, each equal 
to 14.7 pounds per square inch) following fermentation, 
assuming there is no loss of carbon dioxide. The size of 
the fermentation container may vary from 0.1 to 25,000
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gallons. Bottles or tanks used for this type of fermentation 
must be capable of withstanding pressures as high as 10 
atmospheres. Use of tanks equipped with pressure gauges 
allows excess pressure to be let off as needed. The special 
bottles used for sparkling wines are thicker than normal in 
order to withstand pressure o f seven to nine atmospheres. 
The neck of the bottle is shaped either for seating a crown 
cap or with a lip that catches a steel clamp to hold the 
cork in place.

The basic wine is clarified before being placed in the fer­
mentation container. Several wines are usually blended to 
secure a base wine of the proper composition and flavour 
balance. The original alcohol content should be only 10-
11.5 percent; the secondary fermentation will result in an 
increase of about 1 percent. The pH should be 3.3 or 
slightly less, with 0.7 percent or more total acidity calcu- 
lated as tartaric acid, and the wine should have a fresh 
fruity flavour. No single or pronounced varietal character 
should predominate in the base wine, except in muscat- 
flavoured sparkling wines. Special care is necessary to 
avoid wines with any off character in odour or taste, or 
any trace of undesirable bacterial activity.

The final clarified wine is placed in the fermentation ves­
sel, and the requisite sugar for the fermentation, about 2.5 
percent, is added, along with 1 to 2 percent of an aetively 
growing yeast culture. The strain of yeast selected should 
be able to ferment adequately in wines of 10 to 11.5 
percent alcohol and under pressure. A number of strains 
have proved satisfactory. The yeast cells should settle (ag- 
glutinate) rapidly and completely after fermentation.

The secondary fermentation is carried out at 10° to 12° 
C (50° to 54° F) for best absorption of the carbon dioxide 
produced and should be completed in four to eight weeks. 
To save time, both tank and bottle fermentations are of­
ten conducted at temperatures of 15° to 17° C (59° to 
63° F) or even higher, and the secondary fermentation is 
frequently completed in 10 days to two weeks.

Tank fermentation. Additional differences between 
tank- and bottle-fermented wines may develop after sec­
ondary fermentation. Upon completion of fermentation, 
tank-fermented wines are filtered to remove the yeast de­
posit and then bottled. The filtration Operation can intro­
ducé air, sometimes leading to oxidative changes affecting 
colour and taste. In addition, it is difficult to accomplish 
the necessary filtration, removing any viable yeast cells, 
without reducing the level of the pressure that has been 
built up within the wine. Because of such difficulties, 
sulfur dioxide may be added to tank-fermented wines in 
order to prevent refermentation. While still in the tank, 
the wine is sweetened to the desired level by the addition 
of inert sugar syrup.

Bottle fermentation. Bottle-fermented wines may also 
be clarified soon after fermentation. In the transfer process, 
the bottle-fermented wine is transferred, under pressure, 
to a second tank, from which it is filtered and bottled. 
In this case, as with tank-fermented wines, little aging of 
the wine takes place in contact with the yeast, and sulfur 
dioxide may be added. The transfer process is widely used 
in the United States, Germany, and elsewhere.

In contrast, in classic bottle fermentation, or méthode 
champenoise (“champagne method”), the wine remains 
in the bottle, in contact with the yeast, for one to three 
years. During this period of aging under pressure, a series 
of complex reactions occurs, involving compounds from 
autolyzed yeast and from the wine, resulting in a special 
flavour. Bottle-aged wine is rarely transferred, filtered, or 
rebottled because the addition of sulfur dioxide, required to 
prevent oxidation, would interfere with the delicate odour 
so carefully developed by aging. Aged bottle-fermented 
wines therefore are usually clarified in the bottle. In this 
process the bottles are placed neck down in special racks 
at a 45° angle. Each day the bottle is turned to the right 
and left, inducing the yeast debris within to move down 
the side of the bottle onto the cork. This process, rid- 
dling or remuage, may last from a few weeks to several 
months. When it is complete, all of the yeast is on the 
cork, and the bottle is gradually brought to an inverted 
Position of 180°. Mechanical remuage in large containers 
is widely practiced.

R e m u a g e , the turning of champagne bottles to force yeast 
sediment into the bottle necks, France.
G. Lienhard

In the traditional procedure, the cork is slowly pulled out, 
and the pressure within the bottle propels the sediment 
out of the bottle. In the modem procedure, to prevent 
undue pressure loss, the bottle temperature is lowered to 
10° to 15° C (50° to 59° F). The neck of the bottle is 
placed in a freezing solution and frozen solid. When the 
crown cap, or cork, is removed and the yeast deposit is 
ejected, the process is called disgorging, or dégorgement. 
The bottle is quickly turned to an upright position. When 
performed properly, disgorging (which is usually mecha­
nized), involves the loss of only 3 to 5 percent of the wine. 
The bottle is held under pressure while it is refilled.

The filling solution is a small amount of sweetening 
dosage, usually white wine containing 50 percent sugar. 
The amount added depends on the degree of sweetness the 
producer desires. Wines labeled bmt, or sometimes nature 
(a term also applied to a still champagne), are extremely 
dry (very low in sugar content), usually containing 0 to
1.5 percent sugar; wines labeled extra dry or extra sec, or 
dry or sec, are sweeter, often containing 2 to 4 percent 
sugar; semi-dry or demi-sec wines may contain 5 percent 
or more sugar; and sweet or doux wines have about 8 per­
cent sugar. In commercial practice, there is considerable 
Variation in the exact degree of sweetness described by a 
specific term. If the dosage does not bring the contents 
to the desired level, more wine of a previously disgorged 
bottle is added. The closure, made o f cork or plastic, is 
held in place with a wire netting.

If the wine has been aged for two or three years, the 
sugar in the final dosage does not ferment, as that in the 
original dosage did, because few viable yeast cells remain. 
Even in wines aged for shorter periods, skillful disgorging 
leaves few viable yeast cells on the sides of the neck of the 
bottle. Furthermore, the wine lacks oxygen to stimulate 
yeast growth and is lower in growth-promoting nitroge- 
nous constituents and higher in alcohol than the original 
wine. The high carbon dioxide content also has a repres­
sive effect on yeast growth. When bottle-fermented wines 
are fermented very rapidly and disgorged early, however, 
it is customary to add some sulfur dioxide with the final 
dosage to repress yeast growth.

In the United States, tank-fermented wines must be la­
beled “fermented in bulk” or “bulk-fermented.” Bottle- 
fermented wines may be labeled “bottle-fermented,” but 
only wines handled by the classic method may be labeled 
“fermented in this bottle.”

Carbonation. Carbonation is a less involved process but 
is used infrequently. Carbonated wines have many char­
acteristics of fermented sparkling wines, and this simple 
physical process is much less expensive. The action of 
the second fermentation under pressure may produce es-

American
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laws
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pecially desirable flavour by-products, however, and there 
is greater prestige value attached to fermented sparkling 
wines. In some cases, the wines used as a base for the car- 
bonated sparkling wines may be oyermature or otherwise 
inferior to those used for the fermented sparkling wines.

The base wine used for carbonation, like the base wine 
for fermented sparkling wines, must be well balanced, with 
no single varietal flavour predominating. Young fruity 
wines are preferred, and the wine should not contain any 
trace of off-odour. Since no secondary fermentation takes 
place, wines of 11.5 to 12.5 percent alcohol content are 
used. The wine should be tartrate-stable, metal-stable, and 
brilliant, and the sulfur-dioxide content should be low. 
For white wines, the colour should be a light yellow.

A variety of techniques have been used for carbonation. 
Production of carbonation by passing the wine from one 
bottle to another, under carbon-dioxide pressure, is now 
seldom employed because of its slowness. Carbonation has 
been produced in bottles after deaeration, and this tech­
nique could be adapted to multibottle operations. Direct 
carbonation is frequently practiced with cold wine in pres­
sure tanks, and if the stream of gas is finely divided, good 
carbonation is obtained. Pinpoint carbonation, spraying 
the wine into a pressure chamber containing carbon diox­
ide, may also be employed. Following the carbonation 
procedure, the wine is bottled under pressure. A cork or 
plastic or crown-cap closure is applied, the label is affixed, 
and the wine is cased for distribution.

In many countries, there is a higher tax on fermentation- 
produced sparkling wines than on carbonated sparkling 
wines. The two types also have different labeling require­
ments, and the process of carbonation usually must be 
stated on the label.

There are a few low-level carbon dioxide wines on the 
market, produced either by fermentation or by carbon­
ation. In Germany and other areas, tank-fermented wines, 
or “pearl” wines, of about one atmosphere pressure, are 
produced. In the United States, Portugal, and Switzerland, 
a number of wines are lightly carbonated at the time of 
bottling, adding piquancy.

There are a few wines in which the carbon dioxide 
comes not from alcoholic fermentation, but from malo­
lactic fermentation of excess malie acid in the wine. The 
vinhos verdes wines of northern Portugal are examples of 
this type. This fermentation is sometimes responsible for 
undesirable gassiness in red wines.

Fortified wines. The addition of alcohol during or after 
alcoholic fermentation produces fortified wines of over 
14 percent alcohol, generally called dessert wines in the 
United States. In most countries, these wines are taxed at 
higher rates than those of 14 percent or lower alcohol. 

Why Fortification has two purposes: (1) to raise the alcohol
wines are content sufficiently (usually 17 to 21 percent) to prevent 
fortified fermentation of all of the sugar and (2) to produce types 

with a special alcohol character. The alcohol used for 
fortification is usually (legally required in most countries) 
distilled from wine. The distillation of the fortifying spir­
its is made to a high percent alcohol, usually 95 to 96 
percent. Industrial alcohol has also been employed in a 
few countries.
The repressive effect of alcohol on alcoholic fermentation 

increases rapidly as the alcohol content is raised above 
14 percent, particularly in the presence of sugar. To se­
cure prompt cessation of fermentation, the added alcohol 
must be rapidly and uniformly mixed with the fermenting 
must, and this is accomplished by sturing or mixing with 
compressed air.

In the most simple type of fortification, the initial fer­
mentation is allowed to próceed nearly to, or all the way 
to, completion. The resulting wine is usually subjected to 
a baking process, as in Madeiras and California sherries, 
lasting for one to four months, at 58° to 65° C (136° to 
149° F). If the wine is low in sugar content, heating will 
change the flavour and colour of the wine only slightly; 
with greater sugar content, a more caramelized flavour, 
typical of sweet Madeiras and sweet California sherries, 
is produced.

When white must is fortified during fermentation, the 
resulting wine is sweet, the degree of sweetness depending

on the original sugar content of the must and the time 
of fortification. Some types, fortified early, produce very 
sweet wines. Muscatels, produced in many countries, are 
often of this type.

Red sweet wines, such as port, are more difficult to pro­
duce. Although the grapes must be fermented on the skins 
to extract colour, the fermentation cannot be continued 
for long if the requisite sugar is to remain in the finished 
wine. One method of securing sufficiënt colour is to use 
grape varieties containing large amounts of pigments in 
their skins. The skins and juice are sometimes heated to 
about 65° C (149° F) to extract colour.

The flor sherries, such as the dry or fino-type sherry 
produced in Spain, are a special type of dessert wine. The 
base wine is fortified to about 15 percent alcohol, and a 
special alcohol-tolerant film yeast develops as a film on 
the wine surface. Acetaldehyde, an aldehyde, is one of the 
flavour products produced by this procedure. Following 
this process, the alcohol content may be further raised to 
16-18 percent. By adjusting the oxygen content, the flor 
yeast may be induced to develop and produce acetalde- 
hyde in a submerged culture, a process used commercially 
in California.

Marsala, a type of dessert wine produced in Sicily, has a 
dark amber colour and bumt sugar flavour, derived from 
the addition of grape juice that has been cooked and re­
duced to about one-third its original volume.

Dessert wines aged for only short periods lack the com- Aged 
plex flavour of those dessert wines aged in small oak dessert 
cooperage for at least two to four years. During aging, wines 
white wines gradually darken in colour, while red wines 
become less red and more amber. Flavour becomes more 
complex and mellow as wood flavour is extracted from 
the container, various substances in the wine become ox- 
idized, and complex compounds o f acids and alcohol are 
formed. If the wood containers are stored in warm, dry 
rooms, more water than alcohol is lost, and the alcohol 
content of the wine increases. This effect is common in 
dessert wines of the south of Spain. At lower storage tem­
peratures and normal humidity, there is little change and 
sometimes even a slight decrease in alcohol content.
In the production of certain wines, special character is 

achieved by blending wines of different ages, a technique 
often used for port blends. By varying the proportion 
of the various wines, a range of types varying in colour 
and flavour may be produced. The blending may be per­
formed continuously, as in the solera system common in 
Spain. This process involves a series of casks graduated 
according to the age of the wine each contains. One or 
more times each year, a portion of wine, usually 10 io 25 
percent, is taken out of the oldest cask. This is replenished 
from the next oldest containers, and these in turn from 
younger containers. After a number of years, depending 
on the portion withdrawn each year and the number of 
years since the start, the average age of wine in the oldest 
container no longer changes. This process is called a frac- 
tional-blending system.

Flavoured wines. Vermouth, a flavoured wine product, 
probably originated in Turin in the 18th Century as a 
sweet dessert wine with various Mediterranean and other 
herbs and plant materials added. A similar product, lower 
in sugar content, was produced in the south of France.
Although sweet vermouth is often considered an Italian 
type and dry vermouth usually refers to the French type, 
both countries now produce both types. Various produc­
ers have their own formulas, and the herbs and spices 
used as flavourings include bitter orange peel, cinnamon, 
clove, coriander, mace, maijoram, nutmeg, saffron, and 
wormwood.

Aperitif wines, usually taken before meals, are made French 
by adding quinine and other ingredients to sweet, heavy and Italian 
wines. In France they are marketed under such brand aperitifs 
names as Byrrh, Dubonnet, Lillet, and Saint Raphaël; in 
Italy they include Campari and Punt e Mes.
There are various flavoured wine beverages, frequently 

mixed by the consumer and sometimes bottled by a manu- 
facturer, in which flavouring materials are added after the 
manufacture of the wine. May wine, of German origin, 
is a type of punch made with Rhine wine or other light,
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dry, white wines, flavoured with the herb woodruff and 
served chilled and gamished with strawberries or other 
fruit. Sangria, a populär punch in many Spanish-speaking 
countries, is made with red or white wine mixed with sugar 
and plain or sparkling water, flavoured with citrus fruit, 
and served chilled. Mulled wine is usually made with red 
wine diluted with water, sweetened with sugar, flavoured 
with such spices as cloves and cinnamon, and served hot. 
Glogg, a hot punch of Swedish origin, is frequently made 
with red wine and contains spices, almonds, and raisins. 
Wine coolers, populär in the United States, are wines of 
low alcohol flavoured with fruit juices.

Fruit wines. Fruit wines, derived from fruits other than 
grapes, include cider, made from apples; perry, produced 
from pears; plum wine and cherry wine; and wines made 
from various berries. They are frequently made by home 
wine makers and have some commercial importance in 
cold climates where wine grapes are not produced. Cider 
and perry are important products in England and north- 
em France; fortified cherry and black currant wines are 
produced in Denmark; and important U.S. fruit wines, 
mainly produced on the eastem coast, include apple, 
cherry, blackberry, elderberry, and loganberry wines. Var- 
ious kinds o f fruit wines are exported from The Nether­
lands, Denmark, Poland, Czechoslovakia, Yugoslavia, and 
Israel.

Fruit wines usually have sweet flavour and should retain 
much of the flavour and colour of the original fruit. The 
musts are high in acid content and require dilution with 
water and the addition of sugar before fermentation. Many 
commercial fruit wines contain about 12 percent alcohol. 
When they are fortified with brandy, derived from the 
same fruit, alcoholic content is about 20 percent. The al­
coholic content of cider and perry is usually 2-8 percent.

(M.A.A.)

Distilled spirits

The production of distilled spirits is based upon fermen­
tation, the natural process of decomposition of organic 
materials containing carbohydrates. It occurs in nature 
whenever the two necessary ingredients, carbohydrate and 
yeast, are available. Yeast is a vegetative microorgan- 
ism that lives and multiplies in media containing carbo­
hydrates—particularly simple sugars. It has been found 
throughout the world, including frozen areas and deserts.
Distilled spirits are all alcoholic beverages in which the 

concentration of ethyl alcohol has been increased above 
that of the original fermented mixture by a method called 
distillation. The principle of alcoholic distillation is based 
upon the different boiling points of alcohol (78.5° C, or 
173.3° F) and water (100° C, or 212° F). If a liquid 
containing ethyl alcohol is heated to a temperature above 
78.5° C but below 100° C, and the vapour coming off of 
the liquid is Condensed, the condensate will have a higher 
alcohol concentration, or strength.

HISTORY OF DISTILLING
Because the two ingredients necessary to alcoholic fer­
mentation are widely spread and always appear together, 
civilizations in almost every part of the world developed 
some form of alcoholic beverage very early in their his­
tory. The Chinese were distilling a beverage from rice beer 
by 800 bc, and arrack was distilled in the East Indies 
from sugarcane and rice. The Arabs developed a distilla­
tion method that was used to produce a distilled beverage 
from wine. Greek philosophers reported a crude distilla­
tion method. The Romans apparently produced distilled 
beverages, although no references conceming them are 
found in writings before ad 100. Production of distilled 
spirits was reported in Britain before the Roman conquest. 
Spain, France, and the rest of western Europe probably 
produced distilled spirits at an earlier date, but production 
was apparently limited until the 8th Century, after contact 
with the Arabs.

The first distilled spirits were made from sugar-based ma­
terials, primarily grapes and honey to make grape brandy 
and distilled mead, respectively. The earliest use of starchy 
grains to produce distilled spirits is not known, but their

use certainly dates from the Middle Ages. Some govem­
ment control dates from the 17th Century. As production 
methods improved and volume increased* the distilled 
spirits industry became an important source of revenue. 
Rigid Controls were often imposed on both production 
and sale of the liquor.

The earliest stills were composed simply of a heated 
closed container, a condenser, and a receptacle to receive 
the condensate. These evolved into the pot still, which 
is still in use, particularly for making malt Whiskeys and 
some gins. The next refinement was heating the alcohol- 
containing liquid in a column made up of a series of 
vaporization chambers stacked on top of one another. 
By the early 19th Century large-scale continuous stills, 
very similar to those used in the industry today, were 
operating in France and England. In 1831 the Iiishman 
Aeneas Coffey designed such a still, which consisted of 
two columns in series.

Since distillation requires that the liquid portion of a fer­
mentation mixture be vaporized, considerable heat must 
be applied to the process. The fuel used in distilling spirits 
has always been that which has been most readily available 
at the particular time and place. Peat, coal, and wood were 
the fuels used historically, while the fuels of choice today 
are coal, natural gas, and oil. The high steam requirement 
for continuous-still Operation inhibited the development 
of rectifying columns for production of spirits until after 
the Industrial Revolution.

Many of the minor components of distilled spirits, which 
are present only in parts per million, are detectable by 
the senses of taste and smell, but efforts to identify and 
quantify these compounds ehemically have often been 
hampered by the lower limits of detection by analytical 
methods. Classes of compounds such as aldehydes, or­
ganic acids, esters, and alcohols were easily identified by 
conventional methods, but many of them could not be de­
termined until after the development of chromatography. 
The Russian botanist Mikhail Tsvet was an early pioneer 
of this measurement technique, reporting his first work 
in 1903. Refinements in both technique and equipment, 
made during the first half of the 20th Century, allowed 
numerous flavour components in distilled spirits to be 
identified by gas chromatography.

PRODUCTION
Raw materials. The raw materials used for making a 

distilled spirit are of two basic types: (1) those containing 
a high concentration o f natural sugars or (2) those con­
taining other carbohydrates that can easily be converted to 
sugars by enzymes. Enzymes are proteins that act as Cata­
lysts to promote Chemical reactions. Very small amounts 
of an enzyme can cause a fundamental change in a large 
amount of material. Most enzymes are specific in their 
action, so that a system of several enzymes is necessary, 
for example, to convert starch into sugar and ultimately 
into ethyl alcohol. The amylases are enzymes that convert 
starches into sugars; sprouting grains—especially barley—  
are natural sources of these enzymes. Yeast has a complex 
enzyme System that converts sugar into carbon dioxide and 
a multiplicity of other products, including ethyl alcohol.

Reduced activity of any enzyme in the System distorts 
the results, often forming unwanted products. Enzymes 
are easily poisoned by certain compounds; they are also 
sensitive to temperature variations and to the degree of 
acidity of the medium.

Sugary materials. Grapes, cultivated in most o f the 
subtropic and warm temperate zones of the world, are the 
major fruit employed as the raw material of distilled spir­
its, and the final product of their fermentation is brandy. 
Other natural fruits, such as apples and peaches, are used 
to a lesser extent, and many fruits are limited to local 
importance.

Sugary vegetables include sugarcane, sugar beets, and 
Agave tequilana (a type of cactus). Sugarcane and its prod­
ucts, including cane juices, molasses, and sugar, are the 
most important of the vegetable group. Grown throughout 
the tropics and semitropics, sugarcane is used in making 
rum and an alcohol derived from rum. Sugarcane juice 
can be pressed from the cane for use as the base raw ma-
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terial for fermentation, or the juice may be concentrated 
for sugar production, with the molasses residue from the 
sugar crystalization used as a base for fermentation. This 
process is also applied to sugar beets.

Starchy materials. For many centuries, it was only fea- 
sible to employ local grain crops for liquor production, 
and, in this way, the basic characteristics of the local dis­
tilled beverage were established. Improved transportation 
removed this restriction, and today economic considera- 
tions frequently determine grain selection, with the prin­
cipal grain used being the one available at the lowest price 
per unit of fermentable materials.

Com (maize) is the most important cereal grain em­
ployed; it is produced worldwide. Rye grain, though less 
efficiënt in fermentation than com, is used extensively 
in whiskey production, primarily for the flavour charac­
teristics it imparts to the final product. It is particularly 
employed in Canada and the United States. Rice, a widely 
grown cereal, has limited use in distilled spirits produc­
tion outside of Asia from India to Japan. Barley grain, 
probably the first cereal employed for distillation in large 
quantities, was formerly a major crop throughout Britain, 
Scotland, Ireland, and western Europe. Wheat, because of 
its high cost, is used only where com is in short supply and 
is then limited to production of grain alcohol for blending 
or in production of liqueurs. Potatoes have been used in 
distilled spirits production primarily in central Europe; in 
the tropics, other starchy roots are employed.

Preparing the mash. Milling and pressing. The purpose 
of milling and pressing operations is to make the starch 
or sugar more available for enzyme action. Crushing and 
pressing (grapes and other fruits), milling (cereal grains), 
or a combination of milling and pressing (sugarcane) are 
used.

In milling, grains are reduced to a meal to allow wet- 
ting of their starch cells. Various types of mills are used. 
Roller mills, where the grain passes through a series of 
corrugated rollers, was long the most common type. The 
grinding action of the rollers is mainly a shearing action. 
More efficiënt and economical impact-type mills (such as 
hammer mills) are now gaining in importance.

After the Industrial Revolution, steam replaced water as 
the power source for milling. Steam-powered mills were 
a maze of beits and pulleys. Since the mid-20th Century, 
electricity has been almost the exclusive power source in 
milling.
Mashing. The purpose o f  the m ashing Operation is to  

(1) m ix  the proper proportions o f  grains, (2) increase the  
availability o f  the starch for en zym e action , and (3) con ­
vert the starches in to  ferm entable sugars.

Mashing is done in a vessel called a mash tub, which 
is equipped with a means of agitation for mixing and is 
either jacketed or contains coils for heating and cooling. 
In mashing, the starch cells of the grain, enclosed in their 
own protective coatings, are broken to allow wetting and 
liquefaction of the entire starch mass. The process usually 
begins with the grain most difficult to treat. When com  
is used, the ground meal is wetted at a temperature of 
approximately 66° C (150° F), and the temperature is 
then raised to boiling or sometimes higher while under 
pressure. Temperature is reduced when the starch cells 
are broken. The grain ranking second in cell resistance 
(usually rye) is added next. Other starchy substances, such 
as potatoes, are usually crushed and heated, exploding the 
starch cells. Temperature of the mash is reduced before 
ground malt meal, either in dry form or as a water slurry 
(insoluble mixture), is added. The amylase enzymes in 
the malt then produce a mixture in which the starches 
have been converted to fermentable sugars, suitable for 
utilization by the yeast. The sugars, principally dextrose 
and maitose, vary in concentration among producers but, 
generally, are sufficiently concentrated to make a final 
product ranging from 7 to 9 percent alcohol.

Any germinating cereal grain can be used for malt. In 
rare cases rye malt is used in making rye whiskey, but be­
cause the enzyme activity of malted barley is the highest, 
barley is used almost exclusively in the distilling industry. 
Barley malt contains sufficiënt enzymes to convert approx­
imately 10 times its weight in other unmalted grains. Of

the two enzymes—a-amylase and /?-amylase—the former 
is the more important for conversion of other grains. In 
addition to converting starches from other carbohydrates 
to sugars, barley malt contains soluble proteins (amino 
acids), contributing flavour to the distillate secured from 
fermentation and distillation of grain-malt mixtures. (For 
a description of the production of malt from germinated 
barley, see above Beer: The brewing process.)

Fermentation. Yeast and yeast culture. As mentioned 
above, yeasts are found throughout the world; more than
8,000 strains of this vegetative microorganism have been 
classified. Approximately nine or 10 pure strains, with 
their subclassifications, are used for fermentation of grain 
mashes; these all belong to the type Saccharomyces cere­
visiae. Each strain has its own characteristics, imparting 
its special properties to the distillate derived from its fer­
mentation. A limited number of yeasts are used in the fer­
mentation of wines, from which brandy is distilled. Strains 
used in the fermentation of grain mashes are also used in 
fermentation for rum, tequila, and beer production.

In grain-based products, yeast cells are grown in grain 
mixtures. The preparation of a cooked mash of rye and 
barley malt is most common. The mash is sterilized, 
then inoculated with lactic-acid bacteria to increase acid­
ity. (Yeast is more tolerant of higher acidity than many 
commonly occurring bacteria.) When the desired acidity 
is reached, the mixture is again sterilized and a pure yeast 
culture is added. The yeast is grown under controlled 
conditions until it reaches the optimum point for mixing 
with the grain mash. In liquid fermentation, as from fruits 
and sugarcane, the yeast is generally grown in a mixture 
similar to the one it will be used to ferment; for example, 
a yeast culture to be used for molasses fermentation is 
usually grown in molasses.

Fermenting methods. In the fermentation process, sim­
ple sugars, including dextrose and maitose, are converted 
to ethyl alcohol by the action of yeast enzymes. Several 
intermediate compounds are formed during this complex 
Chemical process before the final ethyl alcohol is obtained.

Yeast functions best in a slightly acid medium, and the 
prepared grain mash, fruit juice, molasses, or other mix­
ture must be checked for adequate acidity (pH value). 
If acidity is insufficiënt, acid or acid-bearing material is 
added to achieve the necessary adjustment. The previ- 
ously prepared yeast is then added, and final dilution of 
the mixture is made. The final concentration of sugars 
is adjusted so that the yeast fermentation will produce a 
finished fermented mixture containing between 7 and 9 
percent alcohol.

Commercial fermentation is carried on in large vats. 
In the past these were open and made of wood, usually 
cypress. Most plants now use closed stainless steel vats 
for easier cleaning, and many are equipped with jack­
ets or cooling coils for better temperature control. The 
time required for completion of fermentation is mainly 
dependent upon the temperature of the fermenting mash. 
Normal yeast is most effective in breaking down all of the 
fermentable sugars at temperatures ranging from 24° to 
29° C (75° to 85° F), and, in this range, completion of 
fermentation requires from 48 to 96 hours. Fermentation 
at lower temperatures requires longer periods. The mash 
is ready for distillation upon completion of fermentation. 
If fermentation is allowed to continue past this period, it 
will be adversely affected by bacterial action. The ethyl al­
cohol content will be reduced, and the flavour and aroma 
of the finished product will be tainted.

Distillation. As mentioned above, the difference in the 
boiling points of alcohol and water is utilized in distillation 
to separate these liquids from each other. Basic distillation 
apparatus consists o f three parts: the still or retort, for 
heating the liquid; the condenser, for cooling the vapours; 
and the receiver, for collecting the distillate.

The pot still. The simple pot still is a large enclosed 
vessel, heated either by direct firing on the bottom or by 
steam coils within the vessel, with a cylindrical bulb at 
its top leading to a partially cooled vapour line. The bulb 
and vapour line separate entrained liquid particles from 
the vapour on its way to the final condenser. The usual 
pot-still Operation involves a series of two or three pot

Equipment 
for fer­
mentation
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stills. A n y  vapour falling below  a predeterm ined alcoholic  
content is fed in to  a second  still, and Condensed vapour 
from  the second still falling below  the required alcoholic  
content is fed to  the third. The Condensed vapours o f  
the desired a lcoholic  content from  all three stills are then  
com m in gled  in  a single receiving container.

The pot still, used primarily in Scotland and Ireland 
for whiskey production and in France for brandies, has 
had only brief use in distilled spirits production elsewhere 
and is gradually becoming obsolete. Even in countries in 
which the pot still has long been used, it has been re­
placed by continuous distillation for the major portion of 
alcoholic-liquor production, and its current use is limited 
to production of flavouring whiskeys and other flavour­
ing ingredients.

The flavour profile of a pot-still product is more complex 
than that of a continuous-still product of the same alcohol 
content. This is a result of the different distillation meth­
ods. At a given temperature and pressure, vapours over a 
boiling mixture have a composition that is a function of 
the vapour pressures of the components of the mixture. 
In a pot still, the temperature of the fermentation mixture 
rises as the lower-boiling-temperature alcohol vaporizes. 
Meanwhile, the alcohol content of the distillate drops as 
the rising temperature vaporizes more water along with 
the alcohol. Distillation is allowed to continue until the al­
cohol content of the distillate falls to a predetemined level. 
Because of the rising temperature encountered in distilling 
a single batch, the composition of the first part of the con­
densate to leave the pot is different from that of the last 
part. The composition of the final product is the average 
of the composition of the vapours Condensed during the 
entire run. By contrast, the temperature of the continuous 
still is held approximately constant throughout the run. 
This results in a flavour profile that is more uniform.

The continuous still. The continuous still, which came 
into use in the early 19th Century, consists of a tall cylindri- 
cal column filled with perforated plates onto which water- 
rich vapours condense while alcohol-enriched vapours pass 
through. These plates thus serve as a series of small pot 
stills, one on top of the other. Live steam, used as the 
heat source, is fed into the bottom of the still, and the 
liquid to be distilled is fed near the top. Steam pressure 
holds the liquid on the plates, and, with any overflow 
caught by the plate below, the liquid level on each plate is

maintained. Use of a sufficiënt number of plates assures 
that the concentration of alcohol in the vapour leaving the 
top of the still will be appropriate for the desired product 
and that the liquid leaving the bottom has been stripped 
of any alcohol.

M any d istillation operations com b ine co lu m n  and pot 
stills. The Condensed distillate from  the co lu m n  still is fed  
to  the doubler, a type o f  pot still heated by closed  steam  
coils, and redistilled.

The rectification still. Rectification is the process of pu- 
rifying alcohol by repeatedly or fractionally distilling it to 
remove water and undesirable compounds. As mentioned 
above, a fermentation mixture primarily contains water 
and ethyl alcohol and distillation involves increasing the 
percentage of ethyl alcohol in the mixture. Water vapor­
izes very easily, however, and, unless care is taken, the 
distillate of a fermentation mixture will contain unaccept- 
ably large quantities of water. The fermentation mixture 
furthermore contains small quantities of complex con- 
stituents that can contribute to the flavour of the product 
even if they are present only in parts per million. It is im­
portant to retain those components that make a positive 
contribution to the product and to remove those that are 
unwanted, primarily some organic aldehydes, acids, esters, 
and higher alcohols. The ones that remain in the product 
are called congeners, and the congener level is controlled 
by the particular rectification system and by the system’s 
method of Operation.

The multicolumn rectifying system usually consists of 
three to five columns. The first column is always a prelim- 
inary Separation column called the beer still, or analyzer. 
It usually consists of a series of metal plates with holes 
punched in them and baffles to control the liquid levels 
on the plates. The product coming from this column is 
between 55 and 80 percent ethyl alcohol. A 95-percent 
product can be produced on a two-column system consist- 
ing of a beer column and a rectifying column. The bulk 
of congener removal is accomplished in the rectifier— 
esters and higher alcohols, for example, being drawn off as 
side streams. However, a multicolumn system of several 
specialized rectifiers allows better control of the finished 
product. An aldehyde column, or purifier, is frequently 
used to separate these highly volatile low-boiling compo­
nents, and sometimes ethyl alcohol is recovered in an 
extractive column and retumed to the rectifier.

Three characteristics determine the elimination or reten- 
tion of flavouring compounds: (1) their boiling points, (2) 
their solubilities in ethyl alcohol and water, and (3) their 
specific gravides. Some higher alcohols, for example, are 
removed on the basis of their solubility and specific grav­
ity. These higher alcohols have limited solubility in water, 
and their specific gravides are less than that of water. Also, 
their boiling points are higher than that o f ethyl alcohol 
and lower than that of water. Since they tend to accu- 
mulate in the rectifying column at the region where their 
boiling points cause them to condense, they can be drawn 
off as a liquid side stream. This side stream also contains 
a considerable amount of water. The limited solubility in 
water, plus the lower specific gravides, cause the higher 
alcohols to float to the top of the alcohol-water mixture, 
from which they can be removed.

MATURATION, BLENDING, AND PACKAGING
Aging. One method of classifying distilled liquors is as 

aged or unaged. Vodka, neutral spirits for use in a variety 
of products, most gins, and some rums and brandies are 
unaged. Aged products are predominantly whiskeys and 
most rums and brandies.

The term age refers to the actual duration of storage, 
while maturity expresses the degree to which Chemical 
changes occur during storage. The maturation of whiskeys 
falls into two categories, according to whether storage is 
in new or reused cooperage. New charred, white-oak con­
tainers are required by law in the United States for the 
maturation of products to be called straight bourbon or 
rye whiskey. These containers, each containing 50 to 55 
gallons, are stored in warehouses sometimes having con­
trolled temperature and humidity. Older warehouses are 
called riek houses because the barrels are stored on sta-
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tionary frames called ricks. In many newer houses, barrels 
are stacked on pallets.

White oak is one of the few woods that can hold liquids 
while allowing the process of breathing through the pores 
of the wood. The pore size of the wood is such that 
small molecules such as water move through the wood 
more easily than larger molecules such as alcohol. This 
breathing process is caused by temperature and humid­
ity differences between the liquid in the barrel and the 
air in the warehouse. Charring the wood makes some of 
the wood compounds more soluble. As the liquid in the 
container moves back and forth through the wood, ingre­
dients are extracted and carried back into the container’s 
contents. Maturation also results from the contact of oxy­
gen from the outside air with ingredients in the alcohol 
mixture. Therefore, maturation during aging consists of 
the interaction of the original compounds of the distillate, 
o f oxidation reactions, and of the extraction o f flavouring 
compounds from the wood. These factors must be well 
balanced in the properly matured product. The lower the 
level of the original congeners, the less wood extract re­
quired to achieve a good balance.

Outside the United States, reused cooperage is common. 
Since used containers have already yielded their initial oak 
extracts, the resulting product is low in extracted flavour­
ing ingredients, which is desirable in some beverages. This 
maturation method, typified by Scotch and Irish whiskeys, 
can be carried on in casks holding up to 132 gallons. 
These casks have usually had previous use for storage or 
maturation o f other whiskeys or wines and may be reused 
for many maturation cycles. Maturation in dry warehous- 
ing increases the alcoholic content of the liquid in the 
container, but the more common practice for Scotch and 
Irish whiskeys of maturation in high humidity warehouses 
reduces the alcoholic concentration.

The maturation procedure for brandies is similar to that 
of some whiskeys, but the brandies are usually matured 
in fairly large casks or oak containers. Most brandies are 
matured for three to five years, but some remain for as 
long as 20 to 40 years or even longer.

Rum is usually matured in reused oak containers; high 
concentrations of oak extracts are not considered desir­
able. Normal maturation time is two to three years, but 
rum, generally a blended product, may contain a percent­
age of older rums.

Most governments specify storage time for various prod­
ucts. The United States requires a two-year storage period 
for most whiskeys but has no requirement for any pure 
alcohol or neutral spirits (close to 100 percent alcohol) 
added to such whiskeys in the production of blended 
whiskey. Canadä requires storage of two years for all dis­
tilled spirits. Scotland and England require a three-year 
storage and Ireland, five years for all products classified as 
whiskey; there are no requirements for vodka and gin.

Blending. Blending is another method of obtaining 
a balanced product with precise flavour characteristics. 
Blended products are composed of one or more highly 
flavoured components, a high-proof component with a 
low congener content, a colour adjustment ingrediënt, and 
perhaps an additional flavouring material. An example is 
a blended whiskey, which may contain several whiskeys, 
a grain spirit distilled at 90 to 95 percent alcohol, caramel 
colouring, and perhaps a small amount of a flavouring 
blender (part of which may be sherry or port wine). A 
blended Scotch consists of several highly flavoured malt 
whiskeys produced in pot stills and a base whiskey pro­
duced from grain in a continuous distillation system.

Packaging. Bottling. Distilled spirits react upon expo­
sure to many substances, extracting materials from the 
container that tend to destroy the liquor aroma and 
flavour. For this reason, glass, being nonreactive, has been 
the universal container for packaging alcoholic liquors. (A 
few products are now packaged in plastic bottles, but these 
are primarily 50-millilitre miniatures, the light weight of 
which is particularly suited for use by airlines.) Packaging 
economics require containers that are standardized in size 
and shape and that lend themselves to automatic processes.

Early hand methods of filling, labeling, corking, and 
other operations have been replaced by highly mechanized

bottling lines, with bottles cleaned, filled, capped, sealed, 
labeled, and placed in a shipping container at a rate as 
high as 400 bottles per minute. This progress became pos­
sible with the development of high-strength glass, plastic 
closures with inert liners, and high-speed machines. Even 
specialized packaging, long a hand Operation, has been 
replaced by Standardization of containers, allowing pro­
duction on automatic lines.

Designated proof. Spirit strength may be designated in 
several ways—weight per gallon, percentage by weight, 
or percentage by volume, all these having reference to 
absolute (i.e., pure) alcohol and water. There are other 
Standards in common use; e.g., U.S. proof spirit, which is 
50 percent by volume alcohol. Each degree of U.S. proof 
represents 0.5 percent alcohol, so that a liquor having 
50 percent alcohol is termed 100 proof. British proof is 
based on a specific concentration of alcohol, a 50 percent 
alcoholic content being equivalent to 114.12 U.S. proof. 
British proof is expressed as degrees over or under proof 
(that is, over or under 50 percent alcohol), while U.S. 
proof is expressed in direct proof figures. The metric Gay- 
Lussac system simply States the percentage by volume of 
alcohol in a distilled liquor. (F.M.S./A.T.T.)

Soft drinks

Soft drinks are a class of nonalcoholic beverage, usually 
but not necessarily carbonated, normally containing a nat­
ural or artificial sweetening agent, edible acids, natural or 
artificial flavours, and sometimes juice. Natural flavours 
are derived from fruits, nuts, berries, roots, herbs, and 
other plant sources. Coffee, tea, milk, cocoa, and undiluted 
fruit and vegetable juices are not considered soft drinks.

The term was originated to distinguish the flavoured 
drinks from hard liquor, or spirits. Soft drinks were rec­
ommended as a substitute in the effort to change the hard- 
drinking habits of early Americans. Indeed, health con­
cerns of modern consumers have led to new categories of 
soft drinks emphasizing low calorie and sodium content, 
no caffeine, and “all natural” ingredients.

There are many specialty soft drinks. Mineral waters are 
very populär in Europe and Latin America. Kava, made 
from roots of a bushy shrub, Piper methysticum, is con- 
sumed by the people of Fiji and other Pacific islands. In 
Cuba people enjoy a carbonated cane juice; its flavour 
comes from unrefined syrup. In tropical areas, where diets 
frequently lack sufficiënt protein, soft drinks containing 
soybean flour have been marketed. In Egypt carob or 
locust bean extract is used. In Brazil a soft drink is made 
using maté as a base. The whey obtained from making 
buffalo cheese is carbonated and consumed as a soft drink 
in North Africa. Some eastem Europeans enjoy a drink 
prepared from fermented stale bread. Honey and orange 
juice go into a populär drink of Israel.

HISTORY OF SOFT DRINKS
The first marketed soft drinks appeared in the 17th Cen­
tury as a mixture of water and lemon juice sweetened 
with honey. In 1676 the Compagnie de Limonadiers was 
formed in Paris and granted a monopoly for the sale of 
its products. Vendors carried tanks on their backs from 
which they dispensed cups of lemonade.

Carbonated beverages and waters were developed from 
European attempts in the 17th Century to imitate the pop­
ulär and naturally effervescent waters of famous springs, 
with primary interest in their reputed therapeutic values. 
The effervescent feature of the waters was recognized early 
as most important. Jan Baptist van Helmont (1577-1644) 
first used the term gas in his reference to the carbon 
dioxide content. Gabriel Venei referred to aerated water, 
confusing the gas with ordinary air. Joseph Black named 
the gaseous constituent fixed air.

Robert Boyle, the Anglo-Irish scientist who helped found 
modem chemistry, published his Short Memoirs for the 
Natural Experimental History o f Mineral Waters in 1685. 
It included sections on examining mineral springs, on the 
properties of the water, on its effects upon human bodies, 
and, lastly, “of the imitation of natural medicinal waters 
by chymical and other artificial wayes.”

Mecha­
nized
packaging
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Numerous reports of experiments and investigations were 
included in the Philosophical Transactions of the Royal 
Society o f London in the late 1700s, including the studies 
of Stephen Haies, Joseph Black, David Macbride, William 
Brownrigg, Henry Cavendish, Thomas Lane, and others.

Joseph Priestley is nicknamed “the father of the soft 
drinks industry” for his experiments on gas obtained from 

First car- the fermenting vats of a brewery. In 1772 he demonstrated
bonating a small carbonating apparatus to the College of Physicians
apparatus in London, suggesting that, with the aid of a pump, water 

might be more highly impregnated with fixed air. Antoine 
Lavoisier in Paris made the same Suggestion in 1773.

To Thomas Henry, an apothecary in Manchester, Eng., is 
attributed the first production of carbonated water, which 
he made in 12-gallon barrels using an apparatus based on 
Priestley’s. Jacob Schweppe, a jeweler in Geneva, read the 
papers of Priestley and Lavoisier and determined to make 
a similar device. By 1794 he was selling his highly car­
bonated artificial mineral waters to his friends in Geneva; 
later he started a business in London.

At first, bottled waters were used medicinally, as evi­
denced in a letter written by English industrialist Matthew 
Boulton to the philosopher Erasmus Darwin in 1794: “J. 
Schweppe prepares his mineral waters of three sorts. No. 
1 is for common drinking with your dinner. No. 2 is for 
nephritick patients and No. 3 contains the most alkali 
given only in more violent cases.” By about 1820, im- 
provements in manufacturing processes allowed a much 
greater output, and bottled water became populär. Min­
eral salts and flavours were added—ginger in about 1820, 
lemon in the 1830s, tonic in 1858. In 1886 John Pem- 
berton, a pharmacist in Atlanta, Ga., invented Coca-Cola, 
the first cola drink.

PRODUCTION
All ingredients used in soft drinks must be of high pu- 
rity and food grade to obtain a quality beverage. These 
include the water, carbon dioxide, sugar, acids, juices, 
and flavours.

Water. Although water is most often taken from a safe 
municipal supply, it usually is processed further to ensure 
uniformity of the finished product; the amount of impuri- 
ties in the municipal supply may vary from time to time. 

Purifica- In some bottling plants the water-treatment equipment 
tion of may simply consist of a sand filter to remove minute solid
water matter and activated carbon purifier to remove colour,

chlorine, and other tastes or odours. In most plants, 
however, water is treated by a process known as super- 
chlorination and coagulation. There, the water is exposed 
for two hours to a high concentration of chlorine and to 
a flocculant, which removes such organisms as plankton 
(minute plants and animals); it then passes through a sand 
filter and activated carbon.

Carbon dioxide and carbonation. Carbon dioxide gas 
gives the beverage its sparkle and tangy taste and prevents 
spoilage. While it has not been conclusively proved that 
carbonation offers a direct medical benefit, carbonated 
beverages are used to alleviate postoperative nausea when 
no other food can be tolerated, as well as to ensure ade­
quate liquid intake.

Carbon dioxide is supplied to the soft drink manufacturer 
in either solid form (Dry Ice) or liquid form maintained 
under approximately 1,200 pounds per square inch (84 
kilograms per square centimetre) pressure in heavy steel 
containers. Lightweight steel containers are used when 
the liquid carbon dioxide is held under refrigeration. In 
that case, the internal pressure is about 325 pounds per 
square inch.

Carbonation (of either the water or the finished beverage 
mixture) is effected by chilling the liquid and cascading it 
in thin layers over a series of plates in an enclosure con­
taining carbon dioxide gas under pressure. The amount 
of gas the water will absorb increases as the pressure is 
increased and the temperature is decreased.

Flavouring syrup. Flavouring syrup is normally a con­
centrated solution of a sweetener (sugar or artificial), an 
acidulant for tartness, flavouring, and a preservative when 
necessary. The flavouring syrup is made in two steps. 
First, a “simple syrup” is prepared by making a solution of

water and sugar. This simple sugar solution vjctii bc ifcaicd 
with carbon and filtered if the sugar quality is poor. All of 
the other ingredients are then added in a precise order to 
make up what is called a “finished syrup.”

Finishing. There are two methods for producing a fin­
ished product from the flavouring syrup. In the first, the Blending of 
syrup is diluted with water and the product then cooled, syrup and 
carbonated, and bottled. In the second, the maker mea- water 
sures a precise amount o f syrup into each bottle, then fills 
it with carbonated water. In either case, the sugar content 
(51-60 percent in the syrup) is reduced to 8—13 percent 
in the finished beverage.

The blending of syrups and mixing with plain or carbon­
ated water, the container washing, and container filling 
are all done almost entirely by automatic machinery. Re- 
tumable bottles are washed in hot alkali Solutions for a 
minimum of five minutes, then rinsed thoroughly. Single- 
service or “one-trip” containers are generally air-rinsed or 
rinsed with potable water before filling. Automatic fillers 
service from 30 to 2,000 containers per minute.

Pasteurizing noncarbonated beverages. Noncarbonated 
beverages require ingredients and techniques similar to 
those for carbonated beverages. However, since they lack 
the protection against spoilage afforded by carbonation, 
these are usually pasteurized, either in bulk, by continuous 
flash pasteurization prior to filling, or in the bottle.

Powdered soft drinks. These are made by blending the 
flavouring material with dry acids, gums, artificial colour, 
etc. If the sweetener has been included, the consumer need 
only add the proper amount o f plain or carbonated water.

leed soft drinks. The first iced soft drink consisted of a 
cup of ice covered with a flavoured syrup. Sophisticated 
dispensing machines now blend measured quantities of 
syrup with carbonated or plain water to make the finished 
beverage. To obtain the soft ice, or slush, the machine re- 
duces the beverage temperature to between —5° and —2°
C (22° and 28° F).

PACKAGING AND VENDING
Soft drinks are packaged in glass or plastic bottles, tin- 
free steel, aluminum, or plastic cans, treated cardboard 
cartons, foil pouches, or in large stainless steel containers.

Vending of soft drinks had its modest beginning with the 
use of ice coolers in the early 20th Century. Nowadays, 
most drinks are cooled by electric refrigeration for con- 
sumption on the premises. Vending machines dispense soft 
drinks in cups, cans, or bottles, and restaurants, bars, and 
hotels use dispensing guns to handle large volume. There 
are two methods of vending soft drinks in cups. In the 
“pre-mix” system, the finished beverage is prepared by the 
soft drink manufacturer and filled into five- or 10-gallon 
stainless steel tanks. The tanks o f beverage are attached 
to the vending machine where the beverage is cooled and 
dispensed. In the “post-mix” system the vending machine 
has its own water and carbon dioxide supply. The water is 
carbonated as required and is mixed with flavoured syrup 
as it is dispensed into the cup. (H.E.K./M.J.Pi.)

BIBLIOGRAPHY
Tea: William  h . ukers, All About Tea, 2 vol. (1935), deals 

with the historical, technological, scientific, commercial, social, 
and artistic aspects o f tea production and includes extensive 
bibliographies. c .r . harler , Tea Growing (1966), Tea Manu­
facture (1963, reprinted 1970), and The Culture and Marketing 
of Tea, 3rd ed. (1964), discuss methods and problems o f the 
tea industry. claud  bald, Indian Tea: A Textbook on the 
Culture and Manufacture of Tea, 7th ed., rev. by c.J. harri- 
son (1965), deals with the development o f  tea production in 
India, where the modem tea industry originated. t . eden , Tea,
3rd ed. (1976), discusses tea production in Sri Lanka and the 
newly developing African tea industry. See also J. werkhoven 
(comp.), Tea Processing (1974), a survey prepared for the Food 
and Agriculture Organization o f  the United Nations.

(S.Si.)
Coffee: On the history o f  coffee, see ralph  s. hattox , Coffee 

and Coffeehouses: The Origins of a Social Beverage in the Me­
dieval Near East (1985). William  h . ukers, All About Coffee,
2nd ed. (1935, reissued 1976), offers an excellent view o f coffee 
technology and production. Later sources include m .n . clif- 
ford  and k .c . willson (eds.), Coffee: Botany, Biochemistry, 
and Production of Beans and Beverage (1985); r .j . clarke and



r54 Beverage Production

r. macrae (eds.), Coffee, 2 vol. (1985-87), on chemistry and 
technology; michael sivetz and norman w. desrosier, Coffee 
Technology (1979), a comprehensive survey o f  roasted, soluble, 
and extracted coffees; and c.f. marshall, The World Coffee 
Trade: A Guide to the Production, Trading, and Consumption 
of Coffee (1983).

(Ed.)
Beer: h .s. corran, A History of Brewing (1975), is a well- 

researched work with references to brewing in Europe (mainly 
Britain) and in the United States, fritz schoellhorn, Bib­
liographie des Brauwesens (1928), continued in f. kutter, 
Bibliographie des Brauwesens (1954), list technical references 
to Latin literature, from the 15th Century onward to many Ger­
man sources, and to similar scientific papers written in English, 
French, Swedish, Danish, Czech, Russian, Dutch, Norwegian, 
Italian, and Hungarian. Development of brewing materials and 
processes to the first quarter of the 20th Century is covered in 
h . Lloyd hind , Brewing: Science and Practice, 2 vol. (1938— 
40). Later sources include j. de clerck, A Textbook of Brew­
ing, 2 vol. (1957-58; originally published in French, 1948), a 
discussion of worldwide brewing practices and beer analysis; 
d .e. briggs, Barley (1978); and arthur h . gook (ed.), Barley 
and Malt (1962), studies of the breeding of varieties of barley 
and of the technical and scientific aspects of malt and malting. 
a .h . burgess, Hops (1964), provides the same coverage of hop 
cultivation and the historical, scientific, and technical aspects 
of the use of hops in brewing. j.s. hough, The Biotechnology 
of Malting and Brewing (1985), is an introductory account. 
d .e. briggs et al, Malting and Brewing Science, 2nd ed., 2 
vol. (1981-82), is a comprehensive text on brewing practice 
throughout the world and its underlying principles, with an 
extensive bibliography. j.r.a . pollock (ed.), Brewing Science, 
3 vol. (1979-87), is a collection of articles by practitioners of 
brewing, covering brewing Science and related technology; and 
Harold m. BRODERicK (ed.), The Practical Brewer: A Manual 
for the Brewing Industry, 2nd ed. (1977), offers information on 
the American brewing industry and its history.

(T.W.Y.)
Wine: Encyclopaedias and dictionaries on wines and wine 

production include Frank Schoonmakers Encyclopedia of 
Wine, rev. and expanded ed., rev. by julius wile (1978); 
HUGH Johnson, The World Atlas of Wine: A Complete Guide 
to the Wines and Spirits of the World, 3rd rev. ed. (1985), and 
Hugh Johnsons Modern Encyclopedia of Wine, 2nd ed. (1987); 
and ted GRUDZiNSKi, Winequest, the Wine Dictionary (1985). 
Standard works on wine making include m.a . amerine et al, 
The Technology of Wine Making, 4th ed. (1980), a treatise on 
the making of all types of wine; and jean riberéau-gayon et 
al, Sciences et techniques du vin, 4 vol. (1972-77). Viticulture 
is discussed in a .j. winkler, General Viticulture, rev. and enl. 
ed. (1974), a Standard treatise on grape growing.

French wines are discussed in alexis lichine and samuel 
perkins, Alexis Lichine’s Guide to the Wines and Vineyards of 
France, 3rd ed. (1986); steven spurrier, The Académie du vin 
Guide to French Wines (1986); david peppercorn, Bordeaux 
(1982, reprinted 1986); and hubrecht duijker, The Wines of 
the Loire, Alsace, and Champagne (1983). For German wines, 
see Gerhard troost, Technologie des Weines, 5th rev. ed. 
(1980); and frank schoonmaker, The Wines of Germany, 
2nd rev. ed., edited by peter m .f. sichel (1983). Wines of 
other countries are discussed in burton anderson, The Simon 
and Schuster Pocket Guide to Italian Wines (1987); jan read, 
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Biblical Literature
and Its Critical Interpretation

Biblical literature, as it is treated in this article, 
consists of four bodies of written works: the Old 
Testament writings according to the Hebrew can­

on; intertestamental works, including the Old Testament 
Apocrypha; the New Testament writings; and the New 
Testament Apocrypha.

The Old Testament is a collection of writings that was 
first compiled and preserved as the sacred books of the 
ancient Hebrew people. As the Bible of the Hebrews and 
their Jewish descendants down to the present, these books 
have been perhaps the most decisive single factor in the 
preservation of the Jews as a cultural entity and Judaism 
as a religion. The Old Testament and the New Testa­
ment—a body of writings that chronicle the origin and

early dissemination of Christianity—constitute the Bible 
of the Christians.

The literature of the Bible, encompassing the Old and 
New Testaments and various noncanonical works, has 
played a special role in the history and culture of the West­
ern world and has itself become the subject of intensive 
critical study. This field of scholarship, including exegesis 
(critical Interpretation) and hermeneutics (the Science of 
interpretive principles), has assumed an important place 
in the theologies of Judaism and Christianity. The meth­
ods and purposes of exegesis and hermeneutics are treated 
below. For the cultural and historical contexts in which 
this literature developed, see judaism; christianity.
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Influence and significance

Expression 
of the 
Jewish 
religion 
in the Old 
Testament

historical and cultural importance

In Judaism. After the kingdoms of Israel and Judah had 
fallen, in 722 bce (before the Common Era, equivalent 
to bc) and 587/586 bce, respectively, the Hebrew people 
outlived defeat, captivity, and the loss of their national 
independence, largely because they possessed writings that 
preserved their history and traditions. Many of them did 
not retum to Palestine after their exile. Those who did 
retum did so to rebuild a temple and reconstruct a soci­
ety that was more nearly a religiöus community than an 
independent nation. The religion found expression in the 
books of the Old Testament: books of the Law (Torah), 
history, prophecy, and poetry. The survival of the Jewish 
religion and its subsequent incalculable influence in the 
history of Western culture are difficult to explain without 
acknowledgment of the importance of the biblical writings.

When the Temple in Jerusalem was destroyed in 70 ce 
(Common Era, equivalent to ad), the historical, priestly 
sacrificial worship centred in it came to an end and was

never resumed. But the religion of the Jewish people had 
by then gone with them into many lands, where it retained 
its character and vitality because it still drew its nurture 
from biblical literature. The Bible was with them in their 
synagogues, where it was read, prayed, and taught. It pre­
served their identity as a people, inspired their worship, 
arranged their calendar, permeated their family lives; it 
shaped their ideals, sustained them in persecution, and 
touched their intellects. Whatever Jewish talent and genius 
have contributed to Western civilization is due in no small 
degree to the influence of the Bible.

In Christianity. The Hebrew Bible is as basic to Chris­
tianity as it is to Judaism. Without the Old Testament, 
the New Testament could not have been written and there 
could have been no man like Jesus; Christianity could not 
have been what it became. This has to do with cultural 
values, basic human values, as much as with religiöus 
beliefs. The Genesis stories of prehistorie events and peo­
ple are a conspicuous example. The Hebrew myths of 
creation have superseded the racial mythologies of Latin, 
Germanic, Slavonic, and all other Western peoples. This is
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not because they contain historically factual information 
or scientifically adequate accounts of the uni verse, the 
beginning of life, or any other subject of knowledge, but 
because they fumish a profoundly theological Interpreta­
tion of the universe and human existence, an intellectual 
framework of reality large enough to make room for de­
veloping philosophies and Sciences.

7entrality This biblical structure of ideas is shared by Jews and 
)f the Christians. It centres in the one and only God, the Creator
me and of all that exists. All things have their place in this struc-
mly God ture of ideas. All mankind is viewed as a unity, with no 

race existing for itself alone. The Covenant people (i.e., 
the Hebrews in the Old Testament and Christians in the 
New Testament) are chosen not to enjoy special privileges 
but to serve God’s will toward all nations. The individual’s 
sacred rights condemn his abuse, exploitation, or neglect 
by the rich and powerful or by society itself. Widows, 
orphans, the stranger, the friendless, and the helpless have 
a special claim. God’s will and purpose are viewed as just, 
loving, and ultimately prevailing. The future is God’s, 
when his rule will be fully established.

The Bible went with the Christian Church into every 
land in Europe, bearing its witness to God. The church, 
driven in part by the power of biblical themes, called men 
to ethical and social responsibility, to a life answerable to 
God, to love for all men, to sonship in the family of God, 
and to citizenship in a kingdom yet to be revealed. The 
Bible thus points to a way of life never yet perfectly em- 
bodied in any society in history. Weighing every existing 
kingdom, govemment, church, party, and organization, it 
finds them wanting in that justice, mercy, and love for 
which they were intended.

MAJOR THEMES AND CHARACTERISTICS 
The Bible is the literature of faith, not of scientific obser­
vation or historical demonstration. God’s existence as a 
speculative problem has no interest for the biblical writers. 
What is problematical for them is the human condition 
and destiny before God.

The great biblical themes are about God, his revealed 
works of creation, Provision, judgment, deliverance, his 
covenant, and his promises. The Bible sees what happens 
to mankind in the light of God’s nature, righteousness, 
faithfulness, mercy, and love. The major themes about 
mankind relate to man’s rebellion, his estrangement and 
perversion. Man’s redemption, forgiveness, reconciliation, 
the gifts of grace, the new life, the coming kingdom, and 
the final consummation of man’s hope are all viewed as 
the gracious works of God.

The Old Testament contains several types of literature: 
there are narratives combined with mies and instructions 
(Torah, or Pentateuch) and anecdotes of Hebrew persons, 
prophets, priests, kings, and their women (Former Proph­
ets). There is an antiracist love story (Ruth), the story of 
a woman playing a dangerous game (Esther), and one of 
a preacher who succeeded too well (Jonah). There is a 
collection of epigrams and pmdential wisdom (Proverbs) 
and a philosophic view of existence with pessimism and 
poise (Ecclesiastes). There is poetry of the first rank, devo­
tional poetry in the Psalms, and erotic poetry in the Song 
of Songs. Lamentations is a poetic elegy, mourning over 
fallen Jerusalem. Job is dramatic theological dialogue. The 
books of the great prophets consist mainly of oral address- 
es in poetic form.

The New Testament also consists of different literary 
forms. Acts is historical narrative, actually a second vol­
ume following Luke. A Gospel is not a history in the 
ordinary sense but an arrangement of remembered acts 
and sayings of Jesus retold to win faith in him. There 
is one apocalypse, Revelation (a work describing the In­
tervention of God in history). But the largest class of 
New Testament writings is epistolary, the letters of Paul 
and other Apostles. Originally written to local groups of 
Christians, they were preserved in the New Testament and 
given the status of doctrinal and ethical treatises.

INFLUENCES
On Western civilization. The Bible brought its view 

of God, the universe, and mankind into all the leading

Western languages and thus into the intellectual process­
es of Western man. The Greek translation of the Old 
Testament made it accessible in the Hellenistic period (c. 
300 bce—c. 300 ce) and provided a language for the New 
Testament and for the Christian liturgy and theology of 
the first three centuries. The Bible in Latin shaped the 
thought and life of Western people for a thousand years. 
Bible translation led to the study and literary development 
of many languages. Luther’s translation of the Bible in 
the 16th Century has been called the beginning of modem 
German. The Authorized Version (English) of 1611 (King 
James Version) and the others that preceded it caught 
the English language at the blooming of its first maturity. 
Since the invention of printing (mid-15th Century), the 
Bible has become more than the translation of an ancient 
Oriental literature. It has not seemed a foreign book, and 
it has been the most available, familiar, and dependable 
source and arbiter of intellectual, moral, and spiritual 
ideals in the West.

Millions of modem people who do not think of themselves 
as religiöus live nevertheless with basic presuppositions 
that underlie the biblical literature. It would be impossi­
ble to calculate the effect of such presuppositions on the 
changing ideas and attitudes of Western people with regard 
to the nature and purpose of govemment, social institu­
tions, and economie theories. Theories and ideals usually 
rest on prior moral assumptions— i.e., on basic judgments 
of value. In theory, the West has moved from the divine 
right of kings to the divinely given rights of every Citizen, 
from slavery through serfdom to the intrinsic worth of ev­
ery person, from freedom to own property to freedom for 
everyone from the penalties of hopeless poverty. Though 
there is a wide difference between the ideal and the actual, 
biblical literature continues to pronounce its judgment 
and assert that what ought to be can still be.

On the modern secular age. The assumption of many 
people is that the Bible has lost much of its importance 
in a secularized world; that is implied whenever the mod­
ern period is called the post-Judeo-Christian era. In most 
ways the label fits. The modern period seems to be a time 
in which unprecedented numbers of people have discard- 
ed traditional beliefs and practices o f both Judaism and 
Christianity. But the influence of biblical literature neither 
began nor ended with doctrinal propositions or codes of 
behaviour. lts importance lies not merely in its overtly re- 
ligious influence but also, and perhaps more decisively, in 
its pervasive effect on the thinking and feeling processes, 
the attitudes and sense of values that, whether recognized 
as biblical or not, still help to make people what they are.

The deepest influence of biblical literature may be found 
in the arts of Western people, their music and, especially, 
in their best poetry, drama, and Creative fiction. Many of 
the most moving and illuminating interpretations of bib­
lical material—stories, themes, and characters—are made 
today by novelists, playwrights, and poets who write sim­
ply as human beings, not as adherents of any religion. 
There are two views of the human condition that scholars 
have attributed to biblical influence and that have become 
dominant in Western literature.

The first of these is the view that the mystery of exis­
tence and destiny is implicit in every man and woman. 
In contrast to the canons of classical tragedy, a person 
of any rank or station may experience the extremes of 
happiness or misery, exaltation or tragedy. An aged Jew 
of Rembrandt’s paintings or an illiterate black woman of 
Faulkner’s novels can reach the height of human dignity. 
The arts also put down the mighty from their seats and 
exalt those of low degree. Any man may be Everyman, 
the Symbol of all human possibility.

The second view of the human condition is that the time 
of encountering all reality is now, and the place is here, 
in man’s workaday activities and contingencies, whatever 
they may be. To be human is to know one short life in 
mortal flesh, in which the past and future are dimensions 
of the present. It is now or never that the choice is made, 
the offer of the gift of life accepted or declined. Any king­
dom there is must be entered at once or lost forever. It is 
here in the actual Situation of work and play, of love and 
need, and not in some far-off better time and place, that

Influence 
on Western 
thought 
and
language

Influence 
on the arts
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the crisis is reached and passed, the issue settled, and the 
record closed.

These views, though here stated in language that has 
theological overtones, are not confined to adherents of Ju­
daism or Christianity. They are characteristically Western 
views o f the human condition. That they can be put in 
words reminiscent of the Bible indicates that the represen- 
tation of man in Western literature is indeed conditioned 
by biblical literature. (H.G.D./Ed.)

Old Testament canon, texts, and versions
THE CANON
The term canon, from a Hebrew-Greek word meaning a 
cane or measuring rod, passed into Christian usage as a 
norm or a rule of faith. The Church Fathers of the 4th 
Century ce first employed it in reference to the definitive, 
authoritative nature of the body of sacred Scripture.

The Hebrew canon. The Hebrew Bible is often known 
among Jews as TaNaKh, an acronym derived from the 
names of its three divisions: Torah (Instruction, or Law, 
also called the Pentateuch), Neviim (Prophets), and Ke- 
tuvim (Writings).

The Torah contains five books: Genesis, Exodus, Leviti- 
cus, Numbers, and Deuteronomy. The Nevi'im comprise 
eight books subdivided into the Former Prophets, contain­
ing the four historical works, Joshua, Judges, Samuel, and 
Kings, and the Latter Prophets, the oracular discourses 
of Isaiah, Jeremiah, Ezekiel, and the Twelve (Minor— i.e., 
smaller) Prophets—Hosea, Joel, Arnos, Obadiah, Jonah, 
Micah, Nahum, Habakkuk, Zephaniah, Haggai, Zechari- 
ah, and Malachi. The Twelve were all formerly written 
on a single scroll and thus reckoned as one book. The 
Ketuvim consist of religiöus poetry and wisdom litera­
ture— Psalms, Proverbs, and Job, a collection known as 
the “Five Megillot” (“scrolls”; i.e., Song of Songs, Ruth, 
Lamentations, Ecclesiastes, and Esther, which have been 
grouped together according to the annual cycle of their 
public reading in the synagogue)—and the books of Dan­
iel, Ezra and Nehemiah, and Chronicles.

The number o f books. The number of books in the He­
brew canon is thus 24, referring to the sum of the separate 
scrolls on which these works were traditionally written in 
ancient times. This figure is first cited in II Esdras in a pas­
sage usually dated c. 100 ce and is frequently mentioned 
in rabbinic (postbiblical) literature, but no authentic tradi­
tion exists to explain it. Josephus, a Ist Century ce Jewish 
historian, and some of the Church Fathers, such as Origen 
(the great 3rd-century Alexandrian theologian), appear to 
have had a 22-book canon.

English Bibles list 39 books for the Old Testament be­
cause of the practice of bisecting Samuel, Kings, and 
Chronicles, and of counting Ezra, Nehemiah, and the 12 
Minor Prophets as separate books.

The tripartite canon. The threefold nature of the He­
brew Bible (the Law, the Prophets, and the Writings) is 
reflected in the literature of the period of the Second 
Temple (6th-lst centuries bce) and soon after it. The 
earliest reference is that of the Jewish wisdom writer 
Ben Sira (flourished 1 8 0-175  bce), who speaks of “the 
law of the Most High . . .  the wisdom of all the ancients 
and . . .  prophecies.” His grandson (c. 132 bce) in the 
prologue to Ben Sira’s work mentions “the law and the 
prophets and the others that followed them,” the latter 
also called “the other books of our fathers.” The same 
tripartite division finds expression in II Maccabees, the 
writings of Philo, a Hellenistic Jewish philosopher, and 
Josephus, a Hellenistic Jewish historian, as well as in the 
Gospel According to Luke. The tripartite canon represents 
the three historie stages in the growth of the canon.

The history o f canonization. Because no explicit or re- 
liable traditions concerning the criteria of canonicity, the 
canonizing authorities, the periods in which they lived, 
or the procedure adopted have been preserved, no more 
than a plausible reconstruction of the successive stages 
involved can be provided. First, it must be observed that 
sanctity and canonization are not synonymous terms. The 
first condition must have existed before the second could 
have been formally conferred. Next, the collection and

organization of a number of sacred texts into a canonized 
corpus (body of writings) is quite a different problem 
from that of the growth and formation of the individual 
books themselves.

No longer are there compelling reasons to assume that 
the history o f the canon must have commenced very late 
in IsraeFs history, as was once accepted. The emergence 
in Mesopotamia, already in the second half of the 2nd 
millennium bce , of a standardized body of literature ar­
ranged in a more or less fixed order and with some kind 
of official text, expresses the notion of a canon in its 
secular sense. Because Babylonian and Assyrian patterns 
frequently served as the models for imitation throughout 
the Near East, sacred documents in Israel may well have 
been carefully stored in temples and palaces, particularly 
if they were used in connection with the cult or studied in 
the priestly or wisdom schools. The injunction to deposit 
the two tables of the Decalogue (Ten Commandments) 
inside the ark of the covenant and the book of the Torah 
beside it and the chance find of a book of the Torah in 
the Temple in 622 bce tend to confirm the existence of 
such a practice in Israel.

The Torah. The history of the canonization of the To­
rah as a book must be distinguished from the process by 
which the heterogeneous components of the literature as 
such developed and were accepted as sacred.

The Book of the Chronicles, composed c. 400 bce, fre­
quently refers to the “Torah of Moses” and exhibits a 
familiarity with all the five books of the Pentateuch. The 
earliest record of the reading of a “Torah book” is provided 
by the narrative describing the reformation instituted by 
King Josiah of Judah in 622 bce following the fortuitous 
disco very of a “book of the Torah” during the renovation 
of the Temple. The reading of the book (probably Deu­
teronomy), followed by a national covenant ceremony, is 
generally interpreted as having constituted a formal act of 
canonization.

Between this date and 400 bce the only other ceremony 
of Torah reading is that described in Nehemiah as having 
taken place on the autumnal New Year festival. The “book 
of the Torah of Moses” is mentioned and the emphasis 
is on its instruction and exposition. The Samaritans, the 
descendants of Israelites intermarried with foreigners in 
the old northern kingdom that feil in 722 bce , became 
hostile to the Judaeans in the time of Ezra and Nehemiah 
(6th-5th centuries bc e). They would not likely have ac­
cepted the Torah, which they did, along with the tradition 
of its Mosaic origin, if it had only recently been canon­
ized under the authority of their arch-enemies. The final 
redaction and canonization of the Torah book, therefore, 
most likely took place during the Babylonian Exile (6th- 
5th centuries bce).

The Nevi'im. The model of the Pentateuch probably 
encouraged the assemblage and ordering of the literature 
of the prophets. The Exile of the Jews to Bablylonia in 
587/586 and the restoration half a Century later enhanced 
the prestige of the prophets as national figures and aroused 
interest in the written records of their teachings. The 
canonization of the Nevi im could not have taken place 
before the Samaritan schism that occurred during the time 
of Ezra and Nehemiah, since nothing of the prophetical 
literature was known to the Samaritans. On the other 
hand, the prophetic canon must have been closed by the 
time the Greeks had displaced the Persians as the rulers 
of Palestine in the late 4th Century bc e . The exclusion of 
Daniel would otherwise be inexplicable, as would also the 
omission of Chronicles and Ezra-Nehemiah, even though 
they supplement and continue the narrative of the Former 
Prophets. Furthermore, the books of the Latter Prophets 
contain no hint of the downfall of the Persian Empire and 
the rise of the Greeks, even though the succession of great 
powers in the East plays a major role in their theological 
Interpretation of history. Their language, too, is entirely 
free of Grecisms.
These phenomena accord with the traditions of Josephus 

and rabbinic sources limiting the activities of the literary 
prophets to the Persian era.

The Ketuvim. That the formation of the Ketuvim as 
a corpus was not completed until a very late date is ev-

Canoniza- 
tion of 
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writings
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idenced by the absence o f a fixed name, or indeed any 
real name, for the third division of Scripture. Ben Sira 
refers to “the other books of our fathers,” “the rest of 
the books”; Philo speaks simply of “other writings” and 
Josephus of “the remaining books.” A widespread prac­
tice of entitling the entire Scriptures “the Torah and the 
Prophets” indicates a considerable hiatus between the can­
onization of the Prophets and the Ketuvim. Greek words 
are to be found in the Song of Songs and in Daniel, which 
also refers to the disintegration of the Greek Empire. Ben 
Sira omits mention o f Daniel and Esther. No fragments 
of Esther have turned up among the biblical scrolls (e.g., 
the Dead Sea Scrolls) from the Judaean Desert. Rabbinic 
sources betray some hesitation about Esther and a decided 
ambivalence about the book of Ben Sira. A third gener­
ation Babylonian amora (rabbinical interpretive scholar; 
pl. amoraim) actually cites it as “Ketuvim,” as opposed 
to Torah and Prophets, and in the mid-2nd Century ce , 
the need to deny its canonicity and prohibit its reading 
was still feit. Differences of opinion also are recorded 
among the tannaim (rabbinical scholars of tradition who 
compiled the Mishna, or Oral Law) and amoraim  (who 
created the Talmud, or Gemara) about the canonical sta­
tus of Proverbs, Song of Songs, Ecclesiastes, and Esther.

All this indicates a prolonged state of fluidity in respect 
of the canonization of the Ketuvim. A synod at Jabneh 
( c. 100 ce) seems to have mied on the matter, but it 
took a generation or two before their decisions came to be 
unanimously accepted and the Ketuvim regarded as being 
definitively closed. The destmction of the Jewish state in 
70 ce , the breakdown of central authority, and the ever 
widening Diaspora (collectively, Jews dispersed to foreign 
lands) all contributed to the urgent necessity of providing 
a closed and authoritative corpus of sacred Scriptures.

The Samaritan canon. As has been mentioned, the Sa­
maritans accepted the Pentateuch from the Jews. They 
know of no other section of the Bible, however, and did 
not expand their Pentateuchal canon even by the inclu- 
sion of any strictly Samaritan compositions.

The Alexandrian canon. The Old Testament as it has 
come down in Greek translation from the Jews of Alexan­
dria via the Christian Church differs in many respects from 
the Hebrew Scriptures. The books of the second and third 
divisions have been redistributed and arranged according 
to categories of literature—history, poetry, wisdom, and 
prophecy. Esther and Daniel contain supplementary ma­
terials, and many noncanonical books, whether of Hebrew 
or Greek origin, have been interspersed with the canonical 
works. These extracanonical writings comprise I Esdras, 
the Wisdom of Solomon, Ecclesiasticus (Ben Sira), Addi­
tions to Esther, Judith, Tobit, Baruch, the Epistle of Jere- 
miah, and additions to Daniel, as listed in the manuscript 
known as Codex Vaticanus (c. 350 ce). The sequence 
of the books varies, however, in the manuscripts and in 
the patristic and synodic lists of the Eastern and Western 
churches, some of which include other books as well, such 
as I and II Maccabees.

It should be noted that the contents and form of the in- 
ferred original Alexandrian Jewish canon cannot be ascer- 
tained with certainty because all extant Greek Bibles are of 
Christian origin. The Jews of Alexandria may themselves 
have extended the canon they received from Palestine, or 
they may have inherited their traditions from Palestinian 
circles in which the additional books had already been 
regarded as canonical. It is equally possible that the addi­
tions to the Hebrew Scriptures in the Greek Bible are of 
Christian origin.

The canon at Qumrän. In the collection of manuscripts 
from the Judaean Desert—discovered from the 1940s 
on—there are no lists of canonical works and no codices 
(manuscript volumes), only individual scrolls. For these 
reasons nothing can be known with certainty about the 
contents and sequence of the canon of the Qumrän sec- 
tarians. Since fragments of all the books of the Hebrew 
Bible (except Esther) have been found, it may be as­
sumed that this reflects the minimum extent of its canon. 
The Situation is complicated by the presence in Qumrän 
of extracanonical works— some already known from the 
Apocrypha (so-called hidden books not accepted as can­

onical by Judaism and the church) and pseudepigrapha 
(books falsely ascribed to biblical authors) or from the 
Cairo Geniza (synagogue storeroom), and others entirely 
new. Some or all of these additional works may have been 
considered canonical by the members of the sect. It is 
significant, however, that so far pesharim  (interpretations) 
have been found only on books of the traditional Hebrew 
canon. Still, the great Psalms scroll départs from the re­
ceived Hebrew text in both sequence and contents. If the 
Psalms scroll were a canonical Psalter and not a liturgy, 
then evidence would indeed be forthcoming for the exis­
tence of a rival canon at Qumrän.

The Christian canon. The Christian Church received its 
Bible from Greek-speaking Jews and found the majority 
of its early converts in the Hellenistic world. The Greek 
Bible of Alexandria thus became the official Bible of the 
Christian community, and the overwhelming number of 
quotations from the Hebrew Scriptures in the New Testa­
ment are derived from it. Whatever the origin of the Apoc­
ryphal books in the canon of Alexandria, these became 
part of the Christian Scriptures, but there seems to have 
been no unanimity as to their exact canonical status. The 
New Testament itself does not eite the Apocryphal books 
directly, but occasional tracés of a knowledge of them are 
to be found. The Apostolic Fathers (late lst-early 2nd 
centuries) show extensive familiarity with this literature, 
but a list of the Old Testament books by Melito, bishop 
of Sardis in Asia Minor (2nd Century), does not include 
the additional writings of the Greek Bible, and Origen (c. 
185-c. 254) explicitly describes the Old Testament canon 
as comprising only 22 books.

From the time of Origen on, the Church Fathers who 
were familiär with Hebrew differentiated, theoretically at 
least, the Apocryphal books from those of the Old Testa­
ment, though they used them freely. In the Syrian East, 
until the 7th Century the Church had only the books of the 
Hebrew canon with the addition of Ecclesiasticus, or the 
Wisdom of Jesus the son of Sira (but without Chronicles, 
Ezra, and Nehemiah). It also incorporated the Wisdom 
of Solomon, Baruch, the Letter of Jeremiah, and the 
additions to Daniel. The 6th-century manuscript of the 
Peshitta (Syriac version) known as Codex Ambrosianus 
also has III and IV Maccabees, II (sometimes IV) Esdras, 
and Josephus’ Wars VII.

Early councils of the African Church held at Hippo 
(393) and Carthage (397, 419) affirmed the use of the 
Apocryphal books as Scripture. In the 4th Century also, 
Athanasius, chief theologian of Christian orthodoxy, dif­
ferentiated “canonical books” from both “those that are 
read” by Christians only and the “Apocryphal books” 
rejected alike by Jews and Christians. In the preparation 
of a Standard Latin version, the biblical scholar Jerome 
(c. 347-419/420) separated “canonical books” from “ec- 
clesiastical books” (i.e., the Apocryphal writings), which 
he regarded as good for spiritual edification but not au­
thoritative Scripture. A contrary view of Augustine (354- 
430), one of the greatest Western theologians, prevailed, 
however, and the works remained in the Latin Vulgate 
version. The Decretum Gelasianum, a Latin document 
of uncertain authorship but recognized as reflecting the 
views of the Roman Church at the beginning of the 6th 
Century, includes Tobit, Judith, the Wisdom of Solomon, 
Ecclesiasticus, and I and II Maccabees as biblical.

Throughout the Middle Ages, the Apocryphal books were 
generally regarded as Holy Scripture in the Roman and 
Greek churches, although theoretical doubts were raised 
from time to time. Thus, in 1333 Nicholas of Lyra, a 
French Franciscan theologian, had discussed the differ­
ences between the Latin Vulgate and the “Hebrew truth.” 
Christian-Jewish polemics, the increasing attention to He­
brew studies, and, finally, the Reformation kept the issue 
of the Christian canon alive. Protestants denied canonical 
status to all books not in the Hebrew Bible. The first mod­
ern vernacular Bible to segregate the disputed writings was 
a Dutch version by Jacob van Liesveldt (Antwerp, 1526). 
Luther’s German edition of 1534 did the same thing and 
entitled them “Apocrypha” for the first time, noting that 
while they were not in equal esteem with sacred Scriptures 
they were edifying.

Use of 
Apocry­
phal works 
in the 
Middle 
Ages
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In response to Protestant views, the Roman Catholic 
Church made its position clear at the Council of Trent 
(1546) when it dogmatically affirmed that the entire Lat­
in Vulgate enjoyed equal canonical status. This doctrine 
was confirmed by the Vatican Council of 1870. In the 
Greek Church, the Synod of Jerusalem (1672) had express- 
ly designated as canonical several Apocryphal works. In 
the 19th Century, however, Russian Orthodox theologians 
agreed to exclude these works from the Holy Scriptures.

The history of the Old Testament canon in the English 
Church has generally reflected a more restrictive viewpoint. 
Even though the Wycliffite Bible (14th Century) included 
the Apocrypha, its preface made it clear that it accepted 
Jerome’s judgment. The translation made by the English 
bishop Miles Coverdale (1535) was the first English ver­
sion to segregate these books, but it did place Baruch after 
Jeremiah. Article VI of the Thirty-nine Articles of religion 
of the Church of England (1562) explicitly denied their 
value for the establishment of doctrine, although it admit- 
ted that they should be read for their didactic worth. The 
first Bible in English to exclude the Apocrypha was the 
Geneva Bible of 1599. The King James Version of 1611 
placed it between the Old and New Testaments. In 1615 
Archbishop George Abbot forbade the issuance of Bibles 
without the Apocrypha, but editions of the King James 
Version from 1630 on often omitted it from the bound 
copies. The Geneva Bible edition of 1640 was probably 
the first to be intentionally printed in England without the 
Apocrypha, followed in 1642 by the King James Version. 
In 1644 the Long Parliament actually forbade the public 
reading of these books, and three years later the West- 
minster Confession of the Presbyterians decreed them to 
be no part of the canon. The British and Foreign Bible 
Society in 1827 resolved never to print or circulate copies 
containing the Apocrypha. Most English Protestant Bibles 
in the 20th Century have omitted the disputed books or 
have them as a separate volume, except in library edi­
tions, in which they are included with the Old and New 
Testaments.

TEXTS AND VERSIONS
Textual criticism: manuscript problems. The text of the 

Hebrew printed Bible consists of consonants, vowel signs, 
and cantillation (musical or tonal) marks. The two latter 
components are the product of the school of Masoretes 
(Traditionalists) that flourished in Tiberias (in Palestine) 
between the 7th and 9th centuries c e . The history of the 
bare consonantal text Stretches back into hoary antiquity 
and can be only partially traced.
The earliest printed editions of the Hebrew Bible derive 

from the last quarter of the 15th Century and the first 
quarter of the 16th Century. The oldest Masoretic codices 
stem from the end of the 9th Century and the beginning of 
the 10th. A comparison of the two shows that no textual 
developments took place during the intervening 600 years. 
A single standardized recension enjoyed an absolute mo­
nopoly and was transmitted by the scribes with amazing 
fidelity. Not one of the medieval Hebrew manuscripts and 
none of the thousands of fragments preserved in the Cairo 
Geniza (synagogue storeroom) contains departures of any 
real significance from the received text.

This Situation, however, was a relatively late develop­
ment; there is much evidence for the existence of a period 
when more than one Hebrew text-form of a given book 
was current. In fact, both the variety of witnesses and 
the degree of textual divergence between them increase in 
proportion to their antiquity.

No single explanation can satisfactorily account for this 
phenomenon. In the case of some biblical literature, there 
exists the real possibility, though it cannot be proven, 
that it must have endured a long period of oral transmis­
sion before its committal to writing. In the interval, the 
material might well have undergone abridgement. amplifi- 
cation, and alteration at the hands of transmitters so that 
not only would the original have been transformed, but 
the process of transmission would have engendered more 
than one recension from the very beginning of its written, 
literary career.

The problem is complicated further by the great differ­

ence in time between the autograph (original writing) of 
a biblical work, even when it assumed written form from 
its inception, and its oldest extant exemplars. In some 
instances, this may amount to well over a thousand years 
of scribal activity. Whatever the interval, the possibility of 
inadvertent and deliberate change, something that affects 
all manuscript copying, was always present.

The evidence that such, indeed, took place is rieh and 
varied. First there are numerous divergences between the 
many passages duplicated within the Hebrew Bible itself— 
e.g., the parallels between Samuel-Kings and Chronicles. 
Then there are the citations of the Old Testament to 
be found in the books of the Apocrypha and apocalyp- 
tic literature (works describing the Intervention of God 
in history in cryptic terms), in the works of Philo and 
Josephus, in the New Testament, and in rabbinic and 
patristic (early Church Fathers) literature. There are also 
rabbinic traditions about the text-critical activities of the 
scribes (soferim) in Second Temple times. These teil of 
divergent readings in Temple scrolls of the Pentateuch, of 
official “book correctors” in Jerusalem, of textual emen- 
dations on the part of scribes, and of the utilization of 
sigla (signs or abbreviations) for marking suspect readings 
and disarranged verses. The Samaritan Pentateuch and 
the pre-Masoretic versions of the Old Testament made 
directly from Hebrew Originals are all replete with diver­
gences from current Masoretic Bibles. Finally, the scrolls 
from the Judaean Desert, especially those from the caves 
of Qumrän, have provided, at least, illustrations of many 
of the scribal processes by which deviant texts came into 
being. The variants and their respective causes may be 
classified as follows: aurally conditioned, visual in origin, 
exegetical, and deliberate.

Problems resulting from aural conditioning. Aural con­
ditioning would result from a mishearing of similar sound- 
ing consonants when a text is dictated to the copyist. 
A negative partiele Id, for example, could be confused 
with the prepositional lo, “to him,” or a guttural het with 
spirant kaf so that ah “brother” might be written for 
akh “surely.”

Problems visual in origin. The confusion of graphically 
similar letters, whether in the paleo-Hebrew or Aramaic 
script, is another cause for variations. Thus, the preposi- 
tions bet (“in”) and kaf (“like”) are interchanged in the 
Masoretic and Dead Sea Scroll texts of Isaiah.

The order of letters also might be inverted. Such meta­
thesis, as it is called, appears in Psalms, in which qirbam 
(“their inward thoughts”) stands for qibram (“their grave”).

Dittography, or the inadvertent duplication of one or 
more letters or words, also occurs, as, for example, in 
the Dead Sea Scroll text of Isaiah and in the Masoretic 
text of Ezekiel.

Haplography, or the accidental omission of a letter or 
word that occurs twice in close proximity, can be found, 
for example, in the Dead Sea Scroll text of Isaiah.

Homoeoteleuton occurs when two separate phrases or 
lines have identical endings and the copyist’s eye slips 
from one to the other and omits the intervening words. 
A comparison of the Masoretic text I Samuel, chapter 14 
verse 41, with the Septuagint and the Vulgate versions 
clearly identifies such an aberration.

Exegetical problems. This third category does not in­
volve any consonantal alteration but results solely from 
the different possibilities inherent in the consonantal spell­
ing. Thus, the lack of vowel signs may permit the word 
DBR to be read as a verb DiBeR (“he spoke,” as in the 
Masoretic text of Hosea) or as a noun DeBaR (“the word 
of,” as in the Septuagint). The absence of word dividers 
could lead to different divisions of the consonants. Thus, 
BBQRYM  in Arnos could be understood as either Ba- 
BeQaRYM  (“with oxen,” as in the Masoretic text) or as 
BaBaQaR YaM  (“the sea with an ox”). The incorrect so­
lution by later copyists of abbreviations is another source 
of error. That such occurred is proved by a comparison 
of the Hebrew text with the Septuagint version in, for 
example, II Samuel, chapter 1 verse 12; Ezekiel, chapter 
12 verse 23; and Arnos, chapter 3 verse 9.
Deliberate changes. Apart from mechanical alterations 

of a text, many variants must have been consciously in-

Types and 
causes of 
variants
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troduced by scribes, some by way of glossing— i.e., the 
insertion of a more common word to explain a rare one— 
and others by explanatory comments incorporated into 
the text. Furihermore, a scribe who had before him two 
manuscripts of a single work containing variant readings, 
and unable to decide between them, might incorporate 
both readings into his scroll and thus create a conflate text.

Textual criticism: scholarly problems. The Situation so 
far described poses two major scholarly problems. The 
first involves the history of the Hebrew text, the second 
deals with attempts to reconstruct its “original” form.

As to when and how a single text type gained hegemony 
and then displaced all others, it is clear that the early and 
widespread public reading of the Scriptures in the syna- 
gogues of Palestine, Alexandria, and Babylon was bound 
to lead to a heightened sensitivity of the idea of a “correct” 
text and to give prestige to the particular text form selected 
for reading. Also, the natural conservatism of ritual would 
tend to perpetuate the form of such a text. The Letter of 
Aristeas, a document derived from the middle of the 2nd 
Century bce that describes the origin of the Septuagint, 
recognizes the distinction between carelessly copied scrolls 
of the Pentateuch and an authoritative Temple scroll in 
the hands of the high priest in Jerusalem. The Rab­
binic traditions (see above) about the textual criticism of 
Temple-based scribes actually reflect a movement towards 
the final stabilization of the text in the Second Temple pe­
riod. Josephus, writing not long after 70 ce , boasts of the 
existence o f a long-standing fixed text of the Jewish Scrip­
tures. The loss of national independence and the destruc­
tion of the spiritual centre of Jewry in 70, accompanied 
by an ever-widening Diaspora and the Christian schism 
within Judaism, all made the exclusive dissemination of 
a single authoritative text a vitally needed cohesive force. 
The text type later known as Masoretic is already well 
represented at pre-Christian Qumrän. Scrolls from Wädl 
al-Murabba'at, Nahal Ze'elim, and Masada from the 2nd 
Century ce are practically identical with the received text 
that by then had gained victory over all its rivals.

In regard to an attempt to recover the original text of a 
biblical passage—especially an unintelligible one— in the 
light of variants among different versions and manuscripts 
and known causes of corruption, it should be understood 
that all reconstruction must necessarily be conjectural and 
perforce tentative because of the irretrievable loss of the 
original edition. But not all textual difficulties need pre-

suppose underlying mutilation. The Hebrew Bible repre­
sents but a small portion of the literature of ancient Israel 
and, hence, a limited segment of the language. A textual 
problem may be the product of present limited knowledge 
of ancient Hebrew, because scholars might be dealing with 
dialectic phenomena or foreign loan-words. Comparative 
Semitic linguistic studies have yielded hitherto unrecog- 
nized features of grammar, syntax, and lexicography that 
have often eliminated the need for emendation. Further- 
more, each version, indeed each biblical book within it, 
has its own history, and the translation techniques and 
stylistic characteristics must be examined and taken into 
account. Finally, the number of manuscripts that attest 
to a certain reading is o f less importance than the weight 
given to a specific manuscript.

None of this means that a Hebrew manuscript, an an­
cient version, or a conjectural emendation cannot yield a 
reading superior to that in the received Hebrew text. It 
does mean, however, that these tools have to be employed 
with great caution and proper methodology.

Texts and manuscripts. Sources o f the Septuagint. A 
Greek translation of the Old Testament, known as the 
Septuagint because there allegedly were 70 or 72 transla- 
tors, six from each of the 12 tribes of Israel, and designated 
LXX, is a composite of the work of many translators 
labouring for well over 100 years. It was made directly 
from Hebrew Originals that frequently differed consider- 
ably from the present Masoretic text. Apart from other 
limitations attendant upon the use of a translation for such 
purposes, the identification of the parent text used by the 
Greek translators is still an unsettled question. The Penta­
teuch of the Septuagint manifests a basic coincidence with 
the Masoretic text. The Qumrän scrolls have now proven 
that the Septuagint book of Samuel-Kings goes back to 
an old Palestinian text tradition that must be earlier than 
the 4th Century bce , and from the same source comes a 
short Hebrew recension of Jeremiah that probably under- 
lies the Greek.

The Samaritan Pentateuch. The importance of the re­
cension known as the Samaritan Pentateuch lies in the 
fact that it constitutes an independent Hebrew witness 
to the text written in a late and developed form of the 
paleo-Hebrew script. Some of the Exodus fragments from 
Qumrän demonstrate that it has close affinities with a pre- 
Christian Palestinian text type and testify to the faithful- 
ness with which it has been preserved. It contains about
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6,000 variants from the Masoretic text, of which nearly a 
third agree with the Septuagint. Only a minority, howev­
er, are genuine variants, most being dogmatic, exegetical, 
grammatical, or merely Orthographie in character.

The Samaritan Pentateuch first became known in the 
West through a manuscript secured in Damascus in 1616 
by Pietro della Valle, an Italian traveler. It was published 
in the Paris (1628-45) and London Polyglots (1654— 
57), written in several languages in comparative columns. 
Many manuscripts of the Samaritan Pentateuch are now 
available. The Avisha Scroll, the sacred copy of the Sa­
maritans, has recently been photographed and critically 
examined. Only Numbers chapter 35 to Deuteronomy 
chapter 34 appears to be very old, the rest stemming 
from the 14th Century. A new, definitive edition of the 
Samaritan Pentateuch is being prepared in Madrid by F. 
Pérez Castro.

The Qumrän texts and other scrolls. Until the discov- 
ery of the Judaean Desert scrolls, the only pre-medieval 
fragment of the Hebrew Bible known to scholars was the 
Nash Papyrus (c. 150 bce) from Egypt containing the 
Decalogue and Deuteronomy. Now, however, fragments 
of about 180 different manuscripts of biblical books are 
available. Their dates vary between the 3rd Century bce 
and the 2nd Century ce, and all but 10 stem from the caves 
of Qumrän. All are written on either leather or papyrus in 
columns and on one side only.

Textual The most important manuscripts from what is now iden- 
significance tified as Cave 1 of Qumrän are a practically complete 
ofthe Isaiah scroll (lQIsa3), dated c. 100-75 bce, and another 
Qumrän very fragmentary manuscript (lQIsab) of the same book.
scrolls The first contains many variants from the Masoretic text

in both orthography and text; the second is very close to 
the Masoretic type and contains few genuine variants. The 
richest hoard comes from Cave 4 and includes fragments 
of five copies of Genesis, eight of Exodus, one of Leviticus, 
14 of Deuteronomy, two of Joshua, three of Samuel, 12 of 
Isaiah, four of Jeremiah, eight of the Minor Prophets, one 
of Proverbs, and three of Daniel. Cave 11 yielded a Psalter 
containing the last third of the book in a form different 
from that of the Masoretic text, as well as a manuscript 
of Leviticus.
The importance of the Qumrän scrolls cannot be exag­

gerated. Their great antiquity brings them close to the Old 
Testament period itself—from as early as 250-200 bce. 
For the first time, Hebrew variant texts are extant and 
all known major text types are present. Some are close 
to the Septuagint, others to the Samaritan. On the other 
hand, many of the scrolls are practically identical with the 
Masoretic text, which thus takes this recension back in 
history to pre-Christian times. Several texts in the paleo- 
Hebrew script show that this script continued to be used 
side by side with the Aramaic script for a long time.

Of quite a different order are scrolls from other areas of 
the Judaean Desert. All of these are practically identical 
with the received text. This applies to fragments of Le­
viticus, Deuteronomy, Ezekiel, and Psalms discovered at 
Masada (the Jewish fortress destroyed by the Romans in 
ce 73), as well as to the finds at Wäd! al-Murabba'at, the 
latest date of which is ce 135. Here were found fragments 
of Genesis, Exodus, Leviticus, and Isaiah in addition to 
the substantially preserved Minor Prophets scroll. Variants 
from the Masoretic text are negligible. The same phe­
nomenon characterizes the fragments of Numbers found 
at Nahal Hever.

Masoretic texts. No biblical manuscripts have survived 
from the six centuries that separate the latest of the Ju­
daean Desert scrolls from the earliest of the Masoretic 
period. A “Codex Mugah,” frequently referred to as an 
authority in the early 10th Century, and the “Codex Hil- 
leli,” said to have been written c. 600 by Rabbi Hillel ben 
Moses ben Hillel, have both vanished.

The earliest extant Hebrew Bible codex is the Cairo 
Prophets written and punctuated by Moses ben Asher in 
Tiberias (in Palestine) in 895. Next in age is the Leningrad 
Codex of the Latter Prophets dated to 916, which was not 
originally the work of Ben Asher, but its Babylonian point- 
ing— i.e., vowel signs used for pronunciation purposes— 
was brought into line with the Tiberian Masoretic system.

The outstanding event in the history o f that System was Production 
the production of the model so-called Aleppo Codex, now of the 
in Jerusalem. Written by Solomon ben Buya’a, it was Aleppo 
corrected, punctuated, and furnished with a Masoretic ap- Codex 
paratus by Aaron ben Moses ben Asher c. 930. Originally 
containing the entire Old Testament in about 380 folios, 
of which 294 are extant, the Aleppo Codex remains the 
only known true representative of Aaron ben Asher’s text 
and the most important witness to that particular Maso­
retic tradition that achieved hegemony throughout Jewry.
Two other notable manuscripts based on Aaron’s System 

are the manuscript designated as BM or. 4445, which con­
tains most of the Pentateuch and which utilized a Masora 
(text tradition) c. 950, and the Leningrad complete Old 
Testament designated MSB 19a of 1008. Codex Reuch- 
liana of the Prophets, written in 1105, now in Karlsruhe 
(Germany), represents the system of Moses ben David 
ben Naphtali, which was more faithful to that o f Mo­
ses ben Asher.

Collations o f the Masoretic materials. The earliest ex­
tant attempt at collating the differences between the Ben 
Asher and Ben Naphtali Masoretic traditions was made by 
Mishael ben Uzziel in his Kitäb al-Hulaf (before 1050). A 
vast amount of Masoretic information, drawn chiefly from 
Spanish manuscripts, is to be found in the text-critical 
commentary known as Minhath Shai, by Solomon Jedi- 
diah Norzi, completed in 1626 and printed in the Mantua 
Bible of 1742. Benjamin Kennicott collected the variants 
of 615 manuscripts and 52 printed editions (2 vol., 1776- 
80, Oxford). Giovanni Bernado De Rossi published his 
additional collections of 731 manuscripts and 300 prints 
(4 vol., 1784-88, Parma), and C.D. Ginsburg did the same 
for 70 manuscripts, largely from the British Museum, and 
17 early printed editions (3 vol. in 4, 1908-26, London).
Printed editions. Until 1488, only separate parts o f the 

Hebrew Bible had been printed, all with rabbinic com- 
mentaries. The earliest was the Psalms (1477), followed 
by the Pentateuch (1482), the Prophets (1485/86), and the 
Hagiographa (1486/87), all printed in Italy.

The first edition of the entire Hebrew Bible was printed 
at Soncino (in Italy) in 1488 with punctuation and ac­
cents, but without any commentary. The second complete 
Bible was printed in Naples in 1491/93 and the third 
in Brescia in 1494. All these editions were the work of 
Jews. The first Christian production was a magnificent 
Complutensian Polyglot (under the direction of Cardinal 
Francisco Jiménez of Spain) in six volumes, four of which 
contained the Hebrew Bible and Greek and Latin trans- 
lations together with the Aramaic rendering (Targum) of  
the Pentateuch that has been ascribed to Onkelos. Printed 
at Alcala (1514-17) and circulated about 1522, this Bible 
proved to be a turning point in the study o f the Hebrew 
text in western Europe.

The first rabbinic Bible— i.e., the Hebrew text furnished 
with full vowel points and accents, accompanied by the 
Aramaic Targums and the major medieval Jewish com- 
mentaries—was edited by Felix Pratensis and published by 
Daniel Bömberg (Venice, 1516/17). The second edition, 
edited by Jacob ben Hayyim ibn Adonijah and issued by 
Bömberg in four volumes (Venice, 1524/25), became the 
prototype of future Hebrew Bibles down to the 20th Centu­
ry. It contained a vast text-critical apparatus of Masoretic 
notes never since equalled in any edition. Unfortunately,
Ben Hayyim had made use of late manuscripts and the 
text and notes are eclectic.

In London, Christian David Ginsburg, an emigrant Pol- 
ish Jew and Christian convert, produced a critical edition 
of the complete Hebrew Bible (1894, 1908, 1926) revised 
according to the Masora and early prints with variant 
readings from manuscripts and ancient versions. It was 
soon displaced by the Biblica Hebraica (19Q6, 1912) by 
Rudolf Kittel and Paul Kahle, two German biblical schol­
ars. The third edition of this work, completed by Albrecht 
Alt and Otto Eissfeldt (Stuttgart, 1937), finally abandoned 
Ben Hayyim’s text, substituting that of the Leningrad 
Codex (B 19a). It has a dual critical apparatus with textual 
emendations separated from the manuscript and versional 
variants. Since 1957 variants from the so-called Judaean 
Desert scrolls have been included. In progress at the He-



162 Biblical Literature

The
Babylonian
and
Palestinian
Targums

Influence 
of the 
Septuagint

brew University of Jerusalem in the early 1970s was the 
preparation of a new text of the entire Hebrew Bible 
based on the Aleppo Codex to include all its own Maso­
retic notes together with textual differences found in all 
pertinent sources. A sample edition of the Book of Isaiah 
appeared in 1965.

Early versions. The Aramaic Targums. In the course 
of the 5th and 6th centuries bce, Aramaic became the 
official language of the Persian Empire. In the succeeding 
centuries it was used as the vernacular over a wide area 
and was increasingly spoken by the postexilic Jewish com­
munities of Palestine and elsewhere in the Diaspora. In 
response to liturgical needs, the institution of a turgeman 
(or meturgeman, “translator”), arose in the synagogues. 
These men translated the Torah and prophetic lectionaries 
into Aramaic. The rendering remained for long solely an 
oral, impromptu exercise, but gradually, by dint of repe- 
tition, certain verbal forms and phrases became fixed and 
eventually committed to writing.

There are several Targums (translations) of the Penta­
teuch. The Babylonian Targum is known as “Onkelos,” 
named after its reputed author. The Targum is Palestinian 
in origin, but it was early transferred to Babylon where it 
was revised and achieved great authority. At a later date, 
probably not before the 9th Century ce, it was re-exported 
to Palestine to displace other, local, Targums. On the 
whole, Onkelos is quite literal, but it shows a tendency to 
obscure expressions attributing human form and feelings 
to God. It also usually faithfully reflects rabbinic exegesis.

The most famous of the Palestinian Targums is that pop- 
ularly known as “Jonathan,” a name derived from a 14th- 
century scribal mistake that solved a manuscript abbre- 
viation “TJ” as “Targum Jonathan” instead of “Targum 
Jerusalem.” In contrast with two other Targums, which 
are highly fragmentary (Jerusalem II and III), Pseudo- 
Jonathan (or Jerusalem I) is virtually complete. It is a 
composite of the Old Palestinian Targum and an early 
version of Onkelos with an admixture of material from 
diverse periods. It contains much rabbinic material as well 
as homiletic and didactic amplifications. There is evidence 
of great antiquity, but also much late material, indicating 
that Pseudo-Jonathan could not have received its present 
form before the Islämic period.

Another extant Aramaic version is the Targum to the 
Samaritan Pentateuch. It is less literal than the Jewish 
Targums and its text was never officially fixed.

The Targum to the Prophets also originated in Palestine 
and received its final editing in Babylonia. It is ascribed to 
Jonathan ben Uzziel, a pupil of Hillel, the famous Ist Cen­
tury bce- Ist Century ce rabbinic sage, though it is in fact 
a composite work of varying ages. In its present form it 
discloses a dependence on Onkelos, though it is less literal.

The Aramaic renderings of the Hagiographa are rela­
tively late productions, none of them antedating the 5th 
Century ce.

The Septuagint (LXX). The story of the Greek transla­
tion of the Pentateuch is told in the Letter of Aristeas, 
which purports to be a Contemporary document written by 
Aristeas, a Greek official at the Egyptian court of Ptolemy 
II Philadelphus (285-246 bce). It recounts how the law of 
the Jews was translated into Greek by Jewish scholars sent 
from Jerusalem at the request of the king.

This narrative, repeated in one form or another by Philo 
and rabbinic sources, is full of inaccuracies that prove 
that the author was an Alexandrian Jew writing well after 
the events he described had taken place. The Septuagint 
Pentateuch, which is all that is discussed, does, however, 
constitute an independent corpus within the Greek Bible, 
and it was probably first translated as a unit by a Company 
of scholars in Alexandria about the middle of the 3rd 
Century bce.

The Septuagint, as the entire Greek Bible came to be 
called, has a long and complex history and took well over 
a Century to be completed. It is for this reason not a uni­
fied or consistent translation. The Septuagint became the 
instrument whereby the basic teachings of Judaism were 
mediated to the pagan world and it became an indispens­
able factor in the spread of Christianity.

The adoption of the Septuagint as the Bible of the Chris­

tians naturally engendered suspicion on the part of Jews. 
In addition, the emergence of a single authoritative text 
type after the destruction of the Temple made the great 
differences between it and the Septuagint increasingly in­
tolerable, and the need for a Greek translation based upon 
the current Hebrew text in circulation was feit.

The version of Aquila. About 130 ce, Aquila, a convert 
to Judaism from Pontus in Asia Minor, translated the 
Hebrew Bible into Greek under the supervision of Rabbi 
Akiba. Executed with slavish literalness, it attempted to 
reproduce the most minute detail of the original, even 
to the extent of coining derivations from Greek roots to 
correspond to Hebrew usage. Little of it has survived, 
however, except in quotations, fragments of the Hexapla 
(see Origen s Hexapla, below), and palimpsests (parch- 
ments erased and used again) from the Cairo Geniza.

The revision of Theodotion. A  second revision of the 
Greek text was made by Theodotion (of unknown origins) 
late in the 2nd Century, though it is not entirely clear 
whether it was the Septuagint or some other Greek version 
that underlay his revision. The new rendering was charac­
terized by a tendency toward verbal consistency and much 
transliteration of Hebrew words.

The translation of Symmachus. Still another Greek 
translation was made toward the end of the same Century 
by Symmachus, an otherwise unknown scholar, who made 
use of his predecessors. His influence was small despite the 
superior elegance of his work. Jerome did utilize Symma­
chus for his Vulgate, but other than that, his translation is 
known largely through fragments of the Hexapla.

Origen ’s Hexapla. The multiplication of versions doubt- 
less proved to be a source of increasing confusion in the 
3rd Century. This Situation the Alexandrian theologian 
Origen, working at Caesarea between 230 and 240 ce, 
sought to remedy. In his Hexapla (“six-fold”) he present­
ed, in parallel vertical columns, the Hebrew text, the same 
in Greek letters, and the versions of Aquila, Symmachus, 
the Septuagint, and Theodotion, in that order. In the case 
of some books, Psalms for instance, three more columns 
were added. The Hexapla serves as an important guide to 
Palestinian pre-Masoretic pronunciation of the language. 
The main interest of Origen lay in the fifth column, the 
Septuagint, which he edited on the basis of the Hebrew. 
He used the obels (— or -h) and asterisk (*) to mark 
respectively words found in the Greek text but not in the 
Hebrew and vice versa.
The Hexapla was a work of such magnitude that it is 

unlikely to have been copied as a whole. Origen himself 
produced an abbreviated edition, the Tetrapla, containing 
only the last four columns. The original manuscript of the 
Hexapla is known to have been extant as late as c. 600 ce. 
Today it survives only in fragments.

Manuscripts and printed editions ofthe Septuagint. The 
manuscripts are conveniently classified by papyri uncials 
(capital letters) and minuscules (cursive script). The pa­
pyri fragments run into the hundreds, of varying sizes and 
importance, ranging from the formative period of the Sep­
tuagint through the middle of the 7th Century. Two pre- 
Christian fragments of Deuteronomy from Egypt are of 
outstanding significance. Although not written on papyrus 
but on parchment or leather, the fragments from Qumrän 
of Exodus, Leviticus, and Numbers, and the leather scroll 
of the Minor Prophets from Nahal Hever from the first 
pre-Christian and post-Christian centuries, deserve special 
mention among the earliest extant. The most important 
papyri are those of the Chester Beatty collection, which 
contains parts of 11 codices preserving fragments of nine 
Old Testament books. Their dates vary between the 2nd 
and 4th centuries. During the next 300 years papyri texts 
multiplied rapidly, and remnants of about 200 are known.

The uncials are all codices written on vellum between 
the 4th and 10th centuries. The most outstanding are Va- 
ticanus, which is an almost complete 4th-century Old Tes­
tament, Sinaiticus, of the same period but less complete, 
and the practically complete 5th-century Alexandrinus. 
These three originally contained both Testaments. Many 
others were partial manuscripts from the beginning. One 
of the most valuable of these is the Codex Marchalianus 
of the Prophets written in the 6th Century.

Purpose 
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(Left) Coptic papyrus of the Gospel According to John, 4th Century. In the library of the British 
and Foreign Bible Society, London. (Right) Illustrated text from the earliest known Ethiopic 
Bible. In the Bibliothèque Nationale, Paris.
By courtesy of the (left) British and Foreign Bible Society, London, (right) Bibliotheque Nationale, Paris

The minuscule codices begin to appear in the 9th Centu­
ry. From the 1 Ith to the 16th Century they are the only 
ones found, and nearly 1,500 have been recorded.

The first printed Septuagint was that of the Compluten- 
sian Polyglot (1514-17). Since it was not released until 
1522, however, the 1518 Aldine Venice edition actually 
was available first. The Standard edition until modern 
times was that of Pope Sixtus V, 1587. In the 19th and 
20th centuries several critical editions have been printed.

Coptic versions. The spread of Christianity among the 
non-Greek speaking peasant communities of Egypt neces- 
sitated the translation of the Scriptures into the native 
tongue (Coptic). These versions may be considered to 
be wholly Christian in origin and largely based on the 
Greek Bible. They also display certain affinities with the 
Old Latin. Nothing certain is known about the Coptic 
translations except that they probably antedate the earli­
est known manuscripts from the end of the 3rd and the 
beginning of the 4th centuries ce.

The Armenian version. The Armenian version is an ex­
pression of a nationalist movement that brought about a 
Separation from the rest of the Church (mid-5th Century), 
the discontinuance of Syriac in Greek worship, and the 
invention of a national alphabet by St. Mesrob, also called 
Mashtots (c. 361-439/440). According to tradition, St. 
Mesrob first translated Proverbs from the Syriac. Existing 
manuscripts of the official Armenian recension, however, 
are based on the Hexaplaric Septuagint, though they show 
some Peshitta (Syriac version) influence. The Armenian 
Bible is noted for its beauty and accuracy.

The Georgian version. According to Armenian tradi­
tion, the Georgian version was also the work of Mesrob, 
but the Psalter, the oldest part of the Georgian Old Testa­
ment, is probably not earlier than the 5th Century. Some 
manuscripts were based upon Greek versions, others upon 
the Armenian.

The Ethiopic version. The Ethiopic version poses spe­
cial problems. The earliest Bible probably was based on

Greek versions, after Ethiopia had been converted to 
Christianity during the 4th and 5th centuries. The earliest 
existing manuscripts, however, belong to the 13th Centu­
ry. Most manuscripts from the 14th Century on seem to 
reflect Arabic or Coptic influence, and it is not certain 
whether these represent the original translation or later 
ones. Many readings agree with the Hebrew against the 
Septuagint, which may have been caused by a Hexaplar­
ic influence.

The Gothic version. The Gothic version was produced 
in the mid-4th Century by Ulfilas, a Christian mission- 
ary who also invented the Gothic alphabet. It constitutes 
practically all that is left of Gothic literature. The transla­
tion of the Old Testament has entirely disappeared except 
for fragments of Ezra and Nehemiah. Though a Greek 
base is certain, some scholars deny the attribution of these 
remnants to Ulfilas.

The Old Latin version. The existence of a Latin transla­
tion can be attested in North Africa and Southern Gaul as 
early as the second half of the 2nd Century ce, and in Rome 
at the beginning of the following Century. Its origins may 
possibly be attributed to a Christian adoption of biblical 
versions made by Jews in the Roman province of Africa, 
where the vernacular was exclusively Latin. Only portions 
or quotations from it, however, have been preserved, and 
from these it can be assumed that the translation was 
made not from Hebrew but from Greek. For this reason, 
the Old Latin version is especially valuable because it re­
flects the state of the Septuagint before Origen’s revision. 
By the 3rd Century, several Latin versions circulated, and 
African and European recensions can be differentiated. 
Whether they all diverged from an original single transla­
tion or existed from the beginning independently cannot 
be determined. The textual confusion and the vulgär and 
colloquial nature of the Old Latin recension had become 
intolerable to the church authorities by the last decade 
of the 4th Century, and c. 382 Pope Damasus decided to 
remedy the Situation.

Special 
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of the 
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version
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The Vulgate. The task of revision feil to Eusebius Hie­
ronymus, generally known as St. Jerome (died 419/420), 
whose knowledge of Latin, Greek, and Hebrew made him 
the outstanding Christian biblical scholar of his time.

Jerome produced three revisions of the Psalms, all extant. 
The first was based on the Septuagint and is known as the 
Roman Psalter because it was incorporated into the litur­
gy at Rome. The second, produced in Palestine from the 
Hexaplaric Septuagint, tended to bring the Latin closer to 
the Hebrew. Its popularity in Gaul was such that it came 
to be known as the Gallican Psalter. This version was later 
adopted into the Vulgate. The third revision, actually a 
fresh translation, was made directly from the Hebrew, but 
it never enjoyed wide circulation. In the course of prepar­
ing the latter, Jerome realized the futility of revising the 
Old Latin solely on the basis of the Greek and apparently 
left that task unfinished. By the end of 405 he had execut- 
ed his own Latin translation of the entire Old Testament 
based on the “Hebrew truth” (Hebraica veritas).

Because of the canonical status of the Greek version 
within the church, Jerome’s version was received at first 
with much suspicion, for it seemed to cast doubt on the 
authenticity of the Septuagint and exhibited divergences 
from the Old Latin that sounded discordant to those 
familiar with the traditional renderings. Augustine feared 
a consequent split between the Greek and Latin church­
es. The innate superiority of Jerome’s version, however, 
assured its ultimate victory, and by the 8th Century it 
had become the Latin Vulgate (“the common version”) 
throughout the churches of Western Christendom, where 
it remained the chief Bible until the Reformation.
In the course of centuries of rival coexistence, the Old 

Latin and Jerome’s Vulgate tended to react upon each 
other so that the Vulgate text became a composite. Other 
corruptions— noted in over 8,000 surviving manuscripts— 
crept in as a result of scribal transmission. Several medi­
eval attempts were made to purify the Vulgate, but with 
little success. In 1546 the reforming Council of Trent ac- 
corded this version “authentic” status, and the need for a 
corrected text became immediate, especially because print- 
ing (introduced in the mid-15th Century) could ensure, at 
last, a stabilized text. Because the Sixtine edition of Pope 
Sixtus V (1590) did not receive widespread support, Pope 
Clement VIII produced a fresh revision in 1592. This 
Clementine text remained the official edition of the Ro­
man Church. Since 1907, the Benedictine Order, on the 
initiative of Pope Pius X, has been preparing a compre­
hensive edition. By 1969 only the Prophets still awaited 
publication to complete the Old Testament. A year later, 
a papal commission under Cardinal Augustinus Bea of 
Germany was charged with the task of preparing a new 
“revision of the Vulgate,” taking the Benedictine edition 
as its working base.

Syriac versions. The Bible of the Syriac Churches is 
known as the Peshitta (“simple” translation). Though 
neither the reason for the title nor the origins of the 
versions are known, the earliest translations most likely 
served the needs of the Jewish communities in the re­
gion of Adiabene (in Mesopotamia), which are known to 
have existed as early as the Ist Century ce. This prob­
ably explains the archaic stratum unquestionably present 
in the Pentateuch, Prophets, and Psalms of the Peshitta, 
as well as the undoubtedly Jewish influences generally, 
though Jewish-Christians also may have been involved in 
the rendering.

The Peshitta displays great variety in its style and in the 
translation techniques adopted. The Pentateuch is closest 
to the Masoretic text, but elsewhere there is much affinity 
with the Septuagint. This latter phenomenon might have 
resulted from later Christian revision.

Following the split in the Syriac Church in the 5th Cen­
tury into Nestorian (East Syrian) and Jacobite (West Syr­
ian) traditions, the textual history of the Peshitta became 
bifurcated. Because the Nestorian Church was relatively 
isolated, its manuscripts are considered to be superior.

A revision of the Syriac translation was made in the 
early 6th Century by Philoxenos, bishop of Mabbug, based 
on the Lucianic recension of the Septuagint. Another (the 
Syro-Hexaplaric version) was made by Bishop Paul of

Telia in 617 from the Hexaplaric text of the Septuagint. A 
Palestinian Syriac version, extant in fragments, is known 
to go back to at least 700, and a fresh recension was made 
by Jacob of Edessa (died 708).

There are many manuscripts of the Peshitta, of which 
the oldest bears the date 442. Only four complete codices 
are extant from between the *5th and 12th centuries. No 
critical edition yet exists, but one is being prepared by the 
Peshitta Commission of the International Organization for 
the Study of the Old Testament.
Arabic versions. There is no reliable evidence of any 

pre-Islämic Arabic translation. Only when large Jewish 
and Christian communities found themselves under Mus­
lim rule after the Arab conquests of the 7th Century did 
the need for an Arabic vernacular Scripture arise. The first 
and most important was that of Sa'adia ben Joseph (892- 
942), made directly from Hebrew and written in Hebrew 
script, which became the Standard version for all Jews in 
Muslim countries. The version also exercised its influence 
upon Egyptian Christians and its rendering of the Penta­
teuch was adapted by Abü al-Hasan to the Samaritan To­
rah in the 1 lth-12th centuries. Another Samaritan Arabic 
version of the Pentateuch was made by Abü Sa'ïd (Abü 
al-Barakät) in the 13th Century. Among other translations 
from the Hebrew, that of the 10th-century Karaite Yä- 
phith ibn 'Al! is the most noteworthy.

In 946 a Spanish Christian of Córdova, Isaac son of 
Veläsquez, made a version of the Gospels from Latin. 
Manuscripts of 16th-century Arabic translations of both 
testaments exist in Leningrad, and both the Paris and 
London polyglots of the 17th Century included Arabic 
versions. In general, the Arabic manuscripts reveal a bewil- 
dering variety of renderings dependent on Hebrew, Greek, 
Samaritan, Syriac, Coptic, and Latin translations. As such 
they have no value for critical studies. Several modern 
Arabic translations by both Protestants and Catholics were 
made in the 19th and 20th centuries.

Later and modern versions: English. Knowledge of the 
pre-Wycliffite English renditions sterns from the many 
actual manuscripts that have survived and from second­
ary literature, such as booklists, wills, citations by later 
authors, and references in polemical works that have pre­
served the memory of many a translation effort.
Anglo-Saxon versions. For about seven centuries after 

the conversion of England to Christianity (beginning in 
the 3rd Century), the common man had no direct access 
to the text of the Scriptures. Ignorant of Latin, his knowl­
edge was derived principally from sermons and metrical 
prose paraphrases and summaries. The earliest poetic ren­
dering of any part of the Bible is credited to Caedmon 
(flourished 658-680), but only the opening lines of his 
poem on the Creation in the Northumbrian dialect have 
been preserved.

An actual translation of the Psalter into Anglo-Saxon 
is ascribed to Aldhelm, bishop of Sherborne (died 709), 
but nothing has survived by which its true character, if 
it actually existed, might be determined. Linguistic con- 
siderations alone rule out the possibility that the prose 
translation of Psalms 1-50 extant in the Bibliothèque Na­
tionale at Paris is a 7th-century production. In the next 
Century, Bede (died 735) is said to have translated parts 
of the Gospels, and, though he knew Greek and possibly 
even some Hebrew, he does not appear to have applied 
himself to the Old Testament.

The outstanding name of the 9th Century is that of King 
Alfred the Great. He appended to his laws a free transla­
tion of the Ten Commandments and an abridgment of 
the enactments of Exodus 21-23. These actually constitute 
the earliest surviving examples of a portion of the Old 
Testament in Anglo-Saxon prose.

An important step towards the emergence of a true En­
glish translation was the development of the interlinear 
gloss, a valuable pedagogie device for the introduction of 
youthful members of monastic schools to the study of the 
Bible. The Vespasian Psalter is the outstanding surviving 
example of the technique from the 9th Century. In the 
next Century the Lindisfarne Gospels, written in Latin c. 
700, were glossed in Anglo-Saxon c. 950.

The last significant figure associated with the vernacular
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Bible before the Norman Conquest was the so-called Ael- 
fric the Grammarian (c. 955-1020). Though he claimed 
to have rendered several books into English, his work 
is more a paraphrase and abridgment than a continuous 
translation.
Anglo-Norman versions. The displacement of the En­

glish upper class, with the consequent decline of the Anglo- 
Saxon tradition attendant upon the Norman invasion, ar- 
rested for a while the movement toward the production 
of the English Bible. Within about 50 years (c. 1120) of 
the Conquest, Eadwine’s Psalterium triplex, which con­
tained the Latin version accompanied by Anglo-Norman 
and Anglo-Saxon renderings, appeared. The Contemporary 
Oxford Psalter achieved such influence that it became the 
basis of all subsequent Anglo-Norman versions. By 1361 
a prose translation of most of Scripture in this dialect had 
been executed.

The Wycliffite versions. By the middle of the 13th 
Century the English component in the Anglo-Norman 
amalgam had begun to assert itself and the close of the 
Century witnessed a Northumbrian version of the Psalter 
made directly from Latin, which, because it survived in 
several manuscripts, must have achieved relatively wide 
circulation. By the next Century, English had gradually su- 
perseded French among the upper classes. When the first 
complete translation of the Bible into English emerged, it 
became the object of violent controversy because it was 
inspired by the heretical teachings of John Wycliffe. In­
tended for the common man, it became the instrument of 
Opposition to ecclesiastical authority.
The exact degree of Wycliffe’s personal involvement in 

the Scriptures that came to bear his name is not clear. 
Because a note containing the words “Here ends the trans­
lation of Nicholas of Hereford” is found in a manuscript 
copy of the original (and incomplete) translation, it may 
be presumed that, though there must have been other 
assistants, Hereford can be credited with overall respon­
sibility for most of the translation and that his summons 
before a synod in London and his subsequent departure 
for Rome in 1382 terminated his participation in the 
work. Who completed it is uncertain.

The Wycliffite translations encountered increasing eccle­
siastical Opposition. In 1408 a synod of clergy summoned 
to Oxford by Archbishop Arundel forbade the translation 
and use of Scripture in the vernacular. The proscription 
was rigorously enforced, but remained ineffectual. In the 
course of the next Century the Wycliffite Bible, the only 
existing English version, achieved wide popularity as is 
evidenced by the nearly 200 manuscripts extant, most of 
them copied between 1420 and 1450.

The translation o f William Tyndale. Because of the 
influence of printing and a demand for scriptures in the 
vernacular, William Tyndale began working on a New 
Testament translation directly from the Greek in 1523. 
The work could not be continued in England because of 
political and ecclesiastical pressures, and the printing of 
his translation began in Cologne (in Germany) in 1525. 
Again under pressure, this time from the city authorities, 
Tyndale had to flee to Worms, where two complete edi­
tions were published in 1525. Copies were smuggled into 
England where they were at once proscribed. Of 18,000 
copies printed (1525-28), two complete volumes and a 
fragment are all that remain.
When the New Testament was finished Tyndale began 

work on the Old Testament. The Pentateuch was issued in 
Marburg in 1530, each of the five books being separately 
published and circulated. Tyndale’s greatest achievement 
was the ability to strike a felicitous balance between the 
needs of scholarship, simplicity of expression, and literary 
gracefulness, all in a uniform dialect. The effect was the 
creation of an English style of Bible translation, tinged 
with Hebraisms, that was to serve as the model for all 
future English versions for nearly 400 years.

The translation o f Miles Coverdale. A change in atmo- 
sphere in England found expression in a translation that, 
for all its great significance, turned out to be a retrograde 
step in the manner of its execution, although it proved to 
be a vindication of Tyndale’s work. On October 4, 1535, 
the first complete English Bible, the work of Miles Cov­

erdale, came off the press either in Zürich or in Cologne.
The edition was soon exhausted. A second impression 
appeared in the same year and a third in 1536. A new edi­
tion, “overseen and corrected,” was published in England 
by James Nycholson in Southwark in 1537. Another edi­
tion of the same year bore the announcement, “set forth 
with the king’s most gracious license.” In 1538 a revised 
edition of Coverdale’s New Testament printed with the 
Latin Vulgate in parallel columns issued in England was 
so full of errors that Coverdale promptly arranged for a 
rival corrected version to appear in Paris.

The Thomas Matthew version. In the same year that 
Coverdale’s authorized version appeared, another English 
Bible was issued under royal license and with the encour- 
agement of ecclesiastical and political power. It appeared 
(Antwerp?) under the name of Thomas Matthew, but it 
is certainly the work of John Rogers, a close friend of 
Tyndale. Although the version claimed to be “truly and 
purely translated into English,” it was in reality a combi­
nation of the labours of Tyndale and Coverdale. Rogers 
used the former’s Pentateuch and 1535 revision of the 
New Testament and the latter’s translation from Ezra to 
Malachi and his Apocrypha. Rogers’ own contribution 
was primarily editorial.

The Great Bible. In an injunction of 1538, Henry VIII 
commanded the clergy to install in a convenient place in Henry 
every parish church, “one book of the whole Bible of the VIIFs 
largest volume in English.” The order seems to refer to an support of 
anticipated revision of the Matthew Bible. The first edi- the Great 
tion was printed in Paris and appeared in London in April Bible 
1539 in 2,500 copies. The huge page size earned it the 
sobriquet the Great Bible. It was received with immediate 
and wholehearted enthusiasm.
The first printing was exhausted within a short while, 

and it went through six subsequent editions between 1540 
and 1541. “Editions” is preferred to “impressions” here 
since the six successive issues were not identical.

The Geneva Bible. The brief efflorescence of the Prot­
estant movement during the short reign of Edward VI

By courtesy of the Baptist College, Bristol, England
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Baptist College, Bristol, England.
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(1547-53) saw the reissue of the Scriptures, but no fresh 
attempts at revision. The repressive rule of Edward’s suc- 
cessor, Mary, a Roman Catholic, put an end to the print­
ing of Bibles in England for several years. Their public 
reading was proscribed and their presence in the churches 
discontinued.

The persecutions of Protestants caused the focus of En­
glish biblical scholarship to be shifted abroad where it 
flourished in greater freedom. A colony of Protestant 
exiles, led by Coverdale and John Knox (the Scottish 
Reformer), and under the influence of John Calvin, pub­
lished the New Testament in 1557.

The editors of the Geneva Bible (or “Breeches Bible,” 
so-named because of its rendering of the first garments 
made for Adam and Eve in chapter three, verse seven 
of Genesis)—published in 1560—may almost certainly 
be identified as William Whittingham, the brother-in-law 
of Calvin’s wife, and his assistants Anthony Gilby and 
Thomas Sampson. The Geneva Bible was not printed in 
England until 1576, but it was allowed to be imported 
without hindrance. The accession of Elizabeth in 1558 put 
an end to the persecutions and the Great Bible was soon 
reinstated in the churches. The Geneva Bible, however, 
gained instantaneous and lasting popularity over against 
its rival, the Great Bible. Its technical innovations con- 
tributed not a little to its becoming for a long time the 
family Bible of England, which, next to Tyndale, exercised 
the greatest influence upon the King James Version.

The Bis hops’ Bible. The failure of the Great Bible to 
win populär acceptance against the obvious superiority of 
its Geneva rival and the objectionable partisan flavour of 
the latter’s marginal annotations made a new revision a 
necessity. By about 1563-64 Archbishop Matthew Parker 
of Canterbury had determined upon its execution and 
the work was apportioned among many scholars, most of 
them bishops, from which the populär name was derived.

The Bishops’ Bible came off the press in 1568 as a hand­
some folio volume, the most impressive of all 16th-century 
English Bibles in respect of the quality of paper, typogra- 
phy, and illustrations. A portrait of the Queen adorned the 
engraved title page, but it contained no dedication. For 
some reason Queen Elizabeth never officially authorized 
the work, but sanction for its public use came from the 
Convocation (church synod or assembly) of 1571 and it 
thereby became in effect the second authorized version.

The Douai-Reims Bible. The Roman Catholics ad- 
dressed themselves affirmatively to the same problem 
faced by the Anglican Church: a Bible in the vernacular. 
The initiator of the first such attempt was Cardinal Allen 
of Reims (in France), although the burden of the work feil 
to Gregory Martin, professor of Hebrew at Douai. The 
New Testament appeared in 1582, but the Old Testament, 
delayed by lack of funds, did not appear until 1609, when 
it was finally published at Douai under the editorship of 
Thomas Worthington. In the intervening period it had 
been brought into line with the new text of the Vulgate 
authorized by Clement VIII in 1592.

The King James (Authorized) Version. Because of 
changing conditions, another official revision of the Prot­
estant Bible in English was needed. The reign of Queen 
Elizabeth had succeeded in imposing a high degree of 
uniformity upon the church. The failure of the Bishops’ 
Bible to supplant its Geneva rival made for a discordant 
note in the quest for unity.
A conference of churchmen in 1604 became noteworthy 

for its request that the English Bible be revised because 
existing translations “were corrupt and not answerable to 
the truth of the original.” King James I was quick to 
appreciate the broader value of the proposal and at once 
made the project his own.

By June 30, 1604, King James had approved a list of 
54 revisers, although extant records show that 47 schol­
ars actually participated. They were organized into six 
Companies, two each working separately at Westminster, 
Oxford, and Cambridge on sections of the Bible assigned 
to them. It was finally published in 1611.

Not since the Septuagint had a translation of the Bible 
been undertaken under royal sponsorship as a cooperative 
venture on so grandiose a scale. An elaborate set of rules

was contrived to curb individual proclivities and to en­
sure its scholarly and nonpartisan character. In contrast to 
earlier practice, the new version was to preserve vulgarly 
used forms of proper names in keeping with its aim to 
make the Scriptures populär and familiar.
The impact of Jewish sources upon the King James 

Version is one of its noteworthy features. The wealth of 
scholarly tools available to the translators made their final 
choice of rendering an exercise in originality and inde­
pendent judgment. For this reason, the new version was 
more faithful to the original languages of the Bible and 
more scholarly than any of its predecessors. The impact 
of the Hebrew upon the revisers was so pronounced that 
they seem to have made a conscious effort to imitate its 
rhythm and style in the Old Testament. The English of 
the New Testament actually turned out to be superior to 
its Greek original.

Two editions were actually printed in 1611, later dis­
tinguished as the “He” and “She” Bibles because of the 
variant reading “he” and “she” in the final clause of chap­
ter 3, verse 15 of Ruth: “and he went into the city.” Both 
printings contained errors. Some errors in subsequent edi­
tions have become famous: The so-called Wicked Bible 
(1631) derives from the omission of “not” in chapter 20 
verse 14 of Exodus, “Thou shalt commit adultery,” for 
which the printers were fined £300; the “Vinegar Bible” 
(1717) sterns from a misprinting of “vineyard” in the 
heading of Luke, chapter 20.

The English Revised Version. The remarkable and total 
victory of the King James Version could not entirely ob­
scure those inherent weaknesses that were independent of 
its typographical errors. The manner of its execution had 
resulted in a certain unequalness and lack of consistency. 
The translators’ understanding of the Hebrew tense system 
was often limited so that their version contains inaccurate 
and infelicitous renderings. In particular, the Greek text 
of the New Testament, which they used as their base, was 
a poor one. The great early Greek codices were not then 
known or available, and Hellenistic papyri, which were 
to shed light on the common Greek dialect, had not yet 
been discovered.

A committee established by the Convocation of Canter­
bury in February 1870 reported favourably three months 
later on the idea of revising the King James Version: 
two Companies were formed, one each for the Old and 
New Testaments. A novel development was the inclusion 
of scholars representative of the major Christian denom- 
inations, except the Roman Catholics (who declined the 
invitation to participate). Another innovation was the 
formation of parallel Companies in the United States to 
whom the work of the English scholars was submitted and 
who, in turn, sent back their reactions. The instructions 
to the committees made clear that only a revision and not 
a new translation was contemplated.
The New Testament was published in England on May 

17, 1881, and three days later in the United States, after 
11 years of labour. Over 30,000 changes were made, of 
which more than 5,000 represent differences in the Greek 
text from that used as the basis of the King James Ver­
sion. Most of the others were made in the interests of 
consistency or modernization.
The publication of the Old Testament in 1885 stirred far 

less excitement, partly because it was less well known than 
the New Testament and partly because fewer changes were 
involved. The poetical and prophetical books, especially 
Job, Ecclesiastes, and Isaiah, benefitted greatly.

The revision of the Apocrypha, not originally contem­
plated, came to be included only because of copyright 
arrangements made with the university presses of Oxford 
and Cambridge and was first published in 1895.

The American Standard Version. According to the orig­
inal agreement, the preferred readings and renderings of 
the American revisers, which their British counterparts 
had declined to accept, were published in an appendix to 
the Revised Version. In 1900 the American edition of the 
New Testament, which incorporated the American schol­
ars’ preferences into the body of the text, was produced. 
A year later the Old Testament was added, but not the 
Apocrypha. The alterations covered a large number of
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obsolete words and expressions and replaced Anglicisms 
by the diction then in vogue in the United States.

The Revised Standard Version. The American Stan­
dard Version had been an expression of sensitivity to the 
needs of the American public. At the same time, several 
individual and unofficial translations into modern speech 
made from 1885 on had gained popularity, their appeal 
reinforced by the discovery that the Greek of the New 
Testament used the common nonliterary variety of the 
language spoken throughout the Roman Empire when 
Christianity was in its formative stage. The notion that a 
nonliterary modern rendering of the New Testament best 
expressed the form and spirit of the original was hard to 
refute. This, plus a new maturity of classical, Hebraic, and 
theological scholarship in the United States, led to a desire 
to produce a native American version of the English Bible.

In 1928 the copyright of the American Standard Version 
was acquired by the International Council of Religiöus Ed­
ucation and thereby passed into the ownership of churches 
representing 40 major denominations in the United States 
and Canada. A two-year study by a special committee 
recommended a thorough revision, and in 1937 the coun- 
cil gave its authorization to the proposal. Not until 1946, 
however, did the revision of the New Testament appear 
in print, and another six years elapsed before the com­
plete Revised Standard Version ( r s v )  was published, the 
work of 32 scholars, one of them Jewish, drawn from the 
faculties of 20 universities and theological seminaries. A 
decision to translate the Apocrypha was not made until 
1952 and the revision appeared in 1957. Insofar as the 
r s v  was the first to make use of the Dead Sea Scroll of 
Isaiah, it was revolutionary.

The Revised Standard Version was essentially not a new 
translation into modern speech, but a revision. It did 
engage in a good deal of modernization, however. It dis­
pensed with archaic pronouns, retaining “thou” only for 
the Deity. But its basic conservatism was displayed in the 
retention of forms or expressions in passages that have 
special devotional or literary associations even where this 
practice makes for inconsistency. The primary aim was to 
produce a version for use in private and public worship.
Jewish versions. Though Jews in English-speaking lands 

generally utilized the King James Version and the Revised 
Version, the English versions have presented great difficul- 
ties. They contain departures from the traditional Hebrew 
text; they sometimes embody Christological interpreta- 
tions; the headings were often doctrinally objectionable 
and the renderings in the legal portions of the Pentateuch 
frequently diverged from traditional Jewish exegesis. In 
addition, where the meaning of the original was obscure, 
Jewish readers preferred to use the well-known medieval 
Jewish commentators. Finally, the order of the Jewish can­
on differs from Christian practice and the liturgical needs 
of Jews make a version that does not mark the scriptural 
readings for Sabbaths and festivals inconvenient.

Until 1917 all Jewish translations were the efforts of 
individuals. Planned in 1892, the project of the Jewish 
Publication Society of America was the first translation 
for which a group representing Jewish learning among 
English-speaking Jews assumed joint responsibility.
This version essentially retained the Elizabethan diction. 

It stuck unswervingly to the received Hebrew text that it 
interpreted in accordance with Jewish tradition and the 
best scholarship of the day. For over half a Century it 
remained authoritative, even though it laid no claim to 
any official ecclesiastical sanction.
With an increasingly feit need for modernization, a com­

mittee of translators was established composed of three 
professional biblical and Semitic scholars and three rab- 
bis. It began its work in 1955 and the Pentateuch was 
issued in 1962. The Song of Songs, Ruth, Lamentations, 
Ecclesiastes, Esther, and Jonah, all in a single volume for 
the convenience of synagogue use, followed in 1969; and 
Isaiah and Psalms appeared in 1973. A second committee 
had been set up in 1955 to work separately on the rest of 
the Hagiographa (Ketuvim).

The New English Bible. The idea of a completely new 
translation into British English was first broached in 1946. 
Under a joint committee, representative of the major Prot­

estant churches of the British Isles, with Roman Catholics 
appointed as observers, the New Testament was published 
in 1961 and a second edition appeared in 1970. The Old 
Testament and Apocrypha were also published in 1970.

The New English Bible proved to be an instant com­
mercial success, selling at a rate of 33,000 copies a week 
in 1970. The translation differed from the English main- 
stream Bible in that it was not a revision but a completely 
fresh version from the original tongues. It abandoned the 
tradition of “biblical English” and, except for the retention 
of “thou” and “thy” in addressing God, freed itself of all 
archaisms. It endeavoured to render the original into the 
idiom of Contemporary English and to avoid ephemeral 
modemisms.

Catholic versions. With the exception of a version by 
Irish-American archbishop Francis Patrick Kenrick (1849- 
60), all translations up to the 20th Century were merely 
versions of the Douai-Reims Bible. A celebrated transla­
tion was that of Ronald Knox (New Testament, 1945; Old 
Testament, 1949; complete edition with Old Testament 
revised, 1955).

The most significant development in modern Catholic 
translations was initiated by the Confratemity of Christian 
Doctrine in 1936. A New Testament version of the Latin 
Clementine Vulgate (1941), intended as a revision, in effect 
was a new translation into clear and simple English. The 
Old Testament revision remained unfinished, the work 
having been interrupted by a decision inspired by the Pon- 
tifical Biblical Commission in 1943 to encourage modern 
vernacular translations from the original languages instead 
of from the Latin Vulgate. Accordingly, both the Old and 
New Testaments were respectively retranslated into mod­
ern English from the Hebrew and Greek Originals. The 
resultant Confratemity Version (1952-61) was later is­
sued as the New American Bible (1970). Another modern 
version, more colloquial, is the Jerusalem Bible (1966), 
translated from the French Catholic Bible de Jérusalem 
(one-volume edition, 1961).

Later a n d  m o d e rn  v e r s io n s :  C o n t in e n ta l.  Dutch versions. 
Until the Reformation, Dutch Bible translations were 
largely free adaptations, paraphrases, or rhymed verse 
renderings of single books or parts thereof. A populär 
religiöus revival at the end of the 12th Century accelerated 
the demand for the vernacular Scriptures, and one of the 
earliest extant examples is the Liège manuscript (c. 1270) 
translation of the Diatessaron (a composite rendering of 
the four Gospels) by Tatian, a 2nd Century Syrian Chris­
tian heretical scholar; it is believed to derive from a lost 
Old Latin original. Best known of all the rhymed versions 
is the Rijmbijbel of Jacob van Maerlant (1271) based on 
Peter Comestar’s Histöria scholastica. Despite the poor 
quality of Johan Schutken’s translation of the New Testa­
ment and Psalms (1384), it became the most widely used 
of medieval Dutch versions.
With the Reformation came a renewed interest in the 

study of the Scriptures. Luther’s Bible (see German ver­
sions, below) was repeatedly rendered into Dutch, the 
most important version being that of Jacob van Liesveldt 
(1526). It was mainly to counter the popularity of this 
edition that Roman Catholics produced their own Dutch 
Bible, executed by Nicolaas van Winghe (Louvain, 1548). 
A revision printed by Jan Moerentorf (Moretus, 1599) 
became the Standard version until it was superseded by 
that of the Peter Canisius Association (1929-39), now in 
general use. A fresh translation of the New Testament in 
modern Dutch appeared in 1961.
French versions. The deep conflicts that characterized 

the history of Christianity in France made it difficult for 
one authoritative version to emerge.

The first complete Bible was produced in the 13th Cen­
tury at the University of Paris and toward the end of that 
Century Guyart des Moulins executed his Bible Historiale. 
Both works served as the basis of future redactions of 
which the Bible printed in Paris (date given variously as 
1487, 1496, 1498) by order of King Charles VIII, is a 
good example.

The real history of the French Bible began in Paris, in 
1523, with the publication of the New Testament, almost 
certainly the work of the Reformer Jacques Lefèvre
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d’Étaples (Faber Stapulensis). The Old Testament ap­
peared in Antwerp in 1528 and the two together in 1530 as 
the Antwerp Bible. The first true Protestant version came 
out in Serrières, near Neuchätel, five years later, the work 
of Pierre Robert, called Olivétan. This version was fre­
quently revised throughout the 16th Century, the most cel­
ebrated editions being Calvin’s of 1546 and that of Robert 
Estienne (Stephanus) of 1553. The Roman Catholics pro­
duced a new version, the Louvain Bible of 1550, based 
on both Lefèvre and Olivétan. Modernizations of Olivé­
tan appeared in succeeding centuries. The most important 
French version of the 20th Century is the Jerusalem Bible 
prepared by professors at the Dominican Êcole Biblique 
de Jérusalem (Paris, 1949-54, complete, 1956).

Jothic and German versions. The early Old Testament in Goth- 
>re-Refor- ic has already been described. The New Testament re-
nation mains are far more extensive and are preserved mainly
Übles in the Codex Argenteus (e. 525) and Codex Gissensis.

The translation, essentially based on a Byzantine text, is 
exceedingly literal and not homogeneous. It is difficult to 
determine the degree of contamination that the original 
Gospels translation of Ulfilas had undergone by the time 
it appeared in these codices.
Nothing is known of the vernacular Scriptures in Ger­

many prior to the 8th Century when an idiomatic trans­
lation of Matthew from Latin into the Bavarian dialect 
was made. From Fulda (in Germany) c. 830 came a more 
literal East Franconian German translation of the Gospel 
story. In the same period was produced the Heliand (“Sa- 
viour”), a versified version of the Gospels. Such poetic 
renderings cannot, strictly speaking, be regarded as trans­
lations. There is evidence, however, for the existence of 
German Psalters from the 9th Century on. By the 13th Cen­
tury, the different sects and movements that characterized 
the religiöus Situation in Germany had stimulated a de­
mand for populär Bible reading. Since all the early printed 
Bibles derived from a single family of late 14th-century 
manuscripts, German translations must have gained wide 
popularity. Another impetus towards the use of the Ger­
man Scriptures in this period can be traced to mystics 
of the Upper Rhine. A complete New Testament, the 
Augsburg Bible, can be dated to 1350, and another from 
Bohemia, Codex Teplensis (c. 1400), has also survived.

The Wenzel Bible, an Old Testament made between 1389 
and 1400, is said to have been ordered by King Wences- 
las, and large numbers of 15th-century manuscripts have 
been preserved.

The first printed Bible (the Mentel Bible) appeared at 
Strassburg no later than 1466 and ran through 18 editions 
before 1522. Despite some evidence that ecclesiastical au­
thority did not entirely look with favour upon this vernac­
ular development, the printed Bible appeared in Germany 
earlier, and in more editions and in greater quantity than 
anywhere eise.
A new era opened up with the work of Martin Luther, 

to whom a translation from the original languages was a 
necessary and logical conclusion of his doctrine of jus- 
tification by faith—to which the Scriptures provided the 
only true key. His New Testament (Wittenberg, 1522) 
was made from the second edition of Erasmus’ Greek 
Testament. The Old Testament followed in successive 
parts, based on the Brescia Hebrew Bible (1494). Luther’s 
knowledge of Hebrew and Aramaic was limited, but his 
rendering shows much influence of Rashi, the great 1 Ith— 
12th-century French rabbinical scholar and commentator, 

influence through the use of the notes of Nicholas of Lyra. The 
)f Luther’s complete Lutheran Bible emerged from the press in 1534. 
Bible Luther was constantly revising his work with the assis-

tance of other scholars, and between 1534 and his death in 
1546, 11 editions were printed, the last posthumously. His 
Bible truly fulfilled Luther’s objective of serving the needs 
of the common man, and it, in turn, formed the basis of 
the first translations in those lands to which Lutheranism 
spread. It proved to be a landmark in German prose lit­
erature and contributed greatly to the development of the 
modern language.
The phenomenal success of Luther’s Bible and the failure 

of attempts to repress it led to the creation of German 
Catholic versions, largely adaptations of Luther. Hiero­

nymus Emser’s edition simply brought the latter into line 
with the Vulgate. Johann Dietenberger issued a revision of 
Emser (Mainz, 1534) and used Luther’s Old Testament in 
conjunction with an Anabaptist (radical Protestant group) 
version and the Zürich (Switzerland) version of 1529. It 
became the Standard Catholic version. Of the 20th-century 
translations, the Grünewald Bible, which reached a sev­
enth edition in 1956, is one of the most noteworthy.

German glosses in Hebrew script attached to Hebrew 
Bibles in the 12th and 13th centuries constitute the earliest 
Jewish attempts to render the Scriptures into that German Yiddish 
dialect current among the Jews of middle Europe, the dia- versions 
lect that developed into Judeo-German, or Yiddish. The 
first translation proper has been partially preserved in a 
manuscript from Mantua dated 1421. The earliest printed 
translation is that of the Scriptural dictionaries prepared 
by a baptized Jew, Michael Adam (Constance, 1543-44;
Basel, 1583, 1607). The version of Jacob ben Isaac Ashke- 
nazi of Janów, known as the Tz'enah u-Re'na (Lublin,
1616), became one of the most populär and widely dif- 
fused works of its kind.
The first Jewish translation into pure High German, 

though in Hebrew characters (1780-83), made by Moses 
Mendelssohn, opened a new epoch in German-Jewish life.
The first Jewish rendering of the entire Hebrew Bible in 
German characters was made by Gotthold Salomon (Al­
tona, 1837). An attempt to preserve the quality of the 
Hebrew style in German garb was the joint translation 
of two Jewish religiöus philosophers, Martin Buber and 
Franz Rosenzweig (15 vol., Berlin, 1925-37; revised ed.
Cologne, 4 vol., 1954-62).

Greek versions. A 13th-century manuscript of Jonah by 
a Jew is the earliest known post-Hellenistic Greek biblical 
work. A rendering of Psalms was published by a Cretan 
monk Agapiou in 1563. A version in Hebrew characters 
(a large part of the Old Testament) appeared in the Con­
stantinople Polyglot Pentateuch in 1547.
The first New Testament was done by Maximus of Gal- 

lipoli in 1638 (at Geneva?). The British and Foreign Bible 
Society published the Old Testament in 1840 (London) 
and the New Testament in 1848 (Athens). Between 1900 
and 1924, however, the use of a modern Greek version 
was prohibited. The theological faculty of the University 
of Athens is now preparing a fresh translation.
Hungarian versions. The spread of Lutheranism in the 

Reformation period gave rise to several vernacular ver­
sions. Jänos Sylvester (Erdösi) produced the first New 
Testament made from the Greek (Särvär, 1541). The 
Turkish occupation of much of Hungary and the mea­
sures ofthe Counter-Reformation arrested further printing 
of the vernacular Bible, except in the semi-independent 
principality of Transylvania. The first complete Hungari­
an Bible, issued at Vizsoly in 1590, became the Protestant 
Church Bible.

In the 20th Century, a new Standard edition for Prot­
estants was published, the New Testament appearing in 
1956 and the Old Testament (Genesis to Job) in 1951 and 
following. A new modernized Catholic edition of the New 
Testament from the Greek appeared in Rome in 1957.
Italian versions. The vernacular Scriptures made a rel­

atively late appearance in Italy. Existing manuscripts of 
individual books derive from the 13th Century and mainly 
consist of the Gospels and the Psalms.

These medieval versions were never made from the 
original languages. They were influenced by French and 
Provengal renderings as well as by the form of the Latin 
Vulgate current in the 12th and 13th centuries in Southern 
France. There is evidence for a Jewish translation made 
directly from the Hebrew as early as the 13th Century.

The first printed Italian Bible appeared in Venice in 
1471, translated from the Latin Vulgate by Niccolö Mal- 
ermi. In 1559 Paul IV proscribed all printing and reading 
of the vernacular Scriptures except by permission of the 
church. This move, reaffirmed by Pius IV in 1564, ef­
fectively stopped further Catholic translation work for the 
next 200 years.

The first Protestant Bible (Geneva, 1607, revised 1641) 
was the work of Giovanni Diodati, a Hebrew and Greek 
scholar. Frequently reprinted, it became the Standard Prot-
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Danish,
Norwe-
gian,
Icelandic,
and
Swedish
versions

estant version until the 20th Century. Catholic activity was 
renewed after a modification of the ban by Pope Bene­
dict XIV in 1757. A complete Bible in translation made 
directly from the Hebrew and Greek has been in progress 
under the sponsorship of the Pontifical Biblical Institute 
since the 1920s.
Portuguese versions. The first Portuguese New Testa­

ment (Amsterdam), the work of Joäo Ferreira d’Almeida, 
did not appear until 1681. The first complete Bible (2 
vol., 1748-53) was printed in Batavia (in Holland). Not 
until late in the 18th Century did the first locally published 
vernacular Scriptures appear in Portugal. A revision of d’­
Almeida was issued in Rio de Janeiro (in Brazil), the New 
Testament in 1910 and the complete Bible in 1914 and 
1926; an authorized edition in modernized orthography 
was published by the Bible Society of Brazil (New Testa­
ment, 1951; Old Testament, 1958). A new translation of 
the New Testament from Greek by José Falcäo came out 
in Lisbon (1956-65).

Scandinavian versions. In pre-Reformation times, only 
partial translations were made, all on the basis of the 
Latin Vulgate and all somewhat free. The earliest and 
most celebrated is that of Genesis-Kings in the so-called 
Stjórn (“Guidance”; i.e., of God) manuscript in the Old 
Norwegian language, probably to be dated about 1300. 
Swedish versions of the Pentateuch and of Acts have 
survived from the 14th Century and a manuscript of Josh- 
ua-Judges by Nicholaus Ragnvaldi of Vadstena from c. 
1500. The oldest Danish version covering Genesis-Kings 
derives from 1470.

Within two years of publication, Luther’s New Testa­
ment had already influenced a Danish translation made 
at the request of the exiled king Christian II by Chris- 
tiem Vinter and Hans Mikkelsen (Wittenberg, 1524). In 
1550 Denmark received a complete Bible commissioned 
by royal command (the Christian III Bible, Copenhagen). 
A revision appeared in 1589 (the Frederick II Bible) and 
another in 1633 (the Christian IV Bible).
A rendering by Hans Paulsen Resen (1605-07) was dis­

tinguished by its accuracy and learning and was the first 
made directly from Hebrew and Greek, but its style was 
not felicitous and a revision was undertaken by Hans 
Svane (1647). Nearly 200 years later (1819), a combina­
tion of the Svaning Old Testament and the Resen-Svane 
New Testament was published. In 1931 a royal commis­
sion produced a new translation of the Old Testament 
with the New Testament following in 1948 and the Apoc­
rypha in 1957.

The Separation of Norway from Denmark in 1814 stim­
ulated the revival of literature in the native language. 
The Old Testament of 1842-87 (revised, 1891) and New 
Testament of 1870-1904 were still intelligible to Danish 
readers, but the version of E. Blix (New Testament, 1889; 
complete Bible, 1921) is in New Norwegian. A revised 
Bible in this standardized form of the language, executed 
by R. Indrebö, was published by the Norwegian Bible 
Society in 1938.
The first Icelandic New Testament was the work of 

Oddur Gottskälksson (Roskilde, Denmark, 1540), based 
on the Latin Vulgate and Luther. It was not until 1584 
that the complete Icelandic Scriptures were printed (at 
Hólar), mainly executed by Gudbrandur Thorläksson. It 
was very successful and became the Church Bible until 
displaced by the revision of Thorläkur Skülason (1627- 
55), based apparently on Resen’s Danish translation. In 
1827 the Icelandic Bible Society published a new New 
Testament and a complete Bible in 1841 (Videyjar; 1859, 
Reykjavik), revised and reprinted at Oxford in 1866. A 
completely new edition (Reykjavik, 1912) became the of­
ficial Church Bible.

Soon after Sweden achieved independence from Den­
mark in the early 16th Century, it acquired its own version 
of the New Testament published by the royal press (Stock­
holm, 1526). Luther’s New Testament of 1522 served as 
its foundation, but the Latin Vulgate and Erasmus’ Greek 
were also consulted. The first official complete Bible and 
the first such in any Scandinavian country was the Gustav 
Vasa Bible (Uppsala; 1541), named for the Swedish king 
under whose reign it was printed. It utilized earlier Swedish

translations as well as Luther’s. A corrected version (the 
Gustavus Adolphus Bible, named for the reigning Swedish 
king) was issued in 1618, and another with minor alter- 
ations by Eric Benzelius in 1703. The altered Bible was 
called the Charles XII Bible, because it was printed during 
the reign of Charles XII. In 1917 the church diet of the 
Lutheran Church published a completely fresh translation 
directly from modern critical editions ofthe Hebrew and 
Greek Originals and it received the authorization of Gustaf 
V to become the Swedish Church Bible.
Slavic versions. The earliest Old Church Slavonic trans- South, 

lations are connected with the arrival of the brothers Cyril East, and 
and Methodius in Moravia in 863, and resulted from the West 
desire to provide vernacular renderings of those parts of Slavic 
the Bible used liturgically. The oldest manuscripts derive versions 
from the 1 Ith and 12th centuries. The earliest complete 
Bible manuscript, dated 1499, was used for the first print­
ed edition (Ostrog, 1581). This was revised in Moscow in 
1633 and again in 1712. The Standard Slavonic edition is 
the St. Petersburg revision of 1751, known as the Bible 
of Elizabeth.
The printing of parts of the Bulgarian Bible did not begin 

until the mid-19th Century. A fresh vernacular version of 
the whole Bible was published at Sofia in 1925, having 
been commissioned by the Synod of the Bulgarian Ortho­
dox Church.

The Serbian and Croatian literary languages are identi­
cal; they differ only in the alphabet they use. To further 
the dissemination of Protestantism among the southem 
Slavs, Count Jan Ungnad set up a press in 1560 at Urach 
that issued a translation of the New Testament, in both 
Glagolitic (1562-63) and Cyrillic (1563) characters. The 
efforts of the Serbian leader Vuk Karadzié to establish the 
Serbo-Croatian vernacular on a literary basis resulted in 
a new translation of the New Testament (Vienna, 1847) 
that went through many revisions.

The spread of the Lutheran Reformation to the Slovene- 
speaking provinces of Austria stimulated the need for 
vernacular translations. The first complete Slovene Bible, 
translated from the original languages but with close ref­
erence to Luther’s German, was made by Jurij Dalmatin 
(Wittenberg, 1584). Not until two centuries later did a 
Slovene Roman Catholic version, rendered from the Latin 
Vulgate, appear (Laibach, 1784-1802).

Between the 9th and 17th centuries the literary and eccle­
siastical language of Russia was Old Slavonic. A vemacu- 
lar Scriptures was thus late in developing. An incomplete 
translation into the Belorussian dialect was prepared by 
Franciscus Skorina (Prague, 1517-19) from the Latin Vul­
gate and Slavonic and Bohemian versions, but not until 
1821 did the first New Testament appear in Russian, an 
official version printed together with the Slavonic. With 
the more liberal rule of Alexander II, the Holy Synod 
sponsored a fresh version of the Gospels in 1860. The Old 
Testament was issued at St. Petersburg in 1875. A Jewish 
rendering was undertaken by Leon Mandelstamm, who 
published the Pentateuch in 1862 (2nd ed., 1871) and the 
Psalter in 1864. Prohibited in Russia, it was first printed 
in Berlin. A complete Bible was published in Washing­
ton in 1952.

No manuscript in the Czech vernacular translation is 
known to predate the 14th Century, but at least 50 com­
plete or fragmentary Bibles have survived from the 15th.
The first complete Bible was published in Prague in 1488 
in a text based on earlier, unknown translations con­
nected with the heretical Hussite movement. The most 
important production of the Century, however, was that 
associated principally with Jan Blahoslav. Based on the 
original languages, it appeared at Kralice in six volumes 
(1579-93). The Kralice Bible is regarded as the finest ex­
tant specimen of classical Czech and became the Standard 
Protestant version.
Closely allied to the Czech language, but not identical 

with it, Slovakian became a literary language only in the 
18th Century. A Roman Catholic Bible made from the 
Latin Vulgate by Jiri Palkovic was printed in the Gothic 
script (2 vol. Gran, 1829, 1832) and another, associated 
with Richard Osvald, appeared at Trnava in 1928. A 
Protestant New Testament version of Josef Rohacek was
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published at Budapest in 1913 and his completed Bible at 
Prague in 1936. A new Slovakian version by Stefan Zlatos 
and Anton Jan Suijansky was issued at Trnava in 1946.

A manuscript of a late 14th-century Psalter is the earliest 
extant example of the Polish vernacular Scriptures, and 
several books of the Old Testament have survived from the 
translation made from the Czech version for Queen So­
fia (Särospatak Bible, 1455). Otherwise, post-Reformation 
Poland supplied the stimulus for biblical scholarship. The 
New Testament first appeared in a two-volume rendering 
from the Greek by the Lutheran Jan Seklucjan (Kön­
igsberg, 1553). The “Brest Bible” of 1563, sponsored by 
Prince Radziwill, was a Protestant production made from 
the original languages. A version of this edition for the 
use of Socinians (Unitarians) was prepared by the He­
braist Szymon Budny (Nieswicz, 1570-82), and another 
revision, primarily executed by Daniel Mikolajewski and 
Jan Turnowski (the “Danzig Bible”) in 1632, became the 
official version of all Evangelical churches in Poland. This 
edition was burnt by the Catholics and had to be subse­
quently printed in Germany. The Standard Roman Cath­
olic version (1593, 1599) was prepared by Jakób Wujek 
whose work, revised by the Jesuits, received the approval 
of the Synod of Piotrkow in 1607. A revised edition was 
put out in 1935.

Spanish versions. The history of the Spanish Scriptures 
is unusual in that many of the translations were based, not 
on the Latin Vulgate, but on the Hebrew, a phenomenon 
that is to be attributed to the unusual role played by Jews 
in the vernacular movement.

Nothing is known from earlier than the 13th Century 
when James I of Aragon in 1233 proscribed the possession 
of the Bible in “romance” (the Spanish vernacular) and 
ordered such to be burnt. Several partial Old Testament 
translations by Jews as well as a New Testament from a 
Visigoth Latin text are known from this Century. In 1417 
the whole Bible was translated into Valencian Catalan, 
but the entire edition was destroyed by the Inquisition.

Between 1479 and 1504, royal enactments outlawed the 
vernacular Bible in Castile, Leon, and Aragon, and the 
expulsion of the Jews from Spain in 1492 transferred the 
centre of Spanish translation activity to other lands. In 
1557, the first printed Index o f Forbidden Books of the 
Spanish Inquisition prohibited the “Bible in Castilian ro­
mance or any other vulgär tongue,” a ban that was repeat­
ed in 1559 and remained in force until the 18th Century. 
In 1916 the Hispano-Americana New Testament appeared 
in Madrid as an attempt to achieve a common translation 
for the entire Spanish-speaking world. The first Roman 
Catholic vernacular Bible from the original languages was 
made under the direction of the Pontifical University of 
Salamanea (Madrid, 1944, 9th ed. 1959).
Swiss versions. Four parts of Luther’s version were re­

printed in the Swyzerdeutsch dialect in Zürich in 1524— 
25. The Prophets and Apocrypha appeared in 1529. A year 
later, the first Swiss Bible was issued with the Prophets 
and Apocrypha independently translated. The Swiss Bible 
underwent frequent revision between 1660 and 1882. A 
fresh translation from the original languages was made 
between 1907 and 1931.

Non-European versions. Translations of parts of the Bi­
ble are known to have existed in only seven Asian and 
four African languages before the 15th Century. In the 
17th Century Dutch merchants began to interest them­
selves in the missionary enterprise among non-Europeans. 
A pioneer was Albert Cornelius Ruyl, who is credited 
with having translated Matthew into High Malay in 1629, 
with Mark following later. Jan van Hasel translated the 
two other Gospels in 1646 and added Psalms and Acts 
in 1652. Other traders began translations into Formosan 
Chinese (1661) and Sinhalese (1739).

A complete printed Japanese New Testament reputedly 
existed in Miyako in 1613, the work of Jesuits. The first 
known printed New Testament in Asia appeared in 1715 
in the Tamil language done by Bartholomäus Ziegenbalg, a 
Lutheran missionary. A complete Bible followed in 1727. 
Six years later the first Bible in High Malay came out.

The distinction of having produced the first New Testa­
ment in any language of the Americas belongs to John

Eliot, a Puritan missionary, who made it accessible to the 
Massachusetts Indians in 1661. Two years later he brought 
out the Massachusetts Indian Bible, the first Bible to be 
printed on the American continent.

By 1800 the number of non-European versions did not 
exceed 13 Asian, four African, three American, and one 
Oceanian. With the founding of missionary societies after 
1800, however, new translations were viewed as essential 
to the evangelical effort. First came renderings in those 
languages that already possessed a written literature. A 
group at Serämpore (in India) headed by William Carey, 
a Baptist missionary, produced 28 versions in Indian lan­
guages. Robert Morrison, the first Protestant missionary 
to China, translated the New Testament into Chinese in 
1814 and completed the Bible by 1823. Adoniram Jud- 
son, an American missionary, rendered the Bible into 
Burmese in 1834.
With European exploration of the African continent of­

ten came the need to invent an alphabet, and in many 
instances the translated Scriptures constituted the first 
piece of written literature. In the 19th Century the Bible 
was translated into Amharic, Malagasy, Tswana, Xosa, 
and Ga.

In the Americas, James Evans in vented a syllabary for 
the use of Cree Indians, in whose language the Bible was 
available in 1862, the work of W. Mason, also a Wesleyan 
missionary. The New Testament appeared in Ojibwa in 
1833, and the whole Bible was translated for the Dakota 
Indians in 1879. The Labrador Eskimos had a New Tes­
tament in 1826 and a complete Bible in 1871.
In Oceania, the New Testament was rendered into Tahi- 

tian and Javanese in 1829 and into Hawaiian and Low 
Malay in 1835. By 1854 the whole Bible had appeared 
in all but the last of these languages as well as in Raro- 
tonga (1851).

In the 20th Century the trend toward the development of 
non-European Bible translations was characterized by an 
attempt to produce “union” or “Standard” versions in the 
common language underlying different dialects. One such 
is the Swahili translation (1950) that makes the Scriptures 
accessible to most of East Africa. Within the realm of 
non-European translation there has also been a movement 
for the updating of versions to bring them in line with 
the spoken language, especially through the use of native 
Christian scholars. The first example of this was the collo- 
quial Japanese version of 1955.

By 1970 some part, if not the entire Bible, had been 
translated into more than 100 languages or dialects spoken 
in India and over 300 in Africa. (N.M.Sa.)

Old Testament history

History is a central element of the Old Testament. It is 
the subject of narration in the specifically historical books 
and of celebration, commemoration, and remonstration 
in all of the books. History in the Old Testament is not 
history in the modern sense; it is the story of events seen 
as revealing the divine presence and power. Nevertheless, 
it is the account of an actual people in an actual geo- 
graphical area at certain specified historical times and in 
contact with other particular peoples and empires known 
from other sources. Hence, far more than with other 
great religiöus scriptures, a knowledge of the historical 
background is conducive, if not essential, to an adequate 
understanding of a major portion of the Old Testament. 
Recent archaeological discoveries as well as comparative 
historical research and philological studies, collated with 
an analysis and interpretation of the Old Testament text 
(still the major source of information), have made possible 
a fuller and more reliable picture of biblical history than in 
previous eras. For another presentation of Old Testament 
history, see j u d a i s m .

EARLY DEVELOPM ENTS

Background and beginnings. The geographical theatre 
of the Old Testament is the ancient Near East, particularly 
the Fertile Crescent region, running from the Tigris and 
Euphrates rivers up to Syria and down through Palestine 
to the Nile Delta. In this area great civilizations and em-

American
Indian
versions
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pires developed and seminomadic ethnic groups, such as 
the Hebrews, were involved in the mixture of peoples and 
cultures. The exact origin of the Hebrews is not known 
with certainty, but the biblical tradition of their origin in 
a clan that migrated from Mesopotamia to Canaan (Pal­
estine) early in the 2nd millennium b c e  has analogues in 
what is known of the movements of other groups in that 
area and period. There are, moreover, obvious Mesopota- 
mian motifs in biblical cosmogony and primeval history 
in the early part of the Bible, and Mesopotamian place- 
names are the obvious bases of some of the personal names 
of the clan’s forebears. Canaanite influences are evident 
in the Hebrew alphabet, poetry, and certain mythological 
themes. Linguistic and other similarities with neighbour- 
ing Semitic peoples, such as the Amorites and Moabites, 
are also evident.

Exodus and conquest. According to biblical tradition, 
the clan migrated to Egypt because of a famine in the land 

The work of Canaan, were later enslaved and oppressed, and finally 
and faith escaped from Egypt to the desert east of the Isthmus of
of Moses Suez under a remarkable leader, Moses. The account—

a proclamation, celebration, and commemoration of the 
event—is replete with legendary elements, but present-day 
scholars tend to believe that behind the legends there is a 
solid core of fact; namely, that Hebrew slaves who built the 
fortified cities of Pithom and Rameses somehow fled from 
Egypt, probably in the 13th Century b c e , under a great 
leader (see also m o s e s ). A stele (inscribed stone pillar) of 
the pharaoh Memeptah of that time in which he claims to 
have destroyed Israel is the first known nonbiblical refer­
ence to the people by name. Whether the destruction was 
in the intervening desert or in Canaan (and whether a true 
or a false claim) is not clear. The tradition ascribes to Mo­
ses the basic features of Israel’s faith: a single God, called 
YHWH, who cannot be represented iconically, bound in 
a covenant relationship with his special people Israel, to 
whom he has promised possession of (not, as with their 
forefathers, mere residence in) the land of Canaan. There 
is some dispute among scholars as to when such features 
as the Mosaic Covenant actually emerged and as to which 
of the traditional 12 tribes of Israel entered Canaan at the 
end of the period of wande ring in the desert.
The biblical account of the conquest of Canaan is again, 

from the point of view of historical scholarship, full of 
legendary elements that express and commemorate the 
elation and wonder of the Israelites at these events. The 
conquest of Canaan—according to tradition, a united na­
tional undertaking led by Moses’ successor, Joshua—was 
a rather drawn out and complicated matter. Archaeolog­
ical evidence tends to refute some of the elements of the 
biblical account, confirm others, and leave some open. Ac­
cording to the tradition, after an initial unified assault that 
broke the main Canaanite resistance, the tribes engaged in 
individual mopping-up operations. Scholars believe that 
Hebrews who had remained resident in Canaan joined 
forces with the invading tribes, that the other Canaanite 
groups continued to exist, and that many of them later 
were assimilated by the Israelites.

The tribal league. The invading tribes who became mas- 
ters of parts of Canaan, although effectively autonomous 
and lacking a central authority, considered themselves a 
league of 12 tribes, although the number 12 seems to 
have been more canonical or symbolical than historical. 
Some scholars, on the analogy of Greek leagues of six or 
12 tribes or cities with a common sanctuary, speak of 
the Israelite league as an “amphictyony,” the Greek term 
for such an association; but others hold that there is no 
evidence that the Israelites maintained a common shrine. 

The period Certain leaders arose, called judges, who might rule over 
of the several tribes, but this arrangement was usually of a local
judges or regional character. However, the stories about such

“judges” (who were frequently local Champions or heroes, 
such as Gideon, Jephthah, and Samson), though encrusted 
with legend, are now thought to be substantially historical. 
The period from about 1200 to 1020 is called, after them, 
the period of the judges. It was during this period that 
Israelite assimilation of Canaanite cultural and religiöus 
ideas and practices began to be an acute problem and 
that other invaders and settlers became a threat to the

security of Israel. One of the chief threats was from the 
Philistines, an Aegean people who settled (c. 12th Century 
b c e ) on the coast of what later came to be called, after 
them, Palestine. Organized in a league of five cities, or 
principalities, the Philistines, who possessed a monopoly 
of iron implements and weapons, pushed eastward into 
the Canaanite hinterland and subjugated Israelite tribes, 
such as the Judahites and Danites, that stood in their way, 
even capturing the sacred ark from the famous shrine of 
Shiloh when it was brought into battle against them. The 
Philistine threat was probably the decisive factor in the 
emergence of a permanent political (but at first primarily 
military) union of all Israel under a king—what historians 
call the united monarchy (or kingdom).

The united monarchy. The monarchy was initiated dur­
ing the career of Samuel, a prophet of great influence 
and authority who was also recognized as a judge and is 
depicted in varying biblical accounts as either favouring 
or not favouring the reign of a human king over Israel. In 
any case, he anointed Saul, a courageous military leader 
of the tribe of Benjamin, as king (c. 1020 b c e ). Saul won 
substantial victories over the Ammonites, Philistines, and 
Amalekites, leading the tribes in a “holy war,” and for 
a time the Philistine advance was stopped; but Saul and 
his son Jonathan were killed in a disastrous battle with 
the Philistines in central Palestine. His successor, David, 
a former aide (and also his son-in-law) who had fallen 
out of favour with him, at first took over (c. 1010) the 
rule of Judah in the south and then of all Israel (c. 1000).
Through his military and administrative abilities and his 
political acumen, David established a centralized rule in 
Israel, cleared the territory of foreign invaders, and, in 
the absence of any aggressive foreign empire in the area, 
created his own petty empire over neighbouring city-states 
and peoples. He established his Capital in Jerusalem, which The cen- 
until then had maintained its independence as a Canaan- tralization 
ite city-state wedged between the territories of Saul’s tribe of state 
Benjamin and David’s tribe Judah, and moved the ark and 
there from the small Israelite town in which it had been religion in 
stored by the Philistines, establishing it in a tent shrine. Jerusalem 
This felicitous combination of holy ark, political reign, 
and central city was to be hailed and proclaimed by future 
ages. Under David’s successor, his son Solomon (reigned 
c. 961-922), Israel became a thriving commercial power; 
numerous impressive buildings were erected, including 
the magnificent Temple (a concrete Symbol of the religio- 
political unity of Israel); a large harem of foreign princesses 
was acquired, sealing relations with other States; the coun­
try was divided into 12 districts for administrative, supply, 
and taxation purposes. Foreign cults set up to serve the 
King’s foreign wives and foreign traders led to charges 
of idolatry and apostasy by religiöus conservatives. In the 
latter years of his reign, Solomon’s unpopulär policies, 
such as oppressive forced labour, led to internal discontent 
and rebellion, while externally the vassal nations of Dam­
ascus (Aram) and Edom staged successful revolts against 
his rule. The central and northern tribes, called Israel in 
the restricted sense, were especially galled by the oppres­
sive policies, and soon after Solomon’s death Israel split 
off to become a separate kingdom. The united monarchy 
thus became the divided monarchy of Israel (the northern 
kingdom) and Judah (the Southern kingdom).

FROM  TH E PERIO D  O F TH E D IV ID ED  M ON A RCHY  
TH R O U G H  TH E RESTO RA TIO N

The divided monarchy: from Jeroboam I to the Assyrian 
conquest. Jeroboam I, the first king of the new state of 
Israel, made his Capital first at Shechem, then at Tirzah.
Recognizing the need for religiöus independence from 
Jerusalem, he set up official sanctuaries at Dan and Bethel, 
at the two ends of his realm, installing in them golden 
calves (or bulls), for which he is castigated in the anti- 
northern account in the First Book of the Kings. Israel 
engaged in conflicts with Judah and, sometimes jointly 
with Judah, against foreign powers. At first there was 
great dynastie instability in the northern kingdom, until 
the accession of Omri (reigned c. 884-c. 872), one of its 
greatest kings, who founded a dynasty that lasted through 
the reign of his two grandsons (to 842). Under Omri an
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impressive building program was initiated at the Capital, 
Moab was subjugated (an event confirmed in an extrabib- 
lical source, the Moabite Stone), and amicable relations 
were established with Judah. The Phoenician kingdom of 
Tyre was made an ally through the marriage of his son 
Ahab to the Tyrian princess Jezebel. Ahab (reigned c. 
874-853 b c e )— unless the episode recounted in I Kings, 
chapter 20 actually took place four reigns later—fought 
off an attempt by Damascus, heading a coalition of kings, 
to take over Israel. Near the end of his reign, Ahab joined 
with Damascus and other neighbouring States to fight off 
the incursions of the great Assyrian Empire in their area. 
Peaceful relations were cemented with Judah through the 
marriage of Ahab’s daughter (or sister) Athaliah to Jeho- 
ram, the son of the king of Judah (not to be confused 
with Ahab’s son, Jehoram of Israel). But the establishment 

Jezebel and of a pagan Baal temple for Jezebel and her attempt to 
the Baal spread her cult aroused great Opposition on the part of
cult: Elijah the zealous Yahwists among the common people. There 
and Elisha was also resentment at the despotic Oriental manner of 

rule that Ahab, incited by Jezebel, exercised. She and her 
cult were challenged by Elijah, a prophet whose fierce and 
righteous character and acts, as illumined by legend, are 
dramatically depicted in the First Book of the Kings. In 
the reign of Ahab’s son Jehoram, Elijah’s disciple Elisha 
inspired the slaughter of Jezebel and the whole royal fam­
ily, as well as of all the worshippers of Baal, thus putting 
a stop to the Baalist threat. Jehu, Jehoram’s general who 
led this massacre, became king and established a dynasty 
that lasted almost a Century (c. 842-745), the longest in 
the history of Israel.
Meanwhile, in Judah, the Baal cult introduced by Atha­

liah, the queen mother and effective ruler for a time, was 
suppressed after a revolt, led by the chief priests, in which 
Athaliah was killed and her grandson Joash (Jehoash) was 
made king. In the ensuing period, down to the final fall 
of the northern kingdom, Judah and Israel had varying 
relations of conflict and amity and were involved in the 
alternative expansion and loss of power in their relations 
with neighbouring States. Damascus was the main imme­
diate enemy, which annexed much of Israel’s territory, 
exercised suzerainty over the rest, and exacted a heavy 
tribute from Judah. Under Jeroboam II (783-741) in Is­
rael, and Uzziah (Azariah; 783-742) in Judah, both of 
whom had long reigns at the same time, the two kingdoms 
cooperated to achieve a period of prosperity, tranquillity, 
and imperial sway unequalled since Solomon’s reign. The 
threat of the rising Assyrian Empire under Tiglath-Pileser 
III soon reversed this Situation. When a coalition of anti- 
Assyrian States, including Israel, marched against Judah 
to force its participation, the Judahite king Ahaz (c. 735- 
720) called on Assyria for protection; the result was the 
defeat of Israel, which suffered heavily in captives, money 
tribute, and lost provinces, while Judah became a vassal 
state of Assyria. In about 721, after an abortive revolt 
under King Hoshea, the rump state of Israel was annexed 
outright by Assyria and became an Assyrian province; its 
elite cadre, amounting to nearly 30,000 according to As­
syrian figures, was deported to Mesopotamia and Media, 
and settlers were imported from other lands. Thus, the 
northern kingdom of Israel ceased to exist. Its decline and 
fall were a major theme in the prophecies of Arnos, Hosea, 
Isaiah, and Micah.

The final period of the kingdom of Judah. Meanwhile, 
the Southern kingdom of Judah was to have another Cen­
tury and a half of existence before a similar and even 
grimmer fate befell it. Hezekiah (reigned c. 715-c. 686), 
who instituted a religiöus reform to return worship to a 
pure Yahwist form, also displayed political independence, 
joining a coalition of Palestinian States against Assyria. 
But the coalition was soon defeated, and Judah—with 
Jerusalem besieged—bought off the Assyrians, led by Sen- 
nacherib, with tribute. In the reign of Manasseh (692- 
638) there was a revival of pagan rites, including astral 
cults in the very forecourts of the temple of YH WH, child 
sacrifice, and temple Prostitution; hence, he is usually 
portrayed as the most wicked of the kings of Judah. If he 
had any tendencies toward independence from Assyrian 
domination, they apparently were suppressed by his being

taken in chains to Babylon, where he was molded into 
proper vassal behaviour, although one edifying and prob­
ably unhistorical biblical account reports his repentance 
and attempt at religiöus reform after his return to Judah. 
The great religiöus reform took place in the reign of his 
grandson Josiah (640-609) during a period when the As­
syrian empire was in decline and was precipitated by the 
discovery of the Book of the Law during the restoration 
of the Temple. It was proclaimed by the king to be the 
Law of the realm, and the people pledged obedience to 
it. In accordance with its admonitions, the pagan altars 
and idols in the Temple were removed, rural sanctuaries 
(“high places”) all the way into Samaria were destroyed, 
and the Jerusalem Temple was made the sole official place 
of worship. (For an identification of the law book with the 
legal portion of Deuteronomy, see below Old Testament 
literature: Deuteronomy.) Josiah also made an attempt at 
political independence and expansion but was defeated 
and killed in a battle with the Egyptians, the new allies of 
the fading Assyrian Empire. During the reigns of his sons 
Jehoiakim (c. 609-598) and Zedekiah (597-586), Judah’s 
independence was gradually extinguished by the might of 
the new dominant Babylonian Empire under Nebucha- 
drezzar. The end came in 586 with the Babylonian capture 
of Jerusalem and the destruction of the principal build­
ings, including the Temple and the fortifications. The first 
deportation of Judahites to Babylon, during the brief reign 
of Josiah’s grandson Jehoiachin in 597, was followed by 
the great deportation of 586, which was to be a theme 
of lament and remembrance for millennia to come. (Nu­
merous Jews also migrated to Egypt during this troubled 
time.) Exhortations and prophecies on the decline and 
fall of Judah are to be found in Zephaniah, Nahum, 
Habakkuk, and Jeremiah (who played a significant role in 
the events), while the conditions and meaning of the exile 
are proclaimed by Ezekiel and Deutero-Isaiah (chapters 
40-55 of Isaiah).

The Babylonian Exile and the restoration. The Babylo­
nian Exile (586-538) marks an epochal dividing point in 
Old Testament history, Standing between what were subse­
quently to be designated the pre-exilic and post-exilic eras. 
The Judahite community in Babylonia was, on the whole, 
more Yahwist in religion than ever, following the Mosaic 
Law, emphasizing and redefining such distinctive elements 
as circumcision and the sabbath and stressing personal 
and congregational prayer—the beginnings of synagogal 
worship. It is possible that they also reached an under­
standing of historical events (like that taught by the great 
pre-exilic and exilic prophets)—as the chastening acts of a 
universal God acting in history through Nebuchadrezzar 
and other conquerors. To this period is also ascribed the 
beginning of the Compilation of significant portions of the 
Old Testament and of the organizing view behind it. In 
any event, it was from this community that the leadership 
and the cadres for the resurrection of the Judahite nation 
and faith were to come when Cyrus the Great (labelled 
“the Lord’s anointed” in Deutero-Isaiah) conquered Bab­
ylon and made it possible for them to return (538). A 
contingent of about 50,000 persons, including about 4,000 
priests and 7,000 slaves, returned under Sheshbazzar, a 
prince of Judah.
The first great aim was the rebuilding of the Temple as 

the centre of worship and thus also of national existence; 
this was completed in 515 under the administration of 
Zerubbabel and became the place of uninterrupted sac- 
rificial worship for the next 350 years. The next task 
was to rebuild the walls of Jerusalem, which was under­
taken by Nehemiah, a Babylonian Jew and court butler 
who was appointed governor of Judah and arrived in 
444. Nehemiah also began religiöus reforms, emphasizing 
tithing, observance of the sabbath, and the prohibition 
against intermarriage with “foreign” women. This reform 
was carried through systematically and zealously by Ezra, 
a priest and scribe who came from Babylon about 400 
b c e , called the people together, and read them the “book 
of the law of Moses” to bring them back to the strict and 
proper observance maintained in Babylon: circumcision, 
sabbath observance, keeping the feasts, and, to seal it all, 
avoiding intermarriage. (In this presentation, modern criti-
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cal scholarship is being followed, placing Nehemiah before 
Ezra instead of the traditional sequence, which reverses 
the positions.) Haggai, Zechariah, and Malachi are the 
prophets of this restoration period. Ezra and Nehemiah 
are its narrators.
It was in this period that enmity between the Jews, or 

Judaeans, as they came to be called, and the Samaritans, 
a term applied to the inhabitants of the former northern 
kingdom (Israel), was exacerbated. It has been surmised 
that this goes back to the old political rivalry between 
Israel and Judah or even further back to the conflict be­
tween the tribes of Joseph and Judah. Scholars ascribe the 
exacerbation of enmity in the restoration period variously 
to the Samaritans’ being excluded from participating in 
the rebuilding of the Temple; to Nehemiah’s rebuilding 
of the walls of Jerusalem (regarded as a threatening act 
by the Samaritan authorities); or to the proscriptions of 
intermarriage by Ezra. The animus of the Jews against the 
Samaritans is frequently expressed in the biblical books 
dealing with the restoration (expressions perhaps engen­
dered by later events), but the attitude of the Samaritans 
and a good deal eise about them is not evident. At some 
time they became a distinct religiöus community, with 
a temple of their own on Mt. Gerizim and a Scripture 
that was limited solely to the Pentateuch, excluding the 
Prophets and Writings.

Old Testament history proper ends with the events de­
scribed in the books of Ezra and Nehemiah. The books 
of Chronicles give all the preceding history, from Adam 
to the Babylonian sack of Jerusalem and the exile. The 
last two verses of the Second Book of the Chronicles are 
repeated in the first two verses of Ezra: God inspires Cyrus 
to send the Jews back to Jerusalem to rebuild the Tem­
ple. The Persian period of Jewish history ended with the 
conquest of Alexander the Great in 323 b c e  to begin the 
Hellenistic era, in which some of the biblical (including 
apocryphal or deuterocanonical) writings were created (for 
Hellenistic Judaism, see j u d a i s m ).

Old Testament literature
TH E TO RA H  (LA W , PEN TA TEU C H ,
OR FIVE BOOKS O F M OSES)

Composition and authorship. The Torah, or Pentateuch 
(Five Scrolls), traditionally the most revered portion of 
the Hebrew canon, comprises a series of narratives, inter- 
spersed with law codes, providing an account of events 
from the beginning of the world to the death of Moses. 
Modem critical scholarship tends to hold that there were 
originally four books (Genesis, Exodus, Leviticus, and 
Numbers) resulting from the division into manageable 
scrolls—a so-called Tetrateuch—to which later was added 
a fifth scroll, or book, Deuteronomy. A theory, once widely 
held, that the Book of Joshua was originally integral with 
the first five books to form a Hexateuch (Six Scrolls) is 
now generally regarded as dubious.
The traditional Jewish and Christian view has been that 

Moses was the author of the five books, that “of Moses” 
means “by Moses,” citing in support passages in the Pen­
tateuch itself that claim Mosaic authorship. Since these 
claims, however, are written in the third person, the ques­
tion still arises as to the authorship of the passages; e.g., 
in Deuteronomy, chapter 31, verse 9: “And Moses wrote 
this law, and gave it to the priests . . . and to all the elders 
of Israel.” The last eight verses of Deuteronomy (and of 
the Pentateuch), describing Moses’ death, were a problem 
even to the rabbis of the 2nd Century c e , who held that 
“this law” in the verse quoted refers to the whole Torah 
preceding it. There are also other passages that seem to be 
written from the viewpoint of a much later period than 
the events they narrate.

The documentary hypothesis. Beyond these obvious dis­
crepancies, modem literary analysis and criticism of the 

J, E, P, texts has pointed up significant differences in style, vo-
and D cabulary, and content, apparently indicating a variety of
documents original sources for the first four books, as well as an 

independent origin for Deuteronomy. According to this 
view, the Tetrateuch is a redaction primarily of three doc­
uments: the Yahwist, or J (after the German spelling of

Yahweh); the Elohist, or E; and the Priestly code, or P.
They refer, respectively, to passages in which the Hebrew 
personal name for God, YHWH (commonly transcribed 
“Yahweh”), is predominantly used, those in which the 
Hebrew generic term for God, Elohim, is predominantly 
used, and those (also Elohist) in which the priestly style 
or interest is predominant. According to this hypothe­
sis, these documents—along with Deuteronomy (labelled 
D)—constituted the original sources of the Pentateuch.
On the basis of internal evidence, it has been inferred that 
J and E are the oldest sources (perhaps going as far back 
as the 10th Century b c e ), probably in that order, and D 
and P the more recent ones (to about the 5th Century 
b c e ). Genesis, Exodus, and Numbers are considered com- 
pilations of J, E, and P, with Leviticus assigned to P and 
Deuteronomy to D.
The Yahwist, or J, is the master of narrative in biblical 

literature, who sketches people by means of stories. He 
takes his materials wherever he finds them, and if some 
are cmde he does not care, as long as they make a good 
story. The book of Genesis, for example, contains the 
story of Abraham’s passing off his wife as his sister, so if 
the king took her as a concubine he would honour her 
supposed brother instead of having her husband killed, a 
story told by J without any moralistic homily. Not given 
to subtle theological speculations, J nearly always refers to 
the Deity as YHWH, by his specifically Israelite personal 
name (usually rendered “the Lord” in English transla­
tions), though he is not hidebound and also employs the 
term Elohim (“God”), especially when non-Hebrews are 
speaking or being addressed. He presents God as one who 
acts and speaks like human persons, a being with whom 
they have direct intercourse. The Yahwist, however, has 
one very definite theological (or theo-political) preoccu- 
pation: to establish Israel’s divinely bestowed right to the 
land of Canaan.

More reflective and theological in the apologetic sense 
is the Elohist, or E. No fragment of E on the primeval 
history (presented in the first 11 chapters of Genesis) has 
been preserved, and it is probable that none ever existed 
but that the Elohist began his account with the patriarchs 
(presented in the remainder of Genesis, in which the J 
and E Strands are combined). The first passage that can 
be assigned to E with reasonable certainty is chapter 20 
of Genesis, which parallels the two J variants of the “She 
is my sister” story noted above. Unlike these, it tries to The 
mitigate the offensiveness of the subterfuge: though the Elohistic 
patriarch did endanger the honour of his wife to save tone and 
his life, his statement was not untrue but merely (deli- stress 
berately) misleading. The Elohist is also distinct from the 
Yahwist in generally avoiding the presentation of God as 
being like a human person and treating him instead as a 
more remote, less directly accessible being. Significantly,
E avoids using the term YHWH throughout Genesis (with 
one apparent exception), and it is only after telling how 
God revealed his proper name to Moses, in chapter 3 
of Exodus, that he refers to God as YHWH regularly, 
though not exclusively. This account (paralleled in the P 
strand in chapter 6 of Exodus) is apparently based on a 
historical recollection of Moses’ paramount role in estab- 
lishing the religion of YHWH among the Israelites (the 
former Hebrew slaves). Also noteworthy is E’s choice of 
the term prophet for Abraham and his characterization of 
a prophet as one who is an effective intercessor with God 
on behalf of others. This is in line with his speculations 
on the unique character of Moses as the great intercessor 
as compared with other prophets (and also with Joshua as 
Moses’ attendant).
It is inferred from certain internal evidence that E was 

produced in the northern kingdom (Israel) in the 8th Cen­
tury b c e  and was later combined with J. Because it is not 
always possible or important to separate J from E, the two 
together are commonly referred to as JE.

The third major document of the Tetrateuch, the Priestly 
code, or P, is very different from the other two. Its nar­
rative is frequently interrupted by detailed ritual instruc- 
tions, by bodies of standing laws of a ritual character, and 
by dry and exhaustive genealogical lir.ts of the generations.
According to one theory, the main author of P seems to
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have worked in the 7th Century and to have been the 
editor who combined the J and E narratives; for his own 
part, he is content to add some brief, drab records—with 
frequent dates—of births, marriages, and migrations. The 
P material is to be found not merely in Leviticus but 
throughout the Tetrateuch, including the early chapters 
of Genesis and one of the creation accounts and ranging 
from the primeval history (Adam to Noah) to the Mosaic 
era. Like the Elohist, P uses the term Elohim for God 
until the self-naming of God to Moses (Exodus, chapter 
3, in the P strand) and shows a non-anthropomorphic 
transcendent stress.

The Deuteronomist, or D, has a distinctive hortatory 
style and vocabulary, calling for Israel’s conformity with 
YHWH’s covenant laws and stressing his election of Israel 
as his special people (for a detailed consideration of D, 
see below Deuteronomy). To the Deuteronomist or the 
Deuteronomic school is also attributed the authorship of 
the Former Prophets (Joshua, Judges, Samuel, and Kings), 
which scholars call the “Deuteronomic history.”

Other Pentateuchal theories. This documentary theory 
of the composition of the Pentateuch has been challenged 
by eminent 20th-century scholars who have offered alter­
native or additional methods of analysis and interpreta- 
tion. Form criticism, for example, has stressed particular 
literary forms and the historical setting out of which they 
arose: the sagas, laws, legends, and other forms and the 
particular tribal or cultic context that gives them meaning. 
Tradition criticism centres on the pre-literary sources; i.e., 
on the oral traditions and the circles out of which they 
originated as accounting for the variety of the materials 
in the Pentateuch. Archaeological criticism has tended to 
substantiate the reliability of the typical historical details 
of even the oldest periods and to discount the theory 
that the Pentateuchal accounts are merely the reflection 
of a much later period. The new methods of criticism 
have served to direct attention to the life, experience, and 
religion out of which the Pentateuchal writings arose and 
to take a less static and literal view of the constituent 
documentary sources; yet most scholars still accept the 
documentary theory, in its basic lines, as the most ade­
quate and comprehensive ordering of the variegated Penta­
teuchal materials. The following presentation rests mainly 
on an analysis and interpretation of the literary sources. 
(See below The critical study o f biblical literature: exegesis 
and hermeneutics.)

In any case, the five books that have come down in 
various texts and versions have been seen as a unit in the 
religiöus communities that preserved them. Their basic 
content may be divided thus: (1) beginnings of the world 
and man—the primeval history; (2) patriarchal narra­
tives—from Abraham to Joseph; (3) Egyptian slavery and 
the Exodus; (4) the revelation and Covenant at Sinai; (5) 
wanderings and guidance in the wilderness (divisible into 
two separate sub-blocks, before and after Sinai); (6) vari­
ous legal materials—the Decalogue, Covenant Code, and 
passages of cultic and Deuteronomic laws—interspersed 
in the narrative, which take up the greater portion of the 
Pentateuch.

Genesis. This book is called Bereshit in the Hebrew 
original, after its first word (and the first word of the Bi­
ble), meaning “In the beginning.” It teils of the beginnings 
of the world and man and of those acclaimed as ancestors 
of the Hebrew people—all under the shaping action and 
purpose of God. The book falls into two main parts: chap­
ters 1-11, dealing with the primeval history, and chapters 
12-50, dealing with the patriarchal narratives; the latter 
section is again divisible into the story of Abraham, Isaac, 
and Jacob (chapters 12-36) and the story of Joseph (chap­
ters 37-50), which may be treated as a unit of its own.

The primeval history. The Bible begins with the creation 
of the universe. It teils the story with images borrowed 
from Babylonian mythology, transformed to express its 
own distinctive view of God and man. Out of primary 
chaos, darkness, void, depths, and waters God creates the 
heaven and the earth and all that dweil therein—a coher­
ent order of things—by his will and word alone. He says, 
“Let there be ..  .” and there is. Actually, there are two 
creation accounts: the first (1-2:4), ascribed to P, simply

gives a terse day-by-day account including the culminating 
creation of man, in the di vine “image and likeness,” fol­
lowed by the primordial sabbath on the seventh day. The 
other (2:4-25), ascribed to J, starts with an arid wasteland 
and the creation of man (Adam), described specifically 
as being formed by God out of dust and made into a 
living thing by God blowing the breath of life into him. 
He and the woman (Eve) created for him out of his rib 
are put into a paradisal garden (Eden), especially created 
for them to tili and to tend and to sustain life. The two 
are förbidden only to eat of the tree of the knowledge of 
good and evil on pain of death (there is also a tree of 
life in the middle of the garden). The cosmic setting and 
concern of the P account is thus followed by the human 
setting and concern of the J account. Creation is followed 
by temptation, disobedience, and fall and all that follows 
from that for the history of mankind. At the instigation 
of the serpent, the shrewdest of the beasts, who holds out 
the possibility of attaining godlike knowledge, the woman 
eats of the fruit of the tree of knowledge and gives some to 
her husband to eat also. Their distinction from beasts and 
children manifests itself immediately by a sense of mod- 
esty about exposing their bodies, and loincloths become 
the first products of the higher knowledge. The primal 
human couple are punished by God for their disobedience 
by being driven out of the idyllic garden into the world of 
pain, toil, and death.
The reason given by YHWH to the divine beings is: “Be- 

hold, the man has become like one of us, knowing good 
and evil; and now, lest he put forth his hand and take also 
of the tree of life, and eat, and live for ever.” These words 
apparently point back to the polytheistic mythology (the 
existence of divine, magical powers; the gods’ jealousy of 
mankind; the tree of eternal life; etc.) from which the 
Yahwist drew his images and Symbols explaining man’s 
suffering, frustration, and limitation. In the biblical frame- 
work and rendering (and subsequent interpretation), the 
archaic stories and images acquire a different meaning, 
suitable to the idea of a transcendent deity and an imper­
fect mankind.

With the exile from the garden, human history and 
culture begins. In the story of Adam’s sons, Cain and 
Abel, man has already become a herdsman and farmer, 
and also a murderer: again probably a reflection of older 
mythical material and, again, one that puts an emphasis 
on human sin and estrangement from God. In the story of 
the Rood that follows there are evident borrowings from 
the Mesopotamian stories of a flood sent by the gods to 
destroy mankind, but in the biblical account it is empha- 
sized that man’s extreme wickedness is the cause and that 
Noah is saved along with his family by God’s deliberate 
choice because he is a righteous man. (In the flood story 
in the Babylonian Gilgamesh epic, by contrast, there is no 
apparent moral reason why the gods resolved to destroy 
mankind, and the only reason why the hero of the Rood 
and his kin are saved is that he is favoured by one of 
the gods, who tricks the others, including the chief god.) 
After the Rood, God blesses Noah and bestows on man 
the earth and the things on it for sustenance and makes 
a covenant with Noah and all creatures that he will never 
again unleash a world-destroying flood. The permanent 
order of the world is assured, and God’s blessing and 
covenant make their first explicit appearance in the Bible.
In the story of the Tower of Babel, the final story in 

the primeval history, a primal unity of mankind in which 
there is only one language is shattered when, in their pride, 
men decide to build a city and a tower that will reach 
up to the heavens. YHWH again takes steps to check 
dangerous collaboration: He says (to the celestial council), 
“Come, let us go down, and there confuse their language, 
that they may not understand one another’s speech,” and 
scatters them over the earth. Again, the Yahwist has ap­
parently used ancient mythological motifs to explain the 
diversity of mankind; the story may be regarded as simply 
a direct borrowing from the older traditions, without any 
monotheistic adaptation; in its textual setting, however, 
it may also be taken as another instance of the min of 
primal harmony by human willfulness and pride.

The patriarchal narratives. The universal primal history
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of man in the first 11 chapters of Genesis is followed by 
an account of the fathers of the Hebrew people; i.e., of 
the origins of a particular group. From a literary point of 
view, this portion may be divided into the sagas of Abra­
ham, Isaac, and Jacob and the story of Joseph. Although 
these narratives are not historical in the ordinary sense, 
they have an evident historical setting and refer to various 
particulars that fit in with what is generally known of 
the time and area. They apparently rest on the traditions 
of particular families, clans, or tribes and were probably 
passed down orally before they took written form. The- 
ologically, they are an account of a divine promise and 
Covenant and of man’s faith and unfaith in response, with 
Abraham as the model man of faith.
The Elohist, as well as J and P, teils the remarkable story 

of how God singled out Abraham (Abram) to migrate 
from Mesopotamia and sojourn in Canaan, promised him 
that he would make him the ancestor of great nations and 
that his posterity would inherit the land of his sojournings, 
and singled out as the heirs to the latter promise first Isaac, 
Abraham’s son by his chief wife, Sarah, and then Jacob, 
the younger of Isaac’s two sons; how Jacob acquired the 
additional name of Israel and how the wives, children, 
and children’s children who, in Jacob-Israel’s own life- 
time, came to constitute a family of 70 souls, became the 
nucleus of the Israelite people; and how it came about 
that this ethnic group, prior to becoming, as promised, 
the masters of the land of their sojournings, first vacated 
it to sojourn for a time in Egypt. Apart from the low- 
keyed P strand, it is mostly splendid narrative, including 
the Elohist’s account of the (aborted) sacrifice of Isaac by 
his father in response to God’s command, a terse story 
packed with meaning, and the Joseph story about the son 
of Jacob who is sold into slavery by his brothers, rises to 
a high post in the Egyptian court, and ultimately helps 
his family to settle in Egypt. The 12 sons of Jacob-Israel 
are eponymous ancestors of Israelite tribes (ancestors after 
whom the tribes are named); the actions and fortunes 
of the eponymous ancestors, including certain blessings 
and other pronouncements of Jacob-Israel, account for 
the future positions and fortunes of the particular tribes. 
Though there is less history and more legend, much of the 
atmosphere of an older age is preserved, with the patri­
archs represented as seminomadic, essentially peaceful and 
pastoral tent dwellers—alien residents—among the settled 
Canaanites and as observing customs otherwise only at- 
tested in Mesopotamia. Anachronistic features, however, 
insinuate themselves from time to time

The God of the patriarchs is presented as Yahweh— 
explicitly by the Yahwist and implicitly by E and P—i.e., 
as the same God who would later speak to Moses. God 
apparently was originally the personal, tutelary deity of 
each of the patriarchs, called by a variety of names and 
later unified into the one God of Abraham, Isaac, and 
Jacob. There are various cult legends in this portion of 
Genesis, etiological accounts of the origins of various cult 
sites and practices; though probably of Canaanite origin, 
these all indicate the places and customs held holy by 
the Israelites and perhaps also by their claimed Hebrew 
ancestors. There are direct appearances of God to some 
of the main figures in the narratives, intimate personal 
communication between men and God. God’s particular 
blessing upon and Covenant with Abraham is the paradig­
matic high point, to be referred back to continually in 
later biblical and post-biblical traditions.

Exodus. The title (in the Greek, Latin, and English ver­
sions) means “a going out,” referring to the seminal event 
of the liberation of Israel from Egyptian bondage through 
the wondrous acts and power of God. The book celebrates 
and memorializes this great saving event in song and 
story and also the awesome revelation and covenant at 
Mt. Sinai. The contents of the book may be summarized 
thus: (1) Israel in Egypt, (2) the Exodus and wanderings,
(3) the Covenant at Sinai, (4) the apostasy of the people 
and renewal of the Covenant, and (5) the instructions on 
building the Tabernacle and their execution.

Redemption and revelation. Significant in the early 
chapters is God’s special concern for the Hebrew slaves, 
his reference to them as “my people,” and his revelation

to Moses, the rebel courtier whom he has picked to be 
their leader, that he is YHWH, the God of their fathers, an 
abiding presence that will rescue them from their misery 
and bring them into Canaan, the land of promise. This 
assurance is repeated at the critical moments that follow 
(e.g., “And I will take you for my people, and I will be 
your God”). In the series of frustrations, obstacles, and 
redeeming events that are narrated, God’s special causal 
power and presence are represented as being at work. God 
hardens the Pharaoh’s heart, sends plagues that afflict the 
Egyptians but spare the Hebrews, causes the waters to 
recede in the Sea of Reeds (or Papyrus Marsh) to permit 
passage to the fleeing Israelites and then to engulf the pur- 
suing Egyptians (“the horse and his rider he has thrown 
into the sea”), and gives the people guidance in their wan­
deling in the wildemess. The cryptic “name” that God 
gives to himself in his revelation to Moses Qehye 'asher 
'ehye), often translated “I am that I am” or “I will be what 
Twill be,” may also be rendered “I will cause to be that 
which I will cause to be.” In either case, it is a play on, 
and an implied interpretation of, the name YHWH.
The constancy of God’s directive power and concern 

is displayed notably in the period (40 years) of wilder­
ness wandeling (on the eastem and Southern borders of 
Canaan), when Israel is tested and tempered not only by 
hardship but also by rebellious despair that looks back 
longingly to Egyptian bondage (see also below Numbers). 
God sends the people bread from heaven (manna) and 
quail for their sustenance (J and P Strands) and, through 
Moses, brings forth hidden sources of water (JE strand). 
When the Amalekites (a nomadic desert tribe) attack, 
Moses, stationed on a nearby hill, Controls the tide of 
battle by holding high the rod of God (a Symbol of divine 
power), and when the enemy is routed he builds an altar 
called “The Lord is my banner” (E strand). Also inserted 
here is the account (E) of the visit of Moses’ father-in- 
law, Jethro, a priest of another people (Midianite) who, 
impressed by YHWH’s marvellous deliverance of Israel, 
blesses, extols, and sacrifices to him—under the name 
Elohim, but in the context the same God is clearly meant.

God’s power and presence manifest themselves impres- 
sively in the culminating account of the Covenant at Mt. 
Sinai (or Horeb). The people, forewamed by God through 
Moses, agree beforehand to carry out the terms of the 
Covenant that is to be revealed, because God has liber- 
ated them from Egypt and promises to make them his 
special holy people; they purify themselves for the ensu- 
ing Covenant ceremony, according to God’s instmctions. 
Yahweh appears in fire and smoke, attended by the blare 
of a ram’s horn at the top of the mountain, where he 
reveals to Moses the terms of the Covenant, which Moses 
then passes on to the people below. Here follow in the text 
the Ten Commandments and the so-called Covenant Code 
(or Book of the Covenant) of lesser, specific ordinances, 
moral precepts, and cultic regulations, accompanied by a 
promise to help the people conquer their enemies if they 
will serve no other gods. After this comes the Covenant 
ceremony with burnt offerings and the sacrifice of oxen, 
with the blood of the animals thrown both on the altar 
and on the people to sacramentally seal the Covenant, 
followed by a sacral meal of Moses and the elders at the 
mountaintop, during which they see God. Many modern 
scholars hold that this is presented as the initial form of 
a Covenant renewal ceremony that was repeated either 
annually or every seven years in ancient Israel.
There are certain problems and apparent discrepancies 

in this account that are explained by critical scholarship as 
deriving from the combination of different sources, mainly 
J and E, traditions, or emphases. In the opening portion 
(chapter 19) the people are gathered at the foot of the 
mountain so as to hear and meet God, and Moses him­
self brings down to them God’s words. In a later portion 
(24:12-18, also 32:15-20), after the sacral meal, Moses 
goes up on the mountain to receive “the tables of stone, 
with the law and commandments,” inscribed by God him­
self, and returns with two stone tablets written on both 
sides by the hand of God—which he breaks in anger at the 
people’s worship of the molten calf that has developed in 
his absence. Later (chapter 34), at God’s command, Moses
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cuts two new stone tablets, upon which after hearing God’s 
various promises and exhortations, he writes “the words of 
the covenant, the ten commandments”; finally, he brings 
the new tablets down to the people and teils them what 
YHWH has commanded. There seem to be two parallel 
accounts of the same event, woven together by the skillful 
redactor into a continuing story. There also seem to be 
two distinct Strands in the account of the sealing of the 
Covenant in the first 11 verses of chapter 24. According to 
one, the elders are to worship from afar, and only Moses 
is to come near YHWH; in the other strand, as noted, 
the elders eat the sacred meal on the mountaintop in the 
direct presence of God.

Legislation. The book of Exodus includes not only the 
narrative and celebration of God’s redemptive action in 
the Exodus and wanderings and his revealing presence at 
Mt. Sinai but also a corpus of legislation, both civil and 
religiöus, that is ascribed to God and this revelation event. 
The Covenant Code, or Book of the Covenant, presented 
in chapters 20-23, immediately following the Decalogue 
(Ten Commandments), opens with a short passage on rit­
ual ordinances, followed by social and civil law applying 
to specific situations (case law), including the treatment of 
slaves, Capital crimes, compensation for personal injuries 
and property damage, moneylending and interest, pre- 
cepts on the administration of justice, and further ritual 
ordinances. Scholars generally date this code in the later 
agricultural period of the settlement in Canaan, but some 
hold that it is analogous to more ancient Near Eastem law 
codes and may go back to Moses or to his time. In any 
case, it seems to be a Compilation from various sources, 
inserted into and breaking the flow of the narrative.
Instructions on the Tabernacle. Also interspersed in the 

story (chapters 25-31) are God’s detailed instructions to 
Moses for building and fumishing the Tabernacle, the 
clothing and Ordination of priests, and other liturgical 
matters. According to this segment (evidently P in Inspir­
ation), an elaborate structure is to be set up in the desert, 
in the centre of the camp, taken apart, transported, and 
assembled again, like the simple “Tent of Meeting” out­
side the camp, where Moses received oracular revelations 
from God. Indeed, the two concepts seem to have fused 
and the Tabernacle is also called the Tent of Meeting. Its 
prime function is to serve as a sanctuary in which sacri- 
fices and iticense are offered on altars and bread presented 
on a table; it is also equipped with various other vessels 
and fumishings, including a wooden ark, or cabinet, to 
contain the two tablets of the Covenant—the famous ark 
of the Covenant. It is, moreover, to be the place of God’s 
occasional dwelling and meeting with the people. Scholars 
believe that the elaborate details and materials described 
stem from a later, Canaanite, period but that the essential 
concept of a tent of meeting goes back to an earlier des­
ert time. An account of the execution of the instructions 
for the building of the Tabernacle is presented in chap­
ters 35-40 (following the apostasy, tablet breaking, and 
Covenant-renewal episodes), which duplicates to the letter 
the instructions in chapters 25-31. After the Tabernacle is 
completed and consecrated, it is occupied by the “glory,” 
or presence, of YHWH, symbolized by a cloud resting 
upon it. It is on this note that the book of Exodus ends.

Leviticus. The cultic and priestly laws presented in 
Exodus are expanded to take up virtually the whole of 
Leviticus, the Latin Vulgate title for the third of the Five 
Books of Moses, which may be translated the Book (or 
Manual) of Priests. With one exception (chapters 8-10), 
the narrative portions are brief connective or introductory 
devices to give an ostensibly narrative framework for the 
detailed lists of precepts that provide the book’s content. 
The source of Leviticus, both for the legal and narrative 
passages, is definitely identified as P; it is the only book 
in the so-called Tetrateuch to which a single source is 
attributed. Apparently the book consists of materials from 
various periods, some of them going back to the time of 
Moses, which were put together at a later date, possibly 
during or after the Babylonian Exile. Recent scholarship 
tends to emphasize the ancient origin of much of the 
material, as opposed to the previous tendency to ascribe a 
late, even post-exilic date. Despite its content and its dry,

repetitive style, many Interpreters caution against taking 
Leviticus as merely a dull, spiritless manual of priestly rit­
ual, holding that it is strictly inseparable from the ethical 
emphasis and spiritual fervour of the religion of ancient 
Israel. It is in Leviticus that the so-called law of love, 
“You shall love your neighbour as yourself,” first appears. 
The rituals set forth drily here probably presuppose an 
inward state in offering to God, as well as humanitarian 
and compassionate ethics.

The book may be divided thus: chapters 1-7, offerings 
and sacrifices; chapters 8-10, inauguration of priestly wor­
ship; chapters 11—16, purification laws; chapters 17-26, 
holiness code; chapter 27, commutation of vows and tithes.

Offerings, sacrifices, and priestly worship. The first 
verse attributes these regulations to YHWH, who speaks 
to Moses from the Tent of Meeting, beginning with the 
rules for offerings by the individual layman. These include 
burnt, cereal, peace, sin, and guilt offerings, all described 
in precise details. The prescription for priestly offerings is 
about the same, with some slight differences in the order 
of actions, and is presented much more briefly. In chap­
ters 8-10 the narrative that was interrupted at the end of 
Exodus is resumed, and the Ordination of Aaron and his 
sons by Moses, before the people assembled at the door 
of the Tent of Meeting is described, as are various animal 
sacrifices by Aaron and his sons under Moses’ direction 
and the subsequent appearance of God’s “glory” to the 
people. Aaron’s two older sons are bumed to death by fire 
issuing forth from God because they have offered “unholy 
fire.” This story apparently emphasizes the importance of 
adherence to the precise cultic details, as does also the 
account (at the end of the chapter) of Moses’ anger at 
Aaron’s two remaining sons for not eating the sin offering. 
These stories were apparently used by the priestly authors 
to buttress the authority of the Aaronic priesthood.
Purification laws. With chapter 11 begin the regulations 

on ritual cleanness and uncleanness, starting with animals 
and other living things fit and unfit to eat—the basis of 
the famous Jewish dietary laws. Then come the unclean­
ness and required purification of women after childbirth, 
skin diseases, healed lepers, infected houses, and genital 
discharges. Chapter 16, which belongs in the narrative 
flow immediately after chapter 10, describes the priestly 
actions on the Day of Atonement, the culmination of 
ritual cleansing in Israel. It is a chapter rieh in details 
on Israelite ritual and bound up with the salient religiöus 
theme of atonement.

The Holiness Code. Next (chapters 17-26) comes what 
has been designated the “Holiness Code,” or “Law of 
Holiness,” which scholars regard as a separate, distinctive 
unit within the P material (designated H). It calls upon 
the people to be holy as God is holy by carrying out his 
laws, both ritual and moral, and by avoiding the polluting 
practices of neighbouring peoples; and it proceeds to lay 
down laws, interspersed with exhortations, to attain this 
special holiness. Although many scholars tend to date its 
Compilation in the exilic period, some see evidence that 
it was compiled in pre-exilic times; in any case, the con­
sensus is that the laws themselves come from a much 
earlier time.
These—a most miscellaneous collection—begin with in- 

junctions on the proper (kosher) slaughtering of animals 
for meat; go on to a list of precepts against outlawed 
sexual relations (incest, homosexuality) and an injunction 
against defiling the (holy) land; proceed to a list of eth­
ical injunctions, including the law of love and kindness 
to resident aliens, all interspersed with agronomic instruc­
tions and warnings against witchcraft; and then, after an 
injunction against sacrificing children, return to the listing 
of illicit sexual relations and the warning that the land will 
spew the people out if they do not obey the divine norms 
and laws. There follow special requirements for preserving 
the special holiness of priests and assuring that only un- 
blemished animals will be used in sacrifices; instructions 
on the observance of the holy days—the sabbath, feasts, 
and festivals; commands on the proper making of oil for 
the holy lamp in the Tent of Meeting and of the sacred 
shewbread, to which are appended the penalties for blas- 
phemy and other crimes; and finally, rules for observance
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of the sabbatical (seventh) and jubilee (50th) years, in 
which the land is to lie fallow, followed by mies on the 
redemption of land and the treatment of poor debtors and 
Hebrew slaves.
This miscellany, presented in chapters 17-25, is followed 

by a final exhortation, in chapter 26, promising the people 
that if they follow these laws and precepts, all will go well 
with them but warning that if they fail to do so all kinds 
of evil will befall them, including exile and the desolation 
of the Promised Land. Yet, if they confess their iniquity 
and atone for it, God will not destroy them utterly but 
will remember his Covenant with their forebears. Such a 
passage points to a later time but not necessarily to the 
exilic period, as some commentators have assumed. The 
chapter concludes: “These are the Statutes and ordinances 
and laws which the Lord made between him and the 
people of Israel on Mt. Sinai by Moses,” connecting these 
precepts with the primal revelation in Exodus.

Commutation o f vows and tithes. In the final chapter 
of Leviticus (27), the P material is resumed with a presen­
tation of the mies for the commutation of votive gifts and 
tithes. It provides for the release from vows (of offerings 
of persons, animals, or lands to God) through specified 
money payments. Some commentators understand the 
vow to offer persons to refer originally to human sacrifice, 
others as pledging their liturgical employment in the sanc- 
tuary. Special provisions are made for the poor to relieve 
them from the stipulated payments. Only grain and fruit 
tithes, not animal tithes, are redeemable. This chapter and 
the book of Leviticus end, like chapter 26, with the verse, 
“These are the commandments which the Lord com- 
manded Moses for the people of Israel on Mount Sinai.”

Numbers. In the Hebrew Bible this book is entitled Be- 
midbar (In the Wildemess) after one of its opening words, 
while in English versions it is called Numbers, a transla­
tion of the Greek Septuagint title Arithmoi. Each of the 
titles gives an indication of the content of the book: (1) the 
narrative of “40 Years” of wanderings in the wilderness, 
or desert, between Sinai and Canaan; and (2) the census 
of the people and other numerical and Statistical matters, 
preceding and interspersing that account. It is a compos­
ite of various sources (J, E, and predominantly P) and 
traditions, which as a whole continue the story of God’s 
special care and testing of his people in the events of the 
archaic period that formed them. Numbers continues the 
account of what many modern scholars call the “salvation 
history” of Israel, which apprehends and narrätes events 
(or the image and impact of events) as involving divine 
action and direction.
The book may be divided into the following sections: (1) 

the conclusion of the Sinai sojourn (1:1-10:10), covering 
20 days; (2) the wanderings in the desert of Paran (10:11- 
20:13), covering 38-40 years; and (3) the events in Edom 
and Moab (20:14-36:13), covering five months.

The conclusion o f the Sinai sojourn. The book opens 
with a command from God to Moses, early in the second 
year after the Exodus, to take a census of the arms-bearing 
men over 20 in each of the clans of Israel. Moses and 
Aaron, aided by the clan chiefs, take the count, clan by 
clan, and reach a total of 603,550 men—according to crit­
ical scholars, an unbelievably large total for the time and 
conditions. The Levites, to whom is entmsted the care of 
the Tabernacle and its equipment, are exempted from this 
secular census and are counted in a later census, of males 
one month and over, along with a census of firstborn 
males from other tribes. The Lord had required that the 
latter be consecrated to him when he slew all the firstborn 
of the Egyptians but spared those ofthe Israelites; now the 
bulk of them were released by the Levites being taken in 
their stead to minister to the priests, while for the excess 
of firstborn over Levites “redemption” payments were col- 
lected. A further census of men 30-50 years old is taken 
among the Levite clans, so as to assign them their various 
duties, which are here stipulated. Also specified are the 
positions of the tribes (separated into four divisions of 
three tribes each) in the camp and on the march, with an 
assignment of specific portions of the Tabernacle and its 
equipment to be carried by the Levite clans. YHWH is to 
give the signal to break camp by lifting the cloud by day

or the fire by night from above the Tabernacle and then 
to advance it in the direction the people are to march. 
YHWH’s signal is to be followed by a blast by the priests 
(Aaron’s sons) on two specially made silver trumpets.
The above directions are set forth in chapters 1-4 and 

9-10 (through verse 10). There are intervening chapters 
containing various materials: expelling leprous or other 
unclean persons from the camp, the ordeal for a woman 
suspected of adultery, regulations for Nazirites (those who 
take special ascetic vows), the offerings brought at the 
dedication of the Tabernacle, and the purification of the 
Levites preparatory to taking up their special sacred func­
tions. The priestly emphasis o fthe  materials in chapters
1—10 is evident, and it is also clear that there are various 
Strands of priestly interpretation involved.

Wanderings in the desert o f Paran. This section ap­
parently combines various traditions of how the Israelites 
came into Palestine, and J, E (or JE), and P sources 
have been discemed in these chapters. The traditional “40 
years” in the wilderness (38 or 39, according to critical 
calculations) were spent mostly in the wilderness of Paran, 
with a short stay in the oasis of Kadesh, according to 
P; while, according to J, they spent most of their time 
in Kadesh; and chapter 13, verse 26, puts Kadesh in the 
wilderness of Paran, thus encapsulating both traditions. 
The discrepancy may stem from two separate traditions 
of how the tribes entered Canaan: from the south or from 
the north through Transjordan.

The P narrative begins (chapter 10, verse 11) with the 
lifting of the cloud from the Tabernacle and the setting 
out of the Israelites for the Promised Land, with their holy 
Tabernacle and ark, in the order prescribed in chapter 
2. According to the P account (verses 11-28), the cloud 
settles down over the wildemess of Paran, the signal to 
make camp; whereas in the JE account (verses 29-36) it 
is the ark of the Covenant that goes ahead to seek out a 
stopping place, and where it stops the Israelites rest, the 
cloud simply accompanying them overhead (perhaps to 
shield them from the blazing desert sun). Chapters 11-12 
(JE) deal with the complaints of the people about their 
hardships and the rebellion of Miriam and Aaron against 
their brother Moses. When the people express their long- 
ing for the good food they had in Egypt and their disgust 
with the unvarying manna, God sends them a storm of 
quail, which remain uneaten because he also sends them 
a plague. This is a somewhat different account from that 
in Exodus, but the point is the same: the mighty, infinite 
power of God (chapter 11, verse 23). (Also inserted here is 
the story of God visiting his spirit on 70 selected elders so 
that they may share Moses’ burdens.) When Miriam and 
Aaron question God’s speaking only through Moses, God 
proclaims his unique relation with Moses, who alone re­
ceives direct revelations from God, not indirectly through 
dreams and visions, like the prophets.

Chapters 13-14 teil of the despatch of spies from Paran 
to reconnoiter Canaan and of the despair, rebellion, and 
unsuccessful foray of the people in response to the spies’ 
reports. Scholars discem two separate accounts of the 
spying incident artfully woven together. According to the 
JE account, the spies go only as far as Hebron in the 
south and return with a glowing report of a fertile land, 
which is, however, they warn, too strongly defended to be 
taken from that quarter: only one spy, Caleb, advocates 
attacking it. In the P account the spies reconnoiter the 
whole country and give a pessimistic report of it as a land 
that “devours its inhabitants,” who are, moreover, giants 
compared to the Israelites. The people cry out in despair 
at this report and want to go back to Egypt, while Caleb 
and Joshua (added by P) plead with them to trust in God 
and go forward to take the land. God, disgusted with the 
people, condemns them to wander in the wildemess for 
40 years and decrees that only their children, along with 
Caleb and Joshua, shall enter into the land of promise. 
Ruefully, the people now decide to attack and go forth, 
against Moses’ warning, to a resounding defeat.
Chapter 15 is a P document or addition, setting forth 

various ritual regulations. Chapters 16-18 deal with the 
comparative rights and duties of priests and Levites. 
Chapter 16 is a composite document dealing with revolts
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against Moses and Aaron by certain Levites who question 
their special authority in a community where all are holy, 
as also by certain Reubenites who resent Moses’ leader­
ship. The dispute is settled when 250 revolting Levites 
attempt to offer incense (a priestly Aaronic function) and 
are eonsumed by fire sent by God, while the leaders of 
the revolt are swallowed up in the earth. Yet the stubborn 
people continue their complaint against Moses and Aaron, 
bringing forth the Lord’s anger and a plague, from which 
they are saved by Aaron’s (proper and effective) offering 
of incense. This latter incident occurs in chapter 17 in the 
Hebrew text and Jewish translations but concludes chapter 
16 in some Christian versions. Chapter 17 in both arrange­
ments, with its story of Aaron’s rod, associates Levitical 
with Aaronic authority; Aaron’s name is inscribed on the 
staff of Levi, which alone among the staffs of the chiefs of 
the tribes of Israel blossoms and bears fruit, thus authen- 
ticating Aaron’s, and thereby the Levites’, special claims. 
The relative functions and payments (tithes) of priests and 
Levites are prescribed in chapter 18. Chapter 19, inserted 
here, has to do with purification from uncleanness in- 
curred through touching the dead, accomplished through 
washing in water mixed with the ashes of a red heifer.

Events in Edom and Moab. Chapter 20, verse 14, ré­
sumés the narrative of Israel’s onward march, starting with 
their arrival in the wilderness of Zin and stay at Kadesh, 
marked by Miriam’s death and God’s exclusion of Moses 
and Aaron from entering the Promised Land because of 
their ascribed lack of confidence in God when Moses drew 
forth water from a rock in response to still more Israelite 
complaints, but did so in anger and impatience, striking 
the rock twice with his rod, instead of telling it to give 
forth water, as the Lord had instructed (the incident of 
the waters of Meribah). Refused permission by the King 
of Edom to pass through that land, over the much-used 
King’s Highway, they proceed from Kadesh to Mt. Hör, 
where Aaron dies and is succeeded by his son Eleazar, and 
from which they proceed (chapter 21) to bypass Edom in 
an attempt to approach Canaan from the east. Arrived at 
the border of what was geographically part of Moab but 
politically the Amorite kingdom of Sihon, they are refused 
passage and proceed to defeat the Amorites and take pos­
session of their land. This is from the JE strand of the 
composite narrative; the P Strand does not recognize the 
existence of settled and politically organized populations 
between Kadesh and the plains of Moab.

At this point, in chapters 22-24, apparently a very mixed 
composite of various J and E Strands, is presented the fas- 
cinating story (or collection of stories) of the non-Israelite 
seer, or prophet, Balaam, from the region of the Middle 
Euphrates. Alarmed at the Israelite host encamped at his 
border, the King of Moab commissions the seer Balaam 
to put a curse on them, but Balaam refuses, at the order 
of YHWH, who is also the God of Balaam. On three oc­
casions at the King’s request Balaam seeks an Oracle from 
God against Israel, but each time, to the King’s rage, he is 
told by the Lord that Israel is graced with the divine bless- 
ing and cannot be cursed. The seer, who is ordered back 
to his own country, without payment by the disgruntled 
King, offers a final, unsolicited oracle prophesying the de­
struction of Moab and other nations by Israel’s might: “I 
will let you know what this people will do to your people 
in the latter days.”
Chapter 25 (combining JE and P Strands) provides a lurid 

interlude in which the Israelites go whoring after Moabite 
women and offer sacrifices and worship to their god, Baal 
of Peor. Phinehas, the son of Eleazar, is so incensed at the 
sight of an Israelite consorting with a Midianite woman 
that he kills them both, thus ending a plague that has 
broken out and eaming God’s special favour: a covenant 
of perpetual priesthood with him and his descendants (a 
forward reference to the Zadokite priesthood of post-exilic 
times). This account is connected by the last two verses 
with God’s call for Israel to harass and smite the Midi- 
anites (see below). After the plague ends, in the account 
(P) in chapter 26, a second census of arms-bearing men 
and of the Levites is taken, and again a fantastically large 
total, 601,730, is given, perhaps referring to a much later 
time. It is noted at the end that all of the previous 603,730

had died in the wilderness, as prophesied, except for Caleb 
and Joshua, who have been especially picked out by God. 
This census, coming at the end of the 40-year period of 
wilderness wanderings, is for the purpose of allotting lands 
to the various tribes and families. Hence the logical posi- 
tioning of the passage (P) in the first 11 verses of chapter 
27 assuring that a family may inherit through a daughter 
when there is no son and through a brother when there 
are no children and through the dosest relative when 
there are neither.

At this point (chapter 27, verse 12) comes the impressive 
and poignant passage (also P) in which Moses ascends the 
heights, at God’s bidding, to look over the Promised Land, 
which he is not to enter, and calls on God to appoint a 
leader to succeed him. At God’s command, Moses selects 
Joshua, and before the priest Eleazar and the whole com­
munity he lays his hands on him and commissions him to 
lead Israel. It is noteworthy that Joshua is invested only 
with some of Moses’ authority and is to learn God’s will 
through Eleazar and the sacred lot (Urim), not directly, 
as did Moses.

Again, the narrative is interrupted by three chapters (P) 
dealing with various religiöus regulations. Chapters 28-29 
stipulate the sacrifices to be made by the whole commu­
nity daily, on the sabbath, at the new moon, and on these 
holidays: the Feast of Unleavened Bread (Passover), the 
Feast of Weeks (Shavuot), The Feast of Trumpets, i.e., 
New Year (Rosh Hashana), the Day of Atonement (Yom 
Kippur), and the Feast of Tabernacles (Sukkot). The last 
two verses of chapter 29 specify that these public offer­
ings are in addition to individual offerings, such as those 
specified in chapter 15. Critical scholars hold that these 
elaborate regulations stem from a much later (post-exilic) 
period, though they may go back to very ancient practices. 
Some see them as a liturgical commentary on chapter 23 
of Leviticus, which presents the cycle of feasts and festi­
vals (see above Leviticus). Chapter 30 gives women special 
exemption from keeping vows (presumably of offerings or 
abstinence) when countermanded by a father or husband; 
only widows or divorcees are bound, like men, uncondi- 
tionally to keep their vows.
Chapter 31, likewise from P, deals with the annihilation 

of the Midianites following God’s command at the end 
of chapter 25. The Israelites, a thousand from each tribe, 
go forth to battle led by the priest Eleazar, who carries 
the sacred vessels and the trumpets. They kill every man 
and seize all the movable property but spare the women 
and children. Moses, however, orders every male child 
and all nonvirgin women killed. There follow instructions 
for purification for the stain caused by killing a person 
or touching a dead body and for the distribution of the 
booty, which includes sheep, cattle, asses, and 32,000 vir- 
gins. The rules are that half of the spoils go to the fighting 
men, half to the rest of the people; in addition, the Lord’s 
share is allotted thus: one five-hundredth of the fighting 
men’s portion goes to the priest, and one-fiftieth of the 
people’s portion goes to the Levites. Scholars are inclined 
to treat this chapter as a piece of fiction intended really 
to set forth the rules for purification and dividing the 
spoils through an invented story. The seer-diviner Balaam 
is here (verse 16) blamed for the whoring and apostasy 
incidents in chapter 25; but texts providing his connection 
with these events are lacking.

Chapter 32, dealing with the settlement east of the Jor­
dan, concludes the narrative portion of Numbers and thus 
of the Tetrateuch (a story that is continued in chapter 34 
of Deuteronomy and in the Book of Joshua). This very 
composite account (JEP) teils how the tribes of Reuben 
and Gad, after an initial angry remonstrance from Moses, 
are granted permission to settle in the rich pasturelands 
east of the Jordan on the assurance that after they erect 
sheepfolds and fortified towns for their flocks and families, 
they will provide the shock troops spearheading the ad­
vance of the Israelites into Canaan, and will not return to 
their homes until their brethren hold the land. Thereupon 
Moses allots the various conquered kingdoms and towns 
east of Jordan to the Gadites and Reubenites. The various 
Gadite, Reubenite, and Manassite towns are listed.
The rest of the book of Numbers (P in its final form)
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consists of an itemized summary of the route from Egypt 
to the plains of Moab outside Canaan (chapter 33) and 
various additional materials (chapters 34-36). Verses 50- 
56 of chapter 33 present the divine command to dispossess 
the people of Canaan, destroy their idols and cultic places, 
and apportion the land to each clan by lot. In chapter 
34 the Lord specifies the boundaries of the whole land of 
Canaan that is to be Israel’s inheritance and names the 
tribal leaders who, along with Eleazar and Joshua, are to 
oversee the division of the land by lot. In chapter 35, 
the Lord orders 48 towns with extensive pasturelands to 
be set aside for the Levites; six of these are to be cities 
of refuge for manslayers whose guilt of intentional mur- 
der has not yet been determined and who are provided 
sanctuary from the traditional blood vengeance. Although 
these settlements do not constitute an independent tribal 
territory but are scattered through the territories of the 
other tribes, the contradiction with chapter 18, verse 24, 
of Leviticus, commanding that the Levites are to have no 
share of the land but are to subsist solely ön tithes, is 
obvious and raises critical questions. Finally, chapter 36 
concludes the book of Numbers with a supplement to the 
law of inheritance through daughters laid down in chapter 
27, enjoining daughters from marrying outside the tribe, 
so that the tribe will hold its portion of the land, which 
was given from God, in perpetuity. As before, the general 
injunction is laid down in a story dealing with a particular 
case (the daughter of Zelophehad).

Deuteronomy. Special nature and problems. The En­
glish title of this work, meaning “second law,” is derived 
from a faulty Greek translation of chapter 17, verse 18, 
referring to “a copy of this law”: the implication being 
that the book is a second law or an expanded version of 
the original law for the new generation of Israelites about 
to enter Canaan. Hebrew texts take the opening words of 
the book as title, Eie ha-Devarim (These Are The Words), 
or simply Devarim (Words). As noted in Composition 
and authorship, above, the book is in a class by itself in 
the Pentateuch, so much so that modern scholars tend to 
consider it apart from the other four books, and some 
see it in style, content, and concerns more closely related 
to the succeeding books of Joshua, Judges, Samuel, and 
Kings, constituting a “Deuteronomic history.” In spite of 
its homogeneous style and tone—it is assigned for the 
most part to a single source, D—the content indicates to 
critical scholars very composite traditions, ages, and situ­
ations behind the finished form. This book has elicited a 
library of scholarship going back to the early 19th Century, 
not only because of the complicated critical and historical 
Problems calling for solution but also because of its spiri­
tual and theological message, which gives it a special place 
among Old Testament writings.

In form, the book is ostensibly a discourse by Moses 
“to all Israel” in the final month in Moab before they 
go over the Jordan into Canaan. Actually it comprises 
three separate discourses, a set of laws, two poems, and 
various other matters, all ascribed to Moses directly— 
here it is Moses who sets forth the laws, not God through 
him. These materials are centred on the presentation of 
the rules of life and worship for the coming stay in the 
Promised Land, along with exhortations and explanations 
pointing to YHWH, the marvellous liberator from Egypt 
and guide in the wilderness, as the divine source and rea­
son for the commands. The traditional view was that, with 
the possible exception of the account of Moses’ death, the 
whole book was written by Moses, based on the phrase 
“And Moses wrote this song” in chapter 31, verse 22.

Some early Church Fathers identified the book with “the 
book of the law” (II Kings, chapter 22, verse 8), found 
in the 18th year of King Josiah’s reign (c. 621 b c e ), and 
made the basis of his great religiöus reform the following 
year. Wilhelm M.L. de Wette, a German biblical scholar, 
in 1805 established the predominant modern view that 
Deuteronomy (or its nucleus, or main portion) was found 
in Josiah’s time and was a distinctive book, separate from 
the Tetrateuch. He also held that it was composed shortly 
before its discovery; other, more recent, scholars would 
put it as much as a Century earlier and connect it with 
earlier reforms, while some associate it with the writings

and teachings of the 8th-century-BCE prophet Hosea and 
with the E source. Furthermore, the references to localities 
near Shechem as cultic places, taken with certain passages 
in Joshua, indicate a northern provenance for the book 
and not the Southern source connected with a cultic cen­
tre at Jerusalem, as had been previously supposed from 
the associated material in II Kings. Some scholars see the 
form and occasion of Deuteronomy as a Covenant renewal 
ceremony in which the whole law is read, as in Joshua, 
chapter 8, verses 30-35, and thus view it as a liturgical 
document, as well as a lawbook. In any case, the tendency 
is to see various layers of materials and lines of transmis­
sion, perhaps going back to quite early preliterary sources, 
before its final formation in the 8th or 7th Century b c e . 

The book may be divided as follows: (1) introductory 
discourse to the whole book (chapter 1 to chapter 4, verse 
43); (2) introductory discourse to the lawbook (chapter 4, 
verse 44, through chapter 11); (3) the lawbook (chapters 
12-28); (4) concluding exhortation and traditions about 
the last days and death of Moses (chapters 29-34).

First introductory discourse o f Moses. The first intro­
ductory discourse, spoken by Moses, tracés the journey of 
the Israelites from Mt. Horeb to Moab, with some no- 
ticeable differences in detail from the account in Exodus 
and Numbers and an emphasis on Moses being banned 
from entrance into the Promised Land because the Lord 
was angry at the Israelites. To this historical retrospect 
is appended an exhortation to the people to obey God’s 
laws and norms, recalling the imageless God of the revela­
tion and Covenant at Horeb as a warning against making 
images and serving man-made gods. The uniqueness and 
soleness of the God of the Exodus and Covenant, his 
power and presence in his marvellous acts of redemption 
and revelation, and his gracious selection of Israel are 
proclaimed in rhetorical questions; moreover, it is empha- 
sized that the God of Israel (“YHWH your God”) “is God 
in heaven above and on the earth beneath; there is no 
other.” The injunctions against idolatry appear to come 
from later experience and religiöus crisis in Canaan. The 
fact that other nations have their own gods and objects of 
worship is recognized elsewhere in Deuteronomy.

Second introductory discourse. The second discourse, 
also ascribed to Moses, again refers to the Covenant at 
Horeb and sets forth the Ten Commandments, which the 
people are admonished to obey rigorously, emphasizing the 
mediating function of Moses at Horeb between the awe- 
some divine presence and the awestruck people. Israel is 
further admonished to obey the law through wholehearted 
love of God, expressed in what became the central liturgi­
cal expression of Israel’s faith, beginning, “Hear, O Israel: 
The Lord is our God, the Lord Alone. You must love the 
Lord your God with all your heart and with all your soul 
and with all your might.” If they obey God’s laws, avoid 
other gods, and do what is right and good, they will pos­
sess the land promised by God—him who rescued them 
from Egypt and has brought them thus far. They are to 
avoid marriage and all other intercourse with the peoples 
of the land, utterly destroying them and their idolatrous 
altars and cultic places, for they are a special, holy people 
chosen by God out of all the peoples because of his love, 
not because of their greatness or power. This marvellous 
love will continue to be exercised, and the people will be 
blessed with all good things—prosperity, fertility, health, 
and success in battle—if they obey God’s ordinances. They 
are urged to remember the 40-year period of wildemess 
wandering, in which they were tested (disciplined) by God 
through hardship and hunger (to find out whether or not 
they would keep his commands) and saved by him: man 
does not live by bread alone but, rather, by whatever 
God provides (e.g., manna from heaven). Another time of 
testing will come when they live in the rieh, fertile land of 
Canaan and eat their fill and perhaps forget the Lord and 
his laws, ascribing their wealth to their own power and 
might and even venturing into idolatrous worship of the 
gods of the land. If they do so they shall perish, just as the 
idolatrous nations of the land shall.
A long list of the apostasies of Israel is presented in 

chapter 9 to demonstrate the point that Israel is going in 
to possess the land of Canaan not through any virtue of
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their own but because of God’s promise to the patriarchs. 
This is followed in chapter 10 by a moving declaration 
of what God requires of Israel—fear (reverence), walk­
ing in his ways, love, wholehearted service, and keeping 
his commandments—and an extolling of the wondrous, 
unique, powerful God who liberated them from Egypt. 
Chapter 11 extols the richness of the land of Canaan and 
describes how it will bloom for them if they are observant 
of God’s commandments and promises that they will hold 
the territory from the wildemess to Lebanon and from 
the Euphrates to the western sea (Mediterranean). It closes 
with the choice set before them by Moses of “a blessing 
and a curse”—the former if they obey the command­
ments, the latter if they do not. This choice is posed to 
them immediately before the presentation of the laws and 
norms beginning in chapter 12.

The lawbook. The laws are the central core and pur- 
port of the book of Deuteronomy. They are couched in 
a hortatory, sermonic style that has led to their being 
categorized as preached law. Emphatic statements of what 
must or must not be done are connected with exhortations 
to fulfill these injunctions, pointing to the motivations 
and spirit in which they should be carried out. There is 
a wide variety of laws here—ritual, criminal, social—but 
they are all set within this preaching context and aimed at 
the service of God. This is no dry legal code but, rather, 
a book written in fluent and moving prose. Scholars have 
seen duplications and parallels between the laws presented 
here and those in the Covenant Code in chapters 21-23 
of Exodus; but to this a common source may be ascribed, 
and Deuteronomy may be considered a work in its own 
right and not a mere expansion of the Covenant Code.

The lawbook comprises chapters 12-26, supplemented 
by chapters 27-28. After an initial order to destroy the 
pagan cultic places and idols, the lawbook goes to its basic 
injunction: to set up a single central sanctuary in Canaan, 
where all Israel is to make their offerings, as distinct 
from the present unregulated practice, “every man doing 
whatever is right in his own eyes.” The spot is designated 
only “the place which the Lord your God will choose,” 
which some interpreters, following King Josiah, have un­
derstood to be Jerusalem and which others understand to 
be Shechem. (The blessing and curse passage immediately 
preceding in chapter 11 specifies Mts. Gerizim and Ebal, 
on either side of Shechem, as the places of blessing and 
curse, respectively; and an even more elaborate ritual is 
prescribed for the same locality in chapter 27.) Instruc­
tions are given for the proper killing of animals for food, 
previously connected with the sacrificial cult, and the peo­
ple are admonished when they settle in Canaan not to 
inquire about how other nations serve their gods, possibly 
to follow their abominable practices. Inserted at this point 
is the striking exhortation, “Everything that I command 
you you shall be careful to do; you shall not add to it or 
take from it.”
Chapter 13 wams the people to beware of the tempta- 

tions to apostasy arising from the urging or example of 
prophet-diviners, kinfolk or friends, or a whole town; they 
are to kill the tempters and destroy the towns. Chapter 
14 is devoted mainly to a list of living things that may or 
may not be eaten, the “clean” and “unclean,” similar to 
the list in Leviticus, chapter 11; and to laws for tithes and 
first fruits to be brought annually to the central sanctuary 
and triennially to the Levites in the towns, who are spec­
ified as having no “portion” of their own (two years to 
the centre, the third year to the town Levites). Chapter 15 
deals mainly with the releases to be granted every seventh 
year to debtors of their debts and Hebrew slaves of their 
bondage; lenders are exhorted and commanded not to 
refuse loans to the poor in the sabbatical year of release, 
and God’s redemption of Israel from Egypt is given as 
the reason for freeing one’s Hebrew slaves in the sabbat­
ical release. The first section of chapter 16, verses 1-17, 
gives the mies for celebrating the three main festivals of 
the religiöus year: Unleavened Bread, Weeks, and Booths, 
which are to be observed at the central sanctuary (hence 
later called the three pilgrim festivals).

Beginning with verse 18 of chapter 16 there is a discus­
sion of the appointment and character of judges, and of

judicial procedures and punishments for apostasy, homi- 
cide, and other crimes; similarly, beginning with verse 14 
of chapter 17 there are mies on the selection of a king 
and for his conduct, and the injunction that he read from 
“a copy of this law,” so that he may be edified and chas- 
tened. The first portion of chapter 18 deals with the office 
and support of priests, referred to here as “the Levitical 
priests. . .  all the tribe of Levi,” not distinguishing the 
Aaronic priests from the lesser Levites. This is followed— 
after a passage inveighing against abominable cultic and 
divinatory practices of the nations of the land—by a 
promise that God will raise up prophets among the people 
and instructions on how to teil tme from false prophets. 
Thus the offices of judge, king, priest, and prophet are 
considered in chapters 16-18.

Chapter 19 deals again with crime and punishment. 
It distinguishes between unintentional manslaughter and 
murder, setting up cities of refuge for the manslayer and 
ordering the murderer to be killed by the blood avengers. It 
also lays down the mies for witnesses and the punishment 
for perjury. It closes with the famous lex talionis: “Life for 
life, eye for eye, tooth for tooth, hand for hand, foot for 
foot,” which in context may spell out what is to happen to 
the false witness and even could be interpreted as a mod- 
erating, rather than an inhumane, precept (no more than 
an eye for an eye, etc.). Chapter 20 gives the mies for holy 
war, listing the situations that exempt men from military 
service (e.g., a newly married man) and distinguishing 
the treatment of non-Canaanite and Canaanite cities; the 
latter are to be utterly destroyed, yet it is förbidden to 
destroy fmit-bearing trees. There are also mies on holy 
war in 21:10-14; 23:9-14; 24:5; and 25:17-19. Chapters 
20-25 contain a great variety of laws; the just treatment 
of women captives, sexual offenses, exclusions from the 
religiöus community, public hygiene in campgrounds, and 
many other things.
The last of the laws are set forth in chapter 26, dealing 

with the first fruits offering and tithes. At the annual 
offering (or soon after entering Canaan), in the central 
sanctuary, the worshipper is to recite a piece beginning, “A 
wandering Aramaean was my father,” affirming his link 
with the patriarchs and extolling God’s wondrous deeds 
on behalf of Israel. And every third year he is to set aside 
his tithe “to the Levite, the sojourner, the fatherless, and 
the widow” and make an affirmation “before the Lord” 
that he has complied and avoided any ritual stain.

The final passage in chapter 26 proclaims that “this day” 
God has proclaimed his law, Israel has affirmed its com­
mitment to God and his law, and God has affirmed his 
choice of Israel as his special, holy people, to be set up 
high above all the nations. This is the hortatory conclusion 
to chapters 12-26 and to the “second law,” or Covenant, 
contained therein.

The emphasis on the laws given on “this day” is contin­
ued in the supplementary chapters 27-28, which deal with 
Covenant ratification and renewal ceremonies, apparently 
a reference to an original ceremony in Moab, one in 
Canaan on the first day in the land, and subsequent, pos­
sibly annual, renewal ceremonies. Blessings and curses are 
to be pronounced from Mts. Gerizim and Ebal for respec­
tively fulfilling or disobeying the Covenant: all good things 
or all bad things will befall the people, as they keep or fail 
to keep the Covenant. Some of the curse consequences in 
chapter 28, referring to siege, subjugation, and exile, are 
believed by some scholars to reflect late pre-exilic or exilic 
situations. The curse consequences fill up the bulk of these 
chapters and are recounted in powerful, moving language, 
ending with a threat to retum the people to Egypt.

Concluding exhortation and traditions about the last days 
of Moses. Chapters 29-31 comprise the third and last 
address of Moses to the people of Israel. They are preceded 
by an introductory verse referring to “these words” as a 
covenant made in Moab, in addition to the one made at 
Horeb (Sinai). After reminding them of all that God has 
done for them, Moses calls on the whole people to enter 
into the sworn Covenant made this day that they may be 
his people and he may be their God, warning the secret 
apostate of the calamities that will befall him. Yet the 
possibility of a return to God and the land is held out to
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those who will suffer exile and persecution as punishment 
for their apostasy, again presumably a reflection of the 
exilic Situation (chapter 30 verses 1-10 seems clearly to 
be an interpolation inspired by the actual experience of 
exile). This law, it is emphasized, is no recondite, remote 
thing up in the sky but is, rather, very close to men, “in 
your mouth and in your heart”; what is revealed is made 
plain, it is not the secret things of God. Moses sets before 
them the classic Deuteronomic choice: “life and good” 
over “death and evil.” The people are given that choice 
and told the consequences of loving the Lord and keeping 
the Covenant or of going the other way.

The final chapters are concerned with the last words 
and acts of Moses: directing Joshua to lead Israel after 
his death, writing down “this law,” calling for a sabbatical 
renewal ceremony of it on the Feast of Booths, ordering 
that it be put beside the ark of the Covenant, and uttering 
two poems. The first, “The Song of Moses” (chapter 32), 
praises the faithfulness and power of the Lord, decries 
the faithlessness and wickedness of Israel, and predicts 
the consequent divine punishment; it adds, however, that 
in the end the Lord will relent and will vindicate his 
people. The second poem, “The Blessing of Moses” (chap­
ter 33), blesses each of the tribes of Israel, one by one, 
and the blessings are associated with God’s love, the law 
commanded by Moses, and the kingship of God over his 
people. There are indications in both poems of a consider- 
ably later date (after Joshua’s time, perhaps in the period 
of the Judges); Moses is spoken of in the third person in 
“The Blessing” poem.
The narrative of Deuteronomy, and thus of the Penta­

teuch, ends with Moses’ ascent to the top of Mt. Pisgah, 
his being shown the Promised Land by God, and his death 
there in the land of Moab, buried by God in an unknown 
grave. It is emphasized in the closing words that Moses 
was a unique prophet “whom the Lord knew face to face” 
and through whom the Lord wrought unique “signs and 
wonders” and “great and terrible deeds.” Thus end the 
Five Books of Moses. (S.C.)

TH E N E V PlM  (T H E  PRO PH ETS)

The canon of the Prophets. The Hebrew canon of the 
section of the Old Testament known as the Nevi’im, or 
the Prophets, is divided into two sections: the Former 
Prophets and the Latter Prophets. The Former Prophets 
contains four historical books—Joshua, Judges, Samuel, 
and Kings; the Latter Prophets includes four prophetic 
works—the books of Isaiah, Jeremiah, Ezekiel, and the 
Twelve (Minor) Prophets. The Twelve Prophets, formerly 
written on a single scroll, include the books of Hosea, 
Joel, Arnos, Obadiah, Jonah, Micah, Nahum, Habakkuk, 
Zephaniah, Haggai, Zechariah, and Malachi. Thus, in the 
Hebrew canon of the Prophets there are, in effect, eight 
books.

The Christian canon of the Prophets does not include the 
Former Prophets section in its division of the Prophets; 
instead, it calls the books in this section Historical Books. 
In addition to Isaiah, Jeremiah, and Ezekiel, the Chris­
tian canon of the Prophets includes two works from the 
division of the Hebrew canon known as the Ketuvim (the 
Writings): the Lamentations of Jeremiah and the Book of 
Daniel. The Twelve (Minor) Prophets are separated into 
individual books. The number of works in the Christian 
canon, however, varies. The Protestant canon contains all 
the books of the Latter Prophets and the two books from 
the Ketuvim, thus listing 17 works among the prophetic 
writings. The Roman Catholic canon accepts one other 
book as a canonical prophetic work, namely, Baruch (in­
cluding the Letter of Jeremiah); the number of prophetic 
writings in the Roman Catholic canon is, therefore, 18. 
The Greek Orthodox Synod of Jerusalem in 1672 did not 
accept Baruch as canonical.
As far as the Former Prophets is concerned, the Protes­

tant canon, following the Septuagint, separates Samuel and 
Kings into two sections each: I and II Samuel, and I and 
II Kings. The Roman Catholic and Orthodox churches in 
the past divided these two works into I, II, III, and IV 
Kings, but most Roman Catholic translations now follow 
the listing as it is in the Septuagint.

Hebrew prophecy. Hebrew prophecy was rooted in the 
prophetic activities of various individuals and groups from 
the nations and peoples of the ancient Near East. Though 
prophecy among ancient Egyptians, Mesopotamians, and 
Canaanites—as well as among the peoples of the Aegean 
civilization—generally was connected with “foretelling” 
(or predicting) the future, the Hebrew view of prophecy 
centred on “forthtelling” (or proclaiming), though it in­
cluded predictive aspects. Thus, in Hebrew prophecy the 
phrase “Thus says the Lord” is repeated constantly to 
emphasize the “forthtelling” motif. The Hebrew prophets 
were very conscious of the absolute holiness (separateness) 
of God and the purpose of God for his chosen people, 
Israel. Because of this consciousness, they developed an 
acute awareness of sin and its effects on man and society 
and, in consequence of such an awareness, a radical eth­
ical outlook that applied to both the individual and the 
community.
The Hebrew term for prophet (navP) is probably related 

etymologically to the Akkadian verb nabü, meaning “to 
call” or “to name.” The Hebrew prophet may thus be 
viewed as a “caller,” or spokesman, for God. Other des- 
ignations for prophet in the Old Testament are ro'e, or 
“seer,” and hoze, or “visionary,” the two latter terms indi­
cating that the predictive element was operative in Hebrew 
prophecy. The distinctive element of Hebrew prophecy, 
however, was the relationship of the prophet to God, the 
Lord of the Covenant, and to Israel, the covenant people. 
He spoke for the sovereign Lord to remind, cajole, cas- 
tigate, reprove, comfort, and give hope to the people of 
the covenant, constantly reminding them that they were 
chosen to witness to the nations of the love, mercy, and 
goodness of God.

Some of the Hebrew prophets, from the 1 Ith to the 
8th Century b c e , belonged to bands or guilds of ecstatic 
prophets. Such prophets were spokesmen for God whose 
uncontrollable actions and words caused them to be feared 
and, sometimes, held in contempt. In II Kings, chapter 9, 
verse 11, a prophet—who came to Jehu, the 9th-century- 
BCE army commander who became king of Israel, in or­
der to anoint him—was called a “madman” (meshugga1). 
Other Hebrew prophets were more independent, such as 
Nathan and Elijah, though they continued to maintain 
the quality of being uncontrollable—at least as far as the 
political authorities were concerned. Both of these early 
nonwriting prophets spoke out against the oppression of 
the weak by the strong, a theme that came to be expressed 
constantly in Judaism throughout the centuries. The ac­
tivities of such early prophets, including also Micaiah and 
Elisha in the 9th Century b c e , are described in the For­
mer Prophets.

In the 8th Century b c e , the writing prophets—i.e., the 
Latter Prophets—began their activities. Though all the 
books that bear their names probably have been edited 
by schools of a prophet or by individuals or groups that 
were influenced by their ideas, the editors or disciples of 
the prophets preserved as well as was possible the words, 
activities, and idiosyncratic themes of the prophetic Per­
sonalities. Some of the Latter Prophets may have been 
connected with the priestly class, such as Isaiah, Jeremiah, 
and Ezekiel; most of the Latter Prophets, however, were 
independent of priestly connections. All of the Latter 
Prophets stood out in contrast to the court prophets who, 
in the tradition of court prophets of most ancient Near 
Eastern peoples, seldom contradicted what they believed 
was expected of them by their sovereigns or the people.

Joshua. The Book of Joshua takes its name from the 
man who succeeded Moses as the leader of the Hebrew 
tribes—Joshua, the son of Nun, a member of the tribe 
of Ephraim. In post-biblical times Joshua himself was 
credited with being the author of the book, though in­
ternal evidence gives no such indication. According to 
the views of the German biblical scholar Martin Noth, 
which have been accepted by many Contemporary biblical 
critics, the Book of Joshua was the second of a series of 
five books (Deuteronomy, Joshua, Judges, Samuel, and 
Kings) written by a Judaean oriented historian after the 
fall of Jerusalem in 586 b c e . This writer (called the 
Deuteronomist and designated D) constructed the history
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of Israel from the death of Moses to the beginning of the 
Babylonian Exile (586-538 b c e ). The Deuteronomist, ac­
cording to this view, used sources, both oral and written, 
from various periods to produce the history of Israel in 
these five books. The Book of Joshua probably contains 
elements from the J and E documents, as well as local 
and tribal traditions, all of which were modified by addi­
tions and editing until the book assumed its present form. 
The main theme of the Deuteronomist historian was that 
under the guidance of and in obedience to Yahweh, Israel 
would persevere and conquer its many enemies.
This theme is especially and dramatically presented in 

Joshua. Under the guidance of Yahweh, the people of 
Israel entered and conquered Canaan in fulfillment of the 
promise of God to Abraham and his descendants in Gene­
sis, chapter 12. Joshua is interpreted as a second Moses— 
e.g., he sent out spies, led the people in Crossing the Jordan 
River on dry land as Moses had crossed the Sea of Reeds, 
and ordered the males to be circumcised with flint knives 
as Zipporah, Moses’ wife, had earlier circumcised the son 
of Moses (and probably Moses himself). He was obedient 
to the will of Yahweh, and because of this obedience he 
was able to lead the Israelite tribes in their battles against 
the Canaanites. As long as they were faithful to their 
covenant promise, the land would be theirs as a trust.

The book may be divided into three parts: the story of 
the conquest of Canaan (chapters 1 —12); the division of 
the land among the tribes of Israel (chapters 13-22); and 
Joshua’s farewell address, the renewal of the Covenant, 
and Joshua’s death (chapters 23-24).

The conquest o f Canaan. As told by the Deuteronomist, 
the conquest of Canaan by Joshua and the Israelite tribes 
was swift and decisive. No conquest of central Canaan 
(in the region of Shechem), however, is mentioned in 
the book; and some scholars interpret this to mean that 
the central hill country was already occupied either by 
ancestors of the later Israelite tribes prior to the time of 
Moses or by portions of Hebrew tribes that had not gone 
to Egypt. Because these people made peace with the tribes 
under Joshua, a conquest of the area apparently was not 
necessary. Archaeological evidence supports portions of 
Joshua in describing some of the cities (e.g., lachish, De- 
bir, and Hazor) as destroyed or conquered in the late 13th 
Century b c e , the approximate time of the circumstances 
documented in Joshua. Some of the cities so reported, 
however, apparently were devastated at some time prior to 
or later than the 13th Century. Jericho, for example, was 
razed at the end of the Middle Bronze Age (c. 1550 b c e ) 
and most likely had not been rebuilt as a strongly fortified 
town by the time of Joshua, though the site may weil 
have been inhabited during this period. The city of Ai was 
destroyed about 600 years before; but it may have been 
a garrison site for the city of Bethel, which was destroyed 
later by the “house of Joseph.” Though many of the cities 
of Canaan were conquered by the Israelites under Joshua, 
historical and archaeological evidence indicates that the 
process of conquering the land was lengthy and not com­
pleted until David conquered the Jebusite stronghold of 
Jerusalem in the early 10th Century b c e . At any rate, the 
13th Century was an ideal time for a conquest of the 
area because of the international turmoil involving the 
great powers of the time: Egypt and Babylonia. A political 
vacuum existed in the area, permitting small powers to 
strengthen or to expand their holdings.
The introductory section of Joshua (chapters 1 and 2), in 

dealing with the Deuteronomist’s view of the ideal man of 
faith—one who is full of courage and faithful to the law 
that was given to Moses—relates the story of spies sent 
to Jericho, where they were sheltered by Rahab, a harlot, 
whose house was spared by the Israelites when they later 
destroyed the city. In the Gospel According to Matthew, in 
the New Testament, Rahab is listed as the grandmother of 
Jesse, the father of David (the architect of the Israelite em­
pire), which may be the reason why this story was included 
in Joshua. Also in the New Testament, in the Letter to the 
Hebrews, Rahab is depicted as an example of a person of 
faith. After the retum of the spies, who reported that the 
people of Canaan were “fainthearted” in the face of the 
Israelite threat, Joshua launched the invasion of Canaan;

the Israelite tribes crossed the Jordan River and encamped 
at Gilgal, where the males were circumcised after a pile of 
stones had been erected to commemorate the Crossing of 
the river. They then attacked Jericho and, after the priests 
marched around it for seven days, utterly destroyed it in 
a herem; i.e., a holy war in which everything is devoted to 
destruction. Prior to the Israelites’ further conquests it was 
discovered that Achan, a member of the tribe of Judah, 
had broken the herem by not devoting everything taken 
from Jericho to Yahweh. Because he had thus sinned in 
keeping some of the booty, Achan, his family, and all 
of his household goods were destroyed and a mound of 
stones was heaped upon them. The Israelite tribes next 
conquered Ai, made agreements with the people of the 
region of Gibeon, and then campaigned against cities to 
the south, capturing several of them, such as Lachish and 
Debir, but not Jerusalem or the cities of Philistia on the 
seacoast. Joshua moved north, first conquering the city of 
Hazor—a city of political importance—and then defeating 
a large number (31) of the kings of Canaan, though the 
conquests of their cities did not necessarily follow.

Division o f the land and renewal o f the Covenant. The 
division of the land among the tribes is recounted in 
chapters 13-22. Two sources were apparently used by the 
Deuteronomist in dealing with the division of the land: a 
boundary list from the pre-monarchical period (i.e., before 
the late 1 Ith Century b c e ) and a list of cities occupied 
by several tribes from the 10th to the 7th Century b c e . 
The tribes who occupied territories were: Reuben, Gad, 
Manasseh, Caleb, Judah, the Joseph tribes (Ephraim and 
Manasseh), Benjamin, Simeon, Zebulun, Issachar, Asher, 
Naphtali, and Dan. Certain cities (e.g., Hebron, Shechem, 
and Ramoth) were designated Levitical cities. Though the 
Levites probably did not control the cities politically, as 
the priestly class they were of cultic significance—and 
therefore feared and respected—in cities that were the sites 
of sanctuaries.

As Moses had before him, Joshua gave a farewell address 
(chapter 23) to his people, admonishing them to be loyal 
to the Lord of the Covenant; and in the closing chapter 
(24), the Israelites reaffirmed their loyalty to Yahweh at 
Shechem: first having heard the story of God’s salvatory 
deeds in the past, they were asked to swear allegiance to 
Yahweh and to repudiate all other gods, after which they 
participated in the Covenant renewal ceremony. After the 
people were dismissed, Joshua died and was buried in the 
hill country of Ephraim; the embalmed body of Joseph 
that had been carried with the Hebrews when they left 
Egypt more than a generation earlier was buried on pur- 
chased land; and Eleazar, the priestly successor to Aaron 
(Moses’ brother), was buried at Gibeah.
Besides the obvious emphases on the conquest of Canaan 

and the division of the land, the Deuteronomist gave spe­
cial attention to the ceremony of Covenant reaffirmation. 
By means of a regularly repeated Covenant renewal the 
Israelites were able to eschew Canaanite religiöus beliefs 
and practices that had been absorbed or added to the re­
ligion of the Lord of the Covenant, especially the fertility 
motifs that were quite attractive to the Hebrew tribes as 
they settled down to pursue agriculture, after more than a 
generation of the nomadic way of life.

Judges. The Book of Judges, the third of the series of 
five books that reflect the theological viewpoint of the 
Deuteronomic historian, covers the history of the Israelite 
tribes from the death of Joshua to the rise of the monar­
chy, a period comprising nearly 200 years (c. 1200-c. 1020 
b c e ). Though the internal chronology of Judges points to 
a period of about 400 years, the editor may have arbitrar- 
ily used the formula of 40 years for a generation of rule 
by a judge; and he may have compiled the list in the form 
of a series of successive leaders who actually may have led 
only a particular tribe or a group of tribes during the same 
generation as another judge. In other words, the reign of 
two or more judges may well have overlapped.

The Deuteronomic (ttheology o f history.” The Deutero­
nomic “theology of history” shows through very clearly in 
Judges: unless the people of the Covenant remain faithful 
and obedient to Yahweh, they will suffer the due conse­
quences of disobedience, whether it be an overtly willful
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act or an unthinking negligence in keeping the Covenant 
promise. The Deuteronomist worked out a formula for 
his theology of history that was based in a very dramatic 
way on the historical events of the period: (1) obedience 
to Yahweh brings peace and well-being; (2) a period of 
well-being often involves a slackening of resolve to keep 
the commandments of Yahweh or outright disobedience;
(3) disobedience leads to a weakness of the faith that 
had bound the community together and thus leaves the 
community open to repression and attacks from external 
enemies; and (4) external repression forces the community 
to reassess its position and ask the cause of the calamities, 
thus leading to repentance and eventual strength to resist 
all enemies.

Canaanite culture and religion. The Israelite tribes dur­
ing the period of the guidance and leadership of Moses 
and Joshua mainly had to contend with nomadic tribes; 
in their contacts with such groups they absorbed some of 
the attitudes and motifs of the nomadic way of life, such 
as independence, a love of freedom to move about, and 
fear of or disdain for the way of life of settled, agricultural, 
and urban peoples.

The Canaanites, with whom the Israelites came into 
contact during the conquest by Joshua and the period of 
the Judges, were a sophisticated agricultural and urban 
people. The name Canaan means Land of Purple (a pur- 
ple dye was extracted from a murex shellfish found near 
the shores of Palestine). The Canaanites, a people who 
absorbed and assimilated the features of many cultures of 
the ancient Near East for at least 500 years before the 
Israelites entered their area of control, were the people 
who, as far as is known, invented the form of writing that 
became the alphabet, which, through the Greeks and Ro­
mans, was passed on to many cultures influenced by their 
successors—namely, the nations and peoples of Western 
civilization.
The religion of the Canaanites was an agricultural reli­

gion, with pronounced fertility motifs. Their main gods 
were called the Baalim (Lords) and their consorts, the 
Baalot (Ladies), or Asherah (singulär), usually known by 
the personal plural name Ashtoret. The god of the city 
of Shechem, which city the Israelites had absorbed peace- 
fully under Joshua, was called Baal-berith (Lord of the 
Covenant) or El-berith (God of the Covenant). Shechem 
became the first cultic centre of the religiöus tribal con- 
federacy (called an amphictyony by the Greeks) of the 
Israelites during the period of the judges. When Shechem 
was excavated in the early 1960s, the temple of Baal-berith 
was partially reconstructed; the sacred pillar (generally a 
phallic symbol or, often, a representation of the ashera, 
the female fertility symbol) was placed in its original Posi­
tion before the entrance of the temple.

The Baalim and the Baalot, gods and goddesses of the 
Earth, were believed to be the revitalizers of the forces of 
nature upon which agriculture depended. The revitaliza- 
tion process involved a sacred marriage (hieros gamos), 
replete with sexual symbolic and actual activities between 
men, representing the Baalim, and the sacred temple 
prostitutes (qedeshot), representing the Baalot. Cultic cere­
monies involving sexual acts between male members of the 
agricultural communities and sacred prostitutes dedicated 
to the Baalim were focussed on the Canaanite concept of 
sympathetic magie. As the Baalim (through the actions of 
selected men) both symbolically and actually impregnated 
the sacred prostitutes in order to reproduce in kind, so 
also, it was believed, the Baalim (as gods of the weather 
and the Earth) would send the rains (often identified with 
semen) to the Earth so that it might yield abundant har- 
vests of grains and fruits. Canaanite myths incorporating 
such fertility myths are represented in the mythological 
texts of the ancient city of Ugarit (modern Ras Shamra) 
in northern Syria; though the high god El and his consort 
are important as the first pair of the pantheon, Baal and 
his sexually passionate sister-consort are significant in the 
creation of the world and the renewal of nature.

The religion of the Canaanite agriculturalists proved to be 
a strong attraction to the less sophisticated and nomadic- 
oriented Israelite tribes. Many Israelites succumbed to the 
allurements of the fertility-laden rituals and practices of

the Canaanite religion, partly because it was new and dif­
ferent from the Yahwistic religion and, possibly, because 
of a tendency of a rigorous faith and ethic to weaken un­
der the influence of sexual attractions. As the Canaanites 
and the Israelites began to live in closer contact with each 
other, the faith of Israel tended to absorb some of the 
concepts and practices of the Canaanite religion. Some 
Israelites began to name their children after the Baalim; 
even one of the judges, Gideon, was also known by the 
name Jerubbaal (“let Baal contend”).
As the syncretistic tendencies became further entrenched 

in the Israelite faith, the people began to lose the concept 
of their exclusiveness and their mission to be a witness to 
the nations, thus becoming weakened in resolve intemally 
and liable to the oppression of other peoples.

The role o f the judges. Under these conditions, the suc­
cessors to Joshua—the judges—arose. The Hebrew term 
shofet, which is translated into English as “judge,” is closer 
in meaning to “ruler,” a kind of military leader or de- 
liverer from potential or actual defeat. In a passage from 
the so-called Ras Shamra tablets (discovered in 1929) the 
concept of the judge as a ruler is well illustrated:

Our  king is Triumphant Baal,
Our judge, above whom there is no one!

The magistrates of the Phoenician-Canaanite city of 
Carthage, which competed with Rome for supremacy of 
the Mediterranean world in the 3rd Century b c e , were 
called suffetes, thus pointing toward the political authority 
of the judges.

The office of judgeship in the tribal confederacy o fthe  
Israelites, which was centred at a covenant shrine, was not 
hereditary. The judges arose as Yahweh saw fit, in order 
to lead an erring and repentant people to a restoration 
of a right relationship with him and to victory over their 
enemies. The quality that enabled a person selected by 
Yahweh to be a judge was charisma, a spiritual power 
that enabled the judge to influence, lead, and control the 
people caught between the allurements of the sophisti­
cated Canaanite culture and the memory of the nomadic 
way of life with its rugged freedom and disdain for “civ­
ilization.” Though many such leaders are mentioned, the 
Book of Judges focusses attention upon only a few that are 
singled out as especially significant: Deborah and Barak, 
Gideon, Abimelech, Jephthah, and Samson. In spite of the 
Israelites’ repeated apostasy, such leaders, under the guid­
ance and spiritual powers granted to them by Yahweh, 
were able to lead their tribes in successfully defeating or 
driving back their opponents.
The Book of Joshua may be divided into four parts: (1) 

the conquests of several tribes (chapter 1); (2) a general 
background for the subsequent events according to the 
interpretation of the Deuteronomic historian—“And the 
people of Israel did what was evil in the sight of the 
Lord and served the Baals”—(chapter 2 through chapter 
3, verse 6); (3) the exploits of the judges of Israel (chapter 
3, verse 7, through chapter 16); and an appendix (chapters 
17 through 21).
Judges, chapter 1, shows that the conquest of Canaan, in 

contradistinction to the view presented in Joshua, was in­
complete, inconclusive, and lengthy. Though conquests of 
some of the tribes (Judah, Simeon, Caleb, and the “house 
of Joseph”) are noted, the main emphasis is on the cities 
and areas that the tribes had not conquered—e.g., “And 
Ephraim did not drive out the Canaanites who dwelt in 
Gezer, but the Canaanites dwelt in Gezer among them” 
(chapter 1, verse 29).

The second section gives the Deuteronomic interpreta­
tion of the consequences of such a policy:

they forsook the Lord, the God o f their fathers, who had 
brought them out o f the land o f Egypt; they went after other 
gods, from among the gods o f the peoples who were round 
about them; and they provoked the Lord to anger. They 
forsook the Lord, and served the Baals and the Ashtaroth. 
(chapter 2, verses 12-13)

In chapter 3, an explanation is given as to why the 
Canaanites had not been annihilated and were allowed to 
remain with the Israelites: they enabled the Israelites to 
be tested in the techniques of warfare; the Philistines, for
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example, had a monopoly on the smelting of iron in the 
area—and the iron used in their weapons was far superior 
to the bronze used by the Israelites for their swords, shields, 
and armaments—until the secret had been wrested from 
them by the first king of Israel, Saul, in the latter part of 
the 1 Ith Century b c e . The Canaanites also served to test 
the faith of the Israelites in the one, true God, Yahweh.

The role o f certain lesser judges. The third section re- 
lates the exploits of the various judges. Othniel, a member 
of the tribe of Caleb, delivered the erring Israelites from 
eight years of oppression by Cushan-rishathaim, king of 
Mesopotamia. The king, however, was most likely an area 
ruler, rather than a king of the Mesopotamian Empire. 
Another judge, Ehud, a left-handed Benjamite, delivered 
Israel from the oppression of the Moabites. Ehud, a fat 
man who had hidden a sword under his garments on 
his right side so that when a search of his person was 
made it would be overlooked, brought tribute to Eglon, 
the Moabite king. Upon Ehud’s claiming to have a secret 
message for the king, Eglon dismissed the other people 
carrying tribute. Ehud then said to the King, “I have a 
message from God to you,” assassinated him, locked the 
doors to the chamber, and escaped. Rallying the Israelites 
around him, Ehud led an attack upon the Moabites that 
was decisive in favour of the Israelites. Shamgar, the 
third judge, is merely noted as a deliverer who killed 
600 Philistines.

The roles o f Deborah, Gideon, and Jephthah. The first 
notably important judge of the tribal confederacy was 
Deborah, who was primarily a seer, poet, and Interpreter 
of dreams but still a person endowed with the kind of 
charisma that identified her as a judge sent from Yahweh. 
The story of the victory of the Israelites under the charis- 
matic leadership of Deborah and the military leadership 
of Barak, her commander, is related in prose (chapter 4) 
and repeated in poetry (chapter 5, which is known as the 
“Song of Deborah”). The Canaanites, under the leadership 
of Jabin, king of a reestablished Hazor, and his general 
Sisera, had oppressed an apostate Israel. Deborah sent 
word to all the tribes to unite against the Canaanites, but 
only about half the tribes responded. The Canaanites had 
asserted control over the Valley of Jezreel, which was an 
important commercial thoroughfare and was commanded 
by the city of Megiddo. In this valley dominated by the 
hill of Megiddo (Armageddon)—a site of many later cru- 
cial military battles and which later became the symbolic 
name for the final battle between the forces of good and 
the forces of evil in apocalyptic literature—the Israelites 
met the Canaanites near the river Kishon in open battle. 
A cloudburst occurred, causing the river to flood, thus 
limiting the manoeuvrability of the Canaanite chariots. 
The Canaanite general Sisera, seeing defeat for his forces, 
fled, seeking refuge in the tent of a Kenite woman, Jael. 
A supporter of the cause of Israel, Jael gave Sisera a drink 
of milk (fermented?) and he feil asleep “from weariness.” 
Jael pounded a tent peg through his temple, thus ending 
decisively the threat of the Canaanites of Hazor. The vic­
tory song of Deborah in chapter 5 is one of the oldest 
literary sections of the Old Testament. It is a hymn that 
incorporates the literary forms of a confession of faith, a 
praise of Yahweh’s theophany (manifestation), an epic, a 
curse, a blessing, and a hymn of victory.
Another important judge, perhaps the most important 

other than Samuel, was Gideon, whose exploits are related 
in chapters 6-8. The oppressors of Israel during the time 
of Gideon were the camel-bome raiders from Midian, rov- 
ing bands that pillaged the farms and unfortified villages 
for seven years. A prophet appeared among the Israelites 
and denounced them for their apostasy, after which, ac­
cording to the account, an angel of Yahweh visited and 
then commissioned Gideon, a member of the tribe of 
Manasseh, to lead the Israelites against the enemies from 
the Transjordan. After sacrificing to Yahweh, building an 
altar to the Lord (which he named Yahweh Shalom, or 
“Yahweh is peace”), and destroying an altar of Baal and 
an ashera (most likely a wooden pole symbolizing the god­
dess) beside it, he sent out messengers to gather together 
the tribes in order to meet an armed force of the Midi- 
anites and Amalekites that had crossed the Jordan River

and were encamped in the Valley of Jezreel. He went 
to a threshing floor (a common place to seek divinatory 
advice) and sought a sign from Yahweh—dew on a fleece 
of wool placed overnight on the threshing floor, with the 
rest of the area remaining dry. After receiving the positive 
divinatory sign, Gideon assembled a large force, reduced it 
to 300 men, and infiltrated the outposts of the Midianite 
camp with his servant—overhearing a Midianite telling 
another of his dream about a barley cake rolling into the 
camp of the Midianites and striking a tent so that it feil 
down and was flattened (which Gideon interpreted as a 
sign of victory for the forces under him). He encircled 
the camp of the Midianites about midnight. On signal, 
the men broke jars, shouted, waved torches, blew rams’ 
horns, and attacked the encampment. The Midianites, in 
the confusion, were routed and harassed in their flight. 
In their pursuit of the fleeing Midianites, Gideon and 
his forces were refused aid by the cities of Succoth and 
Penuel, which was a violation of the tribal confederacy 
agreements. The Midianites, however, were again the ob­
jects of a surprise attack and their two kings (Zebah and 
Zalmunna) were captured and later executed by Gideon 
because they had killed his brother. The leaders of Suc­
coth were punished and .the men of Penuel were killed in 
retaliation for their refusal to aid the forces of Gideon.
After the victory, the people, recognizing their need for 

centralized leadership of the confederacy, petitioned to 
Gideon that he establish a hereditary monarchy, with 
himself as the first king. Gideon refused, however, on the 
basis that “the Lord will rule over you.”
After Gideon died, the people returned to worshipping 

the gods of the Canaanites, especially Baal-berith. Abim- 
elech, one of the 70 sons of the wives and concubines 
of Gideon, went to Shechem to solicit support for his 
attempt to establish a monarchy. After receiving financial 
support from those who controlled the treasury of the 
shrine of Baal-berith, he hired a band of assassins—who 
killed all of his brothers except Jotham, the youngest of 
Gideon’s sons. Abimelech was declared king by the She- 
chemites. The surviving Jotham told a parable about trees 
that sought a king—after all the larger trees refused the 
kingship, the bramblebush, which was highly inflammable, 
accepted the offer. The point of the parable was that as 
the bramblebush is highly inflammable, so also would the 
reign of Abimelech be the source of fires of rebellion and 
revolution. Revolution did occur, and after being wounded 
at Thebez by a millstone dropped by a woman from a 
tower, Abimelech asked his armour bearer to kill him. The 
attempt of Abimelech and the Shechemites to establish a 
monarchy thus proved to be abortive and premature.
After a brief account of the rule of two judges, Tola of the 

tribe of Issachar and Jair from Gilead, the Deuteronomist 
describes the apostasy of the Israelites and the consequent 
oppression of the tribes by the Philistines from the seacoast 
and the Ammonites from the Transjordan. The Israelites 
looked for a leader and found Jephthah, the son of a harlot, 
who had been rejected by the sons of his father and who 
had gathered about him a band who made their living by 
raiding others. Jephthah made several attempts to negotiate 
with the Ammonites and Moabites; when the Ammonites 
did not cooperate, Jephthah moved against them. Seized 
by the Spirit of the Lord—i.e., ecstatically inspired—he be­
gan his campaign with a vow to sacrifice the first person he 
saw upon his return home as a burnt offering to Yahweh. 
He was victorious over the Ammonites, but the first per­
son he saw on return home was his only child, a daughter. 
Upon learning of her destined fate, she requested a two- 
month period to be with her friends to bewail her virginity 
and approaching death. The story is reminiscent of the 
fertility myths of the ancient Near East. After she was sac- 
rificed, Jephthah subdued a contingent of the Ephraimites 
in the Transjordan to bring peace to the area. A password 
was used to separate the Ephraimites from the men under 
Jephthah: “shibboleth.” Because the Ephraimites could not 
pronounce the word correctly, in that their dialect was dif­
ferent from the others, they were thus identified and killed.
In chapter 12, three judges are given cursory treatment: 

Izban of Bethlehem, Elon the Zebulunite, and Abdon the 
Ephraimite.
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The role o f Samson. The exploits of the great Israelite 
strongman judge, Samson (a member of the tribe of Dan), 
are related in chapters 13-16. Dedicated from birth by 
his mother to Yahweh, Samson became a member of 
the Nazirites, an anti-Canaanite reform movement. As a 
Nazirite, he was required never to cut his hair, drink 
wine, or eat ritually unclean food. He married a Philistine 
woman whom he then left when she helped her fellow 
Philistines avoid payment to Samson in a riddle contest by 
giving them the answer. Retuming later to find her given 
to another man, he bumed the grainfields of the Philistines. 
They sought revenge by killing Samson’s wife and her 
father. The exploits of Samson against the Philistines from 
then on are numerous. After he met the temptress Delilah, 
who wrested from him the secret of his great strength (i.e., 
his long uncut hair because of his vow), Samson was cap- 
tured by the Philistines after his hair had been cut short. 
After imprisonment, blinding, and humiliation, Samson 
finally avenged his loss of self-respect by pulling down the 
main pillars of the temple of the Philistine god Dagon, af­
ter which the temple was destroyed, along with numerous 
Philistines. Though Samson was more a folk hero than 
a judge, he was probably included in the list of judges 
because his ventures against the Philistines slowed their 
movements inland against the Israelite towns and villages. 
The Philistines were a group of “sea peoples” united in 
a confederacy of five city-states: Gaza, Ashkelon, Ashdod, 
Gath, and Ekron. To the area they gave their name, which 
has endured to the 20th Century: Palestine.
The final section of the Book of Judges is an appendix di­

vided into two parts: (1) the story of Micah, the repentant 
Ephraimite, a Levite priest who deserted him to be priest 
of the tribe of Dan, and the establishment of a shrine at 
the conquered city of Laish (renamed Dan) with the cult 
object taken from the house of Micah; and (2) the story of 
the Benjamites who were defeated in a holy war after they 
had killed a concubine of a Levite. The book ends with 
a critique of the period: “In those days there was no king 
in Israel; every man did what was right in his own eyes” 
(chapter 21, verse 25).

Samuel. The book of Samuel covers the period from 
Samuel, the last of the judges, through the reigns of the 
first two kings of Israel, Saul and David (except for David’s 
death). The division of Samuel and its succeeding book, 
Kings (Melakhim), into four separate books first appeared 
in the Septuagint, the Greek translation of the Old Testa­
ment from the 3rd to 2nd centuries b c e .

Theological and political biases. Containing two pri­
mary sources, the book of Samuel is the result of the 
editorial skill of the Deuteronomic historians of the post- 
exilic period. The early source, which is pro-monarchical 
and may have been written by a single author, is found in 
I Samuel, chapter 9, verse 1, through chapter 10, verse 16, 
as well as chapter 11 and most of II Samuel. The chapters 
just noted were probably written by a chronicler during 
the reign of Solomon; possible authors of these chapters 
were Abiathar, a priest of the line of Eli (who was Samuel’s 
predecessor at the shrine of Shiloh), or Ahimaaz, a son 
of Zadok (who originally may have been a priest of the 
Jebusite city of Jerusalem that David made his Capital). 
The chapters in I Samuel are sometimes called the “Saul” 
source because it is in them that Saul’s charismatic lead­
ership is legitimized in the form of kingship. The chapters 
of II Samuel, also displaying a pro-monarchical bias—as 
far as content is concerned—are the “book of David.” 
In the early source, Samuel, a seer, prophetic figure, and 
priest of the shrine at Shiloh, is viewed mainly as the 
religiöus leader who anointed Saul to be king. The later 
source, which displays a somewhat anti-monarchical bias 
and shows the marks of disillusionment on the part of 
the Deuteronomic historians of the post-exilic period, is 
found in I Samuel, chapter 7, verse 3, to chapter 8, verse 
22, chapter 10, verses 17-27, and chapter 12. Sometimes 
called the Samuel source, the later source interprets the 
role of Samuel differently; he is viewed as the last and 
most important judge of the whole nation, whose influence 
extended to the shrines at Bethel, Gilgal, and Mizpah. The 
two sources illustrate the two opposing tendencies that 
lasted for centuries after the conquest of Canaan.

During the period of Samuel, Saul, and David (the 1 Ith— 
10th Century b c e ), the Israelites were still threatened by 
various local enemies. The great nations—Egypt, Assyria, 
and the Hittite Empire—were either involved in domes­
tic crises or concerned with areas other than Palestine in 
their expansionist policies. Of the various peoples pressing 
to break up the Israelite confederacy, the Philistines (the 
“sea peoples”) of the Mediterranean coast proved to be 
the most dangerous. Expanding eastward with their iron- 
weapon equipped armies, the Philistines threatened the 
commercial routes running north and south through Is­
raelite territory. If they captured and controlled such areas 
as the Valley of Jezreel, they would eventually strangle the 
economic life of the Israelite confederacy.
To meet this threat, the tribal confederacy had four op- 

tions open to it. First, the tribes could continue as before, 
loosely held together by charismatic leaders, who served 
only as temporary leaders. Second, they could create a 
hereditary hierocracy (rule by priests), which the priest of 
the shrine at Shiloh, Eli, apparently attempted to inaugu- 
rate. A third possible course of action was to establish a 
hereditary judgeship, which was the aspiration of the judge 
Samuel. But in either of these two possibilities, the sons of 
Eli and Samuel were not of the same stature as their fa­
thers; and the apparent hopes of their fathers could not be 
realized. The fourth alternative was a hereditary monar­
chy. The book of Samuel is an account of the eventual 
success of those who supported the monarchical position, 
along with the Deuteronomic interpretation that pointed 
out the weaknesses of the monarchy whenever it departed 
from the concept of Israel as a covenant people and be­
came merely one kingdom among other similar kingdoms.

The book of Samuel may be divided into four sections: 
(1) the stories of Samuel, the fall of the family of Eli, 
and the rise of Saul (I Samuel, chapters 1-15); (2) the 
accounts of the fall of the family of Saul and the rise of 
David (I Samuel, chapter 16, to II Samuel, chapter 5); (3) 
the chronicles of David’s monarchy (II Samuel, chapter 
6, to chapter 20, verse 22); and (4) an appendix of mis- 
cellaneous materials containing a copy of Psalm 18, the 
“last words of David,” which is a psalm of praise, a list of 
heroes and their exploits, an account of David’s census, 
and other miscellaneous materials.

The role o f Samuel. The first section (chapters 1-15) 
begins with the story of Samuel’s birth, after his mother 
Hannah (one of the two wives of the Ephraimite Elkanah) 
had prayed at the shrine at Shiloh, the centre of the tribal 
confederacy, for a son. She vowed that if she bore a son, 
he would be dedicated to Yahweh for lifetime service as 
a Nazirite, as indicated by the words “and no razor shall 
touch his head.”
Three years after she had borne a son, whom she named 

Samuel—which is interpreted “asked of God,” a phrase 
that fits the meaning of Saul’s name but may actually 
mean “El has heard”—Hannah took the boy to the shrine 
at Shiloh. Hannah’s song of exultation (chapter 12, verses 
1-10) probably became the basis of the form and con­
tent of the Magnificat, the song that Mary, the mother 
of Jesus, sang in Luke, chapter 1, verses 46-55, in the 
New Testament. Eli, the priest at Shiloh (who had heard 
Hannah’s vow), trained the boy to serve Yahweh at the 
shrine, which Samuel’s mother and father visited annually. 
The sons of Eli, Hophni and Phinehas, are depicted as 
corrupt, misusing their positions as servants of the shrine 
to take offerings the people gave to Yahweh for their own 
gratification, in contrast to Samuel, who “continued to 
grow in stature and favour with the Lord and with men.” 
Because the sons of Eli failed to heed the admonition of 
their father, the house of Eli was condemned by a “man of 
God,” who told Eli that his family was to lose its position 
of trust and power. This condemnation, an interruption of 
the later source, is the Deuteronomic historian’s answer as 
to why Abiathar, a priest of the family of Eli at the time 
of David, was excluded from the priesthood at Jerusalem, 
which became the central shrine of the monarchy.
While a youth (about 12 years old), Samuel experienced 

a revelation from Yahweh in the shrine at night. First 
going to Eli three times after hearing his name called, 
Samuel responded to Yahweh at Eli’s Suggestion. What
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was revealed to him was the fall of the house of Eli, a 
message that Samuel hesitatingly related to Eli. After this 
religiöus experience, Samuel’s reputation as a prophet of 
Yahweh increased.

In chapter 4 is an account of the fall of Shiloh and the 
loss of the ark of the Covenant to the Philistines. Leav­
ing the ark, the symbol of Yahweh’s presence, at Shiloh, 
the Israelites go out to battle against the Philistines near 
the Mediterranean coast but are defeated. The Israelites 
retum to Shiloh for the ark; but even though they carry it 
back to the battleground, they are again defeated at great 
cost—the sons of Eli are killed, and the ark is captured 
by the enemy. When Eli, old and blind, hears the news of 
the disaster, he falls over backward in the chair on which 
he is sitting, breaks his neck, and dies. The wife of his 
son Phinehas gives birth to a son at this time; and, upon 
hearing of what had happened to Israel and her family, 
names the boy Ichabod, meaning “where is the glory?”— 
because, as she says, “The glory has departed from Israel.”
Though the Philistines had captured the ark, they even­

tually discovered that it did not bring them good fortune. 
Their god Dagon, an agricultural fertility deity probably 
meaning “grain,” feil to the ground whenever the ark was 
placed in close proximity to it; and, even more calamitous 
to them, the Philistines suffered from “tumours,” prob­
ably the bubonic plague, wherever they carried the ark. 
After experiencing such disasters for seven months, the 
Philistines returned the ark to Beth-shemesh in Israelite 
territory, along with a guilt offering of five golden tumours 
and five golden mice carried in a cart drawn by two cows. 
Because many Israelite men in Beth-shemesh also died— 
“because they looked into the ark of the Lord”—the ark 
was taken to Kiriath-jearim (the “forest of martyrs” in 
modem Israel), where it was placed in the house of Abi- 
nadab, whose son Eleazar was consecrated to care for it. 
The ark was not returned to Shiloh, probably because 
that shrine centre had been destroyed, along with other 
Israelite towns, by the Philistines.

In chapter 7, verse 3, to chapter 12, verse 25, the Deutero­
nomic historian depicts the way in which Samuel assumed 
leadership as judge and Covenant mediator of Israel. The 
Philistines continued to oppress Israel, though under Sa­
muel’s leadership the Israelites were able to reconquer 
territory lost to their western enemies. When Samuel grew 
old, his sons were trained to take his place; but they—like 
the sons of Eli—were corrupt (“they took bribes and per- 
verted justice”), so that the Israelites demanded another 
form of govemment—a monarchy. Samuel attempted to 
dissuade them, pointing out that if they had a highly 
centralized form of govemment (i.e., a monarchy), they 
would have to give up much of their freedom and would 
be heavily taxed in goods and services. Samuel obeyed 
both the elders of the people, who demanded a king, and 
Yahweh, who said, “make them a king.”

The rise and fall o f Saul. The man selected to become 
the first monarchical ruler of Israel was Saul, son of Kish, 
a wealthy Benjamite landowner. Because Kish had lost 
some donkeys, Saul was sent in search of them. Unsuc- 
cessful in his search, he went to the seer-prophet Samuel 
at Ramah. In the early source, from which this narra­
tive comes, he did not know Samuel’s name. The day 
before Saul went to Ramah, Samuel the seer (ro’e), who 
was depicted by the Deuteronomic historian as a prophet 
(navT), received notice from Yahweh that Saul was the 
man chosen to reign over Israel. At the sacrificial meal, 
Saul, a tall young man, was given the seat of honour, and 
the next day Samuel anointed him prince (nagid) of Israel 
in a secret ceremony. Before returning home, Saul joined 
a band of roving ecstatic prophets and prophesied under 
the influence of the spirit of Yahweh. In chapter 10, verses 
17-27, generally accepted as part of the later source, the 
Deuteronomic historian’s views are depicted—Saul was 
chosen by lot at Mizpah. The early source picks up the 
story of Saul in chapter 11, which illustrates Saul’s mili­
tary leadership abilities and describes his acclamation as 
king at Gilgal. Samuel’s farewell address, a Deuteronomic 
reworking of the later source, recapitulates the history of 
the Israelite tribes from the time of the patriarch Jacob 
through the period of the judges and forcefully presents

the conservative view that the request for a monarchy will 
bring about adversity to Israel.

The early reign of Saul and his confrontations with 
Samuel until the last judge’s death is the subject of chap­
ters 13-15. Saul’s early acts as king centred about battles 
with the Philistines. Because his son Jonathan had defeated 
one of their garrisons at Geba, the Philistines mustered an 
army to counterattack near Beth-aven (probably another 
name for Bethel). Saul issued a request for volunteers, 
who gathered together for battle but awaited the perfor­
mance of the sacrifice before the battle by Samuel. Because 
Samuel did not come for seven days, Saul, acting on his 
own, presided at the sacrifice. Immediately after the bumt 
offering had been completed, Samuel appeared (perhaps 
waiting for such an opportunity to reassert his leading Po­
sition) and castigated Saul for overstepping the boundaries 
of his princely prerogatives—even though Saul had been 
more than patiënt. Samuel wamed him that this type of 
act (which Saul, in the early source, and later David and 
Solomon also often performed) would cost Saul his king­
dom. In spite of Samuel’s apparent animosity, Saul contin­
ued to defend the interests of the newly formed kingdom.
The tragedy of Saul was that he was a transitional figure 

who had to bear the bürden of being the man who was 
of an old order and at the same time of a new way of 
life among a people composed of disparate elements and 
leading figures. Both Samuel, the last judge of Israel, and 
David, the future builder of the small Israelite empire, op­
posed him. Saul was more a judge—a charismatic leader— 
than a monarch. Unlike most kings of his time and area, 
he levied no taxes, depended on a volunteer army, and had 
no harem. He did not construct a court bureaucracy but 
relied rather on the trust of the people in his charismatic 
leadership and thus did not alter the political boundaries 
or structure of the tribal confederacy.
The issue between Saul and Samuel came to a head in 

the events described in chapter 15 (a section from the 
later source). Samuel requested Saul to avenge the attacks 
by the Amalekites on the Israelite tribes during their wan­
derings in the wilderness after the Exodus from Egypt 
about 200 years earlier. Saul defeated the Amalekites in a 
holy war but did not devote everything to destruction as 
was required by the ban (herem). Because Saul had not 
killed Agag, the Amalekite king, and had saved sheep and 
cattle for a sacrifice, Samuel informed Saul that he had 
disobeyed Yahweh and was thus rejected by God, for “to 
obey is better than to sacrifice.” Samuel then asked that 
Agag be brought to him, and he hacked the Amalekite 
king to pieces. After that, Saul and Samuel saw each 
other no more.

The rise and significance o f David. The next section 
contains the account of Saul’s fall from power and David’s 
rise to the position of king over all Israel. Samuel, still 
a charismatic and political power of great consequence, 
received from Yahweh the message that he was to go 
to Bethlehem to anoint a new ruler. Because he feared 
reprisal from Saul, Samuel went to Bethlehem (whose el­
ders had the same fears) under the pretense of presiding 
at a sacrifice. There he anointed David, son of Jesse, to 
be future king. David then went to the court of Saul to be 
the king’s armour bearer and court singer.

In a battle with the Philistines David is reported to 
have killed the 10-foot-tall Philistine Champion Goliath 
of Gath. In II Samuel, chapter 21, verse 19, however, 
Goliath is killed in a later period by one of David’s war­
riors, Elhanan. According to some biblical scholars, the 
name of Goliath may have been inserted for an unnamed 
philistine warrior killed by David apparently while he was 
armour bearer to Saul and was unrecognized by Saul, thus 
indicating the reworking of more than one source by the 
Deuteronomic historian.

Chapters 18 through 26 depict the rise of David in the 
court of Saul, his friendship with Jonathan, the beginning 
of Saul’s jealousy of David, the young David’s winning 
of Saul’s daughter Michal in marriage for killing a large 
number of Philistines, Saul’s attempt on David’s life, 
David’s escape and formation of an outlaw band in the 
Judaean hills, his acceptance by the priests of the house 
of Eli at Nob (all of whom were killed by Saul except
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Abiathar, who became David’s priest), Samuel’s death, 
and other incidents.
Because he feared for his life, David, along with 600 of his 

men, fled to the Philistine city of Gath, where he became 
a supposed leader of one of their military contingents 
against the Israelites. The last four chapters of I Samuel 
depict the final futile effört of Saul to retain eontrol of 
his throne and thwart the Philistines: Saul attempted to 
receive advice from the spirit of the dead Samuel through 
the necromancer (sometimes called the witch or medium) 
of Endor, even though he had earlier banned such prac­
tices in his realm. Through her mediumship, Samuel 
foretold the death of Saul and his sons by the Philistines. 
The armies of the Philistines poured into the Valley of 
Jezreel. Some of the Philistine leaders distrusted David, 
who was sent back to his garrison town of Ziklag, which 
the Amalekites had overrun and in which they had taken 
many prisoners. Thus, David did not witness the defeat 
of the Israelites under Saul, who was mortally wounded 
by the Philistines and whose sons were killed. In an act 
of heroism so that he, the king of Israel, would not be 
captured, Saul committed suicide by falling on his own 
sword. Thus ended the career of the tragic hero who tried 
to serve Yahweh and Israel but was caught between the 
old, conservative ways (led by Samuel) and the new, lib­
eral views (championed by David).
The Second Book of Samuel, as noted earlier, relates the 

exploits of David and the events of his monarchy. After 
mourning the death of Saul and executing an Amalekite 
who claimed to have killed the former king, David began 
to consolidate his position as the successor to Saul. He 
was anointed king of Judah at Hebron while Ishbosheth 
(“man of shame,” originally Ishbaal, or “man of Baal”), 
Saul’s son, reigned in the rest of Israel under the guidance 
of Abner, Saul’s general. After seven years, the army of 
Israel, under Abner, and the army of Judah, under Joab, 
David’s general and nephew, met at Gibeon—each chose 
12 Champions to fight each other, and all were killed. 
After the minor battle, a major engagement ensued, with 
the forces of Judah emerging victorious. A long war of at- 
trition developed between the house of Saul and the house 
of David. Abner attempted to deliver Israel to David but 
was killed by Joab to avenge his brother Asahel’s death 
at Abner’s hand in the first engagement between the two 
reigning houses. With Abner dead, Ishbosheth’s position 
became exceedingly insecure, and he was beheaded by two 
of his own captains, whom David, in turn, executed for 
murdering the last ruler of the house of Saul.
Because of the course of events, the Israelites asked 

David to become king over all of Israel, and David made 
a covenant with the elders of northern Israel. He next 
engaged in a war with the Jebusite (Canaanite) stronghold 
of Jerusalem, which he captured. He selected this city as 
his new Capital because it was a neutral site and neither 
the northerners nor the southerners would be adverse to 
the selection. From the very beginning of his reign, David 
showed the political astuteness and acumen that made for 
him a reputation that has continued for 3,000 years. He 
built at his new Capital a palace, fortified the defenses, and 
established a harem. The Philistines, concerned about the 
man whom they had considered a former vassal, decided 
to move against David, which proved to be their undoing. 
David effectively contained them in a small area of the 
Mediterranean coast.

The expansion o f the Davidic Empire. The third sec­
tion of Samuel (II Samuel, chapter 6 through chapter 
20, verse 22) contains the account of the reign of David 
from Jerusalem, ruling over a minor empire that stretched 
from Egypt in the south to Lebanon in the north and 
from the Mediterranean Sea in the west to the Arabian 
Desert in the east. He thus controlled the crossroads of 
the great empires of the ancient Near East. His second act 
of political astuteness was to bring theark of the Covenant 
to Jerusalem; but because of pressures from conservative 
elements who wanted to retain the tent that housed the 
ark (which had symbolic value from the days of the Ex­
odus), David was not able to build a temple. Because the 
ark was now in Jerusalem, however, the city became both 
the political and the religiöus cult centre of his kingdom.

In chapter 8 is a summary account of David’s extension 
of his kingdom by military means and of the military, 
administrative, and priestly leaders of Israel.

II Samuel, chapters 9 through 20, verse 22—together with
I Kings, chapters 1 and 2, the so-called Succession His­
tory, or the Family History of David, which, according to 
many scholars, forms the oldest section of historiography 
in Scripture—contains accounts of the domestic problems 
of David’s reign. Though he showed generosity to Mephi- 
bosheth, the sole surviving son of the house of Saul, he 
showed his weakness for the charms of Bathsheba, the wife 
of Uriah, one of his generals. After ensuring Uriah’s death 
by sending him into the front lines in a battle with the 
Ammonites, David married Bathsheba, who had become 
pregnant by the King. When the prophet Nathan came to 
David and told him of a rieh man’s unjust actions toward 
a poor man, David’s response was one of anger and a 
demand for justice, whereupon Nathan said, “You are the 
man,” and that Yahweh would exact retribution by not 
allowing the child to live. David then repented. He later 
went to Bathsheba and she conceived and bore another 
child, Solomon, who was to be the future king of Israel.

Though David was viewed as a master in the art of gov­
erning a nation, he was depicted as an unsuccessful father 
of his family. One son, Amnon (half-brother to Absalom 
and his sister Tamar), raped Tamar, for which act Absa­
lom later exacted revenge by having Amnon assassinated 
at a feast. Absalom then fled to Geshur, stayed there three 
years, was taken back to Jerusalem by Joab, and two years 
later was reconciled to his father. Absalom’s ambition to 
succeed his father as king caused him to initiate a re­
volt so that David had to flee from Jerusalem. Absalom 
was crowned king at Hebron, went to the concubines 
of David’s harem in the palace, and decided to raise a 
massive army to defeat David. If he had then heeded the 
advice of Ahithophel, one of David’s former counsellors, 
and attacked David’s forces while they were disorganized, 
he probably would have been successful in retaining the 
throne. The forces of David under Joab, however, defeated 
Absalom’s army “in the forest of Ephraim.” While in flight 
on a mule, Absalom caught his head in an oak tree, and 
when Joab heard of his predicament he killed the hanging 
son of David. When David heard of the death of his rebel- 
lious son, he uttered one of the most poignant laments in 
literature: “O my son Absalom, my son, my son Absalom! 
Would I had died instead of you, O Absalom, my son, 
my son!” David then returned to Jerusalem and settled 
some of the quarrels that had erupted in his absence. A 
revolt led by the conservative Benjaminite Sheba, under 
the old rallying cry “every man to his tents, O Israel,” was 
thwarted by Joab, who had to kill David’s newly appointed 
commander Amasa to accomplish this end.
The appendix (chapter 20; verse 23, through chapter 24) 

h a s  been noted earlier in this section.
Kings. The fourth book of the Former Prophets (I and

II Kings in the Septuagint) continues the history of the na­
tion Israel from the death of David, the reign of Solomon, 
and the divided monarchy through the collapse of both 
Israel (the northern kingdom) and Judah (the Southern 
kingdom). Whereas Samuel was composed primarily of 
the early and the later sources with some editing on the 
part of the Deuteronomic historians, the Deuteronomic 
editors of Kings, in addition to these two sources, used 
other sources—such as the book of the acts of Solomon, 
the Book of the Chronicles of the Kings of Israel, the 
Book of the Chronicles of the Kings of Judah, temple 
archives, and traditions centring on certain major kings 
and prophets. The Deuteronomic historians wrote from 
the vantage points of the reign of King Josiah of Judah, 
who died in 609 b c e  and was the ruler who accepted 
the Deuteronomic reform that began in 621 b c e , and of 
the Babylonian Exile, which traditionally lasted 70 years, 
though it began in 597 b c e , the temple was destroyed 
in 586, some exiles returned in 538, and the temple was 
restored in 516. The Deuteronomic view that national 
apostasy was the cause of the covenant people’s predica­
ment pervades this work.
(The h i s t o r y  of t h e  1 0 th  t h r o u g h  t h e  e a r ly  6 th  C e n tu ry  

b c e  is  c o v e r e d  i n  t h e  a r t i c l e  j u d a i s m , a n d  t h e r e f o r e  th i s
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article will concentrate only on the reigns of important 
monarchs and their relationships to the rising power of 
the prophetic movement in Israel.)

The Book of Kings may be divided into four sections:
(1) the last years of David and Solomon’s succession to 
the throne (I Kings, chapter 1, to chapter 2, verse 11);
(2) the reign of Solomon (I Kings, chapter 2, verse 12, 
to chapter 11, verse 43); (3) the beginning of the divided 
monarchy to the fall of Israel (I Kings, chapter 12, to II 
Kings, chapter 17); and (4) the last years of Judah (II 
Kings, chapters 18-25).

The succession o f Solomon to the throne. I Kings (chap­
ters 1 and 2) continues the story of David and the 
struggle for the succession of his throne. The sides were 
drawn between Adonijah, David’s eldest living son, and 
Solomon, the son of David and Bathsheba. Supporting 
Adonijah were the “old guard”—the general Joab and the 
priest Abiathar—and supporting Solomon were the priest 
Zadok, the prophet Nathan, and the captain of David’s 
bodyguard, Benaiah. With David close to death, Adonijah 
prepared to seize control of the kingdom; Nathan, how- 

The ever, requested Bathsheba to go to David and persuade
appoint- David to proclaim Solomon the next monarch. Following 
ment of the advice of Nathan, David then appointed Solomon the 
Solomon heir to his throne; and Zadok the priest and Nathan the 
as the prophet anointed the son of Bathsheba king in Gihon. 
future king After David died, however, Adonijah attempted to re- 
of Israel gain some semblance of prestige by asking Solomon to 

give him Abishag, a young Shunammite woman who had 
been given to David in his old age, as his wife. To this 
request Solomon answered by ordering Adonijah’s execu- 
tion, which Benaiah carried out. Solomon also ordered the 
execution of the old general Joab for having killed Abner 
and Amasa years earlier as a loyal supporter of David, an 
execution again carried out by Benaiah, who also executed 
Shimei, a man who had cursed David a long time earlier. 
Prior to these executions, which David—before he had 
died—had requested of Solomon, the new king banished 
the priest Abiathar of the house of Eli to Anathoth, an 
act that confirmed the position of Zadok as the principal 
priest of Jerusalem.

The reign o f Solomon. David had reigned from about 
1000 to 962 b c e , a period in which he Consolidated a 
federation of tribes that had been united under the charis­
matic leadership of Saul, who had reigned for about two 
decades before David began to construct his minor em­
pire. Solomon, who inherited a strong monarchy, reigned 
for 40 years. His reputation as a monarch centred about 
his great wisdom (chapter 3), his reorganization of the ad­
ministrative bureaucracy (chapter 4), and his building of 
the magnificent Temple (chapters 3-8). Though two sons 
of the prophet Nathan served Solomon, one as a court 
official and another as a priest, the prophetic movement 
apparently was little encouraged by the united monarchy’s 
third king. Solomon is perhaps one of the most overrated 
figures in the Old Testament, in spite of his achievements 
in wisdom, construction, and commerce; he is recorded 
as having 1,000 wives and concubines—some of them 
merely guarantees of commercial treaties, to be sure—and 
as building a fleet of ships for a nearly landlocked Israel. 
To accommodate his desire for a seaport, he built the 
port of Ezion-geber at the head o fthe  Gulf of Aqaba of 
the Red Sea. A son of the harem, Solomon had had little 
contact with the people of his realm, and he used many 
of them in labour battalions in his vast building programs 
to the economic disadvantage of Israel. By fostering so­
cial discontent in such ventures, Solomon prepared the 
way for the disintegration of the united kingdom and the 
resurgence of the prophetic movement that reflected the 
indigenous covenant concept peculiar to Israel.

Whereas David secured Israel’s borders and property by 
military means, Solomon sought to extend Israel’s influ­
ence through commercial treaties. To secure diplomatic 
and commercial treaties Solomon contracted marriage 
with various princesses-—who brought with them their na­
tive deities. This defection from the Covenant obligations 
to Yahweh is viewed by the Deuteronomic historian as 
a continuance of Israel’s constant flirting with apostasy, 
which had occurred under the judges, and the beginning of

a long process of internal religiöus and political disintegra­
tion under the monarchical system. Solomon’s oppressive 
taxation and commercial expansion also brought about 
retaliation and rebellion.

The divided monarchy. After Solomon died (922 b c e ) , 
he was succeeded by Rehoboam, who proved to be un­
fit for the task of reigning. Prior to Solomon’s death, 
Jeroboam the Ephraimite, a young overseer of the forced 
labour battalions of the “house of Joseph” in the north, 
had encountered Ahijah, a prophet from the old shrine 
of the confederacy at Shiloh, and Ahijah had tom a new 
garment into 12 pieces, prophesying that 10 pieces (tribes) 
would be given to Jeroboam and only two pieces (tribal 
political units) would be retained by the house of David. 
The dismemberment of the united monarchy was to be 
brought about by Yahweh because Solomon had “not 
walked in my ways, doing what is right in my sight and 
keeping my Statutes and my ordinances, as David his fa­
ther did.” Though Solomon had worshipped the Sidonian 
goddess Ashtoreth, the Moabite god Chemosh, and the 
Ammonite god Milcom, his reign over Israel continued. 
Jeroboam’s initial rebellion proved to be abortive, and he 
sought political asylum in Egypt under the protection of 
the pharaoh Sheshonk I (Shishak).
Rehoboam, having been crowned king of the united 

monarchy in Jerusalem, went north to Shechem, a shrine 
centre of the 10 northern tribes of the old confederacy, 
to have his position ratified by the northern units of the 
kingdom. Using this gathering as an opportune time to 
present their grievances against Solomon’s oppressive do­
mestic policies, the northemers, under the leadership of 
the returned political fugitive Jeroboam, asked the king 
from Jerusalem to lighten their load. Requesting three 
days to take their grievances under advisement, Rehoboam 
sought counsel from his advisers. The older counsellors 
advised moderation, the younger, retaliation. Assenting 
to the latter, Rehoboam returned to the people with an 
answer that was to lead to the disintegration of the united 
monarchy that had lasted for only about a Century under 
three kings: “My father made your yoke heavy, but I will 
add to your yoke; my father chastised you with whips, but 
I will chastise you with scorpions.” The response of the 
northerners was the ancient battle cry, “To your tents, O 
Israel.” Rehoboam, ruling from the cities, sent Adoram, 
the leader of the forced labour battalions, to Israel (the 
name to be used henceforth for the northern area); but he 
was stoned to death. The uncrowned king of the north, 
unable to quell the rebellion, returned to Jerusalem in 
rapid flight. Heeding the advice of the prophet Shema- 
iah, Rehoboam allowed the Situation to remain that of 
a stalemate, thus inaugurating the period of the divided 
monarchy that lasted in Israel in the north from 922-721 
b c e  and in Judah in the south until 586 b c e .
Though the Davidic monarchy continued in Judah until 

the fall o f  Jerusalem in 586 b c e , the monarchial Situa­
tion in Israel was one of constant turmoil and confusion, 
except for the periods of a few dynasties. Jeroboam I of 
Israel (reigned 922-901 b c e ) attempted to bring about 
religiöus and political reforms. Establishing his Capital at 
Shechem, he set aside two pilgrimage sites (Dan in the 
north and Bethel in the south) as shrine centres. Though 
the Deuteronomic historian—with an anti-north preju- 
dice—interpreted Jeroboam’s use of golden bulls in the 
high place sanctuaries as a sin against Yahweh, Jeroboam’s 
actions may have merely been an incorporation of reli- 
gious Symbols similar to the Cherubim (winged animals) 
that guarded the empty throne of Yahweh in the temple of 
Solomon in Jerusalem. Jeroboam would not have been so 
politically and religiously naive as to introducé polytheistic 
practices among the conservative-minded tribes of north­
ern Israel. Thus, the golden bulls may have been meant to 
serve as pedestals for the invisible Yahweh just as the ark 
(throne) may have been the seat of the invisible Yahweh 
in the Holy of Hohes (inner sanctuary) of the Temple in 
Jerusalem. Gods (such as the storm god Hadad) of other 
Syrian and Palestinian religions also were represented as 
standing on the backs of bulls.
Jeroboam remained true to Yahwistic religion, however, 

in that the God of the Israelites was not represented icono-
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graphically. The first king of the northern kingdom also 
inaugurated other religiöus reforms or reinstituted ancient 
practices that were interpreted as decadent by the Deutero­
nomic historian of the southem kingdom of Judah. He 
instituted a harvest thanksgiving festival on the 15th day 
of the eighth month, a change in the religiöus calendar 
that would preclude the journey of many northern Is­
raelites to a similar festival in Jerusalem; he reformed the 
priesthood by installing non-Levites (the traditional shrine 
functionaries) to serve Yahweh at the shrines, an action 
that had been carried out in Jerusalem by David but 
without the opprobrium inferred by the Deuteronomic 
historian on a similar action by Jeroboam.

The dynasties of the northern kingdom were shortlived. 
Jeroboam was succeeded by his son Nadab, who reigned 
for two years before he was overthrown by Baasha, who 
decimated the house of Jeroboam. Reigning for 24 years, 
Baasha (who “did what was evil in the sight of the Lord” 
like all of the northern kings, according to the Interpre­
tation of the Deuteronomists) had to concern himself not 
only with charismatic leaders who were traditionally pow­
erful in the north but also with the rising power of anti- 
monarchical prophets, such as Jehu—who prophesied the 
end of the house of Baasha (chapter 16). Elah, Baasha’s 
son, mied only two years before he was assassinated while 
in a drunken state by Zimri, a chariot commander, who 
exterminated all of the members of the house of Baasha. 
Reigning for the brief period of seven days, Zimri was 
besieged in the citadel at Tirzah by Omri, commander 
of the army. Zimri bumed to death in the king’s house. 
Much of this political turmoil and confusion in the north 
occurred during the reign of Asa, king of Judah from c. 
913 to 873 b c e , who inaugurated religiöus reforms, such 
as banning male cult prostitutes and the worship of the 
Canaanite goddess Asherah that had been sponsored by 
his mother, Maachah, the queen regent.

The significance o f Elijah. With the dynasty of Omri 
(c. 876-842), the prophetic movement begins to assume a 
Position of tremendous importance in Israel and Judah. 
Omri (reigned c. 876-869) reestablished Israel’s economic 
and military significance among the Syrian and Palestinian 
minor kingdoms, so much so that years after his death 
the Assyrians referred to the northern kingdom as “the 
land of Omri.” He is mentioned in the Moabite Stone of 
King Mesha (9th Century b c e ) as a king who “humbled 
Moab many years.” To strengthen an alliance with the 
Phoenicians, Omri contracted a marriage between Jezebel, 
princess of Sidon, and his son Ahab. The marriage proved 
to be fateful for Israel and was a catalyst that brought 
the prophetic movement into a course of action and a 
form that became Israel’s contribution to Near Eastern 
prophecy.
The reign of Omri’s son Ahab coincided with the activi­

ties of the prophet Elijah, as recorded in I Kings, chapter 
16, verse 29, to chapter 22, verse 40. Ahab, under the 
influence of his queen Jezebel, allowed her to foster the 
worship of the fertility god Baal in Samaria—the Capital 
that Omri had built—and in all Israel, even though he 
himself remained a worshipper of Yahweh. A temple was 
built for Baal in Samaria; Jericho was rebuilt (even though 
the ban against its existence still remained) by Hiel of 
Bethel, who sacrificed two of his own sons and placed 
them in the foundation and the gates of the walls of 
the city. During these apostate activities the great prophet 
Elijah the Tishbite appeared. A man of erratic behaviour, 
wearing a garment of hair with a leather beit around his 
waist, using uncouth language, and preferring the wilder­
ness areas to the towns, Elijah bore many of the outward 
signs of social rebels. At odds with the court authorities, 
he began his prophetic career just prior to a retreat in the 
wilderness during a drought, which he had announced to 
Ahab, thus pointing out that Yahweh, rather than Baal, 
is the Lord of nature. In the desert he performed two 
miracles: he ensured a widow and her son of continuous 
food for her act of generosity to him and cured her son, 
apparently dead, who had stopped breathing, by Stretching 
himself on top of the boy three times. Elijah then went 
to the court of Ahab at Samaria, after having met one of 
the leading prophets (Obadiah) who had escaped Jezebel’s

attempt to destroy the leaders of the cult of Yahweh, and 
stood before Ahab, accusing the king of being the “troub- 
ler of Israel” for having followed the cult of Baal. Elijah 
hurled a challenge to the Baalists, supported by Jezebel, to 
meet him in a contest on Mt. Carmel.

The contest between Elijah and the 450 prophets of Baal 
was dramatic. Elijah first taunted the spectators, “How 
long will you go limping with two different opinions? If 
the Lord is God, follow him; but if Baal, then follow 
him.” Elijah then laid the ground rules: two bulls were 
to be sacrificed, one each on an altar, on which fire wood 
was to be laid, but no one was to light the fire—only the 
God “who answers by fire.” The prophets of Baal had the 
first opportunity, and they prayed to Baal loudly for a full 
half day, until noon. During this time, Elijah, in coarse 
language, taunted them. Eliminating the euphemisms in 
most English versions of the Bible, Elijah mocked the 
Baalists by saying that Baal might not be responding be­
cause he was out urinating (“gone aside”), on a trip, or 
sleeping. The Baalists then attempted to use sympathetic 
magie. By cutting themselves they hoped that as their life 
blood flowed on the ground Baal would send rain, the life 
blood of the Earth.
When the Baalists had failed, Elijah rebuilt an old altar 

of Yahweh, poured water on the wood three Times (per­
haps a remnant of an ancient rainmaking ceremony?), and 
prayed to Yahweh to answer his servant; “the fire of the 
Lord feil, and consumed the bumt offering, and the wood, 
and the stones and the dust, and licked up the water that 
was in the trench.” Though some authorities explain the 
action by suggesting that Elijah poured naphtha on the 
wood, this does not explain the ignition of the wood at 
that particular time and that particular place even if by 
a bolt of lightning. The Deuteronomic historian empha­
sized the miracle wrought by Yahweh. The people, upon 
witnessing the miracle, cried out, “Yahweh, he is God,” 
and proceeded to annihilate the prophets of Baal.

Elijah told Ahab to complete the festivities while he went 
to the top of Mt. Carmel to perform another rainmaking 
ceremony. When the rains came in a cloudburst, Ahab 
was riding in his chariot in the Valley of Jezreel. Elijah, 
in fear of retaliation from Jezebel, fled to the southem 
wilderness. At Mt. Horeb (Sinai) after a storm, wind, and 
an earthquake, Yahweh spoke to Elijah through silence 
and then revealed that he should anoint Hazael to be 
king of Syria, Jehu to be king of Israel, and Elisha to be 
his successor as prophet. I Kings, chapter 20, records a 
war between Ben-hadad, king of Syria, and Ahab. Though 
Ahab was victorious, he did not kill Ben-hadad according 
to the provisions of the herem (ban); and a prophet then 
informed Ahab that he would suffer for his inaction.

Upon Ahab’s return to Samaria Jezebel attempted to 
coerce the king into confiscating the vineyards of Naboth 
of Jezreel, which was a Canaanite centre. Naboth asserted 
that as an Israelite the land was not his own but was a 
trust from Yahweh and that he could not sell it. Taken to 
court on trumped-up charges of blasphemy, Naboth was 
convicted and stoned to death. Ahab, following Jezebel’s 
advice, then went to Naboth’s vineyard and took posses­
sion of it. Upon hearing of Ahab’s unjust act as king, 
Elijah proclaimed to him, “In the place where dogs licked 
up the blood of Naboth shall dogs lick your own blood.” 
The prophet also announced, “The dogs shall eat Jezebel 
within the bounds of Jezreel.”
In I Kings, chapter 22, another prophet, Micaiah, proph­

esied to Ahab and to King Jehoshaphat of Judah who were 
preparing for battle against the Syrians that in a vision he 
saw “all Israel scattered upon the mountains, as sheep that 
have no shepherd.” Micaiah was put in prison to test the 
validity of his vision. It turned out to be true—Ahab, even 
though he disguised himself, was mortally wounded by an 
arrow shot by a Syrian archer. In 850 he was succeeded 
by his son Ahaziah, who reigned for only two years.

The Second Book of Kings continues the history of the 
monarchies of Israel and Judah and of the prophetic 
movement. Ahaziah feil from an upper chamber of his 
palace in Samaria and sought help from Baalzebub, the 
god of Ekron. Elijah met the messengers to castigate them 
for not seeking aid from Yahweh, the God of Israel, and
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told a third delegation that had been sent out to return to 
teil Ahaziah that because of his apostasy he would die. Af­
ter the death of Ahaziah, Elijah conferred his mantle, the 
symbol of his prophetic authority, on Elisha, and “Elijah 
went up by a whirlwind into heaven.”

The significance o f Elisha. The stories of Elijah and 
his successor, Elisha, are of a different literary genre from 
the historical accounts of the political developments of 
the 9th Century. The historical accounts are based on 
the viewpoints and biases of the monarchy, nobility, and 
military leaders. The stories of Elijah and Elisha are leg­
endary, populär accounts, probably having arisen among 
the common people. They demonstrate the predilection 
of the common people to accent what appears to them 
as the miraculous and the supematural, much as has 
been the case among many Roman Catholics and Eastern 
Christians in stories of their saints. Elijah was depicted, 
in several instances, as a second Moses—e.g., he fled to 
the wilderness to escape the retaliation of a ruler, and 
he encountered a theophany (manifestation of a deity) 
of Yahweh on Mt. Horeb. As Moses appointed Joshua 
as his successor, so also Elijah passed on his prophetic 
mantle to Elisha. Elisha is depicted in typical folk story 
embellishments and legendary motifs. The original begin­
ning and ending of the Elijah story apparently was lost, 
but the Deuteronomic historian incorporated the populär 
accounts of Elijah and Elisha into the court history that 
gives scholars significant insights into the religiöus move­
ments of the 9th Century.

During the reigns of King Jehoshaphat of Judah (c. 873- 
849 b c e ) and King Jehoram (Joram) of Israel (c. 849- 
842), Elisha began his prophetic career. Elisha was unlike 
his mentor Elijah in many ways: he did not use uncouth 
language, he did not shun towns, he wore more fash- 
ionable clothing, and he used music to bring about the 
prophetic spirit—much as Saul had done earlier. A cycle 
of miracle stories arose around Elisha; he was said to have 
made bitter water sweet, revived the son of a Shunammite 
woman from death by breathing into his mouth and lying 
on top of him, helped a woman to avoid giving up her two 
sons to a creditor who would make them slaves, informed 
the Syrian captain Naaman how to be cured from his 
skin disease, and many other similar actions. In addition 
to being a miracle worker, Elisha was a political power. 
He prophesied the defeat of the Moabites as a result of 
a huge rainfall and advised Joram how to defeat Ben- 
hadad, king of Syria. By performing this last act Elisha 
instigated a revolt in Syria; Hazael murdered the sick and 
dying Ben-hadad.
Elisha sent “one of the sons of the prophets” to anoint 

Jehu, an army commander, to be the future king of Is­
rael. Rushing in his chariot to Jezreel, Jehu exterminated 
Jehoram, the last king of the Omri dynasty, his nephew 
Ahaziah (king of Judah), who was visiting him, and the 
queen mother Jezebel, who “had painted her eyes, and 
adorned her head” before she was thrown out of the win- 
dow and so mangled by the trampling of horses that “they 
found no more of her than the skull and the feet and the 
palms of her hands.” Jezebel’s end had come about in a 
manner similar to the way in which Elijah had prophesied.
The revolution of Jehu was not only politically inspired. A 

driving force behind him was the arch conservative Rech- 
abite faction, led by Jehonadab. Despising the Canaanites 
and their agricultural way of life, the Rechabites—descen- 
dants of the ancient Kenites of Midian where Moses had 
experienced the theophany of the buming bush—lived in 
tents, refused to drink wine, and attempted to retain as 
many of the accoutrements of the “good old life” of an­
cient nomadism as possible. With excessive revolutionary 
zeal they helped Jehu to annihilate the worshippers of 
Baal, who were tricked into coming to their temple and 
there murdered. To further emphasize their revolutionary 
intent, the followers of Jehu, in addition to the holocaust, 
made the site of the temple of Baal a latrine.

Because the king of Judah (Ahaziah) had been killed in 
the revolution—along with the remaining northern mem­
bers of the house of Omri—the Southern kingdom was 
ruled over by the queen mother, Athaliah, the daughter 
of Ahab and Jezebel. In her zeal to propagate the faith of

her mother, Athaliah seized the opportunity to destroy the 
line of David that tended to be loyal to Yahweh. Liquidat- 
ing all the male heirs to the throne of David—except the 
infant Joash (Jehoash) who received asylum in “the house 
of the Lord”—Athaliah ruled for six years. With support 
from the priests led by Jehoiada, the army and “the people 
of the land” revolted, killing Athaliah and her high priest 
of Baal, Mattan, and destroying the temple of Baal.

In the north, Jehu was succeeded by his son Jehoahaz 
(reigned c. 815-c. 801), who, in tum, was followed by his 
son Joash, or Jehoash. During the latter king’s reign, the 
prophet Elisha died. Though the Deuteronomic historian 
says little about Israel’s next king, Jeroboam II, he was 
a major monarch, reestablishing the northern kingdom’s 
ancient boundaries and fostering a period of economie 
prosperity. During the reign of Jeroboam II (c. 786-c. 746 
b c e ), a time of both economie advances and social injus- 
tice, Arnos, the great prophet of social justice, arose. Dur­
ing Jeroboam’s last years another great prophet, Hosea, 
whose message centred on Covenant love, arose to call an 
apostate people back to their Covenant responsibilities.

The fall o f Israel. After the death of Jeroboam II, how­
ever, Israel faced a period of continuous disaster; and 
no prophetic figure was able to arrest the steady intemal 
decay. From 746-721, when Samaria finally feil to the 
Assyrians, there were six kings, the last being Hoshea, a 
conspirator who had assassinated the previous king. The 
Assyrian king Sargon II deported the leading citizens of 
Samaria to Persia and imported colonists from other lands 
to fill their places.

The fall o f Judah. The southem kingdom of Judah, 
under the Davidic monarchy, was able to last about 135 
years longer, often only as a weak vassal state. Hezekiah 
(reigned c. 715-c. 687), with the advice of the prophet 
Isaiah, managed to avoid conflict with or outlast a siege of 
the Assyrians. Hezekiah was succeeded by his son Man­
asseh, an apostate king who stilled any prophetic outcries, 
reintroduced Canaanite religiöus practices, and even of­
fered his son as a human sacrificial victim. Soothsaying, 
augury, sorcery, and necromancy were also reintroduced. 
The Deuteronomic historian also notes that many inno­
cent persons were killed during his reign. Manasseh was 
succeeded by his son Amon, who was assassinated in a 
palace revolution after a reign of only two years. His son 
Josiah, who succeeded him, reigned from 640 to 609 b c e , 
when he was killed in a battle with the pharaoh Necho 
II of Egypt. During his reign, one of the most significant 
events in the history of the Israelite people occurred— 
the Deuteronomic reform of 621 b c e . Occasioned by the 
disco very of a book of the Law in the Temple during its re­
building and supported not only by Hilkiah, a high priest, 
and Huldah, a prophetess, but also by the young prophet 
Jeremiah, the Deuteronomic Code—or Covenant—as it 
has been called, became the basis for a far-reaching re­
form of the social and religiöus life of Judah. Though 
the reform was short-lived, because of the pressure of 
international turmoil, it left an indelible impression on 
the religiöus consciousness of the people of the Covenant, 
Israel, whether they were from the north or the south.
From 609 to 586 Judah feit the coming oppression of 

Babylon under King Nebuchadrezzar. After the death 
of Josiah, four kings mied in Jerusalem, the last being 
Zedekiah, who failed to heed the advice of the prophet 
Jeremiah—who had attempted to persuade the king not to 
trust the Egyptians in a rebellion against Babylon because 
there would be only one loser, the House of David. Je- 
hoiachin, the predecessor of the puppet king Zedekiah, had 
been carried off into exile to Babylon in 598; but about 
560 he was released from prison, thus leaving a hope that 
the Davidic line had not become extinct. Despite this small 
element of hope, the year 586 b c e  marked the beginning 
of a tragic period for the people of Judah—the Babylonian 
Exile. During this period of rethinking Covenant faith, the 
prophet Ezekiel preached, both in Jerusalem and Babylon, 
offering the people hope for a restoration of the symbols 
and cultic acts of their covenant religion.

Isaiah. The Book of Isaiah, comprising 66 chapters, is 
one of the most profound theological and literarily ex­
pressive works in the Bible. Compiled over a period of
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about two centuries (the latter half of the 8th to the latter 
half of the 6th Century b c e ), the Book of Isaiah is gener­
ally divided by scholars into two (sometimes three) major 
sections, which are called First Isaiah (chapters 1-39), 
Deutero-Isaiah (chapters 40-55 or 40-66), and—if the sec­
ond section is subdivided—Trito-Isaiah (chapters 56-66).

The prophecies o f First Isaiah. First Isaiah contains the 
words and prophecies of Isaiah, a most important 8th- 
century b c e  prophet of Judah, written either by himself 
or his Contemporary followers in Jerusalem (from c. 740 
to 700 b c e ), along with some later additions, such as 
chapters 24-27 and 33-39. The first of these two additions 
was probably written by a later disciple or disciples of 
Isaiah about 500 b c e ; the second addition is divided into 
two sections-—chapters 33-35, written during or after the 
exile to Babylon in 586 b c e , and chapters 36-39, which 
drew from the source used by the Deuteronomic historian 
in II Kings, chapters 18-19. The second major section 
of Isaiah, which may be designated Second Isaiah even 
though it has been divided because of chronology into 
Deutero-Isaiah and Trito-Isaiah, was written by members 
of the “school” of Isaiah in Babylon: chapters 40-55 were 
written prior to and after the conquest of Babylon in 539 
by the Persian king Cyrus II the Great, and chapters 56- 
66 were composed after the retum from the Babylonian 
Exile in 538. The canonical Book of Isaiah, after editorial 
redaction, probably assumed its present form during the 
4th Century b c e . Because of its messianic (salvatory figure) 
themes, Isaiah became extremely significant among the 
early Christians who wrote the New Testament and the 
sectarians at Qumrän near the Dead Sea, who awaited the 
imminent messianic age, a time that would inaugurate the 
period of the Last Judgment and the Kingdom of God.

Isaiah, a prophet, priest, and statesman, lived during 
the last years of the northern kingdom and during the 
reigns of four kings of Judah: Uzziah (Azariah), Jotham, 
Ahaz, and Hezekiah. He was also a Contemporary of the 
prophets of social justice: Arnos, Hosea, and Micah. Influ­
enced by their prophetic outcries against social injustice, 
Isaiah added themes peculiar to his prophetic mission. To 
kings, political and economic leaders, and to the people 
of the land, he issued a message that harked back nearly 
five centuries to the period of the judges: the holiness of 
Yahweh, the coming Messiah of Yahweh, the judgment 
of Yahweh, and the necessity of placing one’s own and 
the nation’s trust in Yahweh rather than in the might of 
ephemeral movements and nations. From about 742 b c e , 
when he first experienced his call to become a prophet, to 
about 687, Isaiah influenced the course of Judah’s history 
by his oracles of destruction, judgment, and hope as well 
as his messages containing both threats and promises.
Intimately acquainted with worship on Mt. Zion because 

of his priest-prophet position, with the Temple and its 
rieh imagery and ritualistic practices, and possessed of a 
deep understanding of the meaning of kingship in Judah 
theologically and politically, Isaiah was able to interpret 
and advise both leaders and the common people of the 
Covenant promises of Yahweh, the Lord of Hösts. Be­
cause they were imbued with the following beliefs—God 
dwelt on Mt. Zion, in the Temple in the city of Jerusalem, 
and in the person of the King—the messianic phrase 
“God is with us” (Immanuel) Isaiah used was not a pallid 
abstraction of a theological concept but a concrete living 
reality that found its expression in the Temple theology 
and message of the great prophet.

In chapters 1-6 are recorded the oracles of Isaiah’s early 
ministry. His call, a visionary experience in the temple 
in Jerusalem, is described in some of the most influential 
symbolic language in Old Testament literature. In the year 
of King Uzziah’s death (742 b c e ), Isaiah had a vision 
of the Lord enthroned in a celestial temple, surrounded 
by the Seraphim—hybrid human-animal-bird figures who 
attended the deity in his sanctuary. Probably experiencing 
this majestic imagery that was enhanced by the actual 
setting and the ceremonial and ritualistic objects of the 
Jerusalem Temple, Isaiah was mystically transported from 
the earthly temple to the heavenly temple, from the mi- 
crocosm to the macrocosm, from sacred space in profane 
time to sacred space in sacred time.

Yahweh, in the mystical, ecstatic experience of Isaiah, 
is too sublime to be described in other than the imagery 
of the winged Seraphim, which hide his glory and call 
to each other:

“Holy, holy, holy is the Lord o f hosts;
The whole earth is full o f his glory.”

With smoke rising from the burning incense, Isaiah was 
consumed by his feelings of unworthiness (“Woe is me! 
for I am lost”); but one of the Seraphim touched Isaiah’s 
lips with a burning coal from the altar and the prophet 
heard the words, “Your guilt is taken away, and your 
sin forgiven.” Isaiah then heard the voice of Yahweh ask 
the heavenly council, “Whom shall I send, and who will 
go for us?” The prophet, caught up as a participant in 
the mystical dialogue, responded, “Here am I! Send me.” 
The message to be delivered to the Covenant people from 
the heavenly council, he is informed, is one that will 
be unheeded.

The oracles of Isaiah to the people of Jerusalem from 
about 740 to 732 b c e  castigate the nation of Judah for 
its many sins. The religiöus, social, and economic sins of 
Judah roll from the prophet’s utterances in staccato-like 
sequence: (1) “Bring no more vain offerings; incense is an 
abomination to me. New moon and sabbath and the call- 
ing of assemblies—I cannot endure iniquity and solemn 
assembly,” against religiöus superficiality; (2) “cease to do 
evil, leam to do good; seek justice, correct oppression; 
defend the fatherless, plead for the widow,” against social 
injustice; and (3) “Come now, let us reason together, says 
the Lord: though your sins are like scarlet, they shall be 
as white as snow,” a call for obedience to the Covenant. 
The prophet also cried out for peace: “and they shall 
beat their swords into plowshares, and their spears into 
pruning hooks; nation shall not lift up sword against na­
tion, neither shall they learn war anymore.” The sins of 
Judah, however, are numerous: the rieh oppress the poor, 
the nation squanders its economic resources on military 
spending, idolatry runs rampant in the land, everyone tries 
to cheat his fellowman, women flaunt their sexual charms 
in the streets, and there are many who cannot wait for a 
strong drink in the morning to get them through the day. 
One of Isaiah’s castigations warns: “Woe to those who are 
heroes at drinking wine, and valiant men in mixing strong 
drink, who acquit the guilty for a bribe, and deprive the 
innocent of his right!”
During the Syro-Ephraimitic war (734-732 b c e ), Isaiah 

began to challenge the policies of King Ahaz of Judah. 
Syria and Israel had joined forces against Judah. Isaiah’s 
advice to the young King of Judah was to place his tmst 
in Yahweh. Apparently Isaiah believed that Assyria would 
take care of the northern threat. Ahaz, in timidity, did 
not want to request a sign from Yahweh. In exasperation 
Isaiah told the King that Yahweh would give him a sign 
anyway: “Behold, a young woman shall conceive and bear 
a son, and shall call his name Immanuel.” Thus, by the 
time this child is able to know how to choose good and 
refuse evil, the two minor kings of the north who were 
threatening Judah will be made ineffective by the Assyr­
ians. The name Immanuel, “God is with us,” would be 
meaningful in this Situation because God on Mt. Zion and 
represented in the person of the king would be faithful to 
his Covenant people. Ahaz, however, placed his tmst in an 
alliance with Assyria under the great conqueror Tiglath- 
pileser III. In order to give hope to the people, who were 
beginning to experience the Assyrian encroachments on 
Judaean lands in 738 b c e , Isaiah uttered an oracle to “the 
people who walked in darkness”: “For to us a child is 
born, to us a son is given; and the govemment will be 
upon his shoulder, and his name will be called Wonder- 
ful Counselor, Mighty God, Everlasting Father, Prince of 
Peace.” Isaiah trusted that Yahweh would bring about a 
kingdom of peace under a Davidic ruler.
From 732 to 731 bce, the year the northern kingdom feil, 

Isaiah continued to prophesy in Judah but probably not 
in any vociferous manner until the Assyrians conquered 
Samaria. The king of the Assyrians is described as the 
rod of God’s anger, but Assyria also will experience the 
judgment of God for its atrocities in time of war. During
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one of the periods of Assyrian expansion towards Judah, 
Isaiah uttered his famous Davidic messianic (salvatory fig­
ure) oracle in which he prophesies the coming of a “shoot 
from the stump of Jesse,” upon which the Spirit of the 
Lord will rest and who will establish the “peaceable king­
dom” in which “the wolf shall dweil with the lamb.” A 
hymn of praise concludes this first section of First Isaiah.
Chapters 13-23 include a list of oracles against various 

nations—Babylon, Assyria, Philistia, Moab, Syria, Egypt, 
and other oppressors of Judah. These probably came from 
the time when Hezekiah began his reign (c. 715). In 705 
b c e , Sargon of Assyria died, however, and Hezekiah, a 
generally astute and reform-minded king, began to be 
caught up in the power struggle between Babylon, Egypt, 
and Assyria. Isaiah urged Hezekiah to remain neutral dur­
ing the revolutionary turmoil. Though Sennacherib of As­
syria moved south to crush the rebellion of the Palestinian 
vassal States, Isaiah—contrary to his previous advocacy of 
neutrality—urged his king to resist the Assyrians because 
the Lord, rather than the so-called Egyptian allies, who 
“are men, and not God,” will protect Jerusalem. He then 
prophesied a coming age of justice and of the Spirit who 
will bring about a renewed creation.

Second Isaiah (chapters 40-66), which comes from the 
school of Isaiah’s disciples, can be divided into two peri­
ods: chapters 40-55, generally called Deutero-Isaiah, were 
written about 538 b c e  after the experience of the Ex­
ile; and chapters 56-66, sometimes called Trito-Isaiah (or 
III Isaiah), were written after the retum of the exiles to 
Jerusalem after 538 b c e .

The prophecies o f Deutero-Isaiah. Second Isaiah con­
tains the very expressive so-called Servant Songs—chapter 
42, verses 1-4; chapter 49, verses 1-6; chapter 50, verses 
4-9; chapter 52, verse 13; and chapter 53, verse 12. Writ­
ing from Babylon, the author begins with a message of 
comfort and hope and faith in Yahweh. The people are 
to leave Babylon and retum to Jerusalem, which has paid 
“double for all her sins.” As creator and Lord of history, 
God will redeem Israel, his chosen servant. Through the 
Servant of the Lord all the nations will be blessed: “I have 
put my Spirit upon him, he will bring forth justice to the 
nations.” The Suffering Servant, whether the nation Israel 
or an individual agent of Yahweh, will help to bring about 
the deliverance of the nation. Though Second Isaiah may 
have been referring to a hoped-for rise of a prophetic fig­
ure, many scholars now hold that the Suffering Servant is 
Israel in a collective sense. Christians have interpreted the 
Servant Songs, especially the fourth, as a prophecy refer­
ring to Jesus of Nazareth—“He was despised and rejected 
by men; a man of sorrows and acquainted with grief. . . , ” 
but this interpretation is theologically oriented and thus 
open to question, according to many scholars.

The oracles o f Trito-Isaiah. Chapters 56-66 are a col­
lection of oracles from the restoration period (after 538 
b c e ). Emphasis is placed upon cultic acts, attacks against 
idolatry, and a right motivation in the worship of Yahweh. 
Repentance and social justice are themes that have been 
retained from the earlier Isaiah traditions, and the ever- 
present element of hope in the Creative goodness of Yah­
weh that pervaded II Isaiah remains a dominant theme in 
the last chapters of the Book of Isaiah.

Jeremiah. The prophet Jeremiah began to prophesy 
about 626 b c e  during the reign of the Judaean king Josiah. 
From the town of Anathoth and probably from the priestly 
family of Eli, this prophet, who may have been instrumen­
tal in the Deuteronomic reform, dictated his oracles to his 
secretary Baruch. Only a youth in his late teens when he 
experienced the call by Yahweh to be a “prophet to the 
nations,” Jeremiah was a hesitant reforming prophet, ex- 
periencing deep spiritual struggles regarding his adequacy 
from the very beginning of his call and throughout his 
prophetic ministry. After the death of Josiah in 609 b c e , 
however, he became an outspoken prophet against the na­
tional policy of Judah, a policy that he knew would lead 
to the disaster that came to be called the Babylonian Exile. 
Because of his prophecies, which were unpopulär with the 
military and the revolutionists against the Babylonians, 
Jeremiah was kidnapped by conspirators after 586 and 
taken to Egypt, where he disappeared.

The Book of Jeremiah is a collection of oracles, bio- 
graphical accounts, and narratives that are not arranged 
in any consistent chronological or thematic order. One 
20th-century German biblical scholar, Wilhelm Rudolph, 
has attempted to arrange the chapters of the book ac­
cording to certain chronological details. He has divided 
the work into five sections: (1) prophecies against Judah 
and Jerusalem, chapters 1-25, during the reigns of kings 
Josiah (640-609) and Jehoiachim (609-598), and the pe­
riod after Jehoiachim (597-586); (2) prophecies against 
foreign nations, chapters 25 and 66-61; (3) prophecies of 
hope for Israel, chapters 26-35 (probably after the death 
of Josiah in 609); (4) narratives of Jeremiah’s sufferings, 
chapters 36-45 (from a post-586 period), and (5) an ap­
pendix, chapter 52. Jeremiah’s own prophetic oracles are 
found particularly in chapters 1—36 and 46-52. Baruch’s 
writings about Jeremiah are found primarily in chapters 
37-45, 26-29, and 33-36.
During the reign of Josiah, after his call, Jeremiah 

preached to the people of Jerusalem and wamed them 
against the sin of apostasy. Recalling the prophecies of the 
8th-century Israelite prophet Hosea, Jeremiah reproached 
the Judaeans for playing harlot with other gods and urged 
them to repent. He prophesied that enemies from the 
north would be the instruments of Yahweh’s judgment on 
the apostate land and Jerusalem would suffer the fate of a 
rejected prostitute. The idolatry and immorality of the Ju­
daeans would inevitably lead to their destruction. Because 
of the impending threat from the north, Jeremiah wamed 
the people to flee from the wrath that was to come.
At the beginning of Jehoiachim’s reign, Jeremiah preached 

in the temple that because of Judah’s apostasy “death shall 
be preferred to life by all the remnant that remains of this 
evil family in all the places where I have driven them, 
says the Lord of hosts.” Because he spoke words that were 
unpopulär, his own townsmen of Anathoth plotted against 
his life. To symbolize the fate of Judah, Jeremiah adopted 
some rather bizarre techniques. He buried a waist cloth 
and wore it when it was spoiled to illustrate the fate of 
Jerusalem, which had worshipped other gods than Yahweh.

Throughout his career Jeremiah had moments of deep 
depression, times when he lamented that he had become a 
prophet. Because of the uncertainty of the times, Jeremiah 
did not marry.
A master of symbolic actions and the use of symbolic 

devices, Jeremiah used a potter’s wheel to show that Yah­
weh was shaping an evil future for Judah; and he bought 
a flask, after which he broke it on the ground to illustrate 
again the fate of Judah. Because of such words and ac­
tions, Jeremiah often found himself in trouble. Pashur, a 
priest, had Jeremiah beaten and placed in stocks. When 
released, Jeremiah told Pashur he would go into captivity 
and die. Despite the plots against him, Jeremiah contin­
ued to rely on the grace of Yahweh. He was brought to 
trial for prophesying the destruction of Jerusalem, but his 
defense attorneys—“certain of the elders”—pointed out 
that King Hezekiah had not punished the prophet Micah 
of Moresheth in the 8th Century for similar statements.
Continuing to prophesy against the moral and religiöus 

corruption of Jerusalem during the reign of Zedekiah 
(597-586), Jeremiah became even more unpopulär for his 
advocacy to surrender to Babylon.

In spite of his apparent failure to win over the people to 
his cause, Jeremiah inaugurated a reform that had lasting 
effects. He helped to bring about a change in religion from 
the view that primarily accepted corporate responsibility 
to one that held that religion is more individualistic in 
terms of responsibility. His words in chapter 31, verse 33, 
are a summation of his reform: “But this is the covenant 
which I will make with the house of Israel after those 
days, says the Lord: I will put my law within them, and 
I will write it upon their hearts; and I will be their God, 
and they shall be my people.”

Ezekiel. The Book of Ezekiel, written by the prophet­
priest Ezekiel, who lived both in Jerusalem prior to the 
Babylonian Exile (586 b c e ) and in Babylon after the Ex­
ile, and also by an editor (or editors), who belongs to 
a “school” of the prophet similar to that of the prophet 
Isaiah, has captured the attention of readers for centuries
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because of its vivid imagery and symbolism. The book has 
also attracted the attention of biblical scholars who have 
noticed that, although Ezekiel appears to be a singularly 
homogeneous composition displaying a unity unusual for 
such a large prophetic work, it also displays, upon careful 
analysis, the problem of repetitions, certain inconsistencies 
and contradictions, and questions raised by terminologi- 
cal differences. Though the book itself indicates that the 
prophecies of Ezekiel occurred from about 593-571 b c e , 
some scholars—who are in a minority—have argued that 
the book was written during widely divergent periods, 
such as in the 7th Century and even as late as the 2nd 
Century b c e . Most scholars, however, accept that the main 
body of the book came from the 6th Century b c e , with the 
inclusion of some later glosses by redactors who remained 
loyal to the theological traditions of their master-teacher.
Containing several literary genres, such as oracles, mytho- 

logical themes, allegory, proverbs, historical narratives, 
folk tales, threats and promises, and lamentations, the 
Book of Ezekiel may be divided into three main sections: 
(1) prophecies against Judah and Jerusalem (chapters 1-
24); (2) prophecies against foreign countries (chapters 25- 
32); and (3) prophecies about IsraeFs future.
Ezekiel— the man and his message. The man who 

wrote this book—at least the main body of the work— 
was undoubtedly one of the leaders of Jerusalem because 
he was among the first group of exiles to go into cap- 
tivity—those who were forced to leave their homeland 
about 597 b c e  in a deportation to Babylon on the orders 
of the conquering king Nebuchadrezzar. Belonging to the 
priestly class, perhaps of the line of Zadok, Ezekiel was a 
spiritual leader of his fellow exiles at Tel-abib, which was 
located near the river Chebar, a canal that was part of the 
Euphrates River irrigation System. According to his own 
account, Ezekiel, the priest without a temple, received the 
call to become a prophet during a vision “In the thirtieth 
year, in the fourth month, on the fifth day”—perhaps 
July 31, 593 b c e , if the dating is based on the lunar 
calendar, though the exact meaning of “thirtieth year” 
remains obscure. A married man who was often consulted 
by elders among the exiles, Ezekiel carried out his priestly 
and prophetic career during two distinct periods: (1) from 
593-586 b c e , a date that was doubly depressing for the 
prophet because it was the period when his wife died and 
his native city was destroyed; and (2) from 586-571 b c e , 
the date of his last Oracle (chapter 29, verse 17).

The personality of the prophet shows through his ora­
cles, visions, and narrations. Frustrated because the people 
would not heed his messages from Yahweh, Ezekiel often 
exhibited erratic behaviour. This need not mean that he 
was psychologically abnormal. Like many great spiritual 
leaders, he displayed qualities and actions that did not 
fall within the range of moderation, and to perform an 
ex post facto psychological postmortem examination on 
any great historical figure in the face of a paucity of 
necessary details may be an interesting game but is hardly 
scientifically respectable or accurate. To be sure, Ezekiel 
did engage in erratic behaviour: he ate a scroll on one 
occasion, lost his power of speech for a period of time, 
and lay down on the ground “playing war” to emphasize 
a point, an action that would certainly draw attention to 
him, which was his purpose. In spite of these peculiarities, 
Ezekiel was a master preacher who drew large crowds 
and a good administrator of his religiöus community of 
exiles. He held out hope for a temple in a new age in 
order to inspire a people in captivity. He also initiated a 
form of imagery and literature that was to have profound 
effects on both Judaism and Christianity all the way to the 
20th Century: apocalypticism (the view that God would 
intervene in history to save the believing remnant and 
that this intervention would be accompanied by dramatic, 
cataclysmic events).

Ezekiel’s Prophetic themes and actions. The first section of the 
mystical book (chapters 1-24) contains prophecies against Judah
call and and Jerusalem. Ezekiel’s call is recorded in chapter 1 to
symbolic chapter 3, verse 15. It came in a vision of four heav-
acts enly Cherubim, who appeared in a wind from the north,

a cloud, and flashing fire (lightning?)—traditional sym­
bolic elements of a theophany (manifestation of a god)

in ancient Near Eastem religions. These winged hybrid 
throne bearers—with the faces of a man, a lion, an ox, 
and an eagle (which became iconographic Symbols of the 
four Gospel writers of the New Testament)—bore the 
throne chariot of Yahweh. The Cherubim, symbolizing in­
telligence, strength, and—especially—mobility, had beside 
them four gleaming wheels, or “a wheel within a wheel”
(i.e., set at right angles to each other), which further 
emphasized the omnimobility of the throne chariot. This 
vision harks back to Isaiah’s mystical experience (Isaiah, 
chapter 6) in which that prophet envisioned the throne 
of the ark, which symbolized the omnipresence of the 
in visible Yahweh. High above the Cherubim was a firma­
ment, or crystal platform, above which was the throne of 
Yahweh, who—in a “likeness as if it were of a human 
form”—spoke to Ezekiel. The Spirit of Yahweh entered 
him, and he was commissioned to preach to the people 
of Israel a message of doom to an apostate people. The 
significance of this vision is that it occurred not to a priest 
in the holy Temple at Jerusalem but to an exiled prophet­
priest in a foreign land. The God of Israel was the God 
of the nations. The impact of his visionary experience 
so overwhelmed Ezekiel that he simply sat at Tel-abib 
for seven days.
Commissioned by Yahweh to be “a watchman for the 

house of Israel,” Ezekiel performed a series of symbolic 
acts to illustrate the impending fate of the city from which 
he had been banished: he placed a brick on the ground 
to symbolize Jerusalem’s future siege, lay down on the 
ground, bound himself to indicate capture, ate food first 
cooked on fuel composed of human feces and then animal 
excrement, and then cut his hair and beard. Though these 
acts were performed in Babylon, news of them was most 
likely communicated to the people of Jerusalem. Just as 
Jeremiah had tried to repress the false hopes that the res­
idents of Jerusalem harboured conceming the downfall of 
Babylon, which had been predicted by the populär nation­
alistic prophet Hananiah (Jeremiah, chapter 28, verses 5- 
17), Ezekiel attempted to quash the ill-founded aspirations 
of the exiles for an immediate retum to Jerusalem.

In chapters 6 and 7 Ezekiel prophesies that Jerusalem’s 
“altars shall become desolate,” its people will be “scattered 
through the countries,” and “because the land is full of 
bloody crimes and the city full of violence,” Yahweh “will 
put an end to their proud might and their holy places 
shall be profane.” In chapter 8 he attacked the people of 
Jerusalem for their idolatry, as manifest by the women sit­
ting before the entrance to the north gate of the Temple of 
Yahweh weeping in cultic despair for the Mesopotamian 
fertility deity Tammuz’s “annual death.”

After prophesying the fall of Jerusalem in chapters 9- 
11 because “the guilt of the house of Israel and Judah is 
exceedingly great,” Ezekiel performed other symbolic acts 
such as packing baggage for an emergency exile, digging a 
hole in his house to illustrate the fact that some will try 
to escape, and eating and drinking with trembling actions 
to show the future fear that the Jerusalemites will experi­
ence; he also attacked prophets who gave the people false 
hopes. “Woe to the foolish prophets who follow their own 
spirit, and have seen nothing. Your prophets have been 
like foxes among mins, O Israel.” He tried to underline 
his message of urgency by relating the problem of apostasy 
to similar situations in Israefs past history.

About the time that Nebuchadrezzar besieged Jerusalem, The death 
Ezekiel’s wife became ill. Though Ezekiel could mourn of Ezekiel’s 
her impending death “but not aloud” (i.e., only by himself wife and 
so that the people would notice his unusual reaction and the fall of 
thus receive the full impact of his prophetic message), he Jerusalem 
was not to mourn her death publicly. When he did not eat 
the “bread of mourners” the people asked him for an ex­
planation. He told them, and it was a shattering exposure:
Jerusalem would be destroyed “and your sons and daugh­
ters whom you left behind shall fall by the sword”; when 
this happens—in spite of their pining and groaning—they 
will know the meaning of Ezekiel’s actions.
In order to show that Yahweh was the Lord of the whole 

creation and of all nations, Ezekiel issued prophecies of 
impending disasters that would be experienced by many 
neighbouring Near Eastern countries. Nations that exulted
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in Judah’s defeat—i.e., Ammon, Moab, Edom, Philistia, 
and Phoenicia—would all suffer the same fate, as well as 
Egypt, the formerly great empire that had manoeuvred Ju­
dah into its disastrous foreign policy of opposing Babylon.

Oracles o f hope. In the third section, chapters 33-48, 
Ezekiel proclaimed, in oracles that have become imprinted 
in theological discourse and folk songs, the hope that lies 
in the faith that God cares for his people and will restore 
them to a state of wholeness. As the good shepherd, God 
will feed his flock and will “seek the lost,” “bring back 
the strayed,” “bind up the crippled,” and “strengthen the 
weak.” He will also “set up over them one shepherd, my 
servant David, and he shall feed them.” This Davidic ruler 
will be a nasi (prince), the term used for a leader of the 
tribal confederacy before the inauguration of the monar­
chy. In chapter 37, Ezekiel had a now-famous vision of 
the valley of dry bones, which refers not to resurrection 
from the dead but rather to the restoration of a scattered 
Covenant people into a single unity. To further emphasize 
the restoration of the scattered people of Yahweh, Ezekiel 
uttered the Oracle of the two sticks joined together into 
one, which prophesied the re-unification of Israel and Ju­
dah as one nation. Chapters 38 and 39 contain a cryptic 
apocalyptic oracle about the invasion of an unidentified 
Gog of Magog. Who this Gog is has long been a matter 
of speculation; whoever he is, his chief characteristic is 
that he is the demonie person who leads the forces of 
evil in the final battle against the people of God. Gog 
and Magog have thus eamed a position in apocalyptic 
literature over the centuries. Chapters 40-48 are a closing 
section in which Ezekiel has a vision of a restored Temple 
in Jerusalem with its form of worship reestablished and 
a restored Israel, with each of the ancient tribes receiving 
appropriate allotments. Ezekiel’s prophecies while in exile 
in Babylon were to have a significant influence on the 
religion of Judaism as it emerged from a time of reassess- 
ment of its religiöus beliefs and cultic acts during the 
Babylonian Exile (586-538 b c e ).

The Twelve. Hosea. The Book of Hosea, the first of 
the canonical Twelve (Minor) Prophets, was written by 
Hosea (whose name means “salvation,” or “deliverance”), 
a prophet who lived during the last years of the age of 
Jeroboam II in Israel and the period of decline and ruin 
that followed the brief period of economie prosperity. The 
Assyrians were threatening the land of Israel and the peo­
ple of the Covenant acted as though they were oblivious to 
the stipulations of their peculiar relation to Yahweh. The 
Book of Hosea is a collection of oracles composed and 
arranged by Hosea and his disciples. Like his Contempo­
rary Arnos, the great prophet of social justice, Hosea was 
a prophet of doom; but he held out a hope to the people 
that the Day of Yahweh contained not just retribution 
but also the possibility of renewal. His message against 
Israel’s “spirit of harlotry” was dramatically and symboli- 
cally acted out in his personal life.
The Book of Hosea may be divided into two sections: (1) 

Hosea’s marriage and its symbolic meaning (chapters 1- 
3); and (2) judgments against an apostate Israel and hope 
of forgiveness and restoration (chapters 4-14).
In the first section, Hosea is commanded by Yahweh to 

marry a prostitute by the name of Gomer as a symbol 
of Israel’s playing the part of a whore searching for gods 
other than the one true God. He is to have children by 
her. Three children are bom in this marriage. The first, 
a son, is named Jezreel, to symbolize that the house of 
Jehu will suffer for the bloody atrocities committed in the 
Valley of Jezreel by the founder of the dynasty when he 
annihilated the house of Omri. The second, a daughter, 
is named Lo Ruhama (Not pitied), to indicate that Yah­
weh was no longer to be patiënt with Israel, the northern 
kingdom. The third child, a son, is named Lo 'Ammi 
(Not my people), signifying that Yahweh was no longer 
to be the God of a people who had refused to keep the 
Covenant. In chapter 2, Hosea voiced what probably was 
a divorce formula—“she is not my wife, and I am not her 
husband”—to indicate that he had divorced his faithless 
wife Gomer, who kept “going after other lovers.” The 
deeper symbolism is that Israel had abandoned Yahweh 
for the cult of Baal, celebrating the “feast days of Baal.”

Just as Yahweh will renew his Covenant with Israel, how­
ever, Hosea buys a woman for a wife—probably Gomer. 
The woman may have been a sacred prostitute in a Baal 
shrine, a concubine, or perhaps even a slave. He confines 
her for a period of time so that she will not engage in any 
attempt to search for other paramours and thus commit 
further adulteries.

The second section, chapters 4-14, does not refer to 
the marriage motif; but the imagery and symbolism of 
marriage constantly recur. The Israelites, in “a spirit of 
harlotry,” have gone astray and have left their God. Their 
infidelity emphasized their lack of trustworthiness and 
real knowledge of love, a love that could not be cam- 
ouflaged by superficial worship ceremonies. Thus, Hosea 
emphasized two very significant theological terms: hesed, 
or “Covenant love,” and “knowledge of God.” In attack- 
ing the superficiality of much of Israel’s worship, Yah­
weh, through Hosea, proclaimed: “For I desire steadfast 
(Covenant) love and not sacrifice, the knowledge of God, 
rather than burnt offerings.” Because they have broken 
Yahweh’s Covenant and transgressed his law, however, 
the Lord’s anger “burns against them.” For “they sow 
the wind and they shall reap the whirlwind.” Israel will 
be punished for its rebellion and iniquities, but Hosea’s 
message holds out the hope that the holiness of Yahweh’s 
love—including both judgment and mercy—will effect a 
triumphant retum of Israel to her true husband, Yahweh.

Joel. The Book of Joel, the second of the Twelve (Mi­
nor) Prophets, is a short work of only three chapters. The 
dates of Joel (whose name means “Yahweh is God”) are 
difficult to ascertain. Some scholars believe that the work 
comes from the Persian period (539-331 b c e ); others hold 
that it was written soon after the fall of Jerusalem in 586 
b c e . His references to a locust plague may refer to an ac­
tual calamity that occurred; the prophet used the Situation 
to call the people to repentance and lamentation, perhaps 
in connection with the festival of the New Year, the “Day 
of Yahweh.” “ ‘Yet even now,’ says the Lord, ‘return to me 
with all your heart, with fasting, with weeping, and with 
mourning; and rend your hearts and not your garments.’ ” 
Some scholars, however, believe that the plague of locusts 
refers to the armies of a foreign power (Babylonia?). In 
the remaining section of the book (chapter 2, verse 30 
to chapter 3, verse 21), Joel, in apocalyptic imagery, pre- 
dicts the judgment of the nations—especially Philistia and 
Phoenicia—and the restoration of Judah and Jerusalem.
Amos. The Book of Amos, the third of the Twelve (Mi­

nor) Prophets, has been one of the most significant and 
influential books of the Bible from the time it was written 
(8th Century b c e ) down to the 20th Century. Comprising 
only nine chapters of oracles, it was composed during the 
age of Jeroboam II, king of Israel from 786 to 746 b c e . 
His reign was marked by great economie prosperity, but. 
the rich were getting richer and the poor poorer. Social 
injustice ran rampant in the land. The economically weak 
could find no redress in the courts and no one to Champion 
their cause—until the coming of Amos, a shepherd from 
Tekoa in Judah, who also said that he was “a dresser of 
sycamore trees.” Amos, thus, was no professional prophet 
nor a member of a prophetic guild.
The book may be divided into three sections: (1) oracles 

against foreign nations and Israel (chapters 1-2); (2) ora­
cles of indictment against Israel for her sins and injustices 
(chapters 3-6); and (3) visions and words of judgment 
(chapters 7-9). Amos was the first of the writing prophets, 
but his work may be composed of oracles issued both 
by himself and by disciples who followed his theological 
views.

His prophetic oracles begin with a resounding phrase: 
“The Lord roars from Zion.” He then goes on to in- 
dict various nations—Syria, Philistia, Tyre, Ammon, and 
Moab—for the crimes and atrocities they have committed 
in times of peace: “Because they sell the righteous for 
silver, and the needy for a pair of shoes—they . .  . trample 
the head of the poor into the dust of the earth, and turn 
aside the way of the afflicted” (chapter 2, verses 6-7).

The second section (chapters 3-6) contains some of the 
most vehement and cogent invectives against the social 
injustices perpetrated in Israel. Though the Israelites have
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prided themselves on being the elect of God, they have 
misinterpreted this election as privilege instead of respon­
sibility. In chapter 4, Amos, in language that was sure to 
raise the ire of the privileged classes, attacked unnecessary 
indulgence and luxury. To the wealthy women of Samaria 
he said: “Hear this word, you cows of Bashan, who are 
in the mountain of Samaria, who oppress the poor, who 
crush the needy, who say to their husbands, ‘Bring, that 
we may drink!’ ” (chapter 4, verse 1). After a series of 
wamings of punishment, Amos proclaimed the coming of 
the day of Yahweh, which is “darkness, and not light.” His 
attacks against superficial pretenses to worship have be­
come proverbial: “I hate, I despise your feasts, and I take 
no delight in your solemn assemblies” (chapter 5, verse 
21). Another verse from Amos has become a rallying cry 
for those searching for social justice: “But let justice roll 
down like waters, and righteousness like an ever-flowing 
stream” (chapter 5, verse 24).

The third section (chapters 7-9) contains visions of lo­
custs as a sign of punishment, a summer drought as a sign 
of God’s wrath, and a plumb line as a sign to test the 
faithfulness of Israel. The priest of the shrine at Bethel, 
Amaziah, resented Amos’ incursion on his territory and 
told him to go back to his home in the south. In reply to 
Amaziah, Amos prophesied the bitter end of Amaziah’s 
family. Another vision in chapter 8, that of a basket of ripe 
fruit, pointed to the fact that Israefs end was near. A fifth 
vision, depicting the collapse of the Temple in Samaria, 
symbolized the collapse of even the religiöus life of the 
northern kingdom. He ended his work with a prophecy 
that the Davidic monarchy would be restored.

Obadiah. The Book of Obadiah, the fourth book of the 
Twelve (Minor) Prophets, contains only 21 verses. Noth­
ing is known about the prophet as a person or about his 
times. It may have been written before the Exile, though 
many scholars believe that it was composed either some 
time after 586 bce or in the mid-5th Century, when the 
Jews returned to the area around Jerusalem. The prophet 
concentrates on the judgment of God against Edom and 
other nations, with the final verses referring to the restora­
tion of the Jews in their native land.

Jonah. The Book of Jonah, containing the well-known 
story of Jonah in the stomach of a fish for three days, is 
actually a narrative about a reluctant prophet. This fifth 
book of the Twelve (Minor) Prophets contains no oracles 
and is thus unique among prophetic books. In II Kings, 
chapter 14, verses 25-27, there is a reference to a prophet 
Jonah who lived during the early part of the reign of 
Jeroboam II (8th Century bce).

Jonah and The story, however, probably comes from a time after 
the univer- the fall of Jerusalem in 586 bce . Probably living dur- 
sal reign of ing the Exile, the author used the memory of the hated 
Yahweh Assyrians to proclaim the mission of Israel—to teach all 

nations about the mercy and forgiveness of God. In the 
short book of four chapters, Jonah, Amittai’s son, is com­
missioned by Yahweh to go to Nineveh, the Capital of 
Assyria, to preach repentance. Attempting to avoid the 
command of Yahweh, Jonah boarded a ship, which soon 
was caught up in a storm. The frightened sailors drew lots 
to discover who was the cause of their unfortunate and 
calamitous condition. Jonah drew the unlucky lot and 
was thrown overboard, after which he was swallowed by a 
fish and stayed in that uncomfortable place for three days 
and nights. After he cried to the Lord to let him out, the 
fish vomited Jonah out onto dry land. Jonah, though still 
reluctant, went to Nineveh to preach repentance. His ef­
forts were successful, which did not please him—because 
of his hatred for the Assyrians. In the end, however, Jonah 
realized that God was a universal God, and not the sole 
property of Israel.
Probably written sometime between 500 and 350 bce 

(or perhaps 250 bce), the message of Jonah protested the 
exclusiveness of a post-exilic Judaism, with its policy of 
a pure blood race of Jews that the reformers Ezra and 
Nehemiah had implemented in the 5th Century.
Micah. The Book of Micah, the sixth book of the 

Twelve (Minor) Prophets, was written by the prophet 
Micah in the 8th Century b c e . Composed of seven chap­
ters, the book is similar in many ways to the Book of

Amos. Micah attacked the corruption of those in high 
places and social injustice, and the book is divided into 
two sections: (1) judgments against Judah and Jerusalem 
(chapters 1-3); and (2) promises of restoration for Judah 
and judgments against other nations (chapters 4-7).
In the first section, Micah of Moresheth utters oracles 

against the corrupt religiöus and political leaders of Israel 
and Judah. He also attacks the prophets who attempted 
to give the people false hopes: “Thus says the Lord con- 
cerning the prophets who lead my people astray, who cry 
‘Peace’ when they have something to eat, but declare war 
against him who puts nothing into their m ouths. . . the 
seers shall be disgraced, and the diviners put to shame” 
(chapter 3, verses 5-7). In the second section, Israefs 
future is predicted as being glorious, and it is told that 
out of Bethlehem will come a ruler of the line of David 
who will bring peace to the earth. Though he issues an in- 
dictment against Judah for its idolatries, Micah proclaims 
what is necessary to renew the Covenant relationship be­
tween God and Israel; “and what does the Lord require 
o f you but to do justice, and to love kindness, and to 
walk humbly with your God?” (chapter 6, verse 8). In this 
verse, Micah has given a brief summation of the messages 
of Amos, Hosea, and Isaiah.
Nahum. The Book of Nahum, seventh of the Twelve 

(Minor) Prophets, contains three chapters directed against 
the mighty nation of Assyria. Probably written between 
626-612 bce (the date of the destruction of Nineveh, the 
Assyrian Capital), the book celebrates in oracles, hymns, 
and laments the fact that Yahweh has saved Judah from 
potential devastation by the Assyrians.

He begins with the words “The Lord is a jealous God and 
avenging. . . is slow to anger and of great might, and the 
Lord will by no means clear the guilty” (chapter 1, verses
2-3). From that beginning he predicts the overthrow of 
Assyria and the devastating manner in which Nineveh will 
be destroyed.

Habakkuk. The Book of Habakkuk, the eighth book of 
the Twelve (Minor) Prophets, was written by a prophet 
difficult to identify. He may have been a professional 
prophet of the Temple from the 7th Century bce (prob­
ably between 605-597 bce). Containing three chapters, 
Habakkuk combines lamentation and oracle. In the first 
chapter, he cries out for Yahweh to help his people: “O 
Lord, how long shall I cry for help, and thou wilt not 
hear?” (chapter 1, verse 2). Though Yahweh will send 
mighty nations (e.g., the neo-Babylonians will be the ex- 
ecutors of his judgment), Habakkuk wonders who will 
then stop these instruments of God’s justice, who use great 
force. The answer comes in a brief, almost cryptic verse, 
“but the righteous shall live by his faith.” The rest of 
chapter 2 pronounces a series of woes against those who 
commit social injustices and engage in debauchery. The 
last chapter is a hymn anticipating the deliverance to be 
wrought by Yahweh.

Zephaniah. The Book of Zephaniah, the ninth book of 
the Twelve (Minor) Prophets, is written in three chapters. 
Composed by the prophet Zephaniah in the latter part 
of the 7th Century bce, the book is an attack against 
corruption of worship in Judah, probably before the great 
Deuteronomic reform took place. He attacked the religiöus 
syncretism that had become established, especially the 
worship of Baal and astral deities, and predicted the com­
ing catastrophe of the “Day of the Lord.” He denounced 
both foreign nations and Judah, but issued a promise of 
the restoration of Israel: “Sing aloud, O daughter of Zion; 
shout, O Israel! Rejoice and exult with all your heart, O 
daughter of Jerusalem” (chapter 3, verse 14). The reason 
for exultation is that Yahweh will deliver his people.
Haggai. The Book of Haggai, the 10th book of the 

Twelve (Minor) Prophets, is a brief work of only two 
chapters. Written about 520 bce by the prophet Haggai, 
the book contains four oracles. The first oracle calls for 
Zerubbabel, the governor of Judaea, and Joshua, the high 
priest, to rebuild the Temple (chapter 1, verses 1-11). A 
drought and poor harvests, according to Haggai, had been 
caused because the returnees from the Exile had neglected 
or failed to rebuild the Temple. The second oracle, ad- 
dressed to the political and religiöus leaders and the peo-
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ple, sought to encourage them in their rebuilding efforts 
(chapter 2, verses 1-9). Apparently they were disappointed 
that the new Temple was not as splendid as the former 
one, so Haggai reassured them: “My Spirit abides among 
you, fear not.” The third oracle was issued against the 
people for not acting in a holy manner (chapter 2, verses 
10-19), and the fourth proclaimed that Zerubbabel would 
be established as the Davidic ruler (chapter 2, verses 20- 
23). His promise, however, remained unfulfilled.

Zechariah. The Book of Zechariah, the 1 Ith book of 
the Twelve (Minor) Prophets, dates from the same period 
as that of Haggai—about 520 bc e . Though the book con­
tains 14 chapters, only the first eight are oracles of the 
prophet; the remaining six probably came from a school 
of his disciples and contain various elaborations of Ze- 
chariah’s eschatological themes.

Though little is known about Zechariah’s life, he prob­
ably was one of the exiles who returned to Jerusalem 
from Babylon. After an initial call to repentance (chapter 
1, verses 1-6), Zechariah had a series of eight visions 
(chapter 1, verse 7 to chapter 6, verse 15). The first is of 
four horsemen who have patrolled the Earth to make sure 
that it is at rest. The second vision is of four horns {i.e., 
nations that have conquered Israel and Judah), which will 
be destroyed. The third vision is of a man with a measur- 
ing line, but Jerusalem will be beyond measurement. The 
fourth vision shows Joshua the high priest in the heavenly 
court being prosecuted by Satan (the celestial adversary) 
and the high priest’s eventual acquittal and return to his 
high position. The fifth vision is of a golden lampstand 
and an olive tree to emphasize the important positions of 
Joshua and Zerubbabel, which these two figures symbol- 
ize. The sixth and seventh visions—of a flying scroll and a 
woman of wickedness—symbolize the removal of Judah’s 
previous sins. The eighth vision of four chariots probably 
refers to the anticipated messianic reign of Zerubbabel, a 
hope that was thwarted. Chapters 7 and 8 concern fasting 
and the restoration of Jerusalem.
The remaining chapters—9-14—are additions that con­

tain messianic overtones. Chapter 9, verses 9-10, with its 
reference to a king riding on the foal of an ass and to a vast 
kingdom of peace, was used by New Testament Gospel 
writers in reference to Jesus’ entrance into Jerusalem prior 
to his crucifixion. The book closes on the note of the suf­
fering Good Shepherd, the final battle between Jerusalem 
and the nations and eventual victory under God, and the 
universal reign of Yahweh, “king over all the earth.”
Malachi. The Book of Malachi, the last of the Twelve 

(Minor) Prophets, was written by an anonymous writer 
called Malachi, or “my messenger.” Perhaps written from 
about 500-450 bce , the book is concerned with spiritual 
degradation, religiöus perversions, social injustices, and 
unfaithfulness to the Covenant. Priests are condemned 
for failing to instruct the people on their Covenant re­
sponsibilities, idolatry is attacked, and men are castigated 
for deliberately forgetting their marriage vows when their 
wives become older. In chapter 3, the message is that 
Yahweh will send a messenger ofthe Covenant to prepare 
for, and announce, the day of judgment. If the people 
tum from their evil ways, God will bless them, and those 
who “feared the Lord” will be spared. The book ends with 
a call to remember the Covenant and with a promise to 
send Elijah, the 9th-century prophet who ascended into 
heaven in a whirlwind on a chariot, “before the great and 
terrible day of the Lord comes.” (L.F.)

THE KETUVIM
The Ketuvim (the Writings or the Hagiographa), the third 
division of the Hebrew Bible, comprises a miscellaneous 
collection of sacred writings that were not classified in 
either the Torah or the Prophets. The collection is not 
a unified whole: it includes liturgical poetry (Psalms and 
Lamentations of Jeremiah), secular love poetry (Song of 
Solomon), wisdom literature (Proverbs, Book of Job, and 
Ecclesiastes), historical works (I and II Chronicles, Book 
of Ezra, and Book of Nehemiah), apocalyptic, or vision, 
literature (Book of Daniel), a short story (Book of Ruth), 
and a romantic tale (Book of Esther); it ranges in content 
from the most entirely profane book in the Bible (Song

of Solomon) to perhaps the most deeply theological (Job); 
it varies in mood from a pessimistic view of life (Job 
and Ecclesiastes) to an optimistic view (Proverbs). Psalms, 
Pro verbs, and Job constitute the principal poetic literature 
of the Hebrew Bible and, in many respects, represent the 
high point of the Hebrew Bible as literature; in fact, Job 
must be considered one of the great literary products of 
man’s Creative spirit.
Although portions of some of the books of the Ketuvim 

(e.g., Psalms and Pro verbs) were composed before the 
Babylonian Exile (586-538 bce), the final form was post- 
exilic, and Daniel was not written until almost the middle 
of the 2nd Century b c e . The books were not included 
in the prophetic collection because they did not fit the 
content or the historical-philosophical framework of that 
collection, because they were originally seen as purely 
human and not divine writings, or simply because they 
were written too late for inclusion. Although some of the 
books individually were accepted as canonical quite early, 
the collection of the Ketuvim as a whole, as well as some 
individual books within it, was not accepted as completed 
and canonical until well into the 2nd Century c e . A s 
noted above, there are several indications that the lapse of 
time between the canonization of the Prophets and of the 
Ketuvim was considerable; e.g., the practice of entitling 
the entire Scriptures “the Torah and the Prophets” and 
the absence of a fixed name.

The needs of the Hellenistic Jews in Alexandria and 
elsewhere in the Greek-speaking Diaspora led to the trans­
lation of the Bible into Greek. The process began with 
the Torah about the middle of the 3rd Century bce and 
continued for several centuries. In the Greek canon, as it 
finally emerged, the Ketuvim was eliminated as a corpus, 
and the books were redistributed, together with those of the 
prophetic collection, according to categories of literature, 
giving rise to a canon with four divisions: Torah, histor­
ical writings, poetic and didactic writings, and prophetic 
writings. Also, the order of the books was changed, and 
books not included in the Hebrew Bible were added. The 
early Christians of both the East and West generally cited 
and accepted as canonical the Scriptures according to the 
Greek version. When Protestants produced translations 
based upon the Hebrew original text and excluded or sep­
arated (as Apocrypha) the books not found in the Hebrew 
Bible, they retained the order and the divisions of the 
Greek Bible. Thus the Ketuvim is not to be found as a 
distinct collection in the Christian Old Testament.

An ancient tradition, preserved in the Babylonian 
Talmud, prescribed the following order for the Ketu­
vim: Ruth, Psalms, Job, Pro verbs, Ecclesiastes, Song of 
Solomon, Lamentations, Daniel, Esther, Ezra (which in­
cluded Nehemiah), and I and II Chronicles. This sequence 
was chronological according to rabbinic notions of the au­
thorship of the books. Ruth relates to the age of the judges 
and concludes with a genealogy of David; the Psalms were 
attributed, for the most part, to David; Job was assigned 
to the time of the Queen of Sheba, although the rabbis 
differed among themselves about the date of the hero; 
Proverbs, Ecclesiastes, and Song of Solomon were all at­
tributed to Solomon; Lamentations, which was ascribed 
to Jeremiah, refers to the destruction of Jerusalem and the 
beginning of the Babylonian Exile; the heroes of Daniel 
were active until early in the reign of Cyrus II, the king 
of Persia who ended the exile; Esther pertains to the reign 
of Xerxes I, later than that of Cyrus but earlier than that 
of Artaxerxes I, the patron of Ezra, reputed also to have 
written I and II Chronicles.
Despite this tradition, however, it would appear that the 

sequence of the Ketuvim was not completely fixed, and 
there is a great variety in ordering found in manuscripts 
and early printed editions. The three larger books—Psalms, 
Job, and Proverbs—have always constituted a group, with 
Psalms first and the other two interchanging. The order 
of the five Megillot, or Scrolls (Song of Solomon, Ruth, 
Lamentations, Ecclesiastes, and Esther), has shown the 
greatest variations. The order that has crystallized has a 
liturgical origin; the books are read on certain festival days 
in Jewish places of worship and are printed in the calen- 
dar order of those occasions. Chronicles always appears
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at either the beginning or the end of the corpus. Its final 
Position is remarkable because the narrative of Ezra and 
Nehemiah follows that of Chronicles. The final position 
may have resulted from an attempt to place the books of 
the Hebrew Bible in a framework (Genesis and Chronicles 
both begin with the origin and development of the human 
race, and both conclude with the theme of the return to 
the land of Israel), but it was more probably the result of 
the late aceeptance of Chronicles into the canon.

Psalms. The Psalms (from Greek psalmas, “song”) are 
poems and hymns dating from various periods in the 
history o f Israel, that were assembled for use at public wor­
ship and that have continued to play a central role in the 
liturgy and prayer life of both Jews and Christians. Known 
in Hebrew as Tehillim (Songs of Praise), the Psalter (the 
traditional English term for the Psalms, from the Greek 
psalterion, a stringed instrument used to accompany these 
songs) consists o f 150 poems representing expressions of 
faith from many generations and diverse kinds of people. 
These unsystematic poems epitomize the theology of the 
entire Hebrew Bible.

Hebrew poetry has much in common with the poetry of 
most of the ancient Near East, particularly the Canaan­
ite poetic literature discovered at Ras Shamra. Its main 
features are rhythm and parallelism. The rhythm, which 
is difficult to determine precisely because the proper pro- 
nunciation of ancient Hebrew is unknown, is based upon 
a system of stressed syllables that follows the thought 
structure of the poetic line. The line, or stich, is the basic 
verse unit, and each line of verse is normally a complete 
thought unit. The most common Hebrew line consists of 
two parts with three stresses to each part (3/3); thus: 

Have-mercy-on-me,/0-God, in-your-goodness; 
in-your-great-tenderness/wipe-away-my-faults.

(Ps. 51:1)
Lines with three or four parts and parts with two, four, or 
five stresses also occur.

The lines present various kinds of parallelism of mem­
bers, whereby the idea expressed in one part of a line 
is balanced by the idea in the other parts. The classical 
study on Hebrew parallelism was done by Robert Lowth, 
an 18th-century Anglican bishop, who distinguished three 
types: synonymous, antithetic, and synthetic. Synonymous 
parallelism involves the repetition in the second part of 
what has already been expressed in the first, while simply 
varying the words.

Yahweh, do not punish me in your rage, 
or reprove me in the heat o f anger.

(Ps. 38:1)
In antithetic parallelism the second part presents the same 
idea as the first by way of contrast or negation.

For Yahweh takes care o f  the way the virtuous go, 
but the way o f  the wicked is doomed.

(Ps. 1:6)
Synthetic parallelism involves the completion or expan­
sion of the idea of the first part in the second part.

As a doe longs for running streams, 
so longs my soul for you, my God.

(Ps. 42:1)
Synthetic parallelism is a broad category that allows for 
many variations, one o f which has the picturesque name 
“staircase” parallelism and consists of a series of parts or 
lines that build up to a conclusion.

Pay tribute to Yahweh, you sons o f God, 
tribute to Yalnveh o f  glory and power, 
tribute to Yahweh o f the glory o f his name, 
worship Yahweh in his sacred court.

(Ps. 29:1-2)

Although it is evident that Hebrew poetry groups lines 
into larger units, the extent of this grouping and the prin­
ciples on which it is based are uncertain. The acrostic 
poems are a notable exception to this general uncertainty.

The numeration of the Psalms found in the Hebrew Bible 
and those versions derived from it differs from that in the 
Septuagint, the Vulgate, and the versions derived from 
them. The latter two join Psalms 9 and 10 and 114 and 
115 but divide both 116 and 147 into two. The following 
scheme shows the differences:
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Hebrew Septuagint-Vuig
1-8 1-8
9-10 9

11-113 10-112
114-115 113
116 114-115
117-146 116-145
147 146-147
148-150 148-150

Although Roman Catholic versions in the past have used 
the Septuagint-Vulgate way of numbering, recent transla­
tions have followed the Hebrew tradition.

The present form of the Psalter is the result of a lengthy 
literary history. It is divided into five books (Psalms 1-41;
42-72; 73-89; 90-106; and 107-150), probably in imita- 
tion of the five books of the Pentateuch. Psalm 1 serves as 
an introduction to the whole Psalter, while Psalm 150 is a 
final doxology (an expression of praise to God); the books 
are divided from each other by short doxologies that form Compi- 
the conclusions of the last psalm of each of the first four lation of 
books. This division, however, appears to be artificial, existing 
There are indications, cutting across the present divisions, collections 
that the book was a Compilation of existing collections.
That there were several collections existing side by side is 
seen in the way that certain psalms (e.g., Psalms 14 and 
53) duplicate each other almost word for word. At some 
phase of the Psalter’s development there must have been 
an Elohistic collection (Psalms 42-83) distinguished by 
the use of the divine name Elohim in place of Yahweh,
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which is far more common in the rest of the psalms. There 
appear to be two distinct collections o f psalms ascribed 
to David, one Yahwistic (Psalms 3-41) and the other 
Elohistic (Psalms 51-72). Further evidence of the book’s 
gradual growth may be seen in the editorial gloss following 
Psalm 72; it purports to conclude the “prayers of David,” 
although there are more Davidic psalms 
The superscriptions found on most of the psalms are 

obscure but point to the existence of earlier collections 
Psalms are attributed to David, Asaph, and the sons of 
Korah, among others. It is generally held that Asaph and 
the sons of Korah indicate collections belonging to guilds 
of temple singers. Other possible collections include the 
Songs of Ascents, probably pilgrim songs in origin, the
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Hallelujah Psalms, and a group of 55 psalms with a title 
normally taken to mean “the choirmaster.”

It is evident that the process whereby these various col­
lections were formed and then combined was extremely 
complex. The investigation of the process is made dif­
ficult because individual psalms and whole collections 
underwent constant development and adaptation. Thus, 
for example, private prayers became liturgical, songs of 
local sanctuaries were adapted to use in the Temple, and 
psalms that became anachronistic by reason of the fall 
of the monarchy or the destruction of the Temple were 
reworked to fit a Contemporary Situation. Such problems 
complicate the determination of the date and original oc­
casion of the psalm.

Date and For centuries both Jews and Christians ascribed the whole 
authorship Psalter to David, just as they ascribed the Pentateuch to 

Moses and much of the wisdom literature to Solomon. 
This was thought to be supported by the tradition that 
David was a musician, a poet, and an organizer of the 
liturgical cult and also by the attribution of 73 psalms to 
David in the superscriptions found in the Hebrew Bible. 
These superscriptions, however, need not refer to author­
ship. Moreover, it is clear that David could not have 
written all the psalms attributed to him because some of 
them presuppose the existence of the Temple in Jerusalem, 
which was not constructed until later. Contrary to the 
long-established Davidic authorship tradition, at the end 
of the 19th Century most biblical critics spoke of a Persian 
date (539-333 bce) and even of the Maccabean era (mid- 
2nd Century bce) for the majority of the psalms. In the 
20th Century the Psalter has been considered to be a col­
lection of poems that reflect all periods of Israefs history 
from before the monarchy to the post-exilic restoration, 
and it is thought that David played a central role in the 
formation of the religiöus poetry of the Jewish people. 
Scholars, however, are reluctant to assign precise dates.
The most important contribution to modern scholarship 

on the Psalter has been the work of Hermann Gunkel, 
a German biblical scholar, who applied form criticism to 
the psalms. Form criticism is the English name for the 
study of the literature of the Bible that seeks to separate 
its literary units and classify them into types or categories 
(Gattungen) according to form and content, to trace their 
history, and to reconstruct the particular Situation in life 
or setting (Sitz im Leben) that gave rise to the various 
types. This approach does not ignore the personal role of 
individual composers and their dates, but it recognizes that 
Hebrew religion, conservative in faith and practice, was 
more concerned with the typical than with the individual 
and that it expressed this concern in formal, conventional 
categories. The study is aided by viewing them in the 
context of similar literary works in the earlier or Contem­
porary cultures of the ancient Near East.

Major Gunkel identified five major types of psalms, each cultic
types of in origin. The first type is the Hymn, which is a song of
psalms praise, consisting of an invitation to praise Yahweh, an

enumeration of the reasons for praise (e.g., his work of 
creation, his steadfast love), and a conclusion in which 
frequently the invitation is repeated. The life setting of 
the hymns was generally some occasion of common wor­
ship. Two subgroups within the hymn type are the Songs 
of Zion, which glorify Yahweh’s presence in the city of 
Jerusalem, and the Enthronement Songs, which—though 
their number, setting, and interpretation have been the 
subject of much debate—acclaim Yahweh’s kingship over 
the whole world.

The second type is the Communal Lament. Its setting 
was some Situation of national calamity, when a period 
of prayer, fasting, and penitence would be observed. In 
such psalms Yahweh is invoked, the crisis is described, 
Yahweh’s help is sought, and confidence that the prayer 
has been heard is expressed.

The Royal Psalms are grouped on the basis not of liter­
ary characteristics but of content. They all have as their 
life setting some event in the life of the pre-exilic Israelite 
kings; e.g., accession to the throne, marriage, departure for 
battle. Gunkel pointed out that in ancient Israel the king 
was thought to have a special relationship to Yahweh and 
thus played an important role in Israelite worship. With

the fall of the monarchy, these psalms were adapted to 
different cultic purposes.

In the Individual Lament an individual worshipper cries 
out to Yahweh in time of need. The structure of these 
psalms includes: an invocation of Yahweh, the complaint, 
the request for help, an expression of certainty that Yah­
weh will hear and answer the prayer, and in many cases 
a vow to offer a thanksgiving sacrifice. Three aspects have 
been the subject of extensive study: the identity of the 
“enemies” who are often the reason for the complaint; 
the meaning of the term poor, which is frequently used 
to describe the worshipper; and the sudden transition in 
mood to certainty that the prayer has been heard. Psalms 
of this type form the largest group in the Psalter.

The final major type is the Individual Song of Thanksgiv­
ing, which presumably had its setting in the thanksgiving 
sacrifice offered after a saving experience. These psalms 
begin and conclude with an exclamation of praise to Yah­
weh. The body of the psalm contains two elements: the 
story of the one who has been saved and the recognition 
that Yahweh was the rescuer.

Gunkel also distinguished several minor types of psalms, 
including Wisdom Poems, Liturgies, Songs of Pilgrimage, 
and Communal Songs of Thanksgiving.

For Gunkel, although the types of the psalms were orig­
inally cultic, the majority of the poems in the existing 
Psalter were composed privately in imitation of the cultic 
poems and were intended for a more personal, “spiritual- 
ized” worship. Most biblical scholars since Gunkel have 
accepted his classifications, with perhaps some modifica­
tions, but have focussed increased attention on the set­
ting, the Sitz im Leben, in which the psalms were sung.
Sigmund Mowinckel, a Norwegian scholar, explained the 
psalms as wholly cultic both in origin and in intention. He 
attempted to relate more than 40 psalms to a hypothetical 
autumnal New Year festival at which the enthronement 
of Yahweh as the universal king was commemorated; the 
festival was associated with a similar Babylonian celebra- 
tion. Artur Weiser, a German scholar, sought the cultic 
milieu of the Hebrew psalms especially in an annual feast 
of covenant renewal, which was uniquely Israelite.

Psalms is a source book for the beliefs contained in the 
entire Hebrew Bible. Yet, doctrines are not expounded, 
for this is a book of the songs of Israel that describe the 
way Yahweh was experienced and worshipped. Yahweh is 
creator and saviour; Israel is his elected people to whom 
he remains faithful. The enemies of this people are the 
enemies of Yahweh. In these songs are found the entire 
range of basic human feelings and attitudes before God— 
praise, fear, trust, thanksgiving, faith, lament, joy. The 
book of Psalms has thus endured as the basic prayerbook 
for Jews and Christians alike.

Proverbs. Proverbs is probably the oldest extant docu­
ment of the Hebrew wisdom movement, of which King 
Solomon was the founder and patron. Wisdom literature Wisdom 
flourished throughout the ancient Near East, with Egyp- literature 
tian examples dating back to before the middle of the in the 
3rd millennium bce. It revolved around the professional ancient 
sages, or wise men, and scribes in the service of the court, Near East 
and consisted primarily in maxims about the practical, 
intelligent way to conduct one’s life and in speculations 
about the very worth and meaning of human life. The 
most common form of these wise sayings, which were in­
tended for oral instruction especially in the schools run by 
the sages for the young men at the court, was the mashal 
(Hebrew: “comparison” or “parable,” although frequently 
translated “proverb”). Typically a pithy, easily memorized 
aphoristic saying based on experience and universal in 
application, the mashal in its simplest and oldest form 
was a couplet in which a definition was given in two 
parallel lines related to each other either antithetically or 
synthetically. Verse 5 of the 15th chapter of Proverbs is 
an example of a simple antithetic saying:

He who spurns his father’s discipline is a fooi,
he who accepts correction is discreet.

Other forms of the mashal, such as parables, riddles, al- 
legories, and ultimately full-scale compositions developed 
later. The word mashal was derived from a root that
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meant “to rule,” and thus a proverb was conceived as an 
authoritative word.

The two principal types of wisdom—one practical and 
utilitarian, the other speculative and frequently pes- 
simistic—arose both within and outside Israel. Practical 
wisdom consisted chiefly of wise sayings that appealed to 
experience and offered Prudential guidelines for a success­
ful and happy life. Such wisdom is found in a collection 
of sayings bearing the name of Ptahhotep, a vizier to 
the Egyptian pharaoh about 2450 bce, in which the sage 
counsels his son that the path to material success is by 
way of proper etiquette, strict discipline, and hard work. 
Although such instructions were largely materialistic and 
political, they were moral in character and contributed to 
a well-ordered society.

Speculative wisdom went beyond maxims of conduct and 
reflected upon the deeper problems of the value of life and 
of good and evil. Examples are found in ancient Egyptian 
and Mesopotamian texts— particularly Ludlul bei nemeqi, 
often called the “Babylonian Job”—in which sensitive po­
ets pessimistically addressed such questions as the success 
ofthe wicked, the suffering of the innocent, and, in short, 
the justice of human life.

Hebrew wisdom, which owed much to that of its neigh­
bours, appeared with the establishment of the monarchy 
and a royal court and found a patron in Solomon. Through 
the following centuries the wise men were at times the 
object of rebuke by the prophets, who disliked their prag- 
matic realism. The exile, however, brought a change in 
Hebrew wisdom; it became deeply religiöus. The wise men 
were convinced that religion alone possessed the key to 
life’s highest values. It was this mood that dominated the 
final shaping of the Hebrew wisdom literature. Though de­
pendent on older materials and incorporating documents 
from before the exile, the wisdom books in their present 
form were produced after the exile. In the Hebrew Bible 
the book of Proverbs offers the best example of practi­
cal wisdom, while Job and Ecclesiastes give expression to 
speculative wisdom. Some of the psalms and a few other 
brief passages are also representative of this type of litera­
ture. Among the Apocrypha, the Wisdom of Solomon and 
Ecclesiasticus are wisdom books.

The book of Proverbs is a collection of units originally 
independent, some of which can be traced back to the era 
of Solomon. The present form of the book was the result 
of a long process of growth that was not completed until 
post-exilie times. It consists of two principal collections of 
early origin called “the proverbs of Solomon” and “prov­
erbs of Solomon which the men of Hezekiah king of Judah 
copied.” Appendixes were added to each of the collections. 
The whole book was preceded by a long introduction and 
concludes with a poem praising the ideal wife. In addition 
to sectional titles, changes in literary form and in subject 
matter help to mark off the limits of the various units, 
which can be ordered into nine sections.

The introduction (chapters 1-9) constitutes the youngest 
unit in the book. It consists of a series of poems or dis- 
courses in which a father exhorts his son to acquire wisdom 
and in which wisdom personified intervenes. These chap­
ters have a more speculative quality than the remainder of 
the book. They do not treat wisdom simply as a human 
quality and achievement or as a cultural legacy imparted 
by teachers and parents; they present it as a universal and 
abiding reality, transcending the human scene. Wisdom 
is the first of God’s works and participated with him in 
the creation of the world. A constantly debated aspect of 
this section concerns the identity of “the loose [stränge] 
woman” who is set over against Wisdom.

The “proverbs of Solomon” (10:1-22:16) consist entirely 
of parallelistic Couplets—the mashal in its primitive form. 
There are 375 aphorisms each complete in itself and 
arranged in no apparent order. The motivation of this 
section, in contrast to the preceding, is strongly practical: 
wisdom is a human achievement by means of which man’s 
life can be fulfilled. The wise are contrasted with Tools, 
and the just with the wicked. It is difficult, however, to 
establish the nature of the difference, if any, between the 
wicked and the fool or between the just and the wise.

The “sayings of the wise” (22:17-24:22) consist of longer

units or sayings introduced by a preface. The most dis­
tinctive feature of this section is its close relationship to 
a piece of Egyptian writing, “The Instruction of Amene- 
mope,” which has been dated within the broad limits of 
1000-600 bce. The Hebrew author apparently used this 
work as a model—the Egyptian work comprises 30 chap­
ters, and the Hebrew text refers to its “thirty sayings”— 
and as one of the sources in compiling his own anthology. 
An additional collection of four wise sayings (24:23-34) 
forms a supplement to the “sayings of the wise.”

The second collection of “proverbs of Solomon” (chap­
ters 25-29) consists o f 128 sayings that closely resemble 
the earlier collection, although quatrains as well as Cou­
plets are included. The scribes of Hezekiah’s court (c. 700 
bce) are credited with assembling this collection.

The book concludes with four independent units or col­
lections. The “words of Agur” (30:1-14) differs sharply in 
spirit and substance from the rest o f Proverbs; it has much 
closer affinities with the book of Job, stressing the inacces- 
sibility of wisdom for man. There is no internal evidence, 
such as a continuous theme, to show that these 14 verses 
are a single unit; but in the Septuagint they stand together 
between the “sayings o f the wise” and its supplement. The 
“numerical sayings” (30:15-33) contain elements of riddle 
and show a special interest in the wonders o f nature and 
the habits of animals. The “instruction of Lemuel” (31:1- 
9) is an example of the importance of maternal advice to 
a ruler in the ancient Near East. Lemuel seems to have 
been a tribal chieftain of northwest Arabia, in the region 
of Edom. The final section (31:10-31) is an alphabetical 
poem in praise of the “perfect wife,” who is celebrated for 
her domestic virtues.

The wisdom movement constituted a special aspect of the 
religiöus and cultural development of ancient Israel. As 
the primary document of the movement, Proverbs bears 
a clear impress of this distinctive character, so that in 
many respects it presents a sharp contrast to the outlook 
and emphases of Israel’s faith as attested in the Hebrew 
Scriptures generally. This contrast also marks Job and Ec­
clesiastes, however greatly they may differ from Proverbs 
in other respects.

Proverbs never refers to Israefs history. In the Hebrew 
Bible as a whole, this history is constantly recalled not so 
much for social or political reasons as to declare the faith 
of Israel that God has acted in its history to redeem his 
people and make known to them the character of his rule. 
The great themes of the promise to the patriarchs, the 
deliverance from slavery, the making of the Covenant at 
Mt. Sinai, the wilderness wandering, and the inheritance 
of Canaan were celebrated in Israefs worship to teil the 
story of God’s revelation of himself and of his choice of 
Israel. None of this is alluded to in Proverbs. The impli- 
cation seems to be that for Proverbs God’s revelation of 
himself is given in the universal laws and pattems charac­
teristic of nature, especially human nature, rather than in 
a special series of historical events; that is, the revelation 
of God is in the order of creation rather than in the order 
of redemption. Moreover, the meaning of this revelation 
is not immediately self-evident but must be discovered by 
men. This discovery is an educational discipline that trusts 
human reason and employs research, classifying and in- 
terpreting the results and bequeathing them as a legacy to 
future generations. The wise are those who systematically 
dedicate themselves to this discovery of the “way” of God.

Unlike Job and Ecclesiastes, Proverbs (with the exception 
of the “words of Agur”) is optimistic in that it assumes 
that wisdom is attainable by those who seek and follow 
it; that is, man can discover enough about God and his 
law to ensure the fulfillment of his personal life. This 
character of God is conceived almost entirely in terms 
of ethical laws, and the rewards for their observance are 
defined in terms of human values; e.g., health, long life, 
respect, possessions, security, and self-control.

Because God is apprehended in static terms, rather than 
dynamic as elsewhere in the Bible, the viewpoint of 
Proverbs is anthropocentric. Man’s destiny depends upon 
his responsible action. There is no appeal to divine mercy, 
Intervention, or forgiveness; and the divine judgment is 
simply the inexorable Operation of the orders of life as God
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has established them. Implicit in the book is an aristocratie 
bias. The wise constitute an elite nurtured by inheritance, 
training, and self-discipline; fools are those who can never 
catch up, because of either the determinism of birth or 
the wasted years of neglect. In its social and cultural atti­
tudes, the book is probably the most conservative in the 
Bible: wealth and status are most important; obedience 
to the king and all authorities is inculcated; industry and 
diligence are fostered, for hunger, poverty, and slavery are 
the fate of the lazy; and age and accepted conventions are 
accorded great respect.

Job. The Book of Job is not only the finest expression 
of the Hebrew poetic genius; it must also be accorded a 
place among the greatest masterpieces of world literature. 
The work is grouped with Proverbs and Ecclesiastes as a 
product of the wisdom movement, even though it contains 
what might be called an anti-wisdom strain in that the 
hero Protests vehemently against the rationalistic ethics of 
the sages. Yet it is the supreme example among ancient 
texts of speculati ve wisdom in which a man attempts to 
understand and respond to the human Situation in which 
he exists.

The Book of Job consists of two separate portions. The 
bulk of the work is an extended dialogue between the hero 
and his friends and eventually Yahweh himself in poetic 
form. The poem is set within the framework of a short 
narrative in prose form. The book falls into five sections: 
a prologue (chapters 1 and 2); the dialogue between Job 
and his friends (3-31); the speeches of Elihu (32-37); the 
Speeches of Yahweh and Job’s reply (38-42:6); and an 
epilogue (42:7-17).

The prologue and epilogue are the prose narrative. This 
is probably an old folktale recounting the story of Job, an 
Edomite of such outstanding piety that he is mentioned 
by the prophet Ezekiel in conjunction with Noah and 
Daniel. The name Job was common in antiquity, being 
found in texts ranging from the 19th to the 14th Century 
bce. Whether the folktale is preserved in its original oral 
form or whether it has been retold by the poet of the 
dialogue is not known. The fact that an Edomite sheikh is 
commended by the Hebrew God, however, suggests a date 
before the 6th Century bce, for Jewish distrust of Edomites 
became intense during the exile, and the archaic language 
makes a date in the 8th Century probable.
Job is pictured as an ideal patriarch who has been 

rewarded for his piety with material prosperity and hap- 
piness. The Satan (Accuser), a member of the heavenly 
council of Yahweh, acts with Yahweh’s permission as an 
agent provocateur to test whether or not Job’s piety is 
rooted in self-interest. Faced with the appalling loss of 
his worldly possessions, his children, and finally his own 
health, Job refuses to curse Yahweh. His capacity for 
trusting Yahweh’s goodness has made him an unsurpassed 
model of patience. Three of Job’s friends, whose names 
identify them also as Edomites, now arrivé to comfort him. 
At this point the poetic dialogue begins. The conclusion of 
the tale, as given in the epilogue, describes the restoration 
of Job, who receives double his original possessions and 
lives to a ripe old age.

The picture of Job that is presented in the poetic por­
tion is radically different. Instead of the patiënt and loyal 
servant of Yahweh, he is an anguished and indignant suf- 
ferer, who violently protests the way Yahweh is treating 
him and displays a variety of moods ranging from utter 
despair, in which he cries out accusingly against Yahweh, 
to bold confidence, in which he calls for a hearing before 
Yahweh. Most scholars have dated this section to the 4th 
Century bce, but there is a growing tendency to regard 
it as two centuries earlier, during the period of the exile. 
This precise dating is based on the fact that the dialogue 
shows clear literary dependence on Jeremiah, whereas 
equally obvious connections with Deutero-Isaiah suggest 
the dependence of the latter on Job.
The poem opens with a heartrending soliloquy by Job 

in which the sufferer curses the day of his birth. The 
shocked friends are roused from their silence, and there 
follow three cycles of speeches (chapters 4-14, 15-21, and 
22-27) in which the friends speak in turn. To each such 
speech Job makes a reply. The Personalities of the friends

are skillfully delineated, Eliphaz appearing as a mystic in 
the prophetic tradition, Bildad as a sage who looks to 
the authority of tradition, and Zophar as an impatient 
dogmatist who glibly expounds what he regards as the 
incomprehensible ways of God.

Eliphaz begins the first cycle by recounting a mystical 
vision that revealed to him the transcendence of God 
and the fact that all men are by nature morally frail.
He suggests that suffering may be disciplinary, although 
this is irrelevant to Job’s plight. Finally, he urges contrite 
Submission to Yahweh. Job chides his friends for failing 
him in his hour of need and charges God with being 
his tormentor.

Bildad suggests that the fault may have lain in Job’s 
children and reiterates Eliphaz’ call to humble Submission.
Job then retorts that the doctrine of Yahweh’s omnipo- 
tence is no answer but a serious problem, because Yahweh 
appears to be merely omnipotent caprice. He is convinced 
that if he could only meet Yahweh in open debate he 
would be vindicated, but he recognizes the need for an 
impartial third party who could intervenc and protect him 
from Yahweh’s overpowering might.

Zophar re-echoes his predecessors’ views on Yahweh but 
goes the full length of accusing Job himself of sin and once 
more urges Job to a contrition that for him could only 
be hypocritical. Job continues to insist that Yahweh is 
capricious and defiantly challenges him but is bewildered 
when no reply is fortheoming. His longing for death as 
a welcome release leads him to ask whether man might 
not hope for a revival after death, but this daring hope is 
immediately rejected.

The second cycle opens with Eliphaz accusing Job of 
blasphemy and almost exultantly describing the fate of 
the wicked. In his reply Job returns to the idea of a third 
party to the debate. Now, however, this umpire or judge 
has become an advocate, a counsel for the defense. After 
Bildad has again elaborated on the fate of the wicked,
Job States that a Vindicator, or Redeemer (Go'el), will 
establish his innocence. The Vindicator of this crucial but 
sadly corrupted passage (19:25-27) has long been identi­
fied with God himself, so that according to some scholars 
Job “appeals away from the God of orthodox theology 
to God as He must be.” A few scholars, however, recog­
nize the Vindicator as the third party (the “umpire” or 
“witness”) of earlier chapters. It is also unclear whether 
this vindication will take place before or after Job’s death.
Then Zophar, though freely admitting that the wicked 
may indeed enjoy some prosperity, describes how they 
fall victim to inevitable nemesis. Job maintains that the 
wicked do not end thus but live on to an old age.

Eliphaz begins the third cycle by accusing Job at last of 
specific sins and again counsels Job to humble himself 
before Yahweh. But Job cannot find this God, who seems 
to be completely indifferent to him. The conclusion of 
the dialogue is in serious disorder, with speeches placed 
in Job’s mouth that could only have been uttered by the 
friends. The final speech of Zophar, which is omitted, 
seems to be represented by a fragment preserved within 
the third reply of Job.

Chapter 28 is regarded as a later addition by most schol­
ars, because it is hardly in place at this juncture in the 
dialogue, especially in the mouth of Job. It is a magnifi- 
cent hymn in praise of wisdom. Chapters 29-31 contain a 
monologue by Job; in them occurs an adumbration of the 
highest moral ideal to be found in the Hebrew Bible.

Although a few scholars have maintained that the The 
speeches of Elihu formed part of the original work, most speeches 
reject this section as a later insertion. The speeches merely of Elihu 
reiterate the dogmas of the friends and unduly delay the and the 
appearance of Yahweh. Although the section is in poetic speeches of 
form, its style is different from that of the dialogue. Sig- Yahweh 
nificantly, there is no mention of Elihu in the dialogue 
or anywhere eise in the book, yet the Elihu speeches are 
familiär with the dialogue, frequently quoting verbatim 
from it. Chapter 32 is of interest, because it appears to 
contain the writer’s notes and comments on the dialogue, 
often citing passages from it. Worthy of notice is the wri­
ter’s emphasis on the disciplinary value of suffering.

The climax of the poem is reached in the speeches of
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Yahweh, who appears in a majestic theophany—a whirl- 
wind—and reveals himself to Job in three speeches inter­
spersed with two short speeches by Job. Biblical scholars 
have often questioned whether this section—especially 
the descriptions of Behemoth (the hippopotamus) and 
Leviathan (the crocodile) in the second Yahweh speech— 
is a genuine part of the original poem, but there is no 
doubt that their presence at this point in the book is a dra­
matic triumph. Throughout these speeches Yahweh does 
not offer rational answers to Job’s questions and accusa- 
tions; he raises the discussion to a new perspective. With 
heavy irony Yahweh puts to Job a series of unanswerable 
questions about the mysteries o f the universe; if, the writer 
is asking, Job is unable to answer the simple questions 
about the divine activity in the marvels of nature, how can 
Yahweh explain to him the deeper mystery of his dealings 
with men. Job’s personal problem is ignored, yet he finds 
his answer in this direct encounter with Yahweh:

I had heard of thee by the hearing of the ear, 
but now my eye sees thee; 
therefore I despise myself, 
and repent in dust and ashes.

Job stands in a new relationship to Yahweh, one no longer 
based on hearsay but the result of an act of personal faith 
expressed in repentance.

A few scholars, beginning in the mid-18th Century, have 
attempted to demonstrate the influence of Greek tragedy 
upon the form of the book. This has not met with accep- 
tance by most critics; its long monologues are not truly 
dramatic in nature. Neither is it a philosophical discussion 
in the style of the Platonic dialogues. It is a deeply reli- 
gious poem with dramatic possibilities. It skillfully blends 
many genres: folktale, hymn, individual lament, prophetic 
oracle, and didactic poem.

The author remains quite unknown except for a few 
hints provided by the book itself. That he was a Jew 
is assumed because of his familiarity with much of the 
Hebrew literature. Nevertheless, the book does not have a 
Hebrew setting, it is pervaded with foreign elements, and 
it shows a special knowledge of Egypt, thus leading many 
to believe that he was well travelled or lived outside the 
Holy Land. He was a keen observer of the natural world, 
and his feeling for the agony of the sufferer is a compelling 
argument that he had known anguish.

The book touches on many subjects, such as disinter- 
ested obedience to God under testing, innocent suffering, 
social oppression, religiöus experience and pious suffering, 
a man’s relation to God, and the nature of God. Schol­
ars have attempted to discover the basic message of the 
author. Because of the greater difficulty in understanding 
the Job of the poetic portion, the traditional interpretation 
looked to the narrative and saw the message as the need 
for patiënt bearing and faith despite tribulation. When 
certain poetic passages were thought to point to a belief 
in the resurrection of the body, Job became not only a 
patiënt sufferer but also a prophet of the resurrection. This 
view, however, does not account for the Job of the poetic 
portion. Thus, in the 19th Century, with the advancement 
of biblical criticism, scholars began to claim that the au­
thor was dealing with the problem of unmerited suffering. 
The book presents a deep view of suffering, and Job’s 
experience teaches that man must rest in faith and resign 
himself to the incomprehensible ways of God.

It would seem, however, that the question raised by Job 
is both deeper and broader than the question of how to 
account for the infliction of physical adversity on the in­
nocent. Job’s physical suffering is the outward symbol of 
his intense inward agony, the agony of a man who feels 
himself lost in a meaningless universe and abandoned 
even by God. What torments Job—and the author—is the 
question of the justice of God and the justice and honour 
of man before God. His passionate pleading of his own 
righteousness and his calling upon God for a hearing lead 
him to an encounter with God. This encounter does not 
answer the question of why the innocent suffer, but it 
is the only answer to the plea of a man seeking to find 
his God and to justify himself to him. The complacent 
believer who has been shattered by suffering, doubt, and 
despair is confirmed in faith and repents.

The Megillot (the Scrolls). The five books known as 
the Megillot or Scrolls are grouped together as a unit 
in modern Hebrew Bibles according to the order of the 
annual religiöus festivals on which they are read in the 
synagogues of the Ashkenazim (central and eastern Euro­
pean Jews and their descendants). They did not originally 
form a unit and were found scattered in the Bible in their 
supposed historical position. In the so-called Leningrad 
Codex of the year 1008 ce, on which the third and subse­
quent editions of Biblica Hebraica edited by Rudolf Kittel 
are based, the five are grouped together but in a historical 
order. Nevertheless, their appearance usually follows the 
order of the liturgical calendar:
Song of Solomon Pesah (pass over)
Ruth Shavuot (Feast of Weeks
Lamentations Tisha be-Av (Fast of Av 9)
Ecclesiastes Sukkot (Feast of Tabernacles)
Esther Purim (Feast of Lots)

March-April
May-June
July-August
September-October
February-March

The five books have little in common apart from their 
roles in the liturgy. Although the Song of Solomon and 
Lamentations are poetic in form and Ruth and Esther 
are stories of heroines, the contrast in the moods and 
purposes of both pairs sharply distinguishes the books.
Ecclesiastes is a product of the Hebrew wisdom movement 
and exhibits the most pessimistic tone of any book in the 
Hebrew Bible.

Song o f Solomon. The Song of Solomon (also called 
Song of Songs and Canticle of Canticles) consists of a 
series of love poems in which lovers describe the physical 
beauty and excellence of their beloved and their sexual 
enjoy ment of each other. The Hebrew title of the book 
mentions Solomon as its author, but this seems improba­
ble, primarily because o f the late vocabulary of the work.
A lthough the poem s m ay date from  an earlier period, the  
present form  o f  the book  is late, perhaps as late as the 3rd 
Century bce, and its author rem ains unknow n.

The Song of Solomon has been interpreted in different Interpre- 
ways, four of which are noteworthy. The allegorical inter- tations of 
pretation takes the book as an allegory of God’s love for the Song of 
Israel or of Christ’s love for the church. Such a view seems Solomon 
gratuitous and incompatible with the sensuous character 
of the poems. The dramatic interpretation is based on the 
dialogue form of much of the book and attempts to find a 
plot involving either a maiden in Solomon’s court and the 
King or the maiden, the King, and a shepherd lover. The 
absence of drama in Semitic literatures and the episodic 
character of the book make this theory highly improbable.
The cultic-mythological interpretation connects the book 
with the fertility cults of the ancient Near Eastern world.
The condemnation in the Hebrew Bible of such rituals 
makes it difficult to accept this view, unless it is assumed 
that the original meaning of the poems was forgotten.
The literal interpretation considers it to be a collection 
of secular love poems, without any religiöus implications, 
that may have been sung at wedding festivities. According 
to this commonly accepted view, the poems were received 
into the biblical canon despite their secular nature and 
their lack of mention of God because they were attributed 
to Solomon and because they were understood as wedding 
songs and marriage was ordained by God.
The reasons for the Song of Solomon being read at 

Passover, which celebrates the Exodus from Egypt, are not 
entirely clear. Possibly, they include the fact that spring 
is referred to in the book and that according to the alle­
gorical interpretation the book could refer to God’s love 
for Israel, which is so well evidenced by the events of the 
Exodus and especially the Covenant at Mt. Sinai.
Ruth. The Book of Ruth is a beautiful short story about 

a number of good people, particularly the Moabite great- 
grandmother of David. Though events are set in the time 
of the judges, linguistic and other features suggest that the 
present form dates from post-exilic times. But it gives the 
impression of being based on an ancient tradition, perhaps 
on written source. It was certainly grounded on a solid 
core of fact, for no one would have invented a Moabite 
ancestress for Israel’s greatest king.

The book describes how, during a time of famine, Eli- 
melech, a Bethlehemite, travelled to Moab with his wife,
Naomi, and his two sons, Mahlon and Chilion. After his
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death, the sons married Moabite women, and then they 
too died, leaving no children. There was thus no one 
to keep the family line alive and no one to provide for 
Naomi. Ruth, the widow of Mahlon, dedicated herseif 
to the care of Naomi and insisted on returning with her 
to her native land and adopting her God. They arrived 
in Bethlehem during the harvest, and Ruth went out to 
work for the two women in the field of Boaz, a wealthy 
landowner. Naomi urged Ruth to seek marriage with Boaz 
because he was a kinsman of her late husband, and the 
firstborn son of such a marriage would count as a son of 
the deceased. (This resembles the levirate marriage that 
obliged a man to marry the widow of his deceased brother 
if the brother died without male issue.) Ruth crept under 
Boaz’ cloak while he slept, and he accepted the implied 
proposal of marriage. After a nearer kinsman forfeited his 
claim to Ruth, Boaz married her and a son was born. 
Thus, loyal Ruth was provided with an excellent husband, 
the dead Mahlon with a son to keep his name alive, and 
Naomi with a grandson to support her in her old age.

Many purposes have been assigned to the book: to enter­
tain, to delineate the ancestry of David, to uphold levirate 
marriage as a means of perpetuating a family name, to 
commend loyalty in family relationships, to protest the 
narrowness of Ezra and Nehemiah, the leaders of the post- 
exilic restoration in relation to marriages with non-Jews, 
to inculcate kindness toward converts to Judaism, to teach 
that a person who becomes a worshipper of Yahweh will 
be blessed by him, and to illustrate the providence of God 
in human affairs. The book may have served all these 
“purposes,” but the author’s objective cannot be deter­
mined with certainty.

Lamentations o f Jeremiah. The Lamentations of Jere­
miah consists of five poems (chapters) in the form of 
laments for Judah and Jerusalem when they were invaded 
and devastated by the Babylonians in 586 bce, for the suf- 
ferings of the population, and for the poet himself during 
and after the catastrophe. These grief-stricken laments are 
intermingled with abject confessions of sin and prayers for 
divine compassion. The first four poems are alphabetic 
acrostics; the fifth is not, although like the others it has 22 
stanzas, which is the number of letters in the Hebrew al­
phabet. The formal structure served as a mnemonic device 
and perhaps was meant to convey the note of wholeness, 
of Israel’s total grief, penitence, and hope. The moving 
quality of these elegies has suited them for liturgical use. 
Besides their place in the Jewish liturgy commemorat- 
ing the anniversary of the destruction of Jerusalem, the 
laments are employed by the Christian Church to pour 
out its grief over the Passion and death of Jesus Christ.

Most critics place the composition of the book before 
the return of the Jews from exile in 537/536 bce. Certain 
passages appear to be word pictures by an eyewitness and 
would, therefore, have been written shortly after the de­
struction of Jerusalem. Until the 18th Century, the work 
was universally ascribed to the prophet Jeremiah, and 
this was supported by a prologue found in the Septu­
agint and in some manuscripts of the Vulgate. Since that 
time, however, many scholars have rejected the attribu- 
tion to Jeremiah chiefly because the ideas and sentiments 
expressed in Lamentations are unlike those in Jeremiah. 
Moreover, it is unlikely that the spontaneity and nat- 
uralness so characteristic of Jeremiah’s utterances could 
be accommodated to a poetic form as complicated and 
artificial as that in Lamentations. It is probable that the 
laments were the product of more than one poet.

Ecclesiastes. The book of Ecclesiastes is a work of the 
Hebrew wisdom movement, associated by its title and by 
tradition with King Solomon. It is evident, however, that 
the book is of much later composition; the author may 
have identified himself with the famous king and wise 
man of the past to give greater authority to his work. 
The language of the book, including the relatively large 
number of Aramaic forms, and its content point to a date 
in the early Greek period (later 4th or early 3rd Century 
bce). That the book was written prior to the 2nd Century 
bce, however, is shown by its influence on Ecclesiasticus, 
which was written early in that Century, and its appearance 
among the manuscripts discovered at Khirbat Qumrän, on

the northwestern shore of the Dead Sea, where a Jewish 
community existed in the mid-2nd Century.

The name Ecclesiastes is a transliteration of the Greek 
word used in the Septuagint to translate the Hebrew Qo- 
helet, a word connected with the noun qahal (“assembly”). 
Qohelet seems to mean the one who gathers or teaches 
an assembly; the author used the word as a pseudonym. 
He appears to be a wisdom teacher writing late in life 
expressing skeptical personal reflections in a collection of 
populär maxims of the day and longer compositions of his 
own. The book has been described as a sage’s notebook 
of random observations about life. Some interpreters have 
questioned the unity of authorship, but, given the note­
book character o f the work, there seems to be little need 
for questioning its basic integrity.

Although the phrase “vanity of vanities! all is vanity” 
stressed at both the beginning and the end of the book 
sums up its theme, it does not convey the variety of tests 
that the skeptical Qohelet applies to life. He examines ev­
erything—material things, wisdom, toil, riches—and finds 
them unable to give meaning to life. He repeatedly returns 
to life’s uncertainties, to the hidden and incomprehensible 
ways of God, and to the stark and final fact of death. 
The only conclusion to this human condition is to ac­
cept gratefully the small day-to-day pleasures that God 
gives to man.

Qohelet stands in sharp contrast to the conventional wis­
dom schools. He recognizes the relative value of wisdom 
as against foolishness, but he rejects the oversimplified and 
optimistic view of wisdom as security for life. He offers a 
religiöus skepticism that rejects all facile answers to life’s 
mysteries and God’s ways.
Book o f Esther. The Book of Esther is a romantic and 

patriotic tale, perhaps with some historical basis but with 
so little religiöus purpose that God, in fact, is not men­
tioned in it. The book may have been included in the 
Hebrew canon only for the sake of sanctioning the cele- 
brations of the festival Purim, the Feast of Lots. There is 
considerable evidence that the stories related in Esther ac­
tually originated among Gentiles (Persian and Babylonian) 
rather than among the Jews. There is also reason to be­
lieve that the version given in the Septuagint goes back to 
older sources than the version given in the Hebrew Bible.

Laying the scene at Susa, a residential city of the Per­
sian kings, the book narrates that Haman, the vizier and 
favourite of King Ahasuerus (Xerxes I; reigned 486-465 
bce), determined by lot that the 13th of Adar was the day 
on which the Jews living in the Persian Empire were to 
be slain. Esther, a beautiful Jewess whom the King had 
chosen as queen after repudiating Queen Vashti, and her 
cousin and foster father Mordecai were able to frustrate 
Haman’s plans. Haman then schemed to have Mordecai 
hanged; instead, he was sent to the gallows erected for 
Mordecai, and Jews throughout the empire were given 
permission to defend themselves on the day set for their 
extermination. The governors of the provinces learned in 
time that Mordecai, who had saved the King from being 
assassinated by two discontented courtiers, had succeeded 
to Haman’s position as vizier; thus, they supported the 
Jews in the fight against their enemies.

In the provinces, the Jews celebrated their victory on the 
following day, but at Susa, where, at Esther’s request, the 
King permitted them to continue to fight on the 14th of 
Adar, they rested and celebrated their success a day later. 
Therefore, Esther and Mordecai issued a decree obligating 
the Jews henceforth to commemorate these events on both 
the 14th and 15th of Adar.

Theme and language characterize Esther as one of the 
latest books of the Hebrew Bible, probably dating from 
the 2nd Century bce. Nothing is known of its author. 
According to the postbiblical sources, its inclusion in the 
canon, as well as the observance of the feast of 14th and 
15th Adar, still met with strong Opposition on the part of 
the Jewish authorities in Jerusalem as late as the 3rd Cen­
tury ce; yet, despite its lack of specific religiöus content, 
the story has become in populär Jewish understanding a 
magnificent message that the providence of God will pre­
serve his people from annihilation.

Daniel. The Book of Daniel presents a collection of

Origin of 
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populär stories about Daniel, a loyal Jew, and the record 
of visions granted to him, with the Babylonian Exile of the 
6th Century b c e  as their background. The book, however, 
was written in a later time of national crisis—when the 
Jews were suffering severe persecution under Antiochus 
IV Epiphanes (reigned 175-164 b c e ), the second Seleucid 
ruler of Palestine.

The exiled Jews had been permitted to retum to their 
homeland by Cyrus II the Great, master of the Medes 
and Persians, who captured Babylon in 539 bc e  from its 
last king, Nabonidus, and his son Belshazzar. The ancient 
Near East was then ruled by the Persians until Alexander 
the Great brought it under his control in 331. After Alex­
anders death in 323, his empire was divided among his 
generals, with Palestine coming under the dominion of 
the Ptolemies until 198, when the Seleucids won control. 
Under the Persian and Ptolemaic miers the Jews seem 
to have enjoyed some political autonomy and complete 
religiöus liberty. But under Antiochus IV Jewish fortunes 
changed dramatically. In his effort to Hellenize the Jews of 
Palestine, Antiochus attempted to force them to abandon 
their religion and practice the common pagan worship of 
his realm. Increasingly stemer restrictions were imposed 
upon the Jews, the city of Jerusalem was pillaged, and, 
finally, in December 167 the Temple was desecrated. 
The outcome of this persecution was the open rebellion 
among the Jews, as described in the books of Maccabees. 
This period of Hellenistic Judaism is treated more fully 
in JUDAISM.

The conflict between the religion of the Jews and the 
paganism of their foreign miers is also the basic theme of 
the Book of Daniel. In Daniel, however, it is regarded as 
foreseen and permitted by God to show the superiority of 
Hebrew wisdom over pagan wisdom and to demonstrate 
that the God of Israel will triumph over all earthly kings 

Apoc- and will rescue his faithful ones from their persecutors.
alyptic To develop this theme the author makes use of a liter-
literature ary and theological form known as apocalypse (from the

Greek apokalypsis, “revelation” or “unveiling”), which 
was widely diffused in Judaism and then in Christianity 
from 200 b c e  to 200 c e . Apocalyptic literature professes to 
be a revelation of future events, particularly the time and 
manner of the coming of the final age when the powers of 
evil will be routed in bloody combat and God’s kingdom 
will be established. This revelation usually occurs as a 
vision expressed in complicated, often bizarre symbolism. 
The literature is generally pseudonymous, proposed under 
the name of some authoritative figure of the distant past, 
such as Daniel, Moses, Enoch, or Ezra. This allows the 
author to present events that are past history to him as 
prophecies of future happenings.
The Book o f Daniel, the first of the apocalyptic writ­

ings, did not represent an entirely new type of literature. 
Apocalypse had its beginnings in passages in the works of 
the prophets. In fact, it has been said that the apocalyptic 
was really an attempt to rationalize and systematize the 
predictive side of prophecy. There were significant differ­
ences, however. The prophet, for the most part, declared 
his message by word of mouth, which might subsequently 
be recorded in writing. The apocalyptist, on the other 
hand, remained completely hidden behind his message, 
which he wrote down for the faithful to read. The prophets 
normally spoke in their own name a message for their 
own day. The apocalyptists normally wrote in the name 
of some notable man of the past a message for the time of 
the age to come.

Like the prophets before them, the apocalyptists saw in 
the working out of history, which they divided into well- 
defined periods, a purpose and a goal. The evil in the 
world might lead men to despair, but the predetermined 
purpose of God could not be frustrated. A future age of 
righteousness would replace the present age of ungodli- 
ness, and God’s purpose would at last be fulfilled. This 
literature, then, is a mixture of pessimism—times would 
become worse and worse, and God would destroy this 
present evil world—and of optimism—out of turmoil and 
confusion God would bring in his kingdom, the goal of 
history.

For many centuries the apocalyptic character of the Book

of Daniel was overlooked, and it was generally consid­
ered to be true history, containing genuine prophecy. In 
fact, the book was included among the prophetic books 
in the Greek canon. It is now recognized, however, that 
the writer’s knowledge of the exilic times was sketchy Date, 
and inaccurate. His date for the fall of Jerusalem, for hero, and 
example, is wrong; Belshazzar is represented as the son o f languages 
Nebuchadrezzar and the last king of Babylon, whereas he of Daniel 
was actually the son of Nabonidus and, though a powerful 
figure, was never king; Darms the Mede, a fictitious char­
acter perhaps confused with Darms I of Persia, is made 
the successor of Belshazzar instead of Cyrus. By contrast, 
the book is a not inconsiderable historical source for the 
Greek period. It refers to the desecration of the Temple 
in 167 and possibly to the beginning of the Maccabean 
revolt. Only when the narrative reaches the latter part of 
the reign of Antiochus do notable inaccuracies appear—  
an indication of a transition from history to prediction.
The book is thus dated between 167 and 164 b c e .
Other considerations that point to this 2nd-century date 

are the omission of the book from the prophetic portion 
of the Hebrew canon, the absence of Daniel’s name in the 
list of Israel’s great men in Ecclesiasticus, the book’s lin­
guistic characteristics, and its religiöus thought, especially 
the belief in the resurrection of the dead with consequent 
rewards and punishments.

The name Daniel would appear to refer to a legendary 
hero who was used in different ways at different times 
and who became particularly populär in the storytelling 
of the Persian and Greek Diaspora as a personification of 
the practical and theological problems faced by the Jews 
in that environment. Whether there is any connection be­
tween the Daniel of this book and the one mentioned as 
a wise man without equal in the Book of Ezekiel and as a 
righteous man in the tale of Aqhat, a Ugaritic text dated 
from about the middle of the 14th Century, is uncertain.

The book is written in two languages: the beginning 
(l:l-2:4a) and the final chapters (8-12) in Hebrew and 
the rest in Aramaic. This offers no proof of multiple au­
thorship, however, because the linguistic divisions do not 
correspond to the division by literary form: chapters 1-6 
are stories of Daniel and his friends in exile, and chapters 
7-12 are Daniel’s apocalyptic visions. Furthermore, there 
is a singleness of religiöus outlook, spirit, and purpose 
throughout. Nevertheless, the problem of the languages 
has never been satisfactorily answered.

The stories of the first six chapters, which probably ex- The stories 
isted in oral tradition before the author set them down, and visions 
begin with the account of how Daniel and his three of Daniel 
companions (Hananiah, Mishael, and Azariah, who were 
given the names Shadrach, Meshach, and Abednego by the 
Babylonians) came to be living at the Babylonian court 
and how they remained faithful to the laws of their reli­
gion. This is followed by five dramatic episodes calculated 
to demonstrate the wisdom and might of Israel’s God 
and the unconquerable steadfastness o f his loyal people.
Thus, through God’s gift of wisdom, Daniel excels the 
professional sages of the pagan court by revealing and in- 
terpreting Nebuchadrezzar’s dream of a great image, made 
of four metals, which was shattered by a stone cut without 
human hand, and then the King’s further dream of a tree 
reduced to a stump, which presaged the punishment of 
his arrogance by madness, and, finally, the writing on the 
wall, which spelled Belshazzar’s doom at his sacrilegious 
feast. By trust in God, Daniel’s companions, who refused 
to worship Nebuchadrezzar’s golden idol, are miraculously 
delivered from a fiery furnace, and Daniel himself, thrown 
into a den of lions for holding fast to his tradition of 
prayer, is divinely protected.

The last six chapters of the book are apocalyptic. In 
chapter 7 Daniel is granted a vision of four beasts from 
the abyss, which are brought under divine judgment, and 
of “one like a son of man,” who is brought before God to 
be invested with his universal and everlasting sovereignty.
The mythological beasts are interpreted as four empires 
(the Babylonian Empire, the kingdom of the Medes, the 
Persian Empire, and the empire of Alexander) and the 
manlike figure as Israel. The vision of a battle between 
the ram (Medes and Persians) and the goat (the Greek
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Empire) in chapter 8 introducés the iniquities of Anti­
ochus IV Epiphanes and is an assurance to the stricken 
Jews that the end of their tribulation is near. In chapter 
9 the author reinterprets the prophecy of Jeremiah that 
Jerusalem’s desolation would end after 70 years. By mak­
ing these 70 years mean 70 “weeks of years” (i.e., 490 
years), the author is again able to focus attention on the 
period of Antiochus’ persecution in the 2nd Century and 
on the imminence of his determined doom. A precise 
understanding of the author’s scheme is not possible, how­
ever, because 490 years calculated from the beginning of 
the exile extends far beyond the time of Antiochus. The 
remaining chapters provide the fourth commentary on the 
crisis provoked by the Seleucid tyrant. The greater part of 
this vision is a sketch of the events that affected the Jews 
from the Persian period to the time of Antiochus and 
prepared for his reign of terror. After chapter 11, verse 
39, the account of Antiochus’ life ceases to correspond 
with historical fact; an inaccurate prediction of his end is 
the prelude to the announcement of the end of Israefs 
tribulation and the inauguration of God’s kingdom.

The purpose of the whole book, stories and visions alike, 
is to encourage Israel to endure under the threat of an- 
nihilation and to strengthen its faith that “the Most High 
rules the kingdom of men” and will in the end give victory 
to his people and establish his kingdom.

Ezra, Nehemiah, and Chronicles. The final books of 
the Hebrew Bible are the books of Chronicles and Ezra- 
Nehemiah, which once formed a unitary history of Israel 
from Adam to the 4th Century b c e , written by an anony- 
mous Chronicler. That these books constituted a single 
work—referred to as the Chronicler’s history, in distinc­
tion to the Deuteronomic history and the elements of his­
tory from the priestly code of the Torah—appears evident 
because the same language, style, and fundamental ideas 
are found throughout and because the concluding verses 
of II Chronicles are repeated at the beginning of Ezra. 
The purpose of this history seems to have been to tracé 
the origin of the Temple and to show the antiquity and 
authenticity of its cult and of the formal, legalistic type of 
religion that dominated later Judaism.
The history that these books record has already been 

treated in the historical section of this article and is found 
in greater detail in j u d a i s m . The concern in this section 
will be chiefly with the literary and theological aspects of 
the books, but their contents can be summarized. In I and 
II Chronicles the author repeats much of the material from 
earlier historical books, concentrating upon the history of 
the kingdom of Judah. The First Book of the Chronicles 
begins with an extensive genealogy of Israel from Adam 
to the restoration but is primarily a biography of David 
that adds further facts to the story as given in Samuel. 
The Second Book of the Chronicles begins with Solomon 
and goes through the division of the kingdom to the reign 
of Zedekiah; once again the Chronicler had access to ma­
terials that supplemented the account in I and II Kings. 
In the Book of Ezra he describes the return of the Jews 
from the Babylonian Exile and the reconstruction of the 
Temple. He includes lists of the families who returned 
and the texts of the decrees under which they returned. In 
the Book of Nehemiah the reconstruction of the city walls 
of Jerusalem becomes the basis for a meditation upon the 
relation between God and his people. This book, too, con­
tains lists of those who participated in the reconstruction, 
but much of it concentrates upon the description of Ne­
hemiah and his persistence in performing his assignment.

The fourfold division of the books derives from the 
Greek and Latin versions; the more basic twofold division 
into Chronicles and Ezra-Nehemiah is more complex. 
This original division apparently resulted from the in- 
clusion of the material known as Ezra-Nehemiah in the 
Hebrew canon before that known as Chronicles because 
it contained fresh information not found in any other 
canonical book. When Chronicles was later admitted to 
the canon, it was placed in order after Ezra-Nehemiah; 
although the book has retained this position in the Hebrew 
Bible, the Greek version restored it to its proper sequence. 
That Chronicles was thus “left aside” may account for the 
choice o f Paraleipomena (“Things Omitted”) as the Greek

title of the book, but the usual and perhaps correct expla­
nation is that Chronicles contains stories, speeches, and 
observations that were omitted from the parallel accounts 
in earlier books.
Jewish tradition has identified Ezra as the author of these 

books, and some modern scholars concur. According to 
many critics, however, the Chronicler was a Levite cantor 
in Jerusalem. This position is supported by the author’s 
concern with the Levites and cultic musicians. The date 
of the work is more difficult to pinpoint. In its final form 
it has to be later than Ezra, who came to Judah about 
400 b c e . An indication of the latest date at which the 
entire work could have been completed is its silence about 
the Hellenizing of Judaism that took place after Alexan­
der the Great. This, together with language considerations 
that point to the late Persian period, has led the majority 
of commentators to postulate a 4th-century date. Some 
scholars, however, claim that a time before 300 b c e  would 
be too short to account for the genealogy at the beginning 
of I Chronicles, which is carried down to the eighth gener­
ation after Zerubbabel, one of the leaders of the band that 
returned from Babylon. Thus, they push the final date to 
about 200 bce  or even slightly later. It is possible that the 
4th-century work of the Chronicler went through a series 
of minor additions and adaptations until sometime early 
in the 2nd Century, when it reached its final form.

The Chronicler had numerous historical sources—both 
biblical and extrabiblical—at his disposal. He was closely 
dependent on the books of Samuel and Kings for all of 
Chronicles except the first nine chapters. Sometimes he 
even repeated the actual words of his model, though slight 
textual variations suggest to some that the Hebrew copy 
he had before him differed a little from that of the canon 
and corresponded to that which lay behind the Septuagint. 
But he was also able to consult the final version of the 
Torah and the whole of the Deuteronomic history. His 
use of the personal memoirs of Nehemiah is undisputed; 
the nature of his Ezra source is less clear, but some have 
regarded a portion of narrative written in the first person 
as an autobiographical source. He included many lists, 
genealogies, census reports, and other official documents 
that may have been preserved as Temple records. The text 
refers by name to certain documents representing royal 
histories and prophetic writings about which, as they have 
not survived, only speculation is possible.

The Chronicler made use of all these sources, but he 
was not shackled by them. Although his work has won 
increasing respect as a historical document, especially as 
an indispensable source for the restoration period, his 
purpose was chiefly theological, not historical. He was 
convinced of the definitiveness of the divine covenant 
with David. The holy community that was brought into 
existence by this covenant, that has been maintained by 
God through the vicissitudes of history, and that has its 
worship centred on the Temple in Jerusalem is the true 
kingdom of God. It is the true Israel and is the Chronicler’s 
only concern. Thus, he mentions the northern kingdom 
and the kings of Israel only to the extent that they figure 
in the events of Judah. Loyalty to the Davidic line of 
succession, to Jerusalem, and to the Temple worship were 
the central elements in the life of God’s people according 
to this writer. All success and failure were the result of 
such loyalty or disloyalty. Thus, if a king’s reign was long 
and successful, the Chronicler saw it as the reward of God 
for a life led in obedience to his will; conversely, a king 
suffered misfortune only if he had sinned. Significantly, 
the Chronicler devotes much attention to David’s part in 
the development of the liturgy, especially the organization 
and functions of the Levites, and omits important but 
uncomplimentary stories about the King that are found in 
the Deuteronomic history.

In short, the Chronicler traced the reformed liturgy of 
his day back to David and laid a solid foundation for the 
acceptance and Conservation of the religiöus community 
that he envisioned—a devout community that worshipped 
joyfully in the Temple with sacrifice and praise and obeyed 
the Law of Moses. He knew well that the realization of 
that community in his day was not perfect and that the 
future had something better in store, but he seems to
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have been content to accept the existing Davidic leaders 
in order not to abandon the dynastie hope because of 
their shortcomings. These books thus provided an apolo- 
gia for orthodox Judaism (perhaps in the face of Opposi­
tion from the Samaritans, the inhabitants of the former 
northern kingdom), and they offer to the modern reader 
some insight into the post-exilic community in Jerusalem, 
withdrawn into itself and trying to justify, explain, and 
preserve its existence and its spirituality. (R F.)

Intertestamental literature
NATURE AND SIGNIFICANCE

Definitions. A vast amount of Jewish literature written 
in the intertestamental period (mainly 2nd and Ist cen­
turies bce) and from the Ist and 2nd centuries ce was 
preserved, for the most part, through various Christian 
churches. A part of this literature is today commonly 
called the Apocrypha (Hidden; hence, secret books; singu­
lär apocryphon). At one time in the early church this was 
one of the terms for books not regarded by the church as 
canonical (scripturally acceptable), but in modern usage 
the Apocrypha is the term for those Jewish books that are 
called in the Roman Catholic Church deuterocanonical 
works— i.e., those that are canonical for Catholics but are 
not a part of the Jewish Bible. (These works are also regard­
ed as canonical in the Eastern Orthodox churches.) When 
the Protestant churches returned to the Jewish canon (He­
brew Old Testament) during the Reformation period (16th 
Century), the Catholic deuterocanonical works became for 
the Protestants “apocryphal”— i.e., non-canonical.

In 19th-century biblical scholarship a new term was 
coined for those ancient Jewish works that were not ac­
cepted as canonical by either the Catholic or Protestant 
churches; such books are now commonly called Pseud- 
epigrapha (Falsely Inscribed; singulär pseudepigraphon), 
i.e., books wrongly ascribed to a biblical author. The term 
Pseudepigrapha, however, is not an especially well suited 
one, not only because the pseudepigraphic character is 
not restricted to the Pseudepigrapha alone—and, indeed, 
not even all Pseudepigrapha are ascribed to any author, 
since there are among them anonymous treatises—but 
also because the group of writings so designated by this 
name necessarily varies in the different modern collec­
tions. Theoretically, the name Pseudepigrapha can des- 
ignate all ancient Jewish writings that are not canonical 
in the Catholic Church. The writings of the philosopher 
Philo of Alexandria (Ist Century bce- Ist Century ce) and 
the historian Josephus (Ist Century ce) and fragments of 
other postbiblical Hellenistic Jewish historians and poets, 
however, usually are excluded. Rabbinic literature (2nd 
Century BCE-2nd Century ce) also is generally excluded; 
such literature existed for centuries only in oral form. 
The edition of the Pseudepigrapha edited by the British 
biblical scholar R.H. Charles in 1913, however, contains 
a translation of Pirqe Avot (“Sayings of the Fathers”), an 
ethical tractate from the Mishna (a collection of oral laws), 
and even the non-Jewish Story of Ahikar (a folklore hero), 
though other genuine Jewish writings from antiquity are 
omitted. Some of the Jewish Pseudepigrapha were discov­
ered only in the last two centuries, and the Dead Sea 
Scrolls (the first of them discovered in the 1940s), most 
of which belong to this category, are not yet all published. 
Thus, in the broader meaning of the terms, the Apocrypha 
and Pseudepigrapha are a bloc of Jewish literature written 
in antiquity from the later Persian period (c. 4th Century 
bce) and not canonized by the Jews.

Texts and versions. A small portion of this literature 
is preserved in the original languages: Hebrew, Arama­
ic, and Greek. Most of the Hebrew or Aramaic works, 
however, exist today only in various translations: Greek, 
Latin, Syriac, Ethiopian, Coptic, Old Slavonic, Armenian, 
and Romanian. All the works of the Apocrypha are pre­
served in Greek, because they have for the Greek Church 
a canonical value. Those books not considered canonical 
by the early church have offen fallen into oblivion, and 
their Greek text was often lost; many of the ancient Jewish 
Pseudepigrapha are today preserved only in fragments or 
quotations in various languages, and sometimes only their

titles are known from old lists of books that were rejected 
by the church.

Of this literature only the Apocrypha (contained in Latin 
and Greek Bibles) were read in the liturgical services of 
the church. The Pseudepigrapha, in their various versions, 
were in most cases nearly forgotten; and manuscripts of 
most of them were rediscovered only in modern times, 
a process that continues. The discovery of the Dead Sea 
Scrolls at Qumrän in the Judaean desert not only fur­
nished new texts and fragments of unknown and already 
known Pseudepigrapha but also contributed Solutions to 
Problems concerning the origin of other Jewish religiöus 
writings (including some Old Testament books), the Con­
nection between them, and even their composition and 
redaction from older sources. The new original texts also 
strengthened interest in the Jewish literature of the inter­
testamental period because o f its importance for the study 
of both ancient Judaism and early Christianity. As a result 
of such discoveries, better critical editions of the Apocry­
pha and Pseudepigrapha have been published, as well as 
new studies of their content.
The Apocrypha, whose texts originated mostly before the 

rise of Christianity, were regarded as canonical in the early 
church but contain no Christian interpólations. Many of 
the Pseudepigrapha, however, were interpolated by Chris­
tian writers. The nature and the extent of these Christian 
interpolations is often difficult to define since a Christian 
interpolator not only changes the text according to his 
Christian views or introducés specific Christian terminol- 
ogy, but he also may introducé in a Jewish text ideas, 
motifs, or terminology that are common to both Judaism 
and Christianity. For these reasons it is sometimes diffi­
cult to decide if a passage in a pseudepigraphon, or even 
sometimes the whole work, is Jewish or Christian.

Persian and Hellenistic influences. Some of the Apoc­
rypha (e.g., Judith, Tobit) may have been written already 
in the Persian period (6th-4th Century bce), but with 
these possible exceptions, all the Apocrypha and Pseud­
epigrapha were written in the Hellenistic period (c. 300 
B c-c. a d  300). Yet the influence of Persian culture and 
religion sometimes can be detected even in comparatively 
late Jewish works, especially in Jewish apocalyptic liter­
ature (see below Apocalypticism). The Persian influence 
was facilitated by the fact that both the Jewish and Per­
sian religions are iconoclastic (against the veneration or 
worship of images) and opposed to paganism and display 
an interest in eschatology (doctrines of last times).

Although such an affinity did not exist between Judaism 
and Hellenistic culture, literary activity among Hellenistic 
Jews was generally Greek in character: the Greek-writing 
Jewish authors thought mainly in Greek concepts, used 
genuine Greek terminology, and wrote many of their 
works in Greek literary forms.

Though Hellenistic Jewish authors sometimes imitated 
biblical forms, they learned such forms from their Greek 
Bible (the Septuagint). Many Greek products written by 
Jews served as religiöus propaganda and probably influ­
enced many pagans to become proselytes, or at least to 
abandon their heathen faith and to become “God fearing.” 
Thus, the Jewish literature written in Greek could be later 
used by Christianity for similar purposes.

Greek influence on Jewish writings written in Hebrew or 
Aramaic in Palestine in the intertestamental period was 
by no means as significant as upon Jewish works written 
in Greek among the Hellenistic Diaspora (Jews living out­
side Palestine). In Palestine, religion and culture formed 
a unity, and the Hellenization of the upper classes in 
Jerusalem before the Maccabean wars (168-142 bce) was 
restricted to some families who had accepted Greek civi­
lization for practical purposes. Jews in Palestine developed 
a flourishing autonomous culture based upon religiöus ide­
als. Living without interruption in their powerful religiöus 
tradition and with their own non-Greek education, the 
Palestinian Jews were able to produce literary works with­
out significant evidences o f Greek influence. The language 
of this literature was both Aramaic and Hebrew. Under the 
national revival in the Maccabean period, Hebrew became 
prevalent as the language of Jewish literature in Palestine; 
but since Aramaic was a spoken language in Palestine

Redis- 
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during the whole period, some of the extant literary works 
of Palestinian Jews in the Maccabean and Roman period 
probably were originally written also in Aramaic.

Apocalypticism. In intertestamental Jewish literature a 
special trend developed: namely, apocalypticism. Apoka- 
lypsis is a Greek term meaning “revelation of divine 
mysteries,” both about the nature of God and about the 
last days (eschatology). Apocalyptic writings were com­
posed both in Judaism and Christianity; one of them (the 
Book of Daniel) was accepted in the Jewish canon and 
another (the book of Revelation) in the New Testament. 
Other apocalypses form a part of the Pseudepigrapha, 
and influences of apocalypticism or similar approaches 
are found in some of the Apocrypha. The sectarian Dead 
Sea Scrolls are the works of an apocalyptic movement, 
though not all are written in the style of apocalypses. 
The Sibylline Oracles are, in their Jewish passages, a part 
of Jewish Hellenistic literature; inasmuch as they contain 
eschatological prophecies of future doom and salvation, 
they are apocalyptic, but in their polemics against idolatry 
and their apology for Jewish faith, they are a product of 
Jewish Hellenistic propagandistic literature. Because one 
of the central themes of apocalypticism is that of future 
salvation, messianic hopes involving the advent of a de- 
liverer are usually the object of intertestamental Jewish 
apocalypticism.

APOCRYPHAL WRITINGS

Apocryphal works indicating Persian influence. Esdras. 
The “Greek Ezra,” sometimes named I (or II or III) Esdras, 
enjoyed considerable popularity in the early church but 
lost its prestige in the Middle Ages in the Latin Chruch. 
At the reforming Council of Trent (1545-63), the Roman 
Catholic Church no longer recognized it as canonical and 
relegated it in the Latin Bible to the end, as an appendix 
to the New Testament. One of the reasons for its non- 
canonicity in the West is that the “Greek Ezra” contains 
parallel material to the biblical books of Chronicles, Ezra, 
and Nehemiah but differs in textual recension (points of 
critical revision) and occasionally in the order of the sto­
ries. The content of the book is a history of the Jews from 
the celebration of the Passover in the time of King Josiah 
(7 th  Century b c e ) to th e  read in g  of the Law in the time 
of Ezra (5th Century b c e ). Though written in an idiomatic 
Greek, “Greek Ezra” is probably a Greek translation from 
an unknown Hebrew and Aramaic redaction of the ma­
terials contained in the biblical books of Chronicles, Ezra, 
and Nehemiah. An important part of this book (3:1-5:6), 

The three the story of the three youths at the court of Darius, has 
ouths at no parallel in the canonical books. This story concerns a 
he court debate between three guardsmen before Darius, king of 
>f Darius Persia, about the question of what they consider to be 

the strongest of all things; the first youth asserts that it is 
wine, the second says that it is the king, and the third, 
who is identified with the biblical Zerubbabel (a prince 
of Davidic lineage who became governor of Judah under 
Darius), expresses his opinion that “women are strongest, 
but truth is victor over all things.” He is acclaimed as the 
victor, and, as a reward, he requests that Darius rebuild 
Jerusalem and its Temple. The story evidently was written 
in two stages: originally, the competition was about wine, 
the king, and women, but later, truth was added. Truth 
is one of the central concepts of Persian religion and the 
competition itself is before a Persian king; thus it seems 
likely that the story is Persian in origin and that it be­
came Jewish by the identification of the third youth with 
Zerubbabel.

Judith. The book of Judith is similar to the biblical 
Book of Esther in that it also describes how a woman saved 
her people from impending massacre by her cunning and 
daring. The name of the heroine occurs already in Gen. 
26:34 as a Gentile wife o f Esau, but in the book of Judith 
it evidently has symbolic value. Judith is an exemplary 
Jewess. Her deed is probably invented under the influence 
of the account of the 12th-century-BCE Kenite woman Jael 
(Judg. 5:24-27), who killed the Canaanite general Sisera 
by driving a tent peg through his head.

The story is clearly fiction, and the anachronisms in it 
are intentional: they show that the story itself is a mere

fiction. The book speaks about the victory of Nebuchad- 
nezzar, “who reigned over the Assyrians at Nineveh” (the 
name is of the 7th-6th Century b c e  king of Babylon, Nebu­
chadrezzar) in the time of an unknown Arphaxad, king of 
the Medes. Since the western nations of Nebuchadnezzar’s 
empire had refused to come to his aid, the King ordered 
his commander in chief, Holofernes (a Persian name), to 
force Submission upon the rebellious nations. In subduing 
these nations Holofernes destroyed their sanctuaries and 
proclaimed that Nebuchadnezzar alone should henceforth 
be worshipped as a god. Thus, the Jews, who had recently 
returned from the Babylonian Captivity (6th Century b c e ) 
and rebuilt the Temple, were compelled to prepare for war.
Holofernes laid siege to Bethulia (otherwise unknown),
described as an important strategie point on the way to
Jerusalem. Because of a long siege, the inhabitants wanted
to surrender their city, but Judith persuaded the people to
delay the surrender for five days. Judith was a virtuous,
pious, and beautiful widow. She removed her mourning
garments, left the city, entered Holofernes’ camp, and
was brought before him. On the fourth day, Holofernes
decided to seduce Judith and invited her to come into his
tent; he then drank more wine than ever before. After he
feil into a drunken stupor, Judith cut off his head with The
his sword and returned with the head to Bethulia. The killing of
Jews put Holofernes’ head outside the city wall, and the Holofernes
following morning, upon learning of the death of their
commander in chief, the Assyrian soldiers dispersed and
were pursued by the Jews of Bethulia, who took abundant
spoil. The Jews were not threatened again during Judith’s
lifetime—she lived to be 105— or for long thereafter.
Many suggestions have been made about the book of 

Judith’s date of composition. Though current scholarly 
opinion is that the book was written in the warlike patriot- 
ic atmosphere of the early Maccabean period (c. 150 b c e ) 
by a Palestinian Jew, there are no Maccabean elements in 
the book. It shows no direct or indirect Greek influences, 
the deification of kings existed already in the ancient Near 
East, and the political Situation described in the book has 
nothing in common with the Maccabean period. All the 
apparently intentional historical mistakes, however, can 
be understood if it is suggested that the book of Judith was 
written under Persian rule. Holofernes is, as noted above, 
a typical Persian name; and the whole political and social 
Situation described in the book fits the Persian world, as 
do the Jewish life and institutions reflected in the book.
Thus, there are no serious indications that the book of 
Judith is a Maccabean product, and there are many allu- 
sions to the time of the Persian rule over Palestine. Only a 
Greek translation of the book is extant, but, from its style, 
it is clear that the book was originally written in Hebrew.
In his preface to the book of Judith, the Latin biblical 
scholar Jerome (c. 347-419/420 c e ) States that he used for 
his translation a “Chaldaean” (i.e., Aramaic) text and that 
he also used an older Latin translation from Greek. His 
translation differs in many points from the original text.

Tobit. The other Jewish short story possibly dating from 
Persian times is the book of Tobit, named after the father 
of its hero. From the fragments of the book discovered at 
Qumrän, scholars now know that the original form of the 
name was Tobi. Tobit was from the Hebrew tribe of Naph­
tali and lived as an exile in Nineveh; his son was Tobias.
Obeying the tenets of Jewish piety, Tobit buried the corps­
es of his fellow Israelites who had been executed. One day, 
when he buried a dead man, the warm dung of sparrows 
feil in his eyes and blinded him. His family subsequently 
suffered from poverty, but then Tobit remembered that he 
had once left a deposit of silver at Rages (today Teheran) 
in Media. He sent his son Tobias along with a companion, 
who was in reality the angel Raphael under the guise of 
an Israelite, to retrieve the deposit. During the journey, 
while Tobias was washing in the Tigris, a fish threatened 
to devour his foot. Upon instructions from Raphael, To­
bias caught the fish and removed its gall, heart, and liver, 
since it was believed that the smoke from the heart and 
liver had the power to exorcise demons and that ointment 
made from the gall would eure blindness. On the way he 
stopped at Ecbatana (in Persia), where Raguel, a member 
of Tobias’ family, lived. His daughter Sarah had been
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“The
Grateful
Dead”

married seven times, but the men had been slain by the 
demon Asmodeus on the wedding night, before they had 
lain with her. On the counsel o f Raphael, Tobias asked 
to marry Raguel’s daughter, and on the wedding night 
Tobias put Asmodeus to flight through the stench of the 
burning liver and heart o f the fish. Raphael went to Rages 
and returned with the deposit. When he returned with his 
young wife and Raphael to Nineveh, Tobias restored his 
father’s sight by applying the gall of the fish to his eyes. 
Raphael then disclosed that he was one of God’s seven 
angels and ascended into heaven.

The story of the book of Tobit is a historicized and Ju- 
daized version of the well-known folktale of “The Grateful 
Dead” (or “The Grateful Ghost”), in which a young man 
buries the corpse of a stranger despite injunctions against 
such an act; later the youth wins a bride through the in- 
tercession of the dead man’s spirit. Asmodeus (in Persian, 
Aeshma Daeva, the demon of wrath) occurs as a powerful 
demon in rabbinic literature as well as in folktales. In the 
Jewish form o f the story, “The Grateful Dead” is replaced 
by the angel Raphael. According to the Ethiopic Enoch 
(20:3; 22:3), Raphael is appointed over the spirits of the 
souls of the dead (for Enoch, see below). Because the cause 
of this Situation is not mentioned in the book of Tobit, 
the story itself in its Jewish form probably existed before 
it became the subject o f  the book of Tobit. The present 
work is a literary product; the interesting plot gave to 
the author many occasions to insert religiöus and moral 
teachings in the manner of wisdom literature, which is 
concerned with practical, everyday issues. The book con­
tains prayers, psalms, and aphorisms, most of them put 
in the mouth of Tobit. It is the oldest Jewish witness of 
the golden rule (4:15): “And what you hate, do not do to 
anyone.” Eschatological hopes are also described: at the 
end of time, all Jewish exiles will return, Jerusalem will 
be rebuilt of precious stones and gold, and all nations 
will worship the true God. In these eschatological images, 
however, the figure of the Messiah does not occur.
The religiöus, social, and literary atmosphere of the book 

does not contain elements from the Greek period. Thus, 
tfie book probably was written already in the Persian pe­
riod or in the early days of Greek rule (3rd Century bc e). 
The book exists today in three principal recensions, and it 
is often difficult to determine, in a particular passage, what 
was the original text. The book was written in Hebrew 
or Aramaic; the Greek recensions differ, perhaps because 
they are based on different Semitic versions. These ques­
tions may be answered when the Hebrew and Aramaic 
fragments of the book, which were found among the Dead 
Sea Scrolls, are published.

The Story o f Ahikar. According to the book of Tobit, 
Ahikar, the cupbearer of the Assyrian king Esarhaddon, 
was Tobit’s nephew; he is a secondary personage in the 
plot, and his own story is mentioned. Ahikar is the hero 
of a Near Eastern non-Jewish work, The Story o f Ahikar. 
The book exists in medieval translations, the best of them 
in Syriac. The story was known in the Persian period in 
the Jewish military colony in Elephantine Island in Egypt, 
a fact demonstrated by the discovery of fragmentary Ara­
maic papyri of the work dating from 450-410 b c e . Thus, 
the author of the book of Tobit probably knew The Story 
o f Ahikar, in which, as in the book of Tobit, the plot is a 
pretext for the introduction of speeches and wise sayings. 
Some o f Tobit’s sayings have close parallels in the words 
of the wise Ahikar.

Baruch. The apocryphon of Baruch, which is extant in 
Greek and was included in the Septuagint, is attributed to 
Baruch, secretary to the Old Testament prophet Jeremiah 
(7th-6th Century b c e ). It was Baruch who read Jeremiah’s 
letter to the exiles in Babylon. After hearing his words, 
the Jews repented and confessed their sins. The first part 
of the book of Baruch (1:1-3, 8), containing a confession 
of sins by the Jews following the destruction of Jerusalem 
and the exiles’ prayer for forgiveness and salvation, may 
date from the Persian or at least from the pre-Maccabean 
period. This early section was originally written in Hebrew 
and seems to be very ancient. The other two parts (3:9- 
4:4 and 4:5—5:9) were written in Greek or freely translated 
from Hebrew or Aramaic. The first is a praise of wisdom:

only Israel received wisdom from God, which is the Law 
of Moses. The last part of the book of Baruch contains Je­
rusalem’s lament over her desolation and her consolation.

Apocryphal works lacking strong indications of influence. 
The Letter o f Jeremiah. The Letter of Jeremiah, like the 
book of Baruch, was conserved—together with the Greek 
translation of the Book of Jeremiah—in the Septuagint. 
The oldest witness of the letter is a fragment of a Greek 
papyrus, written about 160 b c e  and found among the 
Dead Sea Scrolls at Qumrän. Whether the letter was orig­
inally written in Greek or is a translation from Hebrew or 
Aramaic is difficult to decide. The letter attacks the folly 
of idolatry as did Jeremiah’s letter “to those who were 
to be taken to Babylon as captives.” Though, according 
to some experts, the idolatry described in the book fits 
Babylonian cults, the only clear indication of its date is 
that of the Qumrän fragment.

Prayer o f Manasseh. In some manuscripts of the Sep­
tuagint and in two later Christian writings, a pseudepi- 
graphic Prayer of Manasseh is contained. This prayer was 
composed with reference to II Chron. 33:11-18, according 
to which the wicked Judaean king Manasseh repented and 
prayed. In the present form the prayer is Greek in origin, 
but it may have existed in a Hebrew version, of which 
the Greek is a free adaptation. The prayer was probably 
composed (or translated) in the Ist Century b c e .

Additions to Daniel and Esther. Two of the Old Tes­
tament Hagiographa (Ketuvim; see above The Hebrew 
canon)—Daniel and Esther—contain, in their Greek trans­
lations, numerous additions.

The Prayer o f Azariah and the Song o f the Three Young 
Men. The first addition to Daniel (in Greek and Latin 
translations Dan. 3:24-68) contains the Prayer of Aza­
riah and the Song of the Three Young Men. These are 
the prayers of Hananiah, Mishael, and Azariah, the three 
young men who praised God after they had been placed 
in the midst of the fiery furnace during a persecution of 
Jews in Babylon, as told in the Book of Daniel. The first 
prayer is said by Azariah alone; the second, a thanksgiv­
ing prayer, is said by all three after having been saved 
by God. The two poems are not found in the original 
Daniel and were never a part of it. They were translated 
from Hebrew Originals or adapted from them. A passage 
from the second, a liturgical hymn of praise, is a poetic 
expansion of the doxology that was sung in the Temple 
when the holy name of God was pronounced. Like the 
other additions to Daniel, the two prayers were probably 
composed before 100 b c e .

Susanna. The second addition to Daniel, the story of 
Susanna, and the third one, Bel and the Dragon, are pre­
served in two Greek versions. In both stories the hero is 
the wise Daniel. Susanna was the pious and beautiful wife 
of Joakim, a wealthy Jew in Babylon. Two aged judges 
became inflamed with love for her. They tried to force 
her to yield to their lust, and, when she refused, they ac- 
cused her of committing adultery with a young man, who 
escaped. She was condemned to death, but when Daniel 
cross-examined the two elders separately, the first stated 
that Susanna had been surprised under a mastic tree, the 
other under a holm tree. Susanna was thus saved and the 
two false witnesses executed.

The short story, perhaps invented even before the extant 
Book of Daniel was composed, could very well be added 
to Daniel (whose name means God is my Judge). The 
story was written in its present form in Greek, since it 
contains two Greek puns, but a written Semitic prototype 
may have existed.

Bel and the Dragon. The third Greek addition to the 
Book of Daniel is the story of Bel and the Dragon. The 
Babylonians worshipped the idol of the god Bel and daily 
provided him with much food, but Daniel proved to the 
King that the food was in reality eaten by the priests. 
The priests were punished by death and Bel’s temple de­
stroyed. The Babylonians also worshipped a dragon, but 
Daniel declined to worship him. To destroy the beast, 
Daniel boiled pitch, fat, and hair together: the dragon ate 
it and burst asunder. After Daniel’s sacrilege of slaying the 
dragon, the King was forced to cast Daniel into the lions’ 
den, but nothing happened to him. Indeed, he was given

The
wisdom of 
Daniel
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a dinner by the prophet Habakkuk, who was brought 
there by the hair o f his head by an angel. On the seventh 
day the King found Daniel sitting in the den; so he led 
Daniel out and cast his enemies into the den, where they 
were devoured.

The two stories are an attack against idolatry. As the 
addition ends with the story about Daniel in the lions’ 
den, which is also narrated in the canonical Book of Dan­
iel with another motivation, it is probable that this short 
treatise originated in a tradition that was parallel to the 
canonical Book of Daniel and that the two stories were 
translated from a Hebrew or Aramaic original.

Greek additions to Esther. The Hebrew Book of Esther 
rreek and had a religiöus and social value to the Jews during the time 
oman of Greek and Roman anti-Semitism, though the Hebrew 
oti- short story did not directly mention God’s Intervention in
smitism history—and even God himself is not named. To bring

the canonical book up-to-date in connection with Contem­
porary anti-Semitism and to stress the religiöus meaning 
of the story, additions were made in its Greek translation. 
These Greek additions are (1) the dream of Mordecai 
(Esther’s uncle), a symbolic vision written in the spirit 
of apocalyptic literature; (2) the edict of King Artaxerxes 
(considered by some to be Artaxerxes II, but more prob­
ably Xerxes) against the Jews, containing arguments taken 
from classical anti-Semitism; (3) the prayers of Mordecai 
and of Esther, containing apologies for what is said in 
the Book of Esther—Mordecai saying that he refused to 
bow before Haman (the grand vizier) because he is flesh 
and blood and Esther saying that she strongly detests her 
forced marriage with the heathen king; (4) a description of 
Esther’s audience with the King, during which the King’s 
mood was favourably changed when he saw that Esther 
had fallen down in a faint; (5) the decree of Artaxerxes on 
behalf of the Jews, in which Haman is called a Macedo- 
nian who plotted against the King to transfer the kingdom 
of Persia to the Macedonians; and (6) the interpretation 
of Mordecai’s dream and a colophon (inscription at the 
end of a manuscript with publication facts), where the 
date, namely, “the fourth year of the reign of Ptolemy and 
Cleopatra” (i.e., 114 b c e ), is given. This indicates that the 
additions in the Greek Esther were written in Egypt under 
the rule of the Ptolemies.

I and II Maccabees. I  Maccabees. The first two of the 
four books of Maccabees are deuterocanonical (accepted 
by the Roman Catholic Church). The First Book of the 
Maccabees is preserved in the Greek translation from the 
Hebrew original, the original Hebrew name of it having 
been known to the Christian theologian Origen of Alexan­
dria. At the beginning, the author of the book mentions 
Alexander the Great, then moves on to the Seleucid king 
of Syria, Antiochus Epiphanes (died 164/163 b c e ), and his 
persecution of the Jews in Palestine, the desecration ofthe 
Jerusalem Temple, and the Maccabean revolt. After the 
death of the priest Mattathias, who had refused to obey 
Antiochus, his son Judas Maccabeus succeeded him and 
led victorious wars against the Syrian Greeks. Exactly three 
years after its profanation by Antiochus, Judas captured

►rigin of the Temple, cleansed and rededicated it, and in honour 
[anukka of the rededication initiated an annual festival (Hanukka) 

lasting eight days. After Judas later feil in battle against 
the Syrian Greeks, his brother Jonathan succeeded him 
and continued the struggle. Only in the time of Simon, 
Jonathan’s brother and successor, did the Maccabean state 
become independent. A short mention of the rule of 
Simon’s son John Hyrcanus I (135/134-104 b c e ) closes 
the book. The author, a pious and nationalistic Jew and 
an ardent adherent of the family of Maccabees, evidently 
lived in the time of John Hyrcanus. The book imitates the 
biblical style o f the historical books of the Old Testament 
and contains diplomatic and other important—though not 
necessarily authentic—official documents.

II Maccabees. The Second Book of the Maccabees, or 
its source, was probably written in the same period as I 
Maccabees. The book is preceded by two letters to the 
Jews of Egypt: the first from the year 124 b c e  and the 
second one written earlier (164 b c e ) commemorating the 
rededication of the Temple. In the preface of the book, 
the author indicates that he has Condensed into one book

the lost five-volume history compiled by Jason of Cyrene.
II Maccabees describes the persecution under Antiochus 
Epiphanes and the Maccabean wars until the victory of 
Judas Maccabeus over Nicanor, the commander of the 
Syrian elephant corps, in 161 b c e . The book, written 
in Greek, is an important document of Hellenistic his- 
toriography. Descriptions of the martyrdom of the priest 
Eleazar and of the seven brothers under Antiochus, in 
which Greek dramatic style is linked with Jewish religiöus 
spirit, became important for Christian martyrology. The 
book also furnished proof texts for various Jewish and 
subsequently Christian doctrines (e.g., doctrines of angels 
and the resurrection of the flesh).

Wisdom literature. Ecclesiasticus (or Sirach). There are 
two deuterocanonical works of the genre known as wis­
dom literature, one Hebrew and one Greek. The Hebrew 
work is called Ecclesiasticus, in the Latin Bible and in 
Greek manuscripts Sophia Iësou hyiou Sirach (the Wis­
dom of Jesus the Son of Sirach); the original Hebrew title 
was probably Hokhmat Yeshua' Ben-Sira, the Wisdom of 
Ben-Sira. Written in Hebrew about 180-175 b c e , it was 
translated into Greek by the author’s grandson in Egypt.
A Syriac translation also was made. Portions (about three- 
fifths) of the Hebrew text were found in medieval copies 
in a synagogue of Cairo and a part o f the book in a frag­
ment of a scroll from Massada in Palestine (written c. 75 
b c e ). Small Hebrew fragments also were found among the 
Dead Sea Scrolls; one of them, the Psalms scroll, contains 
a large part of a poem about wisdom that is a part of 
the appendix (chapter 51) and that was not written by 
the author. The Proverbs of Ben-Sira are often quoted in 
rabbinic literature.

The book is written in the poetical style of the wisdom 
books of the Old Testament (e.g., Proverbs, Job) and deals 
with the themes of practical and theoretical morality. The The 
religiöus and moral position of the author is conserva- themes of 
tive—he does not believe in the afterlife, but he reflects intertes- 
the Contemporary religiöus positions. He identifies wis- tamental 
dom, the origin of which is divine, with “the Law which wisdom 
Moses commanded,” an idea that became important for literature 
later Judaism. He also reflects Contemporary debates about 
freedom of will and determinism, and, though realistic in 
his basic opinions, he sometimes expresses eschatological 
hopes of salvation for his people. His piety is ethical, 
though lacking in asceticism; and he invites his readers 
to enjoy life, which is short (in this point some Greek 
influence is palpable, but it is not very deep). At the end 
of the book the author praises, in chronological order,
“the fathers of old,” from the beginning of history to his 
Contemporary, the high priest Simon, whose appearance 
in the Temple is poetically described. After some Verses 
comes the colophon with the author’s name—the last 
chapter being an appendix not composed by the author.

The Wisdom o f Solomon. The other deuterocanonical 
wisdom book, the Wisdom of Solomon, was written in 
Greek, though it purports to have been written by King 
Solomon himself. The hypothesis that the first half of the 
book was translated from Hebrew seems to be without 
foundation and probably came into existence because, in 
this section, the author imitated in Greek the Old Testa­
ment poetical style. The Wisdom of Solomon was prob­
ably written in Alexandria (Egypt) in the Ist Century b c e .

The book has three parts. The first (chapters 1-5) con­
cerns the contrast between pious and righteous Jews and 
the wicked, sinful, and mundane Jews who persecute the 
righteous; the lot o f the righteous is preferable to the sor- 
rows and final condemnation of the sinners. In the second 
part (chapters 6-9) Solomon speaks about the essence of 
wisdom and how he attained it. In the third part (chapters 
10-19) the author proves the value o f wisdom by telling— 
not in an exact chronological order— how, in the history 
of Israel from the beginning until the conquest o f Pales­
tine, God exalted Israel and punished the heathens, the 
Egyptians, and the Canaanites. He also describes the folly 
of heathenism and its origins in human aberrations.

The author fuses Judaism and Hellenism both in style 
and in thought. Though he imitates biblical style, he is 
also influenced by Greek rhetoric. He also freely uses 
Greek philosophical and other terms and is influenced by
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Jewish apocalyptic literature. Some close parallels to the 
Dead Sea sect (at Qumrän), both in eschatology and in 
anthropology (doctrines about man), can be found in the 
Wisdom of Solomon.

THE PSEUDEPIGRAPHAL WRITINGS

Works indicating a Greek influence. The Letter o f Aris­
teas. An important document of Jewish Hellenistic litera­
ture is The Letter o f Aristeas, a pseudepigraphon ascribed 
to Aristeas, an official of Ptolemy II Philadelphus, a Greek 
monarch of Egypt in the 3rd Century b c e . The letter 

Translation is addressed to his brother and gives an account of the 
of the translation of the Pentateuch (first five books of the Old
Pentateuch Testament) into Greek, by order of Ptolemy. According 
into Greek to the legend, reflected in the letter, the translation was 

made by 72 elders, brought from Jerusalem, in 72 days. 
The letter, in reality written by an Alexandrian Jew about 
100 b c e , attempts to show the superiority of Judaism both 
as religion and as philosophy. It also contains interesting 
descriptions o f Palestine, o f Jerusalem with its Temple, 
and ofthe royal gifts to the Temple.

IV  Maccabees. Another Jewish Hellenistic work com­
bining history and philosophy is The Fourth Book of Mac­
cabees. The theme of the book, reflecting the views of the 
Greek Stoics, is “whether the Inspired Reason is supreme 
ruler over the passions.” This thesis is demonstrated by the 
martyrdom of the elderly scribe Eleazar and the unnamed 
seven brothers and their mother, taken from II Macc. 
6:18-7:41. The idea o fthe expiatory force of martyrdom 
is stressed more in ZK Maccabees than in its source. The 
author probably lived in the Ist Century b c e  and may 
have been from Antioch (in Syria), where the tombs of 
the Maccabean martyrs were venerated by the Jews.

III Maccabees. The Greek book called The Third Book 
of Maccabees itself has nothing to do with the Macca­
bean period. Its content is a legend, a miraculous story of 
deliverance, which is also independently told—in another 
historical context—by Josephus (Against Apion II, 5). In 
III Maccabees the story takes place during the reign of 
Ptolemy IV Philopator (reigned 221-203 b c e ). The central 
episode of the book is the oppression of Egyptian Jews, 
culminating with an anti-Jewish decree by the King. The 
Jews who were registered for execution were brought into 
the hippodrome outside of Alexandria; the King had or­
dernd 500 elephants to be drugged with incense and wine 
for the purpose of crushing the Jews, but by God’s inter- 
cession “the beasts turned round against the armed hosts 
[of the king] and began to tread them under foot and 
destroy them.” The Jews fixed annual celebrations of this 
deliverance. The book was probably written at the end of 
the Ist Century b c e  by an Alexandrian Jew in a period of 
high anti-Jewish tension.

The Lives o f the Prophets. The little book called the 
Lives o f the Prophets is a collection of Jewish legends about 
Old Testament prophets. It is preserved in Greek and in 
versions and recensions in various languages, all based on 
the Greek. The purpose of the work was to furnish to the 
readers of the Bible further information about the proph­
ets. The collection evidently passed through Christian 
hands since it includes an assumed prophecy of Jeremiah 
about the birth of Christ. Thus, the date of composition 
of the supposed original Jewish work and the question as 
to whether it was originally written in Hebrew or Greek 
are difficult to resolve. Scholars are inclined toward a lst- 
century-CE date in Palestine—with the exception of the 
life of “Jeremiah,” which is Egyptian in origin.

The Ascension o f Isaiah. According to the Lives of the 
Prophets, Jeremiah was stoned to death and Isaiah was 
sawn asunder. These two legends are reflected in two orig­
inally Jewish works. The Ascension of Isaiah, in which 
the martyrdom of Isaiah is narrated, is as a whole extant 
only in Ethiopic, translated from a Greek original, which 
itself is also known from fragments. The book contains 
important Christian passages from the Ist Century c e , but 
the story about Isaiah’s martyrdom is most likely based 

The upon a Jewish written source. According to this legend,
legendary Isaiah was killed by the wicked king Manasseh, who served 
death o f Beliar-Sammael, the chief of the evil spirits, instead of
Isaiah God. Isaiah, with his followers, had fled to the wilderness,

but upon being captured he was sawn asunder with a 
wooden saw, and his followers fled to the region of Tyre 
and Sidon. The activity of Beliar is known also from the 
writings of the sect that preserved the Dead Sea Scrolls 
and similar writings, and the story itself resembles in some 
way the history of the Dead Sea sect; but no fragment of 
the Jewish part of the book was found among the Dead 
Sea Scrolls. The original Martyrdom o f Isaiah was written 
probably in Hebrew or Aramaic before the Ist Century c e .

Paralipomena o f Jeremiah. In the last chapter of the 
Greek text of the Paralipomena (additional stories) o f Jere­
miah, there is a hint of the Christian part of the Ascension 
o f Isaiah: the people stoned Jeremiah to death because he, 
like Isaiah before him, prophesied the coming of Christ.
In a parallel legend (preserved in Arabic), both the violent 
death of Jeremiah and the Christian motif are lacking.
The book begins shortly before and ends shortly after the 
Babylonian Exile and contains mostly otherwise unknown 
legends. The legend about the long sleep of Abimelech (the 
biblical Ebed-melech—an Ethiopian eunuch who rescued 
Jeremiah from a cistem), who slept and so did not see 
the destruction of Jerusalem by the Babylonians—is based 
upon a legendary understanding of Psalm 126:1; a similar 
legend about another person is preserved in the Talmud 
(the authoritative rabbinical compendium of Jewish law, 
lore, and commentary). The book is basically Jewish, and 
the last chapter was Christianized. The Jewish work was 
probably written at the end o fth e  Ist Century c e  or at 
the beginning of the 2nd, originally in either Hebrew,
Aramaic, or Greek.

The Testament o f Job. Though there are scholars who 
think that the Testament o f Job was once written in He­
brew or Aramaic, it is more probable that the existing 
Greek text of the book is the original or even a rewritten 
later version o f a Greek work; a fragment of an older form 
is probably preserved in the Greek translation of Job (2:9).
Job is identified, according to some Jewish traditions, with 
the biblical Jobab (king of Edom), and his (second) wife is 
Dinah, Jacob’s daughter. Job knew by revelation that, for 
destroying an idol, he would undergo suffering but that 
a happy end would be the final outcome. Thus, in con­
trast to the biblical Book of Job, this work does not deal 
with the question of God’s righteousness but places great 
emphasis on resurrection and eternal life. These special 
motifs in the book indicate that the book probably was 
written by a member of an unknown Jewish group that 
upheld a high mystical spirituality. The extreme “pietistic” 
tendency of the book is noted in the exaggeration o f Job’s 
love for suffering and of his charity to the poor. At the end 
of the book Job’s soul was taken to heaven in a heavenly 
chariot. The book was probably written before 70 c e .

Life o f Adam and Eve. The many Christian legends in 
many languages about the lives of Adam and Eve probably 
have their origin in a Jewish writing (or writings) about 
the biblical first man and woman. The most important of 
these works are the Latin Vita Adae et Evae (Life o f Adam  
and Eve) and a Greek work closely parallel to it, named 
erroneously by its first editor the Apocalypse o f Moses.
The narrative runs from the Fall to the deaths of Adam 
and Eve. The religiöus message in the story involves the 
repentance of Adam and Eve after their expulsion from 
paradise—and the description of their deaths does not 
show any tracés of the idea of original sin, which was im­
portant in later Christian theology. Nonetheless, there are 
definitely Christian passages in the various versions, and 
the treatment of Adam in the literature of the Ebionites 
(an early Jewish Christian sect) shows an affinity for the 
story. Thus, the Jewish source probably was composed in 
the Ist Century c e  in Jewish circles that influenced the 
Ebionites. The original language of this supposed source 
is unknown.

Apocalyptic and eschatological works. III Baruch.
Apocalyptic literature was much concerned about sources Interests of 
of information about the heavenly world and about the apocalyptic 
places of the damned and saved souls. In later Jewish and literature 
early Christian apocalypses, in which the hero undertakes 
a heavenly trip and sees the secrets that are hidden from 
others, these sources of information are highly significant.
III Baruch, a book written in Greek—in which Baruch,
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the disciple of the prophet Jeremiah, visits the universe 
and sees its secrets and the places of the souls and of the 
angels— is such an apocalypse. In the Greek text the num­
ber of heavens visited by Baruch is five, but it is possible 
that originally he was said to have seen seven heavens. 
There are Christian passages in the book, but it seems to 
have been a Jewish work from the Ist Century c e  later 
rewritten by a Christian.

II Enoch. Similar in content is II Enoch, or The Book 
o f the Secrets o f Enoch, which is preserved only in an Old 
Slavonic translation. The oldest text does not contain any 
Christian additions nor any passage from which it could 
be concluded that the book was written in Greek. Thus, 
the book could have been written originally in Hebrew or 
Aramaic, probably in the Ist Century c e . The hero who 
visits the heavens is the biblical Enoch (son of Jared). The 
author of the book knew at least some ofthe treatises con­
tained in I Enoch. The book also contains the story of the 
miraculous birth of the biblical priest-king Melchizedek.

The Psalms o f Solomon. Other Jewish apocalypses or 
books containing eschatological elements did not deal 
with the mysteries of celestial worlds but rather with the 
political aspect of apocalyptic thought and with the last 
days and the messianic age. This latter theme is one of 
the important motifs of the Psalms o f Solomon, a book 
written originally in Hebrew; only the Greek translation 
of the Psalms is preserved. The title is evidently a later 
addition—the author himself apparently had no intention 
to give the impression that his 18 psalms were composed 
by the biblical king Solomon. The Psalms of Solomon 
were written in Jerusalem about the middle of the Ist 
Century b c e , and, though persons are not named, they 
reflect the dramatic events of the Jewish history of that 
period, especially the Roman general Pompey’s conquest 
of Jerusalem in 63 bc e  and his violent death in Egypt. 
In Psalm 17, the author denounces the Hasmonean dy­
nasty as illegal and describes the coming of the Davidic 
Messiah (a kingly saviour from the line of David). His 
religiöus opinion resembles the teachings of the Pharisees 
(a sect that espoused a reinterpretation of Jewish laws and 
customs), especially in his faith in the resurrection of the 
body and in the question of free will, though he most 
likely was not a Pharisee but rather a member of the 
community of Hasidim, a Jewish pietistic group that had 
joined the Maccabean revolt from its beginning.

The Assumption o f Moses. The Assumption o f Moses 
originally contained apocalyptic material— no longer ex­
tant—in the form of a legend. According to Origen, the 
dispute between the archangel Michael and the devil for 
the body of Moses was narrated in the Assumption of 
Moses. This legend, which has parallels in the rabbinic 
literature, probably formed the end of the Assumption of 
Moses, the first part of which was discovered in a Latin 
manuscript. The Latin version was translated from Greek, 
but the original language was Semitic, probably Hebrew.

The main content of the preserved part is Moses’ proph- 
The com- ecy about the future, from his time until the Kingdom
ng of the of Heaven will be revealed. According to the custom of
Cingdom apocalyptic literature, names of persons and groups are
)f Heaven not mentioned, but from the last events hinted at in the

book it can be assumed that it was written at the be­
ginning of the Ist Century c e , while Jesus was alive; In 
its older version, the book apparently was written at the 
beginning of the Maccabean revolt, some years before the 
Book of Daniel; after a description of the pre-Maccabean 
Hellenistic priests (chapter 5) and before the description 
of the persecutions by Antiochus Epiphanes (chapter 8), 
chapters 6-7 contain Jewish history from the time of the 
later Hasmonean rulers to the time of the sons of Herod— 
as well as polemics against leading religiöus circles, which 
are accused of religiöus hypocrisy, as are the Pharisees in 
the Christian Gospels. The author of these chapters (6-7), 
a Contemporary of Jesus, evidently erroneously identified 
the wicked pre-Maccabean priests with the wicked late 
Maccabean priestly rulers and also interpreted Antiochus 
Epiphanes as a kind of eschatological Antichrist. No mes­
sianic figure is mentioned in the eschatological description 
of the Kingdom of God: God himself and his angel will 
bring the salvation.

The Sibylline Oracles. The Sibylline Oracles is a collec­
tion of oracles in Greek verse containing pagan, Jewish, 
and Christian material from various periods. It comprised 
15 books (books IX, X, and XV are lost), of which 
4,240 verses are extant. Sibyl is the name (or title) of 
a legendary ancient pagan prophetess. In the Hellenis­
tic period, eastern nations fabricated Sibylline oracles as 
propagandistic literature against Greek and, later, against 
Roman occupation. The political anti-Roman and anti- 
pagan tone is typical of the Jewish and Christian parts 
of Sibylline oracles; they also contain religiöus propagan­
da for the respective religion. Because Jewish parts used 
pagan material and Christian authors interpolated Jewish 
parts or used Jewish material, it is sometimes difficult to 
decide what verses are pagan, Jewish, or Christian. The 
Sibylline Oracles perhaps became a part of Jewish (and 
Christian) apocalyptic literature because of their emphasis 
on eschatology. The oldest Jewish “Sibyl” is contained in 
the third book: it dates from about 140 b c e  and describes 
the coming of the Messiah. Book IV was written by a Jew 
about 80 c e : the eruption of Vesuvius (79) is viewed as a 
divine punishment for the massacre of Jews in the Roman 
war (70). Book V was written by a Jew about 125.

II Esdras (or IV  Esdras). Two important apocalyptic 
pseudepigrapha (II Esdras and the Apocalypse of Baruch), 
in which the political and eschatological aspects are cen­
tral to the aim of the books, were written in Palestine at 
the end of the Ist Century c e  as a consequence of the 
catastrophic destruction of the Second Temple in Jerusa­
lem (70). Both were written as if they reflected the doom 
that befell the people of Israel after the destruction of 
the First Temple (586 b c e ) by the Babylonians. II Esdras 
(or IV Esdras) was written in Hebrew, but only various 
translations from a lost Greek version are preserved. The 
Latin version (in which chapters 1 -2  and 15-16 have been 
added by a Christian hand) at one time was printed at the 
end of the Latin Bible. The book consists of six visions 
attributed to the biblical Ezra (who is, at the beginning of 
the book, erroneously identified with Salathiel, the father 
of Zerubbabel, a leader of the returning exiles from Bab­
ylon). The tragedy of his nation evokes in the heart of the 
author questions about God’s righteousness, the human Questions 
condition, the meaning of history, and the election of about the 
Israel; “Ezra” does not find consolation and full answer meaning of 
in the words of the angel who was sent to him, which history 
also contain revelations about the last days. In the fourth 
vision “Ezra” sees a mourning woman; she disappears and 
a city (the New Jerusalem) stands in her place. In the fifth 
vision a monstrous eagle appears, the symbol of the Ro­
man Empire, and a lion, the symbol of the Messiah. The 
final victory of the Messiah is described in the last vision 
of the man (Son of man) coming from the sea. In chapter 
14 “Ezra” is described as dictating 94 books: 24 are the 
books of the Hebrew Bible, and the other 70 are esoterie.

The Apocalypse o f Baruch. The Apocalypse o f Baruch 
was written about the same time as II (IV) Ésdras, and the 
less profound Apocalypse probably depends much upon 
II Esdras. The Apocalypse o f Baruch survives only in a 
Syriac version translated from Greek; originally the book 
was composed in Hebrew or Aramaic and is ascribed to 
Baruch, the disciple of Jeremiah and a Contemporary of 
the destruction of the First Temple. If II Esdras asks ques­
tions about important problems of human history and the 
tragic Situation of Israel after the destruction of the Second 
Temple, the Apocalypse o f Baruch apparently was written 
to give a positive, traditional answer to these doubts.

Pseudepigrapha connected with the Dead Sea Scrolls.
There are three Pseudepigrapha that are closely connected 
with the writings of the Dead Sea sect: the Book of Jubi­
lees, the Ethiopic Book o f Enoch, and the Testaments of 
the Twelve Patriarchs. It is not accidental that fragments 
of the two first books and of two sources of the third were 
found among the Dead Sea Scrolls.

The Book o f Jubilees. From the fragments of the Book 
of Jubilees among the Dead Sea Scrolls, scholars note that 
the book was originally written in biblical Hebrew. The 
whole book is preserved in an Ethiopic version translated 
from Greek.

The book is written in the form of a revealed history of
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The Book 
of Noah

Israel from the creation until the dwelling of Moses on 
Mt. Sinai, where the content of the book was revealed to 
Moses by “the angel of the presence.” The Book of Jubi­
lees in fact is a legendary rewriting of the book of Genesis 
and a part of Exodus. One of the main purposes of the 
author is to promote, in the form of divine revelation, 
a special sectarian interpretation of Jewish law. All the 
legal prescriptions noted in the book were practiced by the 
Dead Sea sect; in connection with the solar calendar of 
52 weeks, one of the Dead Sea Scrolls even mentions the 
Book o f Jubilees as the source. The (unpublished) Temple 
Scroll, a book of sectarian prescriptions that paraphrases— 
also as divine revelation—a part of the Mosaic Law and 
was composed by the Dead Sea sect before 100 bce  (i.e., 
in the same period as the Book of Jubilees), closely resem­
bles some parts of the Book o f Jubilees. Thus, the Book 
of Jubilees could be accepted by the Dead Sea sect and 
apparently was written in the same circles, immediately 
before the sect itself came into existence. The apocalypti- 
cal hopes expressed in the book are also identical to those 
of the Dead Sea sect.

The Book o f Enoch. Another book that was written dur­
ing the period of the apocalyptic movement in which the 
Dead Sea sect came into existence is the Book of Enoch, 
or /  Enoch. It was completely preserved in an Ethiopic 
translation from Greek, and large parts from the beginning 
and end of the Greek version have been published from 
two papyri. Aramaic fragments of many parts of the book 
were found among the Dead Sea Scrolls, as were Hebrew 
fragments of the Book o f Noah, either one of the sources 
of Enoch or a parallel elaboration of the same material. 
Passages of the Book o f Noah were included in Enoch 
by its redactor (editor). Scholars generally agree that the 
somewhat haphazard redaction of the book was made in 
its Greek stage, when a redactor put together various trea- 
tises of the Enochic literature that were written at various 
times and reflected various trends of the movement. 

Besides the passages from the Book of Noah, five treatises 
are included in the Book o f Enoch. The hero of all of 
them is the biblical Enoch. The first treatise (chapters 1- 
36) speaks about the fall of the angels, who rebelled be­
fore the Flood, and describes Enoch’s celestial joumeys, in 
which divine secrets were revealed to him. It was probably 
written in the late 2nd Century b c e .

The second part of the Book of Enoch is the “Parables” 
(or Similitudes) of Enoch (37-71). These three eschato­
logical sermons of Enoch refer to visions; their original 
language was probably Hebrew rather than Aramaic. This 
treatise is an important witness for the belief in the com­
ing of the Son of man, who is expressly identified with 
the Messiah; in chapters 70-71, which are probably a later 
addition, the Son of man is identified with Enoch himself. 
The treatise probably dates from the Ist Century b c e .

As Aramaic fragments from the Dead Sea Scrolls show, 
the astronomical book entitled “The Book of the Heav­
enly Luminaries” (chapters 72-82) is in the present form 
abbreviated in the Book o f Enoch. All these astronomical 
mysteries were shown to Enoch by the angel Uriel. The 
treatise propagates the same solar calendar that is also 
known from the Book o f Jubilees and from the Dead 
Sea sect. This treatise was probably written before the 
year 100  b c e .

The fourth treatise (chapters 83-90) contains two visions 
of Enoch: the first (chapters 83-84), about the Flood, is 
in reality only a sort of introduction to the second one 
(“the vision of seventy shepherds”), which describes the 
history ofthe world from Adam to the messianic age; the 
personages of the visions are allegorically described as var­
ious kinds of animals. The symbolic description of history 
continues to the time of Judas Maccabeus; then follows 
the last assault of Gentiles and the messianic period. Thus, 
the treatise was written in the early Hasmonean period, 
some time after the biblical Book of Daniel.

The fifth treatise (chapters 91-107) contains Enoch’s 
speech of moral admonition to his family. The moral 
stress and the social impact is similar to parts of Jesus’ 
teaching; even the form of beatitudes (blessings) and woes 
is present. The treatise shows some affinities to the Dead 
Sea Scrolls, but the author was not a member of the Dead

Sea sect; he opposes the central teaching of the sect, the 
doctrine of predestination (98: 4-5). The treatise apparent­
ly was written at the end of the Ist Century b c e . Chapter 
105, lacking in the Greek version, is a late interpolation, 
probably of Christian origin.

The author of the treatise himself apparently incorporat­
ed into it a small apocalypse, the “Apocalypse of Weeks” 
(93:1-10; 91:12-17); in it the whole of human history is 
divided into ten weeks; seven of them belong to the past 
and the last three to the future.

Testaments o f the Twelve Patriarchs. The third pseud- 
epigraphon that shows important affinities with the Dead 
Sea sect is the Testaments o f the Twelve Patriarchs, the 
last speeches of the 12 sons of the Hebrew patriarch Ja­
cob. In its extant form, containing Christian passages, the 
book was written in Greek. Fragments of two original 
Semitic sources of the book were found among the Dead 
Sea Scrolls: the Aramaic “Testament of Levi” (fragments 
of it were also discovered in Aramaic in the medieval 
Geniza, or synagogue storeroom, in Cairo) and a Hebrew 
fragment of the “Testaments of Naphtali.” A Hebrew 
“Testament of Judah,” which was used both by the Book 
of Jubilees and the Testaments of the Twelve Patriarchs 
in their description of the wars of the sons of Jacob, also 
probably existed.

Whether Hebrew and Aramaic prototypes for all the 12 
testaments of the patriarchs existed is difficult to ascertain. 
The present book was originally written in Greek. In it 
each of the sons of Jacob before his death gives moral 
advice to his descendants, based upon his own experience. 
All the testaments, with the exception of Gad, also contain 
apocalyptic predictions.

Between the Testaments o f the Twelve Patriarchs and 
the Dead Sea sect there is a historical and ideological con­
nection. The sources of the book were found among the 
scrolls, the source of the “Testament of Levi” is quoted in 
a sectarian writing (the Damascus Document), a dualistic 
outlook is common to the book and the sect, and the devil 
is named Belial in both. There are, however, important 
differences: in regard to the nature of the dualism between 
good and evil, there is in the Testaments the concept 
of the good and bad inclination, known from rabbinical 
literature, which does not exist in the scrolls; though the 
sect believed in an afterlife o f souls, the Testaments reflect 
the belief in the resurrection of the body; there are no 
tracés of the doctrine of predestination in the testaments, 
a doctrine that is so important for the sect. Only the 
“Testament of Asher” preaches, as did the Dead Sea sect, 
hatred against sinners; the other testaments stress, as does 
rabbinic literature and especially Jesus, the precept of love 
for God and neighbour. Thus, it is probable that the testa­
ments of the patriarchs were composed in circles in which 
doctrines of the Dead Sea sect were mitigated and com­
bined with some rabbinic doctrines. A similar humanistic 
Position, founded both on doctrines of the Dead Sea sect 
and of the Pharisees, is typical of Jesus’ message, and 
there are important parallels between his message and the 
Testaments o f the Twelve Patriarchs.

Connection 
between 
the Testa­
ments of 
the Twelve 
Patriarchs 
and the 
Dead Sea 
sect

QUMRÄN LITERATURE (DEAD SEA SCROLLS)

New literary documents from the intertestamental period 
were found in the caves of Qumrän in the vicinity of 
the Dead Sea in the 1940s, but only a portion of them 
has yet been published. All the Dead Sea Scrolls were 
written before the destruction of the Second Temple; with 
the exception of small Greek fragments, they are all in 
Hebrew and Aramaic. The scrolls formed the library of an 
ancient Jewish sect, which probably came into existence 
at the end of the 2nd Century b c e  and was founded by a 
religiöus genius, called in the scrolls the Teacher of Righ- 
teousness. Scholars have tried to identify the sect with all 
possible groups of ancient Judaism, including the Zealots 
and early Christians, but it is now most often identified 
with the Essenes; all that the sectarian scrolls contain fits 
previous information about the Essenes, and the Dead Sea 
Scrolls help scholars to interpret the descriptions about 
the Essenes in ancient sources.
Apocryphal and pseudepigraphal writings. The impor­

tance of the discovery is very great; the scrolls of books
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of the Old Testament caused a new evaluation of the 
history of the text of the Hebrew Bible; fragments of 
the Apocrypha (Sirach and Tobit) and of already known 
and unknown Pseudepigrapha enlarge knowledge about 
Jewish literature of the intertestamental period, and the 
properly sectarian scrolls are important witnesses about an 
ancient sect that influenced, in some points, the origins of 
Christianity.

Among the previously unknown Pseudepigrapha were 
large parts of an Aramaic scroll, the Genesis Apocryphon, 
which retells stories from Genesis in the manner of a num­
ber of apocryphal books. The chapters that are preserved 
are concerned with Lamech, his grandfather Enoch, Noah, 
and Abraham, and the narrators in the scroll are the re­
spective biblical heroes. There is a close affinity between 
this scroll and the Book o f Jubilees and Book o f Enoch, 
fragments of these books having been also found among 
the Dead Sea Scrolls. Another pseudepigraphon that re­
sembles the Dead Sea sect in spirit is the Testaments of the 
Twelve Patriarchs; fragments of two of its sources, namely, 
the Aramaic “Testament of Levi” and a Hebrew “Testa­
ment of Naphtali,” are extant in the Qumrän library. All 
these books were composed in an apocalyptic movement 
in Judaism, in the midst of which the Dead Sea sect orig- 
inated. It is sometimes difficult to ascertain if a work was 
written within the sect itself or if it represents the broader 
movement. The largest scroll, the Temple Scroll, is as yet 
unpublished. It describes—by the mouth of God himself 
and in Hebrew— not the Temple of the last days but the 
Temple as it should have been built. There are strong ties 
between the Temple Scroll and the Book o f Jubilees and 
the prescriptions in it fit the conceptions of the sect; the 
work was composed by the sectarians themselves.

Pesharim. An important source of knowledge about the 
history of the Dead Sea sect is the pesharim (“commentar- 
ies”; singulär pesher). The sectarian authors commented 
on the books of Old Testament prophets and the book 
of Psalms and in the commentaries explained the biblical 
text as speaking about the history of the sect and of events 
that happened in the time of its existence. According to 
the manner of apocalyptic literature in the pesharim, per­
sons and groups are not named with their proper names 
but are described by symbolic titles—e.g., the Teacher 
of Righteousness for the founder of the sect. The most 
important sectarian commentaries are the pesharim on 
Habakkuk and on Nahum.

The War of the Sons o f Light Against the Sons of 
Darkness. One of the most interesting Dead Sea Scrolls 
is The War of the Sons of Light Against the Sons of Dark­
ness, a description of the eschatological war between the 
Sons of Light— i.e., the sect—and the rest of mankind, 
first with the other Jews and then with the Gentiles. At the 
end the Sons of Light will conquer the whole world, and 
in this war they will be helped by heavenly hosts; the Sons 
of Darkness, aided by the devil Belial and his demonie 
army, and, finally, all wicked ones will be destroyed. The 
work contains prayers and speeches that will be uttered in 
the eschatological war as well as military and other ordi­
nances. Thus, the book also could be called the Manual 
of Discipline for the last war.

Books o f ordinances. Other books of ordinances of the 
sect have been preserved, containing prescriptions and 
other material. Three such compositions are written on 
one scroll: the Manual o f Discipline, the Rule o f the Con- 
gregation, and the manual of Benedictions. The Manual 
o f Discipline is the rule (or statement of regulations) of the 
Essene community; the most important part of this work 
is a treatise about the special theology of the sect. The 
Rule o f the Congregation contains prescriptions for the 
eschatological future when the sect is expected to be the 
elite of the nation. The manual of Benedictions, preserved 
only in a fragmentary state, contains benedictions that are 
to be said in the eschatological future.

Another sectarian book of ordinances is the Damascus 
Document (the Zadokite Fragments). The work was al­
ready known from two medieval copies before the discov­
ery of the Dead Sea Scrolls, but fragments of it also were 
found in Qumrän, and the connection between this work 
and the Dead Sea sect is evident. The Damascus Docu­

ment was written in a community in Damascus, which 
was not as rigidly organized as the Essenes. The work 
contains the rules of this community and reminiscences of 
the sect’s history. Some scholars think that “Damascus” is 
only a symbolieal name for Qumrän.

Hodayot. One of the most important Essene works is 
the Hodayot (“Praises”)—a modern Hebrew name for the 
Thanksgiving Psalms. This scroll contains sectarian hymns 
of praise to God. In its view of the fleshly nature of man, 
who can be justified only by God’s undeserved grace, it 
resembles St. Paul’s approach to the same problem. Some 
scholars think that the work, or a part of it, was written 
by the Teacher of Righteousness.

Among other fragments of scrolls liturgical texts of 
prayers were found, as well as fragments of horoscopes 
written in a cryptic script.

(D.F1.)

New Testament canon, texts, and versions
THE NEW TESTAMENT CANON

Conditions aiding the formation of the canon. The New
Testament consists of 27 books, which are the residue, 
or precipitate, out o f many lst-2nd-century-AD writings 
that Christian groups considered sacred. In these various 
writings the early church transmitted its traditions: its 
experience, understanding, and interpretation of Jesus as 
the Christ and the self-understanding of the church. In a 
seemingly circuitous interplay between the historical and 
theological processes, the church selected these 27 writings 
as normative for its life and teachings— i.e., as its canon 
(from the Greek kanön, literally, a reed or cane used as 
a measuring rod and, figuratively, a rule or Standard). 
Other accounts, letters, and revelations— e.g., the Didachë 
(Teaching of the Twelve Apostles), Gospel of Peter, First 
Letter o f Clement, Letter o f Barnabas, Apocalypse (Reve­
lation) of Peter, Shepherd o f Hermas—exist, but through a 
complex process the canon was fixed for both the Eastem 
and Western churches in the 4th Century. The canon con­
tained four Gospels (Matthew, Mark, Luke, and John), 
Acts, 21 letters, and one book of a strictly revelatory char­
acter, Revelation. These were not necessarily the oldest 
writings, not all equally revelatory, and not all directed to 
the church at large.

The Old Testament in its Greek translation, the Septu­
agint (LXX), was the Bible of the earliest Christians. The 
New Covenant, or Testament, was viewed as the fulfill- 
ment of the Old Testament promises of salvation that 
were continued for the new Israel, the church, through 
the Holy Spirit, which had come through Christ, upon 
the whole people of God. Thus, the Spirit, which in the 
Old Testament had been viewed as resting only on special 
charismatic figures, in the New Testament became “de- 
mocratized”— i.e., was given to the whole people of the 
New Covenant. ïn postbiblical Judaism of the first Chris­
tian centuries, it was believed that the Spirit had ceased 
after the writing of the Book of Malachi (the last book 
of the Old Testament canon) and that no longer could 
anyone say “Thus saith the Lord,” as had the prophets, 
nor could any further holy writ be produced.
The descent of the Spirit on the community of the Mes- 

siah (i.e., the Christ) was thus perceived by Christians 
as a sign o f the beginning of the age to come, and the 
church understood itself as having access to that Inspira­
tion through the Spirit. Having this understanding of itself, 
the church created the New Testament canon not only as 
a continuation and fulfillment of the Old Testament but 
also as qualitatively different, because a new age had been 
ushered in. These 27 books, therefore, were not merely 
appended to the traditional Jewish threefold division of 
the Old Testament—the Law (Torah), the Prophets (Nev- 
i’im), and the Writings (Ketuvim)—but rather became the 
New Testament, the second part of the Christian Bible, of 
which the Old Testament is the first.

Because of a belief that something almost magical oc­
curs—with an element of secrecy—when a transmitted 
oral tradition is put into writing, there was, in both the 
Old and New Testaments, an expression of reluctance 
about committing sacred material to writing. When such
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sacred writings are studied to find the revealed word of 
God, a settled delimiting of the writings— z.e, a canon—  
must be selected. In the last decade of the Ist Century, 
the Synod of Jamnia (Jabneh), in Palestine, fixed the 
canon of the Bible for Judaism, which, following a long 
period of flux and fluidity and controversy about certain 
of its books, Christians came to call the Old Testament. 
A possible factor in the timing of this Jewish canon was 
a Situation of crisis: the fall of Jerusalem and reaction to 
the fact that the Septuagint was used by Christians and to 
their advantage, as in the translation of the Hebrew word 
‘alma (“young woman”) in chapter 7, verse 14, of Isaiah— 
“Behold, a young woman shall conceive and bear a son, 
and shall call his name Immanuel”—into the Greek term 
parthenos (“virgin”).

As far as the New Testament is concerned, there could 
be no Bible without a church that created it; yet converse- 
ly, having been nurtured by the content of the writings 
themselves, the church selected the canon. The concept of 
inspiration was not decisive in the matter of demarcation 
because the church understood itself as having access to 
inspiration through the guidance of the Spirit. Indeed, 
until c. ad 150, Christians could produce writings either 
anonymously or pseudonymously— i.e., using the name of 
some acknowledged important biblical or apostolic figure. 
The practice was not believed to be either a trick or fraud. 
Apart from letters in which the person of the writer was 
clearly attested—as in those of Paul, which have distinctive 
historical, theological, and stylistic traits peculiar to Paul— 
the other writings placed their emphases on the message 
or revelation conveyed, and the author was considered to 
be only an instrument or witness to the Holy Spirit or the 
Lord. When the message was committed to writing, the 
instrument was considered irrelevant, because the true au­
thor was believed to be the Spirit. By the mid-2nd Century, 
however, with the delay of the final coming (the Parousia) 
of the Messiah as the victorious eschatological (end-time) 
judge and with a resulting increased awareness of history, 
increasingly a distinction was made between the apostolic 
time and the present. There also was a gradual cessation 
of “authentically pseudonymous” writings in which the 
author could identify with Christ and the Apostles and 
thereby gain ecclesiastical recognition.

The process of canonization. The process of canoniza­
tion was relatively long and remarkably flexible and de- 
tached; various books in use were recognized as inspired, 
but the Church Fathers noted, without embarrassment or 
criticism, how some held certain books to be canonical 
and others did not. Emerging Christianity assumed that 
through the Spirit the selection of canonical books was 
“certain” enough for the needs of the church. Inspiration, 
it is to be stressed, was neither a divisive nor a decisive 
criterion. Only when the canon had become self-evident 
was it argued that inspiration and canonicity coincided, 
and this coincidence became the presupposition of Prot­
estant orthodoxy (e.g., the authority of the Bible through 
the inspiration of the Holy Spirit).

The need for consolidation and delimitation. Viewed 
both phenomenologically and practically, the canon had to 
be Consolidated and delimited. Seen historically, however, 
there were a number of reasons that forced the issue of 
limiting the canon. Oral tradition had begun to deteriorate 
in post-apostolic times, partly because many or most of 
the eyewitnesses to the earliest events of Jesus’ life and 
death and the beginning of the church had died. Also, the 
oral tradition may simply have suffered in transmission. 
Papias (died c. 130), a bishop o f Hieropolis, in Asia Minor, 
was said by Irenaeus (died c. 200), a bishop of Lugdunum 
(now Lyon, France) to have been an eyewitness of the 
Apostle John. Papias had said, “For I did not suppose that 
the things from the books would aid me so much as the 
things from the living and continuing voice.” Eusebius (c. 
260-c. 340), a church historian, reported these comments 
in his Ecclesiastical History and pointed out inconsisten- 
cies in Papias’ recollections, doubted his understanding, 
and called him “a man of exceedingly small intelligence.” 
Large sections o f oral tradition, however, which were prob­
ably translated in part from Aramaic before being written 
down in Greek—such as the Passion (suffering of Christ)

narrative, many sayings of Jesus, and early liturgical ma­
terial—benefitted by the very conservativism implicit in 
such traditions. But because the church perceived its risen 
Lord as a living Lord, even his words could be adjusted 
or adapted to fit specific church needs. Toward the end of 
the Ist Century, there was also a conscious production o f  
gospels. Some gospels purported to be words of the risen 
Lord that did not reflect apostolic traditions and even 
claimed superiority over them. Such claims were deemed 
heretical and helped to push the early church toward 
canonization.

Faced with heresy and claims to late revelations, the early 
church was constrained to retain the historical dimension 
of its faith, the ephapax, or the “once for all,” revelation 
of God in Jesus Christ.

Impulse toward canonization from heretical movements. 
Gnosticism (a religiöus system with influence both on 
Judaism and Christianity) tended to foster speculation, 
cutting loose from historical revelation. In defense the 
orthodox churches stressed the apostolic tradition by fo­
cussing on Gospels and letters from apostolic lives and 
distinguished them from Gnostic writings, such as the Gos­
pel o f Truth (mentioned by Irenaeus) and now found in 
Coptic translation in a collection o f Gnostic writings from 
Egypt; it is a Coptic manuscript o f a Valentinian Gnostic 
speculation from the mid-2nd Century— /.^., a work based 
on the teachings of Valentinus, a Gnostic teacher from 
Alexandria. In the same collection is the Gospel o f Thom­
as in Coptic, actually a collection o f sayings purporting 
to be the words o f the risen Christ, the living Lord. This 
“gospel” also occurred in Greek (c. 140), and warnings 
against it as heretical were made by the Church Fathers in 
the 2nd to the 4th centuries.

In a general prophetic apocalyptic mood, another heresy, 
Montanism, arose. This was an ecstatic enthusiastic move­
ment claiming special revelation and stressing “the age of 
the spirit.” Montanus (died c. 175) and two prophetesses 
claimed that their oracular statements contained new and 
Contemporary authoritative revelations. This break with 
the apostolic time caused vigorous response. An anti- 
Montanist reported that “the false prophet is one who 
speaks in ecstasy after which follow freedom . . .  and mad- 
nessofsou l.”

The single most decisive factor in the process of canon­
ization was the influence of Marcion (flourished c. 140), 
who had Gnostic tendencies and who set up a “canon” 
that totally repudiated the Old Testament and anything 
Jewish. He viewed the Creator God o f the Old Testament 
as a cruel God of retribution and the Jewish Law. His 
canon consisted of The Gospel, a “cleaned up” Luke (the 
least Jewish), and the Apostolikon (ten Pauline letters with 
Old Testament references and analogies edited out, with­
out Hebrews, I and II Timothy, and Titus). This restrictive 
canon acted as a catalyst to the formation o f a canon more 
in line with the thought of the church catholic (universal).

Late-2nd-century canons. By the end o f the 2nd Cen­
tury, Irenaeus used the four canonical Gospels, 13 letters 
of Paul, I Peter, I and II John, Revelation, Shepherd o f  
Hermas (a work later excluded from the canon), and Acts. 
Justin Martyr (died c. 165), a Christian apologist, wrote of 
the reading of the Gospels, “the memoirs of the Apostles,” 
in the services, in which they were the basis for sermons. In 
his writings he quoted freely from the Gospels, Hebrews, 
the Pauline Letters, I Peter, and Acts. Justin’s Syrian pupil, 
Tatian (c. 160), although he quotes from John separately, 
is best known for his Diatessaron (literally, “through four” 
[gospels], but also a musicological term meaning “choral” 
“harmony”), which was a life o f Christ compiled from all 
four Gospels but based on the outline and structure of 
John. This indicates both that Tatian was aware o f four 
gospel traditions and that their canonicity was not fixed 
in final form at his time in Syria. Although Tatian was 
later declared a heretic, the Diatessaron was used until the 
5th Century and influenced the Western Church even after 
four separated gospels were established.
The first clear witness to a catalog of authoritative New 

Testament writings is found in the so-called Muratorian 
Canon, a crude and uncultured Latin 8th-century manu­
script translated from a Greek list written in Rome c. 170-
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180, named for its modern discoverer and publisher Lo- 
dovica Antonio Muratori (1672-1750). Though the first 
lines are lost, Luke is referred to as “the third book of the 
Gospel,” and the canon thus contains [Matthew, Mark] 
Luke, John, Acts, 13 Pauline letters, Jude, two letters of 
John, and Revelation. Conceming the Apocalypse o f Peter, 
it notes that it may be read, although some persons object; 
it rejects the Shepherd o f Hermas as having been written 
only recently in Rome and lacking connection with the 
apostolic age. The Wisdom of Solomon (a Jewish inter­
testamental writing), is included in the accepted works as 
written in Solomon’s honour.

Some principles for determining the criteria of canonicity 
begin to be apparent: apostolicity, true doctrine (regula 
fidei), and widespread geographical usage. Such principles 
are indicated by Muratori’s argument that the Pauline 
Letters are canonical and universal—the Word of God for 
the whole church—although they are addressed to spe­
cific churches, on the analogy of the letters to the seven 
churches in Revelation; in a prophetic statement to the 
whole church, seven specific churches are addressed, then 
the specific letters o f Paul can be read for all. Thus, the 
catholic status of the Pauline letters to seven churches is 
vindicated on the basis o f the revelation of Jesus Christ 
to John, the seer and writer of Revelation. Wide usage in 
the church is indicated in calling Acts the Acts of all the 
Apostles and in the intention of the “general address”— 
e.g., “To those who are called,” in Jude—of the Catholic 
(or general) Letters— i.e., I and II Peter, I, II, and III 
John, James, and Jude. The criterion of accordance with 
received teaching is plain in the rejection of heretical writ­
ings. The Muratorian Canon itself may have been, in part, 
a response to Marcion’s heretical and reductive canon.

The criteria of true doctrine, usage, and apostolicity all 
taken together must be satisfied, then, in order that a book 
be judged canonical. Thus, even though the Shepherd of 
Hermas, the First Letter o f Clement, and the Didachë may 
have been widely used and contain true doctrines, they 
were not canonical because they were not apostolic nor 
connected to the apostolic age, or they were local writings 
without support in many areas.

During the time o f the definitive formation of the canon 
in the 2nd Century, apparent differences existed in the 
Western churches (centred in or in close contact with 
Rome) and those of the East (as in Alexandria and Asia 
Minor). It is not surprising that the Roman Muratorian 
Canon omitted Hebrews and accepted and held Revelation 
in high esteem, for Hebrews allows for no repentance for 
the baptized Christian who commits apostasy (rejection of 
faith), a problem in the Western Church when it was sub­
jected to persecution. In the East, on the other hand, there 
was a dogmatic resistance to the teaching of a 1,000-year 
reign of the Messiah before the end time— i.e., chiliasm, 
or millenarianism—in Revelation. There was also a dif­
ference in the acceptance of Acts and the Catholic Letters. 
With the continued expansion of the church, particularly 
in the 2nd Century, consolidation was necessary.

Canonical Standards o f the 3rd and 4th centuries. Clem­
ent of Alexandria, a theologian who flourished in the late 
2nd Century, seemed to be practically unconcerned about 
canonicity. To him, inspiration is what mattered, and he 
made use of the Gospel o f the Hebrews, the Gospel of the 
Egyptians, the Letter o f Barnabas, the Didachë, and oth­
er extracanonical works. Origen (died c. 254), Clement’s 
pupil and one of the greatest thinkers of the early church, 
distinguished at least three classes of writings, basing his 
judgment on majority usage in places that he had visited: 
(1) homologoumena or anantirrhëta, “undisputed in the 
churches of God throughout the whole world” (the four 
Gospels, 13 Pauline Letters, I Peter, I John, Acts, and 
Revelation); (2) amphiballomena, “disputed” (II Peter, II 
and III John, Hebrews, James, and Jude); and (3) notha, 
“spurious” (Gospel o f the Egyptians, Thomas, and others). 
He used the term “scripture” (graphë) for the Didachë, the 
Letter o f Barnabas, and the Shepherd o f Hermas, but did 
not consider them canonical. Eusebius shows the Situation 
in the early 4th Century. Universally accepted are: the four 
Gospels, Acts, 14 Pauline Letters (including Hebrews), I 
John, and I Peter. The disputed writings are of two kinds:

(1) those known and accepted by many (James, Jude, II 
Peter, II and III John, and (2) those called “spurious” but 
not “foul and impious” (Acts o f Paul, Shepherd o f Her­
mas, Apocalypse o f Peter, Letter o f Barnabas, Didachë and 
possibly the Gospel o f  the Hebrews); finally there are the 
heretically spurious (e.g., Gospel o f Peter, Acts o f John). 
Revelation is listed both as fully accepted (“if permissible”) 
and as spurious but not impious. It is important that Eu­
sebius feels free to make authoritative use of the disputed 
writings. Thus canon and authoritative revelation are not 
yet the same thing.

Determination o f the canon in the 4th Century. Athana­
sius, a 4th-century bishop of Alexandria and a significant 
theologian, delimited the canon and settled the strife be­
tween East and West. On a principle of inclusiveness, both 
Revelation and Hebrews (as part of the Pauline corpus) 
were accepted. The 27 books of the New Testament— and 
they only—were declared canonical. In the Greek church­
es there was still controversy about Revelation, but in the 
Latin Church, under the influence of Jerome, Athanasius’ 
decision was accepted. It is notable, however, that, in a 
mid-4th-century manuscript called Codex Sinaiticus, the 
Letter o f Barnabas and the Shepherd o f Hermas are in­
cluded at the end but with no indication of secondary 
status, and that, in the 5th-century Codex Alexandrinus, 
there is no demarcation between Revelation and I and II 
Clement.

In the Syriac Church, Tatian’s Diatessaron was used un­
til the 5th Century, and in the 3rd Century the 14 Pauline 
Letters were added. Because Tatian had been declared a 
heretic, there was a clear episcopal order to have the four 
separated Gospels when, according to tradition, Rabbula, 
bishop of Edessa, introduced the Syriac version known 
as the Peshitta— also adding Acts, James, I Peter, and I 
John—making a 22-book canon. Only much later, per­
haps in the 7th Century, did the Syriac canon come into 
agreement with the Greek 27 books.

D evelopm ents in th e  16th Century. With the advent of 
printing and differences between Roman Catholics and 
Protestants, the canon and its relationship to tradition 
finally became fixed. During the Counter-Reformation 
Council of Trent (1545-63), the canon of the entire Bible 
was set in 1546 as the Vulgate, based on Jerome’s Latin 
version. For Luther, the criterion of what was canonical 
was both apostolicity, or what is of an apostolic nature, 
and “was Christum treibet”—what drives toward, or leads 
to, Christ. This latter criterion he did not find in, for 
example, Hebrews, James, Jude, and Revelation; even so, 
he bowed to tradition, and placed these books last in the 
New Testament.

TEXTS AND VERSIONS
Textual criticism. The physical aspects of New Testa­

ment texts. To establish the reliability of the text of ancient 
manuscripts in order to reach the text that the author 
originally wrote (or, rather, dictated) involves the physical 
aspects of the texts: collection, collation of differences or 
variant readings in manuscripts, and comparison in mat­
ters of dating, geographical origins, and the amount of 
editing or revision noted, using as many copies as are avail­
able. Textual criticism starts thus with the manuscripts 
themselves. Families of manuscripts may be recognized by 
noting similarities and differences, degrees of dependence, 
or stages of their transmission leading back to the earliest 
text, or autograph. The techniques used in textual studies 
of ancient manuscripts are the same whether they deal 
with secular, philosophical, or religiöus texts. New Tes­
tament textual criticism, however, operates under unique 
conditions because of an abundance of manuscripts and 
the rather short gap between the time of original writ­
ing and the extant manuscripts, shorter than that of the 
Old Testament.

Compared with other ancient manuscripts, the text of the 
New Testament is dependable and consistent, but on an 
absolute scale there are far more variant readings as com­
pared with those of, for example, classical Greek authors. 
This is the result, on the one hand, of a great number of 
surviving manuscripts and extant manuscript fragments 
and, on the other, of the fact that the time gap be-
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tween an oral phase o f transmission and the written stage 
was far shorter than that of many other ancient Greek 
manuscripts. The missionary message—the kerygma (pro- 
clamation)—with reports of the Passion, death, Resurrec­
tion, and Ascension of Jesus Christ and collections of his 
deeds and sayings was, at first, oral tradition. Later it 
was written down in Gospel form. The letters of Paul, 
Apostle to the Gentiles who founded or corresponded with 
churches, were also collected and distributed as he had 
dictated them. All autographs of New Testament books 
have disappeared. In sharp contrast to the fact that the 
oldest extant full manuscript of a work by the Greek 
philosopher Plato (died 347 bc) is a copy written in 895— 
a gap of more than 1,000 years bridged by only a few pa­
pyrus texts—there was a time gap of less than 200 or 300 
years between the original accounts of the New Testament 
events and extant manuscripts. In fact, a small (about 2.5 
inches by 3.5 inches [6.4 by 8.9 centimetres]) papyrus 
fragment with verses from the 18th chapter of the Gospel 
According to John can be dated c. 120-130; this earliest 
known fragment of the New Testament was written 40 
years or less after the presumed date of the production of 
that Gospel (c. 90).

Excluding papyri found preserved in the dry sands, as in 
Egypt (where the Gospel According to John was evidently 
populär judging from the large number of fragments 
found there), the approximate number of New Testament 
manuscripts dating from the 3rd to 18th centuries are:
2,000 of the four Gospels; 400 of Acts, Pauline, and 
Catholic letters together; 300 of Pauline letters alone; 250 
of Revelation; and 2,000 lectionaries— i.e., collections of 
gospel (and sometimes Acts and letter) selections, or peri- 
copes, meant to be used in public worship. Quotations 
from the Church Fathers— some of which are so extensive 
as to include almost the whole New Testament—account 
for more than 150,000 textual variants. Of the quotations 
in the Fathers, however, it is difficult to make judgments 
because the quotations may have been intended to be 
exact from some particular text traditions, but others may 
have been from memory, conflations, harmonizations, 
or allusions. Of the many New Testament manuscripts 
to date, however, only about 50 contain the entire 27 
books of the New Testament. The majority have the four 
Gospels, and Revelation is the least well attested. Prior to 
the printing press (15th Century), all copies of Bibles show 
textual variations.

Types o f writing materials and methods. In Hellenistic 
times (c. 300 bc- c. ad 300), official records were often 
inscribed on stone or metal tablets. Literary works and de­
tailed letters were written on parchment or papyrus, though 
short or temporary records were written or scratched on 

Scrolls and potsherds (ostraca) or wax tablets. Scrolls were made by 
codices gluing together papyrus sheets (made from the pith of 

the papyrus reed) or by sewing together parchment leaves 
(made from treated and scraped animal skins); they were 
written in columns and read by shifting the roll backward 
and forward from some wooden support on one or both 
ends. Such scrolls were used for literary or religiöus works 
and seldom exceeded 30 feet (nine metres) in length be­
cause of their weight and awkwardness in handling.

In contrast, the church used not scrolls but the codex 
(book) form for its literature. A codex was formed by 
sewing pages of papyrus or parchment of equal size one 
upon another and vertically down the middle, forming a 
quire; both sides of the pages thus formed could be written 
upon. In antiquity, the codex was the less honourable form 
of writing material, used for notes and casual records. 
The use o f the book form testifies to the low cultural 
and educational status of early Christianity—and, as the 
church rose to prominence, it brought “the book” with 
it. Not until the time of the Roman emperor Constantine 
in the 4th Century, when Christianity became a state reli­
gion, were there parchment codices containing the whole 
New Testament.

Some very early New Testament manuscripts and frag­
ments thereof are papyrus, but parchment, when available, 
became the best writing material until the advent of print­
ing. The majority of New Testament manuscripts from 
the 4th to 15th centuries are parchment codices. When

parchment codices occasionally were deemed no longer of 
use, the writing was scraped off and a new text written 
upon it. Such a rewritten (rescriptus) manuscript is called 
a palimpsest (from the Greek palin, “again,” and psaö, “I 
scrape”). Often the original text of a palimpsest can be 
discerned by photographic process.

In New Testament times there were two main types of 
Greek writing: majuscules (or uncials) and minuscules.
Majuscules are all Capital (uppercase) letters, and the word 
uncial (literally, 1/12 o f a whole, about an inch) points to 
the size of their letters. Minuscules are lowercase manu­
scripts. Both uncials and minuscules might have ligatures 
making them into semi-connected cursives. In Greco- 
Roman times minuscules were used for the usual daily 
writing. In parchments from the 4th to the 9th centu­
ries, both majuscules and minuscules were used for New 
Testament manuscripts, but by the llth  Century all the 
manuscripts were minuscules.

In these early New Testament manuscripts, there were 
no spaces between either letters or words, rarely an indi­
cation that a word was “hyphenated,” no chapter or verse Problems 
divisions, no punctuation, and no accents or breathing of the 
marks on the Greek words. There was only a continuous continuous 
flow of letters. In addition, there were numerous (and flow of 
sometimes variable) abbreviations marked only by a line letters 
above (e.g., IC for IHCOUC, or Jesus, and KC for kyrios, 
or Lord. Not until the 8th-9th Century was there any 
indication of accents or breathing marks (both of which 
may make a difference in the meaning of some words); 
punctuation occurred sporadically at this period; but not 
until the Middle Ages were the texts supplied with such 
helps as chapters (c. 1200) and verses (c. 1550).
Occasionally, the parchment was stained (e.g., purple), 

and the ink was silver (e.g., Codex Argenteus, a 5th-6th- 
century Gothic translation). Initial letters were sometimes 
illuminated, often with red ink (from which comes the 
present English word rubric, based on the Latin for “red,” 
namely ruber).

Types of manuscript errors. Since scribes either copied 
manuscripts or wrote from dictation, manuscript variants 
could be of several types: copying, hearing, accidental, or 
intentional. Errors in copying were common, particularly 
with uncial letters that looked alike. In early manuscripts 
OC (for hos, “[he] who”), for example, might easily be 
mistaken for the traditional abbreviation of God: OC (for 
©EOC, theos). Dittography (the picking up of a word or 
group of words and repeating it) and haplography (the 
omission o f syllables, words, or lines) are errors most apt to 
occur where there are similar words or syllables involved.
In chapter 17, verse 15, of John, in one manuscript the 
following error occurs: “I do not pray that thou shouldest 
take them from the [world, but that thou shouldst keep 
them from the] evil one” becomes “I do not pray that thou 
shouldst take them from the evil one.” This is obviously 
a reading that omitted the words between two identical 
ends of lines— i.e., an error due to homoioteleuton (similar 
ending of lines).

Especially in uncial manuscripts with continuous writing, 
there is a problem of word division. An English example 
may serve to illustrate: GODISNOWHERE may be read 
“God is now here” or “God is nowhere.” Internal evidence 
from the context can usually solve such problems. Correc- 
tions of a manuscript either above the line of writing or 
in the margin (and also marginal comments) may be read 
and copied into the text and become part of it as a gloss.

Errors of hearing are particularly common when words 
have the same pronunciation as others but differ in spelling 
(as in English: “their, there”; “meet, meat”). This kind 
of error increased in frequency in the early Christian Era 
because some vowels and diphthongs lost their distinctive 
sound and came to be pronounced alike. For example, the 
Greek vowels ê, i, and u and the diphthongs ei, oi, and ui 
all sounded like the êê (as in “feet”). Remarkable mistrans- 
lations can occur as, for example, in 1 Corinthians, chapter 
15, verse 54: “Death is swallowed up in victory”—becomes 
by itacism (pronunciation of the Greek letter ë) “Death 
is swallowed up in conflict” (neikos). Another problem of 
itacism is the distinction between declensions of the Ist 
and 2nd persons in the plural (“we” and “you”) in Greek,
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which can sound the same (hemeis, “we”; humeis, “you”), 
because the initial vowels are not clearly differentiated. 
Such errors can cause interpretative diffieulties.

A different category of error occurs in dictation or copy­
ing, when sequences o f words, syllables, or letters in a word 
are mixed up, Synonyms substituted in familiär passages, 
words read across a two- (or more) column manuscript 
instead of down, or assimilated to a parallel. Intentional 
changes might involve corrections of spelling or gram­
mar, harmonizations, or even doctrinal emendations, and 
might be passed on from manuscript to manuscript. Pa- 
leographers— i.e., scientists of ancient writing—can note 
changes of hands in manuscript copying or the addition 
of new hands such as those of correctors of a later date. 

Paleography, a Science o f dating manuscripts by typo- 
logical analysis o f their scripts, is the most precise and 
objective means known for determining the age of a 
manuscript. Script groups belong typologically to their 
generation; and changes can be noted with great accuracy 
over relatively short periods of time. Dating of manuscript 
material by a radioactive-carbon test requires that a small 
part of the material be destroyed in the process; it is less 
accurate than dating from paleography.
Attempts to approximate an original manuscript and 

critical scholarship. Textual criticism of the Greek New 
Testament attempts to come as near as possible to the 
original manuscripts (which did not survive), based on 
reconstructions from extant manuscripts of various ages 
and locales. Assessment of the individual manuscripts and 
their relationships to each other can produce a fairly re- 
liable text from various readings that may have been the 
result of copying and recopying of manuscripts. It is not 
always age that matters. Older manuscripts may be cor  ̂
rupt, and a reading in a later manuscript may in reality be 
ancient. No single witness or group of witnesses is reliable 
in all its readings.

When Erasmus, the Dutch Humanist, prepared the Greek 
text for the first printed edition (1516) of the New Tes­
tament, he depended on a few, manuscripts of the type 
that had dominated the church’s manuscripts for centuries 
and that had had its origin in Constantinople. His edition 
was produced hastily, he even translated some parts for 
which he did not have a Greek text from Jerome’s Latin 
text (Vulgate). In about 1522 Cardinal Francisco Jiménez, 
a Spanish scholarly churchman, published his Complu- 
tensian Polyglot at Alcalä (Latin: Complutum), Spain, a 
Bible in which parallel columns of the Old Testament 
are printed in Hebrew, the Vulgate, and the Septuagint 
(LXX), together with the Aramaic Targum (translation or 
paraphrase) o f Onkelos to the Pentateuch with a transla­
tion into Latin. The Greek New Testament was volume 
5 of this work, and the text tradition behind it cannot be 
determined with any accuracy. During the next decades 
new editions of Erasmus’ text profited from more and bet­
ter manuscript evidence and the printer Robert Estienne 
of Paris produced in 1550 the first text with a critical 
apparatus (variant readings in various manuscripts). This 
edition became influential as a chief witness for the Textus 
Receptus (the received Standard text) that came to dom­
inate New Testament studies for more than 300 years. 
This Textus Receptus is the basis for all the translations 
in the churches of the Reformation, including the King 
James Version.

Large extensive New Testament critical editions prepared 
by the German scholars C. von Tischendorf (1869-72) 
and H. von Soden (1902-13) had Sigla (signs) for the 
various textual witnesses; they are complex to use and 
different from each other. The current system, a revi­
sion by an American scholar, C R . Gregory (adopted in 
1908), though not uncomplicated has made uniform prac­
tice possible. A more pragmatic method of designation 
and rough Classification was that of the Swiss scholar J.J. 
Wettstein’s edition (1751-52). His textual apparatus was 
relatively uncomplicated. He introduced the use o f Capital 
Roman, Greek, or Hebrew letters for uncials and Arabic 
numbers for minuscules. Later, a Gothic P with exponents 
came into use for papyri and, in the few cases needed, 
Gothic or Old English O and T with exponents for ostraca 
and talismans (engraved amulets). Lectionaries are usually

designated by an italicized lowercase / with exponents in 
Arabic numbers.

Known ostraca— i.e., broken pieces of pottery (or pot- 
sherds) inscribed with ink—contain short portions of six 
New Testament books and number about 25. About nine 
talismans date from the 4th to 12th centuries; they are 
good-luck charms with a few verses on parchment, wood, 
or papyrus. Four of these contain the Lord’s Prayer. These 
short portions of writing, however, are hardly of signifi­
cance for a study of the New Testament textual tradition.

Texts and manuscripts. In referring to manuscript text 
types by their place of origin, one posits the idea that 
the major centers of Christendom established more or less 
Standard texts: Alexandria; Caesarea and Antioch (East­
ern); Italy and Gallia plus Africa (Western); Constantino­
ple, the home for the Byzantine text type or the Textus 
Receptus. While such a geographical scheme has become 
less accurate or helpful, it still serves as a rough Classifica­
tion of text types.

Uncials. The main uncials known in the 17th and 18th 
centuries were: A, D, Dp, Ea, and C.

A, Codex Alexandrinus, is an early-5th-century manu­
script containing most of the New Testament but with 
lacunae (gaps) in Matthew, John, and II Corinthians, plus 
the inclusion of the extracanonical I and II Clement. In 
the Gospels, the text is of the Byzantine type, but, in the 
rest of the New Testament, it is Alexandrian. In 1627 the 
A uncial was presented to King Charles I of England by 
the Patriarch of Constantinople; it has been in the British 
Museum, in London, since 1751.

D, Codex Bezae Cantabrigiensis, is a 5th-century Greco- 
Roman bilingual text (with Greek and Latin pages facing 
each other). D contains most of the four Gospels and 
Acts and a small part of III John and is thus designated 
Dea (e, for evangelia, or “gospels”; and a for acta, or 
Acts). In Luke, and especially in Acts, Dea has a text that 
is very different from other witnesses. Codex Bezae has 
many distinctive longer and shorter readings and seems 
almost to be a separate edition. lts Acts, for example, 
is one-tenth longer than usual. D  represents the Western 
text tradition. Dea was acquired by Theodore Beza, a Re- 
formed theologian and classical scholar, in 1562 from a 
monastery in Lyon (in France). He presented it to the 
University of Cambridge, England, in 1581 (hence, Beza 
Cantabrigiensis).

Dp, Codex Claromontanus, of the same Western text type 
although not remarkably dissimilar from other known 
texts, contains the Pauline Letters including Hebrews. Dp 
(p, for Pauline epistles) is sometimes referred to as D2. 
Beza acquired this 6th-century manuscript at about the 
same time as Dea, but Dp was from the Monastery of 
Clermont at Beauvais (hence, Claramontanus). It is now 
in the Bibliothèque Nationale, in Paris.

Ea, Codex Laudianus, is a bilingual Greco-Latin text of 
Acts presented in 1636 by Archbishop Laud, an Anglican 
churchman, to the Bodleian Library at Oxford. It is a late- 
6th- or early-7th-century manuscript often agreeing with 
Dea and its Western readings but also having a mixture of 
text types, often the Byzantine.

C, Codex Ephraemi Syri rescriptus, is a palimpsest. Orig­
inally written as a biblical manuscript in the 5th Century, 
it was erased in the 12th Century, and the treatises or 
sermons of Ephraem Syrus, a 4th-century Syrian Church 
Father, were written over the scraped text. It was found c. 
1700 by the French preacher and scholar Pierre Allix; and 
Tischendorf, using Chemical reagents, later deciphered the 
almost 60 percent of the New Testament contained in it, 
Publishing it in 1843. The text had two correctors after the 
5th Century but is, on the whole, Byzantine and reflects 
the not too useful common text of the 9th Century. 

Although there are numerous minuscules (and lectionar­
ies), their significance in having readings going back to the 
first six centuries ad was not noted until textual criticism 
had become more refined in later centuries.

The main uncials and some significant minuscules that 
were discovered and investigated in the 19th Century 
changed the course of the textual criticism and led the 
way to better manuscript evidence and methods of dealing 
with it. This has continued into the 20th Century. The
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(Left) Gospel According to John 5:38-6:24, from the Codex Sinaiticus. In the British Museum. 
(Right) Palimpsest in which verses from chapter 5 of the Gospel According to John are 
overwritten with the story of St. Pelagia in Syriac, from the Codex Palimpsestus Sinaiticus.
By courtesy of the (left) trustees of the British Museum, (right) Cambridge University Press; photograph, John Ray

main new manuscript witnesses are designated k or S, 
B, W, and 0 .
x or S, Codex Sinaiticus, was discovered in 1859 by 

Tischendorf at the Monastery of St. Catherine at the foot 
of Mt. Sinai (hence, Sinaiticus) after a partial discovery 
of 43 leaves of a 4th-century biblical codex there in 1844. 
Though some of the Old Testament is missing, a whole 
4th-century New Testament is preserved, with the Letter 
of Barnabas and most of the Shepherd of Hermas at the 
end. There were probably three hands and several later 
correctors. Tischendorf convinced the monks that giving 
the precious manuscript to Tsar Alexander II of Russia 
would grant them needed protection of their abbey and the 
Greek Church. Tischendorf subsequently published x (S) at 
Leipzig and then presented it to the Tsar. The manuscript 
remained in Leningrad until 1933, during which time the 
Oxford University Press in 1911 published a facsimile of 
the New Testament from photographs of the manuscript 
taken by Kirsopp Lake, an English biblical scholar. The 
manuscript was sold in 1933 by the Soviet regime to the 
British Museum for £100,000. The text type of x is in the 
Alexandrian group, although it has some Western read­
ings. Later corrections representing attempts to alter the 
text to a different Standard probably were made about the 
6th or 7th Century at Caesarea.

B, Codex Vaticanus, a biblical manuscript of the mid- 
4th Century in the Vatican Library since before 1475, 
appeared in photographic facsimile in 1889-90 and 1904. 
The New Testament lacks Hebrews from chapter 9, verse 
14, on, the Pastorais, Philemon, and Revelation. Because 
B has no ornamentation, some scholars think it slightly 
older than x. Others, however, believe that both B and x, 
having predominantly Alexandrian texts, may have been 
produced at the same time when Constantine ordered 50 
copies of the Scriptures. As an early representation of the 
Alexandrian text, B is invaluable as a most trustworthy 
ancient Greek text.

W, Codex Washingtonianus (or Freerianus), consists of 
the four Gospels in the so-called Western order (Matthew, 
John, Luke, and Mark, as Dea). It was acquired in Egypt 
by C.L. Freer, an American businessman and philanthro­
pist (hence, the Freer-Gospels), in 1906 and is now in the 
Freer Gallery of Art of the Smithsonian Institution, in 
Washington, D.C. Codex Washingtonianus is a 4th-5th- 
century manuscript probably copied from several different 
manuscripts or textual families. The Byzantine, Western 
(similar to Old Latin), Caesarean, and Alexandrian text 
types are all represented at one point or another. One of 
the most interesting variant readings is a long ending to 
the Gospel According to Mark following a reference to the 
risen Christ (not found in most manuscript traditions).

0 ,  Codex Koridethianus, is a 9th-century manuscript

taking its name from the place of the scribe’s monastery, 
Koridethi, in the Caucasus Mountains, near the Caspian 
Sea. 0  contains the Gospels; Matthew, Luke, and John 
have a text similar to most Byzantine manuscripts, but 
the text of Mark is similar to the type of text that Origen 
and Eusebius used in the 3rd-4th centuries, a Caesarean 
type. The manuscript is now in Tiflis, capita! city of the 
Georgian S.S.R.

Minuscules. Although there are many minuscules, most 
of them come from the 9th Century on; a few, howev­
er, shed significant light on earlier readings, representing 
otherwise not well attested texts or textual “families.” In 
the early 20th Century, the English scholar Kirsopp Lake 
(hence, Lake group) discovered a textual family of manu­
scripts known as Family 1:1, 118, 131, and 209 (from the 
12th to 14th centuries) that have a text type similar to 
that of 0 ,  a 3rd-4th-century Caesarean type. At the end 
of the 19th Century, W.H. Ferrar, a classical scholar at 
Dublin University (hence, the Ferrar group), found that 
manuscripts 13, 69, 124, and 346—and some minuscules 
discovered later (from the 1 Ith to 15th centuries)— also 
seemed to be witnesses to the Caesarean text type. Manu­
script 33, the “Queen of the Cursives,” is a 9th-10th- 
century manuscript now at the Bibliothèque Nationale, in 
Paris; it contains the whole New Testament except Rev­
elation and is a reliable witness to the Alexandrian text 
(similar to B) but, in Acts and the Pauline Letters, shows 
influence of the Byzantine text type.
Lectionaries range from the 5th to the 6th Century on; 

some early ones are uncials, though many are minuscules. 
Scholarly work with lectionary texts is only at its begin­
ning, but the textual types of lectionaries may preserve a 
textual tradition that antedates its Compilation and serves 
to give examples of the various text forms.

Papyri. The earliest New Testament manuscript wit­
nesses (2nd-8th centuries) are papyri mainly found pre­
served in fragments in the dry sands of Egypt. Only in the 
recent decades of this Century have the relatively recent- 
ly discovered New Testament papyri been published. Of 
those cataloged to date, there are about 76 New Testament 
manuscripts with fragments of various parts of the New 
Testament, more than half of them being from the 2nd to 
4th centuries. All the witnesses prior to 400 are of Egyp­
tian provenance, and their primitive text types, though 
mainly Alexandrian, establish that many text types existed 
and developed side by side. One of the most significant 
papyrus finds is p52, from c. 130 to 140, the earliest extant 
manuscript of any part of the New Testament. P52 consists 
of a fragment having on one side John 18:31-33 and on 
the other John 18:37-38, indicating that it was a codex, of 
which the text type may be Alexandrian. It is now in the 
John Rylands Library at Manchester.

Textual
families
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In the early 1930s, British mining engineer A. Chester 
Beatty acquired three 3rd-century papyri from Egypt; they 
were published in 1934-37. Known as p45, p46, and p47, 
they are, for the most part, in his private library in Dublin. 

The P45, Beatty Biblical Papyrus I (and some leaves in Vien-
Lhester na), contains 30 leaves o f an early- or mid-3rd-century
Beatty codex of Matthew, Mark, Luke, John, and Acts. Each
papyri Gospel is of a different text type, and, although the leaves

are mutilated, the Alexandrian text appears to predominate 
(particularly in Acts, in which a short non-Western text 
prevails); the whole may be thought of as pre-Caesarean.

P46, Beatty Biblical Papyrus II (and Papyrus 222 at the 
University o f Michigan), consists o f 86 leaves of an early- 
3rd-century (c. 200) codex quire containing the Pauline 
Letters in the following order: Romans, Hebrews, I and 
II Corinthians, Ephesians, Galatians, Philippians, Colos- 
sians, and I Thessalonians. Although some of the leaves 
are quite mutilated, the text type of p46 appears to be 
Alexandrian. P47, Beatty Biblical Papyrus III, is from the 
late 3rd Century. It contains Rev. 9:10-17:2. It is the old­
est, but not the best, text of Revelation and agrees with 
A, C, and x.

Other early significant papyri are: p66, p48, p72, p75, and 
p74. P66, also known as Papyrus Bodmer II, contains in 
146 leaves (some of which have lacunae) almost all of 
the Gospel According to John, including chapter 21. This 
codex, written before 200, is thus merely one Century re­
moved from the time of the autograph, the original text. 
Its text, like that of p45, is mixed, but it has elements of an 
early Alexandrian text. P66 and the other Bodmer papyri, 
which Martin Bodmer, a Swiss private collector, acquired 
from Egypt, were published 1956-61. They are in the 
private Bodmer library at Cologny, near Geneva. P48 is a 
late-3rd-century text of Acts now in a library in Florence. 
It contains Acts 23:11-17, 23-29 and illustrates a Greek 
form of the Western text in Egypt in the 3rd Century. The 
papyri of p72, Papyri Bodmer VII and VIII, are also from 
the 3rd Century. VII contains a manuscript of Jude in a 
mixed text, and VIII contains I and II Peter. In I Peter 
the Greek was written by a scribe whose native language 
was Coptic; there are numerous examples of misspellings 
and itacisms that when corrected leave a text similar to 
the Alexandrian 'witnesses.

The papyri of p75, Papyri Bodmer XIV and XV, are 2nd- 
3rd-century codices containing most o f Luke and o f John, 
with John connected to Luke on the same page (unlike 
the Western order of the Gospels). The text coincides 
most with B but also has affinities with p66 and p45 as a 
predecessor of Alexandrian form.

P74, Bodmer Papyrus XVII, is a 6th-7th-century text of 
Acts and the Catholic Letters. Acts show affinities with x 
and A and no parallels with the Western text.

These and other papyri witness to the state of the early 
text of the New Testament in Egypt, indicating that no 
one text dominated and that text types of different origin 
flourished side by side.

Versions. Early versions. Even with all these witnesses, 
there remain problems in the Greek text. These include 
variants about which there is no settled opinion and some 
few words for which no accurate meaning can be found 
because they occur only once in the New Testament and 
not in prior Greek works. Very early translations of the 
New Testament made as it spread into the non-Greek- 
speaking regions of the missionary world, the so-called 
early versions, may provide evidence for otherwise un­
known meanings and reflections of early text types.

The Koine, In the Eastern half o f the Mediterranean, Koine (com- 
Latin, Syr- mon, vernacular) Greek was understood, but, elsewhere, 
iac, Coptic, other languages were used. Where Roman rule dominated, 
and other Latin came into use—in North Africa, perhaps in parts 
versions of Asia Minor, Gaul, and Spain (c. 3rd Century). Old 

Latin versions had many variants, and these translations, 
traditionally known as the Itala, or Old Latin (O.L.), are 
designated in small letters o f the Roman alphabet. The 
African versions were further from the Greek than were 
those made in Europe.

In dealing with the New Testament, Jerome prepared a 
Latin recension of the Gospels using a European form of 
the Old Latin and some Greek manuscripts. Though the

completed Latin translation at the end of the 4th Century 
was produced by no one editor or compiler—a commonly 
accepted Latin text, the Vulgate, emerged. A reworked of­
ficial critical edition was a concem of the Council of Trent 
(1545-63), and in 1592 the Clementine Vulgate, named 
after Pope Clement VIII, became the authoritative edition.
Since Vatican II (1962-65), an ecumenical group of bib­
lical scholars using the best available manuscript witnesses 
has been engaged in the preparation of a critically sound 
revision of the Vulgate.

At Edessa (in Syria) and western Mesopotamia neither 
Latin nor Greek was understood. Therefore, Syriac (a 
Semitic language related to Aramaic) was used. Old Syriac 
was probably the original language of the Diatessaron (2nd 
Century), but only fragments of Old Syriac manuscripts 
survive. The Peshitta (common, simple) Syriac (known as 
syrpesh) became the Syrian 22-book Vulgate of the New 
Testament, and, at the end of the 4th Century, its text 
was transmitted with great fidelity. The Philoxenian (syr- 
phil) and Harclean (syrharc) versions followed in the 6th- 
7th centuries and contained all 27 of the New Testament 
books. The Palestinian (similar to Palestinian Aramaic)
Syriac (syrpal) may date to the 5th Century but is known 
chiefly from 1 Ith- to 12th-century lectionaries and is quite 
independent of other Syriac versions, reflecting a differ­
ent text type.

In Egypt, in the later Hellenistic period, the New Tes­
tament was translated into Coptic—in the south (Upper 
Egypt) the Sahidic (copsah), and in the north (Lower Egypt) 
the Bohairic (copboh), the two principal dialects. By the 4th 
Century, the Sahidic version was known, and the Bohairic 
somewhat later. The Coptic versions are fairly literal and 
reflect a 2nd-3rd-century Alexandrian Greek text type 
with some Western variants.

A Gothic version was made from the Byzantine text 
type by a missionary, Ulfilas (late 4th Century); an Ar­
menian version (5th Century) traditionally was believed 
to have been made from the Syriac but may have come 
from a Greek text. Related perhaps to the Armenian was 
a Georgian version; and an Ethiopic version (c. 6th-7th 
Century) was influenced by both Coptic and later Arabic 
traditions. In the various versions there is evidence of 
geographical spread, of the history of the underlying text 
traditions used, and of how they were interpreted in the 
early centuries.

The many readings in the Greek, Latin, and Syriac Fa­
thers, who can be dated and located, can, to some extent, 
shed light on the underlying New Testament texts they 
quoted or used.

Another use both of the versions and of the patristic quo­
tations is elucidation of the meaning of hitherto unknown Elucidation 
Greek words in the New Testament. of mean-
An example is epiousios in the Lord’s Prayer as given ings of 

in verse 11 of chapter 6 of Matthew and verse 3, chapter unknown 
11, of Luke. The traditional translation in the Western Greek 
Church is “daily” (referring to bread). From the Old Lat- words 
in, Jerome, the early Syriac versions, and a retroversion 
of the Lord’s Prayer into a proposed Aramaic substratum, 
the meaning is either “daily” or, more likely, “for the mor- 
row”; and modern translations include this meaning in 
footnotes, including the Suggestion that it may refer to eu­
charistie bread. The Greek is possibly a coined compound 
word that, on the basis of its component parts, yields “for 
the morrow” or “that which is coming soon.” Such latter 
treatment is not conjectural emendation but rather Crea­
tive analysis in context, where no Greek variants help. The 
biblical scholar, in possession of many variants, usually 
uses conjecture only as a means of last resort, and any 
conjecture must be both intrinsically suitable and account 
for the reading considered corrupt in the transmitted text.

Later and modern editions. New Testament editions in 
the 18th Century did not question the Textus Receptus 
(T.R.), despite new manuscript evidence and study, but 
its limitations became apparent. E. Wells, a British math- 
ematician and theological writer (1719), was the first to 
edit a complete New Testament that abandoned the T.R. 
in favour of more ancient manuscripts; and English schol­
ar Richard Bentley (1720) also tried to go back to early 
manuscripts to restore an ancient text, but their work
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was ignored. In 1734 J.A. Bengel, a German Lutheran 
biblical theologian, stressed the idea that not only manu­
scripts but also families of manuscript traditions must be 
differentiated, and he initiated the formulation of criteria 
for text criticism. J.J. Wettstein’s edition (1730-51) had a 
wealth o f classical and rabbinic quotations, but his theory 
on text was better than the text itself. A German Luther­
an theologian, J.S. Semler (1767), further refined Bengel’s 
Classification of families.

J.J. Griesbach (1745-1812), a German scholar and stu­
dent of Semler, adapted the text-family Classification to 
include Western and Alexandrian text groups that preced- 
ed the Constantinopolitan groupings. He cautiously began 
to alter texts according to increasingly scientific canons 
of text criticism. These are, with various refinements, still 
used, as, for example, that “the difficult is to be preferred 
to the easy reading,” and “the shorter is preferable to 
a longer”—both of which reason (with many other fac­
tors) that correction, smoothing, or interpretation leads to 
clearer and longer readings.

In the 19th Century, classical philologist Karl Lachmann’s 
critical text (1831) bypassed the T.R., using manuscripts 
prior to the 4th Century. C. von Tischendorfs discovery 
of x (S) and his New Testament text (8th edition, 1864) 
collated the best manuscripts and had the richest critical 
apparatus thus far.

Two English biblical scholars, B.F. Westcott and F.J.A. 
Hort of Cambridge, using x and B, brought out an edi­
tion in 1881-82 and classified the text witnesses into four 
groupings: Neutral (B, x, the purest and earliest Eastern 
text); Alexandrian (a smoothed Neutral text as it devel­
oped in Alexandria); Western (D, Old Syrian, O.L., the 
Western Fathers with glosses that caused many readings to 
be rejected); and Syrian (Ae and the Byzantine tradition as 
it later developed). Such a “family tree” clearly showed the 
T.R. (Syrian) and, hence, the King James Version based 
upon it as an inferior text type; and the Revised Standard 
Version is based on such superior text types as B and x.

Another critical edition (1902-13) was made by H. von 
Soden, a German biblical scholar who presupposed re­
censions to which all manuscripts can lead back. The 
importance of his work is in his enormous critical appara­
tus rather than in his theoretical groupings. B.H. Streeter, 
an English scholar, revised Westcott and Hort’s Classifica­
tion in 1924. Basically, he challenged the concept of any 
uncontaminated descent from Originals and made the ob­
servation (already alluded to in the evolution of papyrus 
evidence) that even the earliest manuscripts are of mixed 
text types. Yet, Streeter grouped texts in five families: 
Alexandrian, Caesarean, Antiochene, European Western, 
and African Western—parts of which all led into the Byz­
antine text and had become the T.R.

Despite grouping, it is clear that no reading backward 
from text families can reach an autograph. A strictly local 
text theory is useless in view of the papyrus evidence that 
there were no “unmixed” early texts. The use of external 
evidence cannot push beyond the boundary of the 3rd Cen­
tury. This insight brought about a new perspective. Only 
by using the canons of the internal evidence of readings 
can the best texts be determined, evaluating the variants 
from case to case— namely, the eclectic method. In mod­
ern times, therefore, the value of text families is primarily 
that of a step in the study of the history of the texts and 
their transmission. The eclectic method of reconstruction 
of an earliest possible New Testament text will yield the 
closest approximation of the historical texts put together 
into the New Testament canon. (For other, later and 
modern versions, see above Old Testament canon, texts, 
and versions.)

New Testament history
THE JEWISH AND HELLENISTIC MATRIX
The historical background of the New Testament and its 
times must be viewed in conjunction with the Jewish 
matrix from which it evolved and the Hellenistic (Greek 
cultural) world into which it expanded during a period 
of Jewish religiöus propaganda. It is difficult, however, 
to separate the phenomena of the Jewish and Hellenistic

backgrounds, because the Judaism out o f which the church 
arose was a part o f a very Hellenized world. The con­
quests o f Alexander the Great culminated in 331 bc, and 
the subtle but strong influence of Greek culture, language, 
and customs that was spread by his conquests united his 
empire. Jews in both Palestine and the Diaspora (Disper­
sion) were, however, affected by Hellenism, as in ideas of 
cosmic dualism and rieh religiöus imagery derived in part 
from Eastern influence as a result o f the Greek conquests. 
Greek words were transliterated into Hebrew and Aramaic 
even in connection with religiöus ideas and institutions 
as, for example, synagogue (religiöus assembly), Sanhedrin 
(religiöus court), and paraclete (advocate, intercessor). It 
could be argued that the very preoccupation with ancient 
texts and tradition and the interpretation thereof is a Hel­
lenistic phenomenon. Thus, what may appear as the most 
indigenous element in the activity o f the Jewish scribes, 
sages, and rabbis (teachers)— i.e., textual scholarship—has 
its parallels in Hellenistic culture and is part of the general 
culture of the times. The thought worlds merged, con- 
fronted each other, and communicated with each other.

The Hasmonean kingdom. After Alexanders death the 
empire was split, and first the Ptolemies, an Egyptian 
dynasty, and then the Seleucids, a Syrian dynasty, held 
Palestine. Antiochus IV Epiphanes, a 2nd-century-ßc Se- 
leucid king, desecrated the Temple in Jerusalem; a success­
ful Jewish revolt under the Maccabees, a priestly family, 
resulted in its purification and in freedom from Syrian 
domination in 164 bc. This began the Hasmonean (Mac­
cabean) dynasty, which appropriated the powers both of 
king and of high priest. This reign, which created dissatis- 
faction on the part of other groups who considered their 
own claims falsely usurped, lasted until intemecine strife 
brought it to an end. John Hyrcanus II, a lst-century- 
Bc Hasmonean king, appealed to Rome for help, and 
Pompey, a Roman general, intervened, bringing Palestine 
under Roman rule in 63 bc. John Hyrcanus, given the title 
of ethnarch, was later executed for treason (30 bc), thus 
ending the Hasmonean line, but Jewish independence had 
come to an end by Roman occupation.

Rule by the Herods. The Herods who followed were 
under the control of Rome. Herod the Great, son of 
Antipater of Idumaea, was made king of Judaea, having 
sided with Rome, and he ruled with Roman favour (37- 
4 bc). Though he was a good statesman and architect, he 
was hated by the Jews as a foreigner and semi-Jew. Jesus 
was born a few years before the end of his reign, and “the 
slaughter of the innocents,” young children of Bethlehem 
who were killed as possible pretenders to Herod’s throne, 
was attributed to Herod. After his death, Palestine was 
divided among three of his sons: Philip was made tetrarch 
of Iturea (the northeast quarter of the province) and ruled 
from 4 bc until ad 37. Herod Antipas became tetrarch of 
Galilee and Peraea until ad 39 and, like his father, was a 
builder, rebuilding Sepphoris and Tiberias before he was 
banished. Herod Antipas had John the Baptist beheaded 
and treated Jesus with contempt at Jesus’ trial before him, 
before sending him back to Pontius Pilate, the Roman 
procurator (ad 26-36) at the time of Jesus’ Crucifixion. 
Archelaus was made ethnarch of Judaea, Samaria, and 
Idumaea but was removed by ad 6 for his oppressive rule, 
and Judaea then became an imperial province, governed 
by procurators responsible to the emperor.

Two other Herods are mentioned in the New Testament: 
Agrippa I (called “Herod the king,” ad 37-44) had James, 
the brother of John, killed and had Peter arrested; and the 
last of the Herods, Agrippa II, king of Trachonitis (c. ad 
50-100), welcomed the procurator Festus (c. ad 60-62), 
who replaced Felix (c. ad 52-60) for the trial of Paul.

Roman occupation and Jewish revolts. In ad 66-70  
there was a Jewish revolt while Nero was emperor of 
Rome (54-68). When he died and was succeeded by Ves- 
pasian, his former army commander (69-79), the siege and 
final destruction of Jerusalem occurred (ad 70). Before 
this event, Jewish Christians had fled, perhaps to Pella, 
and Yohanan ben Zakkai, a leading Jewish rabbi, with a 
group of rabbinical scholars, fled to Yavneh, where they 
established an academy that gave leadership to the Jews. 
Under the emperors Trajan (98-117) and Hadrian (117-
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138), Jews in Egypt and Mesopotamia rebelled and again 
fought unsuccessfully against Rome in Palestine for for- 
bidding the practice of religiöus rites, and, under Simeon 
Bar Kokhba (or Bar Koziba), a Jewish revolutionary mes­
sianic figure, the final Jewish war was waged (132-135). 
After this defeat Jerusalem became a Roman colony; a 
temple to Jupiter was erected there, and Jews were pre- 
vented from entering the city until the 4th Century.
When the Romans had entered Palestine in 63 bc, they 

practiced a relatively humane occupation until c. ad 66- 
70. They did not interfere with religiöus practices unless 
they considered them a threat to Rome, and their rights 
of requisition were precise and limited.

JEWISH SECTS AND PARTIES
From both the New Testament and extrabiblical material 
the main religiöus groups or parties in Palestinian Juda­
ism may be discerned. Such descriptions, however, may 
be somewhat biassed or apologetic. Philo, an Alexandrian 
Jewish philosopher (died c. ad 40), Josephus, a Jewish 
apologist to the Romans (died c. 100), and sectarian writ­
ings found at Qumrän near the Dead Sea in 1947 that 
date back to about c. 200 bc and end about ad 70 all 
provide data about the respective Jewish religiöus groups 
in Palestine in the Ist Century bc and the Ist Century ad. 
The Pharisees (typically Jesus’ opponents, although his 
ideas may have been close to their own), the Sadducees, 
and the Zealots are mentioned in the New Testament. The 
Essenes were described by Philo and Josephus, but new 
evidence from their own writings makes their group better 
understood (i.e., the Dead Sea Scrolls from Qumrän).

The Pharisees. The Pharisees (possibly spiritual descen- 
dants of the Hasidim [Pious Ones], who were the ex­
ponents of Maccabean revolt) were strict adherents to the 
Law. Their name may come from parush— i.e., “separat­
ed” from what is unclean, or what is unholy. They were 

Pharisaic deeply concerned with the Mosaic Law and how to keep
interpre- it, and they were innovators in adapting the Law to new
tations of situations. They believed that the Law was for all the peo- 
the Law ple and democratized it—even the priestly laws were to be 

observed by all, not only by the priestly class—so that they 
actually had a belief in a priesthood of all believers. They 
included Oral as well as Written Law in their interpreta- 
tions. Though they did not accept the Roman occupation, 
they kept to themselves, and by pious acts, such as giving 
alms and burying the dead, they upheld the Law. Their in- 
terpretations of Law were sometimes considered casuistic 
because they believed they must find interpretations that 
would help all people to keep the Law. Their underlying 
hope was eschatological: in the day when Israel obeyed 
the Torah, the Kingdom would come. The Pharisees were 
called “smooth Interpreters” by their opponents, but their 
hope was to find a way to make the living of the Law 
possible for all people. In their meal fellowship (havura) 
they observed the laws strictly and formed a nucleus of 
obedient Israel. The Pharisees believed in the resurrection 
of the dead and had a developed angelology.

The Sadducees. The Sadducees, more conservative and 
static, consisted mainly of the old priesthood and land- 
ed aristocracy and, perhaps, some Herodians. They were 
collaborators with Rome. They did not believe in resur­
rection because they found no Old Testament enunciation 
of such a doctrine. In a way, they seemed to respect the 
Pharisees in legal matters; but both the Pharisees—because 
they were a bourgeois rather than a populär movement— 
and the Sadducees—because they were aristocrats— reject­
ed the 'am ha-aretz (People of the Land), who were no 
party but simply the poor, common people whom they 
considered ignorant of the Law.

The Zealots. The Zealots were revolutionaries who 
plotted actively against the Roman oppression. That the 
Pharisees did not react in this way was perhaps because 
of their belief in Providence: what happens is the will of 
God, and their free will is expressed in the context of trust 
and piety in conjunction with an eschatological hope of 
winning God’s Kingdom through obedience to Law.

The Essenes. Though the Essenes of the Dead Sea 
Scrolls are not mentioned in the New Testament, they are 
described by Philo, Josephus, and Eusebius, a 4th-century

Christian historian. With publication o f the Essenes’ own 
sectarian writings since the 1950s, however, they have 
become well known. They did not have any really new 
ideas, but their founder, the Teacher of Righteousness, 
believed that he knew the interpretation of the prophets 
for his time in a way that was not even known to the 
prophets of their own day. Their withdrawal into desert 
seclusion was in Opposition to the ruling powers in the 
city and the Temple of Jerusalem. They lived apart from 
society in constant study of the Scriptures and with a firm 
belief that they were the elect of Israel living in the end of 
days and to whom would come messianic figures—a mes- 
siah of David (royal) and a messiah of Aaron (priestly). 
Membership in their group and acceptance or rejection 
of its founder determined their place in the age to come. 
After a long period of probation and initiation, a man 
became a member of this elect community that had strict 
rules of community discipline that would seal or destroy 
his membership in their New Covenant. Ritual lustrations 
preceded most liturgical rites, the most important one of 
which was participation in a sacred meal—an anticipation 
of the messianic banquet, to which only the fully initiat­
ed members in good standing were admitted and which 
was presided over by representatives of the Davidic and 
Aaronic messiahs. From what is known of them, their 
communities were celibate, living “in the presence of the 
angels” and thus required to be in a state of ritual purity. 
Their laws were strict, their discipline severe, and—unlike 
Pharisees, Sadducees, and Zealots—they were not simply 
different parties within Judaism but a separate eschatolog­
ical sect. The Pharisees did have lodges and a common 
meal, but membership in the Pharisaic party did not, as it 
did with the Essenes, guarantee a place in the age to come; 
and the attitude of the Pharisees to a leader or founder 
was not, as it was to the Essenes, one of the bases on 
which such place could be attained. Thus, the Essenes—as 
the early Jewish Christians—were an eschatological Jewish 
sect. They believed that they alone, among those living in 
the end time, would be saved. The apocalypticism of the 
Essenes and the early Christians had many similarities, 
but the Christians had a higher eschatological intensity 
because they already knew who the Messiah would be 
when he came in the future at the Parousia (the “Second” 
Advent), and they also had a recollection of the earthly 
Jesus, knowledge of the risen Lord, and the gift of the 
Spirit upon the church. Both communities lived in an era 
wherein the cosmic battle of God versus Satan-Belial was 
taking place, but the Christian community already had the 
traditions of Jesus’ victory over Satan and the experience 
of his Resurrection. Both Essenes and Christians were 
sects with tightly knit organizations, but the church had 
a historically based messiah. The Essenes probably were 
killed or forced to flee from their wilderness community 
c. ad 68, yet some of their ideas can still be traced in 
the ministry of John the Baptist (who might have been an 
Essene) and in the thought world of the New Testament 
(see also judaism).

THE RELIGIÖUS SITUATION IN THE GRECO-ROMAN 
WORLD OF THE IST CENTURY AD

Hellenistic religions. With the expansion of Christiani­
ty into the Hellenistic world either to Jews or increasingly 
to Gentiles, there were various reasons why the Christian 
message that spread, for example by Paul, met the needs 
of the Hellenistic Age and world. There was no lack of 
religions, but there was a crisis of upheaval, unrest, and 
uncertainty and a desire to escape from mortality and the 
domination of unbending fate. There was also a desire to 
win personal knowledge of the universe and a dignified 
status within it— i.e., a religiöus identity crisis. City-states 
with their cults of civic gods were unstable, because men 
changed from place to place and the gods of the city were 
distant from individual needs and anxieties. After Alexan­
ders conquests, the resulting religiöus syncretism did not 
meet individual needs and longings that were increasingly 
becoming conscious. Many Gentiles turned to Judaism, at 
least as “god fearers,” and later to Christianity. There were 
also “mystery religions,” the secrets of which were known 
only to the initiate, which may have arisen from Eastem
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fertility cults with their dying and rising gods and were 
transformed in the Hellenistic Age to cults of a saviour 
god whose dying and rising gives personal immortality. 
Such mystery cults often provided meaningful relation­
ships with fellow initiates.

Astrology. There were elements in the Greek world that 
may have come from the East, partly Egyptian and Bab­
ylonian, which gave rise to astrology. The basic conviction 
of astrology was that the heavenly bodies were deities that 
in a direct way control life and events on earth. An older 
idea of tychë, or “fate,” originally signified the chance 
element in the universe, a capriciousness that increased 
insecurity. Astrology transformed this into a fate or des­
tiny in which everything is strictly regulated by celestial 
deities. Man’s problem, then, is that of finding security 
from overwhelming powers outside human control. One 
way is to “read a horoscope.” Because the heavenly deities 
are systematic and orderly according to astronomie obser­
vation, this order and regularity can be exploited to see 
how and in what way events will happen and can perhaps 
be used or avoided. Another way is to deal with such 
forces through magie. From the Hellenistic period many 
magical papyri with förmulas for dealing with sicknesses, 
demons, and other adverse forces have been found. Magic 
attempts to manipulate and control what affects the world 
by a kind of participation in the event.

Philosophical Solutions. Solutions were also sought in 
philosophy. Socrates, a 5th-century-ßc Greek philosopher, 
was largely concerned with the search for the “good,” the 
good life. After Plato and Aristotle, however, philosophical 
Systems sought to supply man’s longing for inward security 
and stability. These were sought not by an in-depth un­
derstanding of reality but by ad hoc constructions—a new 
dogmatism for providing infallible plans and attaining im­
mediate security—that the age demanded. Those philoso- 
phies were crude constructions that gave shelter and were 
defended by an unyielding dogmatism as absolute truths; if 
they were proved false, they would remove their promised 
security. Epicureanism, founded by the Greek philosopher 
Epicurus (341-270 bc), was basically a philosophy of es­
cape, and its goal was serenity and tranquillity, a negative 
concept characterized by absence of fear, pain, and strug­
gle. Fate, providence, and the afterlife were eliminated to 
deny the anxieties they provoked in terms of control, re­
ward, or judgment. Epicurus attempted to meet this crisis 
by adopting a completely material view of the universe, 
including the soul, and thereby eliminating interference by 
deities both in life and after death. He did believe in the 
gods; but they, too, lived in their own perfect tranquillity, 
away from the universe. The Epicurean was both self- 
reliant and at peace with the absence of pain. There was 
also emphasis on friendship and the development of close 
communities.
Zeno, a 3rd-century-Bc philosopher, was the founder of 

Stoicism. Stoicism was a rule o f life that held that all real­
ity was material but was animated by a rational principle 
that was at the same time both the law of the universe 
and of the human soul. The wise man then could accept 
and leam to live a life in conformity to this permeating 
reason without letting anything affect him. He responded 
to duty and accepted it.

Cynicism was a philosophy that maintained a cosmic 
view of life with a method of dealing with crisis by reduc- 
ing man’s needs to a minimum. Later in the Hellenistic 
period, a group of Stoic-Cynic preachers arose and, in 
New Testament times, wandered around calling men to 
repent and change their lives from sin to virtue.

ADAPTATION OF THE CHRISTIAN MESSAGE 
TO THE HELLENISTIC RELIGIÖUS SITUATION 
The Christian message adapted itself to this Hellenistic 
Situation of crisis and proved a successful answer: Jesus 
was proclaimed as Lord and Saviour, Baptism was prac- 
ticed as a form of initiation and a passage from death 
to new life, and the Lord’s Supper was celebrated as a 
sacral meal. The obvious difference between Christianity 
and the mystery religions is that a historical person, Jesus, 
forms the center of cult and devotion; his titles came 
from his Jewish background. Adaptation took place out of

the Jewish matrix of Christianity— and Hellenistic terms 
that were meaningful were also used, such as illumination 
and regeneration. Such terms are not to be found in the 
earliest origins of Christianity but in the communication 
of the Christian message to a new environment. Among 
the religiöus and Philosophie needs of the time was that 
of a cult that provided for the needs of the individual 
along with a community of worship. Christ as Lord was 
viewed as universal, and his teachings made the universe 
understandable, as well as providing a basis for ethics. In 
a period of expansion, all religions are to some extent syn- 
cretistic, as is the case of Christianity in the 2nd Century. 
Such a phenomenon belongs to a religion in a time of 
strength. Though universal, however, Christ was believed 
to have an exclusive claim, and in this there was security 
and relief for the anxieties of the period. The church was 
more than a philosophy; it had a social and enduring 
structure. It also reached out to all men—not only to those 
regarded as the best of men. It called them to a new life 
and gave them a new home and community, the church.

THE LIFE OF JESUS
Though the fact that Jesus was a historical person has been 
stressed, significant, too, is the fact that a full biography of 
accurate chronology is not possible. The New Testament 
writers were less concerned with such difficulties than the 
person who attempts to construct some chronological ac­
counts in retrospect. Both the indifference of early secular 
historians and the confusions and approximations attrib- 
utable to the simultaneous use of Roman and Jewish caL 
endars make the establishment of a chronology of Jesus’ 
life difficult. That the accounts of Matthew and Luke do 
not agree is a further problem. Thus, only an approximate 
chronology may be reconstructed from a few somewhat 
conflicting facts. The points of reference are best taken 
from knowledge of the history of the times reflected in 
the passages.

According to Matthew, Jesus was born near the end of 
the reign of Herod the Great, thus before 4 bc. In Luke, 
chapter 2, verses 1 to 2, Jesus is said to have been born 
at the time of a census when Quirinius was governor of 
Syria. Such a census did occur, but in ad 6-7. Because 
this was after Herod’s death and not in agreement with a 
possible date of Jesus’ baptism, this late date is unlikely. 
There may have been an earlier census under another 
governor; an inscription in the Lateran Museum records 
an unnamed governor who twice ruled Syria, and the 
Suggestion has been made that this was, indeed, Quirinius 
and that in an earlier time a reported census according to 
Roman calculation might have been carried out c. 8 bc, 
one of a series of such. With such speculation and the 
combined evidence of Matthew and Luke, an approximate 
year of birth might be 7-6 bc.

In Luke, chapter 3, verse 23, it is stated that Jesus’ 
ministry began when he was about 30 years of age. This 
would not come within the dates o f the procuratorship 
of Pontius Pilate (ad 26-36), and the age might simply 
approximate a term for Jesus’ having arrived at maturity. 
In Luke several dates are implied to assist in dating the 
Baptism of Jesus: the 15th year of Tiberius (c. 29, accord­
ing to his aecession as co-emperor with Augustus), while 
Pontius Pilate was in office (during 26-36), while Herod 
Antipas was tetrarch (4 bc- ad 39) and Philip tetrarch 
(4 bc- ad 37). These limits make a speculation of Jesus’ 
Baptism and the start of his ministry c. ad 27/28.

The duration of Jesus’ ministry can be an average of the 
one year, as indicated in the Synoptic Gospels (Matthew, 
Mark, and Luke) or about three years as indicated in 
John, based on various cycles of harvests and festivals. 
This would be about two years. Because Jesus was cru- 
cified before 36 and his ministry started about 27/28, he 
then was crucified about ad 30 (see also jesus).

THE CHRONOLOGY OF PAUL
For the chronology of Paul’s ministry, there are also some 
extra-biblical data: According to Josephus, Herod Agrippa 
I was made ruler of all Palestine by the emperor Claudius 
in ad 41 and reigned for three years. His death was thus 
in ad 44. A famine in Claudius’ reign took place when
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Tiberius Alexander was procurator of Judaea (c. 46-48), 
and Egyptian papyri suggest (by reference to high wheat 
prices) that the date of the famine was about 46. The 
Gallio inscription at Delphi (in Greece) gives a date for 
Gallio, proconsul of Achaia when Paul was at Corinth. It 
notes that Claudius was acclaimed emperor for the 26th 
time. This would bring the date of being declared emperor 
to about 52 and Gallio’s term of office (about one year) 
to about 51-52.

The chronology of Paul’s missionary joumeys and the 
dates o f his letters have been the object o f an investigation 
made difficult by the fact that the account in Acts does 
not agree with Paul’s own letters, which are, o f course, 
more reliable.
With the help of external references, some degree of 

absolute chronology might be sought—with several years’ 
margin both because of uncertainty as to extra-biblical 
dating and much ambiguity about intemal evidence. Al­
though Paul would be in a better position to know his 
own Situation, often his letters are, in their present form, 
combined fragments from various times (see below The 
Second Letter o f Paul to the Corinthians; The Letter of 
Paul to the Phillipians). A chronology can be reached by 
comparing Paul’s accounts of his joumeys and sojourns 
with those reported in Acts. Given references in Acts 
and the Gallio inscription, it is possible to place Paul in 
Corinth in ad 51, and, since he was there for 18 months, 
it can be assumed that he began his missionary work 
sometime in 49 (he had previously been in Thessalonica 
and Philippi and in Troas and Asia Minor). This probably 
fits in with the “expulsion” of Jews from Rome about 
ad 49, thus indicating that Paul met Priscilla and Aquila, 
two Roman Jewish Christians, in Corinth at this time. 
This indicates that he was at an “apostolic conference” 
at Jerusalem sometime shortly before this (a comparison 
of chapters 13 and 15 of Acts with chapters 1 and 2 of 
Galatians shows that the author of Acts made two vis­
its out of the one recorded by Paul), which was either 
in 49 or 48.

Though the dates in Galatians 1 and 2 are uncertain— 
not indicating whether they refer to 17 years in toto or 
only 14 years, because half years were equated with whole 
ones—they do establish the call o f Paul to become a Chris­
tian in 31 or about 34-35. Working in the other direction, 
it is known that Paul wrote to the Thessalonians from 
Corinth, thus indicating a date of about 50 as probable 
for the writing of I Thessalonians.

From Corinth, Paul went to Ephesus, where, according 
to Acts, he remained (probably in prison) for three years. 
This would place him in Ephesus during the period 52-
55, thus allowing time for a joumey from Corinth via 
Ephesus to Antioch and then back to Ephesus. A sequence 
given in Acts, chapters 16 and 18, shows two possibilities 
for Paul to have been in Galatia that work in agreement 
with Galatians, chapter 4, verse 13, demonstrating that 
Galatians was written from Ephesus about 53-54. Ephesus 
can also be the location from which came I Cor., Phil., 
and probably Philem.

II Corinthians appears to have been written from Mace­
donia during 55. From the dating of the periods of Felix 
and Festus in office at Caesarea (mid-50s) and from the 
events in Felix’ time of office, it is probable that Paul was 
in prison under Felix by 56.

Thus, data of Acts 18 and 20 regarding the journey and 
sojoum at Corinth can be correlated with data in Romans 
15 to place the epistle to the Romans in about the year
56, before the joumey back to Jerusalem, ending in the 
arrest of Paul in 56. The two years of Acts 24:27 can then 
be explained as the time during which Paul was in prison 
at Caesarea, so that in 58 Paul was before Festus and was 
sent to R om e.'

That Paul was then in Rome for two more years is es­
tablished in Acts chapter 28, verse 30. It can be concluded 
that Paul died sometime after 60, possibly during or be­
fore the Neronian persecution of 64 (cf I Clem. 5). All 
this does not resolve the question of a possible Spanish 
joumey nor give precise dates and locations for II Thes­
salonians, Colossians, Ephesians, or the Pastoral Letters 
(see also paul).

New Testament literature
INTRODUCTION TO THE GOSPELS

Meaning of the term gospel. From the late ad 40s and 
until his martyrdom in the 60s, Paul wrote letters to the 
churches that he founded or guided. These are the earliest 
Christian writings that the church has, and in them he 
refers to “the gospel” (euangelion). In Romans, chapter I, 
verse 1, he says: “Paul, a servant of Jesus Christ, called to 
be an apostle, set apart for the gospel of God . . . ” and goes 
on to describe this “gospel” in what was already by that 
time traditional language, such as: “promised beforehand 
through his prophets in the holy scriptures, the gospel con- 
ceming his Son, who was descended . . .  our Lord” (Rom. 
1:1-4). This gospel is the power of God for salvation to 
everyone who has faith “. . .  for in it the righteousness of 
God is revealed through faith for faith . . . ” (1:17). In I 
Corinthians Paul had reminded his congregation in styl- 
ized terms of “the gospel” he had brought to them. It 
consisted of the announcement that Jesus had died and 
risen according to the Scriptures.

Thus, the “gospel” was an authoritative proclamation (as 
announced by a herald, këryx), or the kerygma (that which 
is proclaimed, kërygma). The earthly life of Jesus is hardly 
noted or missed, because something more glorious—the 
ascended Lord who sent the Spirit upon the church—is 
what matters.

In the speeches of Peter in Acts, the transition from 
kerygma to creed or vice versa is almost interchangeable. 
In Acts 2 Jesus is viewed as resurrected and exalted at the 
right hand of God and made both Lord and Christ. In Acts 
3 Peter’s speech proclaims Jesus as the Christ having been 
received in heaven to be sent at the end of time as judge 
for the vindication and salvation of those who believe in 
him. Here the proclaimed message, the gospel, is more 
basic than an overview of Jesus’ earthly life, which in Acts 
is referred to only briefly as “his acting with power, going 
about doing good, and healing and exorcising” (10:38ff.). 
Such an extended kergyma can be seen as a transition 
from the original meaning of gospel as the “message” to 
gospel meaning an account of the life of Jesus.

The term gospel has connotations of the traditions of 
Jesus’ earthly ministry and Passion that were remembered 
and then written in the accounts of Matthew, Mark, Luke, 
and John. They are written from the post-Resurrection 
perspective and they contain an extensive and common 
Passion narrative as they deal with the earthly ministry of 
Jesus from hindsight. And so the use of the term gospel 
for Matthew, Mark, Luke, and John has taken the place of 
the original creedal-kerygmatic use in early Christianity. 
It is also to be noted that, in the Evangelists’ accounts, 
their theological presuppositions and the situations of their 
addressees molded the formation of the four canonical 
Gospels written after the Pauline Letters. The primary 
affirmatie ns—of Jesus as the Christ, his message of the 
Kingdom, and his Resurrection—preceded the Evange­
lists’ accounts. Some of these affirmations were extrapo- 
lated backward (much as the Exodus event central in the 
Old Testament was extrapolated backward and was the 
theological presupposition for the patriarchal narratives in 
Genesis). These stories were shaped by the purpose for 
their telling: religiöus propaganda or preaching to inspire 
belief. The kerygmatic, or creedal, beginning was expanded 
with material about the life and teaching of Jesus, which a 
reverence for and a preoccupation with the holy figure of 
Jesus demanded out of loving curiosity about his earthly 
ministry and life.
The English word gospel is derived from the Anglo- 

Saxon godspell (“good Story”). The classical Greek word 
euangelion means “a reward for bringing of good news” 
or the “good news” itself. In the emperor cult particular­
ly, in which the Roman emperor was venerated as the 
spirit and protector of the empire, the term took on a 
religiöus meaning: the announcement of the appearance 
or accession to the throne of the ruler. In Contemporary 
Greek it denoted a weighty, authoritative, royal, and offi­
cial message.

In the New Testament, no stress can be placed on the 
etymological (root) meaning of eu (“good”); in Luke, chap-
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ter 3, verse 18 (as in other places), the word means simply 
authoritative news concerning impending judgment.

Form criticism. In the Pauline writings, as noted above, 
gospel, kerygma, and creed come close together from oral 
to written formulas that were transmitted about the Christ 
event: Jesus’ death and Resurrection. In the apostolic 
Fathers (early 2nd Century), the transition was made from 
oral to written tradition; the translation of the presumed 
Aramaic traditions had taken place before the" Gospel 
material had been committed to writing. By the time of 
Justin Martyr (c. 155), these writings were called Gospels 
and referred to in the plural; they contain the words, 
deeds, and Passion narratives— i.e., the present four Gos­
pels compiled and edited by the Evangelists according to 
their various needs and theological emphases. Justin also 
referred to these as “memoirs of the Apostles.”

Pattems Such a Gospel began with a missionary announcement 
noted in concerning a cosmic divine figure, a man with divine 
the Gospels characteristics who would bring salvation and hope to the 

world. The earthly historical Jesus, however, was the cri­
terion of the proclamation—being both the content of the 
church’s proclamation and the object of its faith.

The identification of basic pattems in the history of oral 
and written traditions—the stage of tradition prior to any 
literary form and particularly as the traditions passed from 
an oral to a written form—and the determination of their 
Creative milieu, or their situations and functions in various 
places and under various circumstances, are tasks of form 
criticism. Through such study, small independent units 
may be isolated in a postulated more primitive form than 
they were before being incorporated into more extended 
accounts. The term Sitz-im-Leben refers to the “Sitz im 
Leben der Kirche”— i.e., the Situation in the life of the 
church in which the material was shaped and adjusted to 
the needs at hand. Only through such studies is it possible 
to progress tentatively to an assessment of a “Sitz im 
Leben Jesu.”

Both Jews and Gentiles could use “biographies,” often 
for propaganda purposes. Philo and Josephus recounted 
the wonderful lives and deeds of Old Testament heroes 
such as Moses; and there are miraculous tales of the 
prophets Elijah and Elisha told in order that faith might 
be inspired or justified. A miracle worker (theios anër, “di­
vine man”) and stories about him comprised an aretalogy 
(from aretë, “virtue”; also manifestation of divine power, 
miracle). Aretalogies were frequently used to represent 
the essential creed and belief of a religiöus or philosoph­
ical movement. The Life o f Apollonius o f Tyana, a Neo- 
Pythagorean philosopher and wonder-worker (transmitted 
by the Greek writer Philostratus), was widely read. He 
was depicted as having performed miracles and as being 
possessed of divine cosmic power not as an exception but 
as an example to men who have the possibility of sharing 
such power (cf. Matt. 9:8). There were tales of Heracles, 
the Greek hero, and a whole literature of Alexander the 
Great as wonder-workers, divine men.

Though the pericopes (small units) of which the Gospels 
are constituted include many forms, or genres, they are 

Types of mainly divided into narratives (including legends, mir- 
forms and acle stories, exorcisms, healings, and tales) and sayings 
genres (prophetic and apocalyptic sayings, proverbs and wisdom 

sayings, parables, church discipline and rules for the com­
munity, Christological sayings, such as the socalled “I am” 
sayings [e.g., “I am the bread of life”] in John, revelations, 
and legal sayings). Some stories may simply be the back­
ground for a pithy saying; these latter are sometimes called 
paradigmatic sayings, and the pronouncement stories are 
their vehicles of transmission. The forms have many dif­
ferent names, but form criticism started with Homeric 
form analysis (taking oral tradition into account), which 
was applied to Old Testament studies by Hermann Gun­
kel, a German biblical scholar, and applied to the New 
Testament, on the basis of the German classical philologist 
Eduard Norden’s stylistic studies, by such biblical scholars 
as Rudolf Bultmann and Martin Dibelius.
Form criticism asks and answers questions about what 

shaped the preliterary tradition and the earliest written 
traditions into blocks as they are found in the Gospels. 
This may be a historical context (as a missionary Situation),

a need for admonition (as church-discipline sections), or 
for the transmission of teaching in a faithful way (as in 
a “school,” be it Matthean, Pauline, or Johannine). One 
large block of the material, however, is to all intents and 
purposes the same (although differing in details) in all four 
canonical Gospels: the Passion narrative. In the Synoptic 
Gospels there is also a basic nucleus in the sayings about 
Jesus that are mysterious, prophetic, and apocalyptic and 
that point to the significance o f Jesus as the Christ who 
has come in history in the person of Jesus of Nazareth.

Such form-critical studies were centred on the smaller 
units of tradition (pericopes) that make up the Gospels, 
and their intention was partly to assess relative age and 
authenticity of such traditions. In more recent times the 
tools of form criticism have been applied to a more syn­
thetic method that could be used to determine the relation 
between a genre of literature and the Christological and 
theological perspectives that made such genres natural. A 
presentation of Jesus material in the form of more or 
less disconnected sayings (as in the so-called Q Source, 
composed of independent sayings, behind Matthew and 
Luke, and in the Gospel o f Thomas; see below The two- 
and four-source hypotheses) tends to fit a Christology in 
which Jesus is viewed as a teacher of Wisdom, an envoy of 
Wisdom, or as Wisdom herseif. The collections of wonder 
stories (aretalogies) grew out of a Christology of Jesus as 
the divine man. Another type of Jesus material with in­
dependent existence seems to have been “revelations,” or 
“apocalypses,” in which Jesus Christ speaks to his follow­
ers. This is seen, for example, in Mark 13,1 Thessalonians, 
chapter 4, the canonical book of Revelation to John, and 
the noncanonical Didache 16.

These genres of material now represented in the canonical 
Gospels are amply represented also in the noncanonical 
writings from the first Christian centuries. The discovery 
of a Gnostic library of Coptic writings at Naj' Hammädl, 
in Egypt, in the 1940s gave scholars a new opportunity 
to compare the canonical Gospels with the Jesus material 
of these various types, some of them having been called 
and used as gospels (such as the Gospel o f Thomas). In 
the light of such a wider spectrum of material, it appears 
that the gospel form for which Mark is the earliest witness 
became a criterion for the orthodox transmission of the 
Christian message about Jesus. By making the confession Signifi- 
of Jesus as the crucified and risen Lord (the earliest ker- cance of 
ygma and “gospel” as found in Paul and Acts) the form the Passion 
of an extensive Passion account prefaced by a limited account 
amount of narrative and teaching, Mark set the stage for 
a faith that anchored faith in Jesus Christ in the events of 
the earthly life of Jesus. This form of the “gospel” became 
the Standard within which the other commonly accepted 
Gospels grew. It became the criterion for later creedal 
statements concerning Jesus Christ äs true God and true 
man. By such a criterion, gospels that seemed to disregard 
his humanity (e.g., Gospel o f Thomas, the Gospel o f Peter) 
were judged heretical.

THE SYNOPTIC PROBLEM
Early theories about the Synoptic problem. Since the 

1780s, Matthew, Mark, and Luke have been referred to as 
the Synoptic Gospels (from synoptikos, “seen together”).
The extensive parallels in structure, content, and wording 
of Matthew, Mark, and Luke make it even possible to 
arrange them side by side so that corresponding sections 
can be seen in parallel columns. John Calvin, the 16th- 
century Reformer, wrote a commentary on these Gospels 
as a harmony. Such an arrangement is called a “synop­
sis,” or Gospel harmony, and, by careful comparison of 
their construction, Compilation, and actual agreement or 
disagreement in wording or content, literary- or source- 
critical relationships can be seen. Augustine, the great 4th- 
5th-century Western theologian, considered Mark to be 
an abridged Matthew, and, until the 19th Century, some 
Variation of this solution to literary dependency dominat­
ed the scene. It still recurs from time to time.

The Synoptic problem is one o f literary or of source crit­
icism and deals with the written sources after Compilation 
and redaction. Matthew was the Gospel most used for 
the selections read in the liturgy of the church, and other
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Gospels were used to fill in the picture. One attempted 
solution to the problem of priority was the proposed exis­
tence of an Aramaic primitive gospel, which is now lost, 
as the first Gospel from which a later Mark in Greek was 
translated and arranged. The Greek Mark would thus be 
first based on a prior Semitic Matthew, and later both 
Mark and Matthew would be translations dependent on 
Matthew, and Luke dependent on both. The preservation 
of an ecclesiastical priority of Matthew breaks down be­
cause of the literary word-for-word agreement in Matthew, 
Mark, and Luke. This agreement occurs to far too great 
an extent to be accounted for in translations and revi­
sions, not to mention the agreement in the order of the 
various pericopes as they are viewed in a synoptic parallel 
arrangement.

For similar reasons, a fragment theory holding that 
the Gospels were constructed of small written collections 
brought together in varying sequences cannot stand the 
test of actual structure—but it has the merit of stressing 
Compilation of sources.

In 1789 J.J. Griesbach, a German biblical scholar, hy- 
pothesized that the Synoptics had not developed indepen- 
dently, but in his “usage-hypothesis” he recognized that 
there must be literary dependency. He thought that Mark 
used Matthew as well as Luke, but this could not account 
for the close relationship of Matthew and Luke. His basic 
concept of literary dependency, however, paved the way 
for K. Lachmann, who observed in 1835 that Matthew 
and Luke agree only when they also agree with Mark and 
that, where material is introduced that is not in Mark, it 
is inserted in different places. This, it is held, can only 
be explained on the basis of the priority of Mark and its 
use as the patterning form of Matthew and Luke. This 
insight led to a so-called two-source hypothesis (by two 
German biblical scholars, Heinrich Holtzmann in 1863, 
and Bernhard Weiss in 1887-88), which, with various 
modifications and refinements of other scholars, is the 
generally accepted solution to the Synoptic problem.

The two- and four-source hypotheses. The two-source 
hypothesis is predicated upon the following observations: 
Matthew and Luke used Mark, both for its narrative mate­
rial as well as for the basic structural outline of chronology 

The source of Jesus’ life. Matthew and Luke use a second source, 
:alled Q which is called Q (from German Quelle, “source”), not 

extant, for the sayings (logia) found in common in both 
of them. Thus, Mark and Q are the main components of 
Matthew and Luke. In both Matthew and Luke there is 
material that is peculiar to each of their Gospels; this ma­
terial is probably drawn from some other sources, which 
may be designated M (material found only in Matthew’s 
special source) and L (material found only in Luke’s 
special source). This is known as the four-document hy­
pothesis, which was elaborated in 1925 by B.H. Streeter, 
an English biblical scholar. The placement of Q material 
in Luke and Matthew disagrees at certain points accord­
ing to the needs and theologies of the addressees of the 
gospels, but in Matthew the Marcan chronology is the 
basic scheme into which Q is put. Mark’s order is kept, 
on the whole, by Matthew and Luke, but, where it differs, 
at least one agrees with Mark. After chapter 4 in Matthew 
and Luke, not a single passage from Q is in the same 
place. Q was a source written in Greek as was Mark, which 
can be demonstrated by word agreement (not possible, 
for example, with a translation from Aramaic, although 
perhaps the Greek has vestiges of Semitic structure form). 
A diagram might thus be:

Mark Q

M— »Matthew Luke«— L

In approximate figures, Mark’s text has 661 verses, more 
than 600 of which appear in Matthew and 350 in Luke. 
Only c. 31 verses of Mark are found nowhere in Matthew 
or Luke. In the material common to all three Synoptics, 
there is very seldom verbatim agreement of Matthew and

Luke against Mark, though such agreement is common 
between Matthew and Mark or Luke and Mark or where 
all three concur.

The postulated common saying source of Matthew and 
Luke, Q, would account for much verbatim agreement 
of Matthew and Luke when they include sayings absent 
from Mark. The fact that the sayings are used in different 
ways or different contexts in Matthew and Luke is an 
indication of a somewhat free way in which the editors 
could take material and mold it to their given situations 
and needs. An example of this is the parable in Matthew 
and Luke about the lost sheep (Matt. 18:10-14, Luke 
15:3-7). The basic material has been used in different 
ways. In Matthew, the context is church discipline—how 
a brother in Christ who has lapsed or who is in danger 
of doing so is to be gently and graciously dealt with—  
and Matthew shapes it accordingly (the sheep has “gone 
astray”). In Luke, the parable exemplifies Jesus’ attitude 
toward sinners and is directed against the critical Pharisees 
and scribes who object to Jesus’ contact with sinners and 
Outsiders (the sheep is “lost”).
Another example of two passages used verbatim in Luke 

and Matthew is Jesus’ lament over Jerusalem. In Luke 
(13:34—35; the lament over Jerusalem) Jesus refers to how 
they will cry “Blessed be the King who comes in the name 
of the Lord” when he enters Jerusalem (Lk. 19:38). In 
Luke, the passage is structured into the life of Jesus and 
refers to his triumphal entry into Jerusalem, “Blessed is 
he who comes in the name of the Lord”). In Matthew 
(23:37-39) this same lament is placed after the entry into 
the city (21:9) and thus refers to the fall o f Jerusalem and 
the Last Judgment. Apparently, Luke has historicized a 
primarily eschatological saying.

Since the 1930s, scholars have increasingly refined 
sources, postulated sources behind sources, and many 
stages o f their formation. The premise of the two- (or four-) 
source hypothesis is basic and provides information as to 
literary sources; further refinement is of interest only to the 
specialist. Another movement in synoptic research—and 
also research including John—is that which concentrates 
rather on the treatment of gospels as a whole, formally and 
theologically, with patterns or cycles to be investigated. It 
may be significant that the latest and best regarded Greek 
synopsis is that of the German scholar Kurt Aland, Syn­
opsis Quattuor Evangeliorum (1964; Synopsis o f the Four 
Gospels, 1972), which includes the Gospel According to 
John and, as an appendix, the Gospel o f Thomas, as well 
as ample quotations from noncanonical gospels and Jesus’ 
sayings preserved in the Church Fathers.

THE SYNOPTIC GOSPELS
The Gospel According to Mark. The Gospel According 

to Mark is the second in canonical order of the Gospels 
and is both the earliest gospel that survived and the short- 
est. Probably contemporaneous with Q, it has no direct 
connection with it. The Passion narrative comprises 40 
percent of Mark, and, from chapter 8, verse 27, onward, 
there is heavy reference forward to the Passion.

Though the author of Mark is probably unknown, au­
thority is traditionally derived from a supposed connection 
with the Apostle Peter, who had transmitted the traditions 
before his martyr death under Nero’s persecution (c. 64- 
65). Papias, a 2nd-century bishop in Asia Minor, is quoted 
as saying that Mark had been Peter’s amanuensis (secre- 
tary) who wrote as he remembered (after Peter’s death), 
though not in the right order. Because Papias was from the 
East, perhaps the Johannine order would have priority, as 
is the case in the structure of the Syrian scholar Tatian’s 
Diatesseron (harmony of the Gospels).
Attempts have been made to identify Mark as the John 

Mark mentioned in Acts 12 or as the disciple who fled 
naked in the garden (Mark 14). A reference to “my son, 
Mark,” in I Peter is part of the same tradition by which 
Mark was related to Peter; thus the Evangelist’s apostolic 
guarantor was Peter.

The setting is a Gentile church. There is no special in­
terest in problems with Jews and little precision in stating 
Jewish views, arguments, or terminology. Full validity is 
given the worship of the Gentiles. In further support of
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a Gentile setting and Roman provenance is the argument 
that Mark uses a high percentage of so-called Latinisms— 
i.e., Latin loan words in Greek for military officers, money, 
and other such terms. Similar translations and translitera- 
tions, however, have been found in the Jerusalem Talmud, 
a compendium of Jewish law, lore, and commentary, 
which certainly was not of Roman provenance. The ar­
gument from Latinisms must be weighed against the fact 
that Latin could be used anywhere in the widespread 
Roman Empire. In addition, for the first three centuries 
the language of the church of Rome was Greek—so the 
Gentile addressees might just as well have been Syrian 
as Roman. The Latinisms—as well as the Aramaisms— 
are rather an indication of the vernacular style of Mark, 
which was “improved” by the other Evangelists.

Mark is written in rather cfude and plain Greek, with 
great realism. Jesus’ healing of a blind man is done in 
two stages: first the blind man sees men, but they look 
like trees walking, and only after further healing activity 
on Jesus’ part is he restored to see everything clearly. 
This concrete element was lost in the rest of the tradi­
tion. It is also perhaps possible that this two-stage healing 
is a good analogy for understanding Mark theologically: 
first, through enigmatic miracles and parables in secret, 
and only later, after recognition of Jesus as the Christ, is 
there a gradual clarification leading to the empty tomb. In 
chapter 3, verse 21, those closest to Jesus call him insane 
(“he is beside himself’), a statement without parallel in 
the other Gospels.

In Mark, some Aramaic is retained, transliterated into 
Greek, and then translated—e.g., in the raising of Jairus’ 
daughter (5:41) and in the healing of the deaf mute (7:34). 
The well-known abba, Father, is retained in Mark’s ac­
count of Jesus’ prayer in Gethsemane, ln the two miracle 
stories, the Aramaic may have been retained to enhance 
the miracle by the technique of preserving Jesus’ actual 
words. And a cry of Jesus on the Cross is given in Ara- 
maized Hebrew.

The stories in Mark are woven together with simple ste­
reotyped connectives, such as the use of kai euthus (“and 
immediately,” “straightway”), which may be thought of 
as a Semitic style (as a typical simple connective in the 
Old Testament narrative style). More likely, however, this 
abruptness indicated that the compiler-redactor of Mark 
has used geography and people simply as props or scenes 
to be used as needed to connect the events in the service 
of the narrative.

Except for the Passion narrative, there is little chronolog­
ical information. References in chapters 13 and 14 appear 
to presuppose that the Jerusalem Temple (destroyed in 
ad 70) still stood (in Matthew and Luke this is no longer 
the case); but the context of chapter 13, the “Little Apoc­
alypse,” is so interwoven with eschatological traditions 
of both the Jewish and Christian expectations in the Ist 
Century that it cannot serve with certainty as a historical 
reference. To some extent, however, chapter 13 does help 
to date Mark—the priority of which has already been 
established from literary criticism—because it is in good 
agreement with the traditions that Mark was written after 
the martyrdom of Peter. Mark may thus be dated some- 
where after 64 and before 70, when the Jewish war ended.

The organization and schematizing of Mark reveals its 
special thrust. It may be roughly divided into three 
parts: (1) 1:1-8:26—the Galilean ministry—an account of 
mighty deeds (an aretalogy); (2) 8:27-10:52—discussions 
with his disciples centred on suffering; and (3) 11:1—16:8— 
controversies, Passion, death, the empty tomb, and the 
expected Parousia in Galilee.

“The beginning of the Gospel” in the first words of 
Mark apparently refers to John the Baptist, who is clearly 
described as a forerunner of the Messiah who calls the 
people to repentance. Jesus never calls himself the Mes­
siah (Christ). After Jesus’ Baptism by John, the heavens 
open, the Spirit descends, and a heavenly voice proclaims 
Jesus as God’s beloved son with whom He is well pleased. 
Already in this account there is a certain secrecy, because 
it is not clear whether the onlookers or only Jesus wit­
nessed or heard. Jesus was then driven by the Spirit into 
the wilderness, the place of demons and struggle, to be

tempted by Satan, surrounded by wild beasts (the Symbols 
of the power of evil and persecution) and ministered to by 
angels. Here again he is in secret, alone. The opening of 
the struggle with Satan is depicted, and the attendance by 
angels is a sign of Jesus’ success in the test.

Many references to persecution in Mark point toward 
Roman oppression and a martyr church that was preoccu­
pied with a confrontation with the Satanic power behind 
the world’s hostility to Jesus and his message. There was 
stress on the underlying fact that the church must witness 
before the authorities in a hostile world. Much of the 
martyrological aspect of Mark’s account is grounded in 
his interpretation of the basic function o f Jesus’ Passion 
and death and its implication that the Christian life is a 
life of suffering witness.

What Jesus preached in Galilee at the beginning of his 
ministry was that the time is fulfilled and the Kingdom of 
God is “at hand”; i.e., very very near—therefore repent! 
(1:15). In Matthew this same message is that of both John 
the Baptist (3:2) and Jesus (4:17). This sets the stage; and 
the miraculous ministry in Galilee about which the follow­
ers are enjoined to secrecy points not so much to Jesus as 
the wonder-worker as to the great scheme of pushing back 
the frontier of Satan. Toward the end o f this first section, 
the Pharisees ask Jesus for a sign, and he answers in no 
uncertain terms that no sign will be given (8:12). In the 
Synoptic Gospels the miracles are never called “signs” (as 
in John); and no sign is to be given prior to the cosmolog- 
ical, eschatological signs from heaven that belong to the 
end: darkening of the Sun and Moon and extreme tribu- 
lations that in postbiblical Jewish eschatology—the mood 
of the first Christian Century—is a sign of the coming of 
the heavenly Son of man to judge the world.

Parables are a revelatory mode o f expression; they are 
not just illustrations of ideas or principles. Jesus, the re- 
vealer, teils his disciples that the secret of the Kingdom of 
God is given to them but that to the outsider everything 
is in parables (or riddles) in order that they may not hear 
and understand lest they repent and be forgiven (4:10- 
12). This mystery and hiddenness is particularly related 
to the parables about the coming of the kingdom. Yet, 
even Jesus’ disciples did not recognize him as the Messiah, 
although his miracles were such that only a messianic 
figure could perform them: forgiving sins on earth, casting 
out demons, raising the dead, making the deaf hear and 
the stammerer (the dumb) speak, and the blind to see—  
all fulfillments of Old Testament prophecy concerning the 
Messiah. Only the demons, supranatural beings, recognize 
Jesus. There is a constant campaign against Satan from 
the temptation after Jesus’ Baptism until his death on the 
Cross, and, in each act of healing or exorcism, there is 
anticipated the ultimate defeat o f Satan and the mani- 
festation of the power of the new age. In all this Mark 
stresses the need for secrecy and Peter’s confession of Jesus 
as the Christ (8:29) is told in Mark as the opportunity to 
motivate an acceptance of the admonition “not to teil” by 
reference to the necessity of suffering.

This strong emphasis on the necessity of suffering—in 
the life of Jesus and in the life of the disciples—before 
the hour of victory gives the best explanation to what 
scholars have called the secrecy motif in Mark— i.e., the 
constant stress on not telling the world about Jesus’ mes­
sianic power.

According to William Wrede, a German scholar, the 
messianic secret motif was a literary and apologetic device 
by which the Christological faith of the early church could 
be reconciled with the fact that Jesus never claimed to be 
the Messiah. According to Wrede, Mark’s solution was: 
Jesus always knew it but kept it a secret for the inner 
group. After Peter’s confession at Caesarea Philippi, Jesus 
began to speak of a suffering Son of man. The Son of 
man in Jewish apocalyptic was a glorious, transcendent, 
heavenly figure who would come victorious on clouds of 
glory to judge the world at the end of time. Suffering 
was not part of this picture. E. Sjöberg (1955) has inter- 
preted the messianic secret not as a literary invention but 
as an understanding both that the Messiah would appear 
without recognition except by those who are chosen and 
to whom he reveals himself and that he must suffer. For
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outsiders, then, he remains a mystery until the age to 
come. Even his disciples did not understand the necessity 
of suffering. Only in the light of Resurrection faith—the 
hope of the Parousia and final victory over Satan—-could 
they understand that he had to suffer and die to fulfill his 
mission and how they, too, must suffer.

Martyrological aspects in Mark can be noted from the 
beginning. Already according to 2:20 Jesus’ disciples are 
not to fast until “when the bridegroom is taken away from 
them and then they will fast. . . . ” In Mark 8 to 10, there 
is great concentration on discussions with the disciples. 
The theme is suffering, and repeatedly they are reminded 
that there is no way of coming to glory except through 
suffering. Three Passion predictions meet either with re­
jection, fear, or confusion. In the Transfiguration (9:2- 
13; in which three disciples— Peter, James, and John— 
see Jesus become brighter and Elijah and Moses, two Old 
Testament prophets, appear) there is the same emphasis. 
The tension between future glory and prior suffering is the 
more striking when the Transfiguration is recognized as 
a Resurrection appearance, placed here in an anticipatory 
manner. The disciples are reminded of an association of 
Elijah with John the Baptist and his fate. This is also a hid- 
den epiphany (manifestation)—the triumphal enthroned 
king closely juxtaposed with suffering and death.

After the third Passion prediction, in chapter 10, two 
of the disciples ask for places of honour when Jesus is 
glorified. He reminds them that suffering must precede 
glory for “The Son of man also came not to be served but 
to serve, and to give his life as a ransom for many.” It is 
worth noting that this is the only reference to the death 
of Christ as a ransom or sacrifice but that Mark does 
not dweil on the Christological implications, but uses the 
saying for ethical purposes. Even so, the Marcan text gives 
one of the important building blocks for Christological 
growth and reflection on the suffering Son of man.

Just as Jesus’ public ministry in Mark started with the 
calling of disciples, so the central part of the Gospel calls 
them to participate through suffering in his own confron- 
tation with the power of Satan.

In the last section of the Gospel, the scene is shifted to Je­
rusalem, where Jesus is going to die. His entry is described 
as triumphal and openly messianic and is accompanied by 
acted-out parables in a judgment of a barren fig tree, cast­
ing money changers out of the Temple, and in a parable 
of a vineyard in which the beloved son of the owner is 
killed. There is an increasing conflict and alienation of the 
authorities. Chapter 13, the “Little Apocalypse,” made up 
of a complex arrangement o f apocalyptic traditions, serves 
as instruction to the disciples and thence to the church 
that they must endure through tribulation and persecution 
until the end time. Thus, although the setting is Jerusalem, 
the orientation is toward Galilee, the place where the Par­
ousia is expected. The Holy Spirit will come to those who 
must witness in the Situation of trial before governors and 
authorities (13:11); in the final eschatological trials only 
by God’s Intervention can anyone endure unless the time 
be shortened for the elect. Because this chapter is shaped 
as a discourse that precedes the Passion narrative, it serves 
as a farewell address, a type of testament including apoca­
lyptic sayings and wamings to the messianic community 
at the end of the “narrative” before the Passion—as do 
most testament forms (admonitions given before death to 
those beloved who will remain behind).

The Cross is both the high point of the Gospel and its 
lowest level o f abject humiliation and suffering. A cry of 
dereliction and agony and the cosmic sign of the rend- 
ing of the Temple veil bring from a Gentile centurion 
acknowledgment of Jesus as Son of God. The disciples 
reacted to the scandal of the Cross with discouragement, 
although already the scene is set for a meeting in Galilee. 
There are no visions of the risen Lord, however, in the 
best manuscripts (verses 9-20 are commonly held to be 
later additions), and Mark thus remains an open-ended 
Gospel. The Resurrection is neither described nor inter- 
preted. Not exultation but rather involvement in the battle 
with Satan is the inheritance until the victorious coming 
in glory of the Lord—a continual process with the empty 
tomb pointing to hope of the final victory and glory, the

Parousia in Galilee. The Gospel ends on the note of ex- 
pectation. The mood from the last words of Jesus to the 
disciples remains: What I say to you, I say to all: Watch!

The Gospel According to Matthew. Matthew is the first 
in order of the four canonical Gospels and is often called 
the “ecclesiastical” Gospel, both because it was much used 
for selections for pericopes for the church year and be­
cause it deals to a great extent with the life and conduct 
of the church and its members. Matthew gave the frame, 
the basic shape and colour, to the early church’s picture 
of Jesus. Matthew used almost all of Mark, upon which it 
is to a large extent structured, some material peculiar only 
to Matthew, and sayings from Q as they serve the needs of 
the church. This Gospel expands and enhances the stark 
description of Jesus from Mark. The fall of Jerusalem 
(a d  70) had occurred, and this dates Matthew later than 
Mark, c. 70-80.
Although there is a Matthew named among the various 

lists of Jesus’ disciples, more telling is the fact that the 
name of Levi, the tax collector who in Mark became a 
follower of Jesus, in Matthew is changed to Matthew. It 
would appear from this that Matthew was claiming apos­
tolic authority for his Gospel through this device but that 
the writer of Matthew is probably anonymous.

The Gospel grew out of a “school” led by a man with 
considerable knowledge of Jewish ways of teaching and 
interpretation. This is suggested by the many ways in 
which Matthew is related to Judaism. It is in some ways 
the most “Jewish” Gospel. Striking are 11 “formula quo­
tations” (“This was to fulfill what was spoken by the 
prophet. . . ”) claiming the fulfillment of Old Testament 
messianic prophecies.

The outstanding feature of Matthew is its division into 
five discourses, or sermons, following narrative sections 
with episodes and vignettes that precede and feed into 
them: (1) chapters 5-7—the Sermon on the Mount—a 
sharpened ethic for the Kingdom and a higher righteous­
ness than that of the Pharisees; (2) chapter 10—a discourse 
on mission, witness, and martyrological potential for dis­
ciples with an eschatological context (including material 
from Mark 13); (3) chapter 13—parables about the com­
ing of the Kingdom; (4) chapter 18—on church discipline, 
harshness toward leaders who lead their flock astray and 
more gentleness toward sinning members; and (5) chapters 
23-25—concerned with the end time (the Parousia) and 
watchful waiting for it, and firmness in faith in God and 
his Holy Spirit. Each sermon is preceded by a didactic 
use of narratives, events, and miracles leading up to them, 
many from the Marcan outline. Each of the five sections 
of narrative and discourse ends with a similar formula: 
“now when Jesus had finished these sayings.. . . ” The 
style suggests a catechism for Christian behaviour based 
on the example of Jesus: a handbook for teaching and 
administration of the church. This presupposes a teaching 
and acting community, a church, in which the Gospel 
functions. The Greek word ekklêsia, (“church”) is used in 
the Gospels only in Matthew (16:18 and 18:17).

The discourses are preceded by etiological (sources or ori­
gins) material of chapters 1-2, in which the birth narrative 
relates Jesus’ descent (by adoption according to the will of 
God) through Joseph into the Davidic royal line. Though 
a virgin birth is mentioned, it is not capitalized upon 
theologically in Matthew. The story includes a flight into 
Egypt (recalling a Mosaic tradition). Some “Semitisms” 
add to the Jewish flavour, such as calling the Kingdom 
of God the Kingdom of the Heaven(s). The name Jesus 
(Saviour) is theologically meaningful to Matthew (1:21). 
Chapter 2 reflects on the geographical framework of the 
Messiah’s birth and teils how the messianic baby born in 
Bethlehem came to dweil in Nazareth.

After the five narrative and discourse units, Matthew 
continues from chapter 26 on with the Passion narrative, 
burial, a Resurrection account, and the appearance of the 
risen Lord in Galilee, where he gives the final “great com­
mission,” with which Matthew ends.

Matthew is not only an original Greek document, but its 
addressees are Greek-speaking Gentile Christians. By the 
time of the Gospel According to Matthew, there had been 
a relatively smooth and mild transition into a Gentile
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Christian milieu. The setting could be Syria, but hardly 
Antioch, where the Pauline mission had sharpened the 
theological issues far beyond what seems to be the case in 
Matthew. Matthew has no need to argue against the Law, 
or Torah, as divisive for the church (as had been the case 
earlier with Paul in Romans and Galatians, in which the 
Law was divisive among Gentile Christians and Jewish 
Christians), and, indeed, the Law is upheld in Matthew 
(5:17-19). For Matthew, there had already been a Sepa­
ration of Christianity from its Jewish matrix. When he 
speaks about the “scribes and the Pharisees,” he thinks of 
the synagogue “across the Street” from the now primarily 
Gentile church. Christianity is presented as superior to Ju­
daism even in regard to the Law and its ethical demands.

The Matthean church is conscious of its Jewish origins 
but also of a great difference in that it is permeated with 
an eschatological perspective, seeing itself not only as par- 
ticipating in the suffering of Christ (as in Mark) but also as 
functioning even in the face of persecution while patient- 
ly—but eagerly— awaiting the Parousia. The questions of 
the mission of the church and the degree of the “coming” 
of the Kingdom with the person and coming of Jesus are 
handled by the Evangelist by a “timetable” device. The 
Gospel is arranged so that only after the Resurrection is 
the power of the Lord fully manifest as universal and 
continuing. Before the Resurrection the disciples are sent 
nowhere among the Gentiles but only to the lost sheep of 
the house of Israel; and the end time is expected before 
the mission will have gone through the towns of Israel. 
Even in his earthly ministry, however, Jesus proleptically, 
with a sort of holy impatience, heals the son of a be- 
lieving Roman centurion and responds to the persistent 
faith of a Canaanite woman—whose heathen background 
is stressed even more than her geographical designation, 
Syro-Phoenician, given in the parallel in Mark—by heal­
ing her daughter. The Jewish origins of Jesus’ teaching 
and the way the Evangelist presents them do not deny 
but push beyond them. The prophecies are fulfilled, the 
Law is kept, and the church’s mission is finally universal, 
partly because the unbelief of the pious Jewish leaders left 
the gospel message to the poor, the sick, the sinner, the 
outcast, and the Gentile.

In Matthew, because of the use of Q and Matthew’s 
theological organization, there is stress on Jesus as teacher, 

Jesus as his sharpening or radicalizing of the Law in an eschato- 
teacher, logical context; and Jesus is presented not in secret but
Messiah, as an openly proclaimed Messiah, King, and Judge. In
King, and the temptation narrative Jesus refuses Satan’s temptations 
Judge because they are of the devil, but he himself later in the

Gospel does feed the multitude, and after the Resurrec­
tion he claims all authority in heaven and on earth. By 
overcoming Satan, Jesus gave example to his church to 
stand firm in persecution. Messianic titles are more used 
in Matthew than in Mark. In the exorcism of demoniacs, 
the demons cry out, calling him Son of God and rebuking 
him for having come “before the time” (8:29). Again, this 
shows that Jesus in his earthly ministry had power over 
demons, power belonging only to the Messiah and the age 
to come; and he pushed this timetable ahead. Yet, as in 
Mark, the miracles are not to be interpreted as signs. When 
asked for a sign, the Matthean account gives only the sign 
of Jonah, an Old Testament prophet— i.e., the preaching 
of the gospel—which in later tradition took on an added 
interpretation as presaging the Son of man (Jesus) being 
three days and nights in the tomb (12:40, a later addition 
to Matthew).

Even the antitheses in the Sermon on the Mount are 
not new but demonstrate a higher ethic—one that is 
sharpened, strict, more immediate because the end time 
is perceived as coming soon. People who took this inten- 
sification of the Law upon themselves dared to do it as 
an example of “messianic license”— i.e., to use the ethics 
of the Kingdom in the present in a church still under 
historical ambiguity and in constant struggle with Satan.

At such points the peculiar nature of Matthew comes 
into focus. The sharpening of the Law and the messianic 
license for the disciples are clearly there. At the same time 
Matthew presents the maxims of Jesus as attractive to a 
wider audience with Hellenistic tastes: Jesus is the teacher

of a superior ethic, beyond casuistry and particularism.
Similarly, in chapter 15, he renders maxims about food 
laws as an example of enlightened attitudes, not as rules 
for actual behaviour.

According to Matthew, the “professionally” pious were 
blind and unhearing, and these traits led to their replace- 
ment by those who are called in Matthew the “little ones”; 
in Final Judgment the King-Messiah will judge according 
to their response to him who is himself represented as one 
of “the least of these.” The depiction of Jesus as Lord,
King, Judge, Saviour, Messiah, Son of man, and Son of 
God (all messianic titles) is made in a highly pitched es­
chatological tone. The Lord’s Prayer is presented in this 
context, and, for example, the “temptation” (trial, test) of 
“Lead us not into temptation” is no ordinary sin but the 
ordeal before the end time, the coming of the Kingdom 
for which the Matthean church prays. Martyrdom, though 
not to be pursued, can be endured through the help of the 
Spirit and the example of Jesus.

The Passion narrative is forceful and direct. Pilate’s part 
in sentencing Jesus to be crucified is somewhat modified, 
and the guilt of the Jews increased in comparison with the 
Marcan account. In Matthew the Resurrection is properly 
witnessed by more than one male witness so that there can 
be no ambiguity as to the meaning of the empty tomb.
The risen Lord directs his disciples to go to Galilee, and 
the Gospel According to Matthew ends with a glorious 
epiphany there and with Jesus’ commission to the disci­
ples—the church—to go to the Gentiles, because the risen 
Jesus is Lord of heaven and earth for all time.

The Gospel According to Luke. Luke is the third in 
order of the canonical gospels, which, together with Acts, 
its continuation, is dedicated by Luke to the same patron,
“most excellent” Theophilus. Theophilus may have been
a Roman called by a title of high degree because he is an
official or out of respect; or he may have been an exempli-
fication of the Gentile Christian addressees of the Lucan The
Gospel. The account in Luke-Acts is for the purpose of purpose of
instruction and for establishing reliability by going back to Luke
the apostolic age. The very style of this preface follows the
pattern of Greek historiography, and thus Luke is called
the “historical” Gospel. Historically reliable information
cannot be expected, however, because Luke’s sources were
not historical; they rather were embedded in tradition and
proclamation. Luke is, however, a historian in structuring
his sources, especially in structuring his chronology into
periods to show how God’s plan of salvation was unfold-
ed in world history. That he uses events and names is
secondary to his intention, and their historical accuracy is
of less importance than the schematization by which he
shows Jesus to be the Saviour of the world and the church
in its mission (Acts) to be part of an orderly progress
according to God’s plan.
The sources of the Gospel are arranged in the service 

of its theological thrust with definite periodization of the 
narrative. Approximately one-third of Luke is from Mark 
(about 60 percent of Mark); 20 percent of Luke is derived 
from Q (sometimes arranged with parts of L). Almost 
50 percent is from Luke’s special source (L), especially 
the infancy narratives of John the Baptist and Jesus, and 
parables peculiar to Luke (e.g., the prodigal son, the good 
Samaritan, the rieh fooi). L material is also interwoven 
into the Passion narrative. While Matthew structured sim­
ilar teaching materials in his five discourses, Luke places 
them in an extensive travel account that takes Jesus from 
Galilee to Judaea via Jericho to Jerusalem. This is similar 
to the ways in which Acts is structured on the principle of 
bringing the word from Jerusalem to Rome (see below).

The author has been identified with Luke, “the beloved 
physician,” Paul’s companion on his journeys, presumably 
a Gentile (Col. 4:14 and 11; cf. II Tim. 4:11, Philem. 24).
There is no Papias fragment concerning Luke, and only 
late-2nd-century traditions claim (somewhat ambiguously) 
that Paul was the guarantor of Luke’s Gospel traditions.
The Muratorian Canon refers to Luke, the physician,
Paul’s companion; Irenaeus depicts Luke as a follower 
of Paul’s gospel. Eusebius has Luke as an Antiochene 
physician who was with Paul in order to give the Gospel 
apostolic authority. References are often made to Luke’s
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medical language, but there is no evidence of such lan­
guage beyond that to which any educated Greek might 
have been exposed. Of more import is the fact that in the 
writings of Luke specifically Pauline ideas are significantly 
missing; while Paul speaks of the death of Christ, Luke 
speaks rather of the suffering, and there are other differing 
and discrepant ideas on Law and eschatology. In short, 
the author of this gospel remains unknown.

The setting Luke can be dated c. 80. There is no conjecture about 
of Luke its place of writing, except that it probably was outside of 

Palestine because the writer had no accurate idea of its 
geography. Luke uses a good literary style of the Hellenis­
tic Age in terms of syntax. His language has a “biblical” 
ring already in its own time because of his use of the Sep­
tuagint style; he is a Greek familiar with the Septuagint, 
which was written for Greeks; he seldom uses loanwords 
and repeatedly improves Mark’s wording. The hymns of 
chapters 1 and 2 (the Magnificat, beginning “My soul mag- 
nifies the Lord”; the Benedictus, beginning “Blessed be the 
Lord God of Israel”; the Nunc Dimittis, beginning “Now 
lettest thou thy servant depart in peace”) and the birth 
narratives of John the Baptist and Jesus either came from 
some early oral tradition or were consciously modelled on 
the basis of the language of the Septuagint. These sections 
provide insight into the early Christian community, and 
the hymns in particular reflect the Old Testament psalms 
or the Thanksgiving Psalms from Qumrän. Though on 
the whole Matthew is the Gospel most used for the lec­
tionaries, the Christmas story comes from Luke. The “old 
age” motif of the birth of John to Elizabeth also recalls 
the Old Testament birth of Samuel, the judge. All the 
material about John the Baptist, however, is deliberately 
placed prior to that of Jesus. When Mary, the mother of 
Jesus, visits Elizabeth, Jesus’ superiority to John is already 
established. The Davidic royal tradition is thus depicted 
as superior to the priestly tradition.

Writing out of the cultural tradition of Hellenism and 
that of Jewish 'anawim piety— i.e., the piety of the poor 
and the humble entertaining messianic expectations— 
Luke has “humanized” the portrait of Jesus. Piety and 
prayer (his own and that of others) are stressed. Love and 
compassion for the poor and despised and hatred of the 
rich are emphasized, as is Jesus’ attitude toward women, 
children, and sinners. In the Crucifixion scene, the discus­
sion between the robbers and Jesus’ assurance that one of 
them would be with him in Paradise, as well as the words, 
“Father, into thy hands I commit my spirit!”—which are 
in contrast to the cry of dereliction in Mark and Mat­
thew—all point toward the paradigm of the truly pious 
man. Parables peculiar to Luke— among which are those 
of the good Samaritan, the importunate friend, the lost 
coin, and the prodigal son—have an element of warmth 
and tendemess. Thus, Luke “civilizes” the more stark es­
chatological emphasis of Mark (and Matthew), leading the 
way, perhaps, to a lessening of eschatological hopes in a 
time in which the imminent Parousia was not expected 
but pushed into the distant future.

The interplay between Luke and Acts reveals Luke’s 
answer to the coming of the Kingdom. Once the church 

The has the Holy Spirit, the delay of the Parousia has been
structure of answered for a time. Thus, Luke divides history into three 
the Gospel periods: (1) the end of the prophetic era o f Israel as a prep­

aration for revelation, with John the Baptist as the end of 
the old dispensation; (2) the revelation of Jesus’ ministry 
as the centre of time—with Satan having departed after 
the temptation and, until he once again appears, entering 
into Judas to betray Jesus; and (3) the beginning of the 
period of the church after Jesus’ Passion and Resurrection.
Consistent with this schematization, John the Baptist’s 

arrest occurs before Jesus’ Baptism, though it is placed 
later in Mark and Matthew. From the beginning, the rule 
of the Spirit is a central theme, important in healing, the 
ministry, the message, and the promise o f the continued 
guidance of the Spirit in the age of the church, pointing 
toward part two of Luke’s work, the book of Acts of the 
Apostles, in which Pentecost (the receiving of the Holy 
Spirit by 120 disciples gathered together the 50th day after 
Easter) is a decisive event.

Just as Luke arranges his Gospel to show the divine

plan of salvation in historical periodization, so he orders 
its structure in accordance with a geographical scheme.
Chapter 1 (verse 8) of Acts provides the frame work: after 
the coming of the Spirit, the church will witness in Jeru­
salem, in all Judaea and Samaria, and then to the end of 
the inhabited world. These places foreshadow the church’s 
mission. The end of the old dispensation takes place in 
Jerusalem and its environs. The Resurrection appearances 
in Luke are placed in Jerusalem (Mark, Matthew, and 
John point toward Galilee). Jerusalem is also the place 
of the beginning of the church, and the old holy place 
thus becomes the centre of the new holy community. The 
necessity of suffering was made clear and interpreted as 
the fulfillment of prophecy. Rejection by people from his 
old home, Nazareth, and by Jewish religiöus leaders corre- 
sponds to the beginning of the ministry to the Gentiles— 
to the end of the earth.

Luke’s account of the Crucifixion heightens the guilt of Luke’s 
the Jews, adding a trial and mockery by Herod Antipas, interpreta- 
The Crucifixion in Luke is interpreted as an anticipato- tion of the 
ry event: that the Christ must suffer by means of death Passion 
before entering into glory. Jesus’ death, therefore, is not 
interpreted in terms of an expiatory redemptive act. The 
centurion who saw the event praised God and called Jesus 
a righteous man, thus describing his fate as that of a mar- 
tyr, but with no special meaning for salvation. The link 
between past salvation history and the period of the church 
is through the Spirit; salvation history continues in Acts.

THE FOURTH GOSPEL: THE GOSPEL ACCORDING TO JOHN
John is the last Gospel and, in many ways, different from 
the Synoptic Gospels. The question in the Synoptic Gos­
pels concerns the extent to which the divine reality broke 
into history in Jesus’ coming, and the answers are given in 
terms of the closeness of the new age. John, from the very 
beginning, presents Jesus in terms of glory: the Christ, the 
exalted Lord, mighty from the beginning and throughout 
his ministry, pointing to the Cross as his glorification and 
a revelation of the glory of the Father. The Resurrection, 
together with Jesus’ promise to send the Paraclete (the 
Holy Spirit) as witness, spokesman, and helper for the 
church, is a continuation of the glorious revelation and 
manifestation (Greek epiphaneia).

Irenaeus calls John the beloved disciple who wrote the 
Gospel in Ephesus. Papias mentions John the son of Ze- 
bedee, the disciple, as well as another John, the presbyter, 
who might have been at Ephesus. From intemal evidence 
the Gospel was written by a beloved disciple whose name 
is unknown. Because both external and internal evidence 
are doubtful, a working hypothesis is that John and the 
Johannine letters were written and edited somewhere in 
the East (perhaps Ephesus) as the product of a “school,” 
or Johannine circle, at the end of the Ist Century. The 
addressees were Gentile Christians, but there is accurate 
knowledge and much reference to Palestine, which might 
be a reflection of early Gospel tradition. The Jews are 
equated with the opponents of Jesus, and the Separation of 
church and synagogue is complete, also pointing to a late- 
lst-century dating. The author of John knows part of the 
tradition behind the Synoptic Gospels, but it is unlikely 
that he knew them as literary sources. His use of common 
tradition is molded to his own style and theology, differing 
markedly with the Synoptics in many ways. Yet, John 
is a significant source of Jesus’ life and ministry, and it 
does not stand as a “foreign body” among the Gospels.
Confidence in some apostolic traditions behind John is an 
organic link with the apostolic witness, and, from begin­
ning to end, the confidence is anchored in Jesus’ words 
and the disciples’ experience—although much has been 
changed in redaction. Tracés of eyewitness accounts occur 
in John’s unified Gospel narrative, but they are interpret­
ed, as is also the case with the other Gospels. Clement 
of Alexandria, a late-2nd-century theologian, calls John 
the “spiritual gospel” that complements and Supplements 
the Synoptics. Although the Greek of John is relatively 
simple, the power behind it (and its “poetic” translation 
especially in the King James Version) makes it a most 
beautiful writing. Various backgrounds for John have been 
suggested: Greek philosophy (especially the Stoic concept
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of the logos, or “word,” as immanent reason); the works of 
Philo of Alexandria, in which there is an impersonal logos 
concept that can not be the object of faith and love; Her­
metic writings, comprising esoterie, magical works from 
Egypt (2nd-3rd centuries ad) that contain both Greek 
arid Oriental speculations on monotheistic religion and 
the revelation of God; Gnosticism, a 2nd-century religiöus 
movement that emphasized salvation through knowledge 
and a metaphysical dualism; Mandaeanism, ä form of 
Gnosticism based on Iranian, Babylonian, Egyptian, and 
Jewish sources; and Palestinian Judaism, from which both 
Hellenistic and Jewish ideas came. In the last source there 
is a Wisdom component and some ideas that possibly 
come from Qumrän, such as a dualism of good versus 
evil, truth versus falsehood, and light versus darkness. Of 
these backgrounds, perhaps, all have played a part, but 
the last appears to fit John best. In the thought world of 
Jewish Gnosticism, there is a mythologieal descending and 
ascending envoy of God. In the prologue of John, there is 
embedded what is proclaimed as a historical fact: The Lo­
gos (Word) took on new meaning in Christ. The Creator 
of the world entered anéw with Creative power. But his­
tory and interpretation are always so inextricably bound 
together that one cannot be separated from the other.

In John there is a mixture of long meditational discours- 
es on definite themes and concrete events recalling the 
structure of Matthew (with events plus discourses); and, 
although the source problem is complex and research is 
still grappling with it, there can be little doubt that John 
depended on a distinct source for his seven miracles (the 
sign [or sëmeia] source): (1) tuming water to wine at the 
marriage at Cana; (2) the healing of an official’s son; (3) 
the healing of a paralytic at the pool at Bethzatha; (4) 
the feeding of the multitude; (5) Jesus walking on water; 
(6) the eure of one blind from birth; and (7) the raising 
of Lazarus from the dead. In chapter 20, verse 30, the 
purpose of the signs is stated: “Jesus did many other signs 
in the presence of the disciples, which are not written in 
this book; but these are written that you may believe that 
Jesus is the Christ, the Son of God, and that believing you 
may have life in his name.”
A major part of John is in the form of self-revelatory 

discourses by Jesus. Some would assign these to a distinct 
source, but they may rather be the work of the author.

Jesus’ coming “hour”—the hour of his glorification— 
could not come about at any bidding but only according 
to a divine plan, and Jesus is obedient to it. The Paraclete 
is promised to come to the disciples, and it is necessary 
that Jesus go away in order that the Paraclete may come 
to the church. In John, Christ is depicted as belonging to 
a higher world, and his kingship is not of this world. He 
is said to have come into this world to his own people, 
and they rejected him, but this is but another example of 
the church’s mission having passed both historically and 
theologically to the Gentile milieu.

The Christology in John is heightened: though the Syn­
optics have Jesus speaking about the Kingdom, in John, 
Jesus speaks about himself. This heightened Christology 
can be seen in many o f the “I am” sayings of Jesus (e.g., 
“I am the bread of life”) in the context of their discours- 
es and accompanying signs. This type of discourse is a 
concentration in terms and titles of the way in which the 
Messiah openly reveals his identity by a striking phenome­
non: in the Old Testament the association with “I am” is 
the revelation of the name of God in the theophany (man- 
ifestation of Göd) to Moses (Exodus), and this theophanic 
interpretation carries over in John. Jesus says “I am” with 
regard to his function as Messiah, as divine. These sayings 
are self-revelatory pronouncements: (1) bread of life, (2) 
light of the world, (3) door of the sheepfold, (4) good 
shepherd, (5) resurrection and life, (6) way, truth, and 
life, and (7) true vine. Such theophanic expressions are 
heightened in other sayings: “I and the Father are one”; 
“Before Abraham was, I am”; “He who has seen me has 
seen the Father”; and Thomas’ cry after the Resurrection 
“My Lord and my God.”
John 14 is a farewell speech, one of a series, before the 

Passion. In testament form, it is the bidding of farewell by 
one who is dying and giving comfort to those he loves. In

John, however, the eons (ages) overlap. The significance 
of the farewell address, thus, is in the teaching that Jesus 
is God’s representative. The fact that he must go to the 
Father means that the eschatological era already started in 
Jesus’ presence as the Christ and will be intensified at his 
death and manifested further in the coming of the Spirit 
to the church. The times shift; the eschatology—here and 
still to come—also shifts but remains on the whole real­
ized in John, although there is still a tension between the 
“already” and the “not yet.”

John’s allegorical thought is shown by his ending of the 
miracle of Jesus’ walking on the sea. The frightened disci­
ples took him into their boat, “and immediately the boat 
was at the land.” This fits the pattern of John’s Gospel, 
namely that, when Jesus is with his church, the new era 
häs already arrived, and, where Jesus is, there is the King- 
döm fulfilled. Similarly, the raising of Lazarus in chapter 
11 is to demonstrate that the power o f the Resurrection, 
of the fulfilled “eschatön” (last times), is already present in 
Jesus as Christ now, not only in some future time. Thus, 
there would appear to be a “realized eschatology” in John; 
i.e., the last times are realized in the person and work of 
Jesus. The coming of the Spirit, the Paraclete, however, is 
still to come, so, even in this most eschatological Gospel, 
there is a building up, a crescendo, of glorification. In 
chapter 12, verse 32, Jesus is depicted as saying, “I, when 
I am lifted up . . .  will draw all men to m yself’—again an 
exaltation and glorification that points to the Cross. At the 
point of death on the Cross, Jesus’ words “It is finished” 
are interpreted to mean that part of the “eschatön” is con- 
summated, fulfilled. After the finding of the empty tomb, 
there is a Resurrection appearance to the disciples. This 
includes the “doubting Thomas” pericope, which teaches 
that those who have to depend on the witness of the 
Gospel are at no disadvantage.

In an appended chapter, 21, there is a touching story of 
the Apostle Peter, who, having denied his Lord thrice, is 
three times asked by Jesus if he loves him. Peter affirms 
his knowledge that Jesus knows what love is in his heart 
and is given the care of the church and a prediction that 
he himself will be persecuted and crucified.

The numerous differences between the Synoptics and 
John can be summed up thus: in John etemal life is al­
ready present for the believer, while in the Synoptics there 
is a waiting for the Parousia for the fulfillment of escha­
tological expectations. This Johannine theology and piety 
häs great similarities to the views that Paul criticizes in I 
Cor. 15 (see below). The contrast between Paul and John 
is even more striking if one accepts the most plausible 
theory that John as we have it includes passages (added 
later) by which the realized eschatology has been corrected 
so as to fit better into the more futuristic eschatology that 
was stressed in defense against the Gnostics. John 5:25- 
28 is such a striking correction.
The Johannine chronology also differs from the Synoptic. 

John starts the public ministry with the casting out of the 
money changers: the Synoptics have this äs the last event 
of the earthly ministry leading to Jesus’ apprehension. The 
public ministry in John occupies two or three years, but 
the Synoptics telescope it into one. In John Jesus is cruci­
fied on 14 Nisan, the same day that the Jewish Passover 
lamb is sacrificed; in the Synoptics Jesus is crucified on 15 
Nisan. The difference in the chronologies of the Passion 
between John and the Synoptics may be because of the 
use of a solar calendar in John and a lunar calendar in 
the Synoptics. Nevertheless, the actual dating is of less 
importance than the fact that John places the Crucifixion 
at the time of the Passover sacrifice to emphasize Jesus as 
the Paschal lamb. There is ho celebration of the Last Sup­
per in John, but the feeding of the multitude in chapter 6 
gives the opportunity for a eucharistie discourse. Because 
Jesus is regarded as the Christ from the very beginning of 
John, there is no baptism story—John the Baptist bears 
witness to Jesus as the Lamb of God— no temptation, and 
no demon exorcisms. Satan is vanquished in the presence 
of Christ. Each of the four Gospels presents a different 
facet of the picture, a different theology. Although in all 
the Gospels there is warning about persecution and the 
danger of discipleship, each has the retrospective comfort
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of having knowledge of the risen Lord who will send the 
Spirit. In John, however, there is a triumphant, glorious 
confidence: “In the world you have tribulation; but be of 
good cheer, I have overcome the world.”

The rela­
tionship 
between 
Luke and 
Acts

The use of 
speeches 
and the 
“we-
passages”

THE ACTS OF THE APOSTLES
As indicated by both its introduction and its theological 
plan (see The Gospel According to Luke), Acts is the 
second of a two-volume work compiled by the author of 
Luke. Both volumes are dedicated to Theophilus (presum­
ably an imperial official), and its contents are divided into 
periods. In the Gospel, Luke describes first the end of the 
old dispensation and then the earthly life of Jesus. Near 
the end of the Gospel, the stage is set for the next period: 
the “new dispensation” of the church as presented in Acts. 
After the Ascension of the risen Lord in Jerusalem (Acts 
1), there is Pentecost, called Shavuot in Hebrew (i.e., “the 
50th day” after Passover). This Jewish festival of the reve­
lation of the Law on Mt. Sinai becomes the day when the 
Spirit is poured out. For Acts this event marks the begin­
ning of a new era (Acts 2): as in Luke, Jesus, endowed by 
the Spirit, was led from Nazareth to Jerusalem, so in Acts, 
the outpouring of the Spirit at Pentecost leads the church 
from Jerusalem to Rome.

The purpose and style of Acts. Although the title, Acts 
of the Apostles, suggests that the aim of Acts is to give 
an account of the deeds of the Apostles, the title actually 
was a later addition to the work (about the end of the 2nd 
Century). Acts depicts the shift from Jewish Christianity to 
Gentile Christianity as relatively smooth and portrays the 
Roman govemment as regarding the Christian doctrine 
as harmless. This book is the earliest “church history,” 
viewing the church as guided by the Spirit until a future 
Parousia (coming of the Lord).

Probably written shortly after Luke (c. 85) as a compan­
ion volume, in no manuscripts or canonical lists is Acts 
attached to the Gospel.

Luke edited his history as a series of accounts, and thus 
Acts is not history in the sense of accurate chronology or 
of continuity o f events but in the ancient sense o f rhetoric 
with an apologetic aim. The author weaves Strands of var­
ying traditions and sources into patterns loosely clustered 
around a nucleus of past events viewed from the vantage 
point of later development.

The structuring of the material by time and geography 
may account for the unique way in which both the Ascen­
sion of Christ to heaven (40 days after the Resurrection) 
and the outpouring of the Spirit at Pentecost (50 days 
after the Resurrection) became fixed and dated events.

The redactor (editor) of Acts composed speeches with 
primary primitive material within them; about one-fifth 
of Acts is composed in this way. This manner of using 
Speeches was part of the style and purpose of the work 
and was not unlike that of other ancient historians such 
as Josephus, Plutarch, and Tacitus.

In the latter part of Acts are several sections known as 
the “we-passages” (e.g., 16:10, 20:5, 21:1,8, 27:1, 28:16) 
that appear to be extracts from a travel diary, or narrative. 
These do not, however, necessarily point to Luke as a 
companion of Paul—as has been commonly assumed— 
but are rather a stylistic device, such as that noted par­
ticularly in itinerary accounts in other ancient historical 
works (e.g., Philostratus’ Life o f Apollonius o f Tyana). 
Though the pronoun changes from “they” to “we,” the 
style, subject matter, and theology do not differ. That an 
actual companion of Paul writing about his mission jour­
neys could be in so much disagreement with Paul (whose 
theology is evidenced in his letters) about fundamental is­
sues such as the Law, his apostleship, and his relationship 
to the Jerusalem church is hardly conceivable.

Acts was written in relatively good literary Greek (espe­
cially where it addresses the Gentiles), but it is not consis­
tent, and the Koinë (vernacular) Greek of the Ist Century 
was apparently more natural to the writer. There are some 
Semitisms, especially when stressing Jewish backgrounds; 
thus, Paul is called Saul in accounts of his conversion ex­
perience on Damascus road. In chapter 17, Paul’s speech 
on the Areopagus, a hill in Athens that traditionally was 
the meeting place of the city’s council, for an intellectual

Athenian audience is in good Greek, assimilating Gentile 
thought patterns, but is expressed in Old Testament uni- 
versalistic terms.

The content of Acts. The outline of Acts can be roughly 
divided into two parts: the mission under Peter, centred 
in Jerusalem (chapters 1-12); and the missions to the 
Gentiles all the way to Rome (cf chapter 1, verse 8), 
under the leadership of Paul (chapters 13-28). The earlier 
sections deal with the Jerusalem church under Peter and 
the gradual spread of the gospel beyond Jewish limits (in 
chapters 10-11, for example, Peter is led by the Spirit to 
baptize the Roman centurion, Cornelius). References to 
Peter are abruptly ended in chapter 12; James, the brother 
of the Lord, has become the head of the Jerusalem church, 
and Philip, a Greek-speaking missionary, is commanded 
by the Spirit to baptize an Ethiopian eunuch.

Paul’s missionary journeys are traditionally separated 
into three: (1) 13:1-14:28; followed by the Council of Je­
rusalem c. ad 49 (15:1-35); (2) 15:36-18:22 with a stop at 
Antioch; and (3) 18:23—21:14. After that, Paul is impris- 
oned and sent to Rome where Acts leaves him witnessing 
openly and unhindered in the Capital of the Empire. These 
journeys may be seen as a part of the writer’s “theological 
geography,” because they form one continuous circuit— 
with stops on the way—between the geographical poles of 
Jerusalem and Rome. After the Council of Jerusalem c. 
ad 49, the Situation was changed, and Paul became the 
spokesman for the whole Christian mission.
The earliest chapters of Acts contain some primitive tra­

ditions important both for any study o f the early church 
and its preaching and for the church’s own development 
of its understanding of itself and of Jesus. After Peter 
healed a lame man, he made a speech, in chapter 3, in 
which Jesus is proclaimed as the one appointed but who 
is now in heaven and who will come as the Christ at 
the Parousia (Second Coming). In his Pentecost speech in 
chapter 2, Peter preached that God made Jesus Lord and 
Christ at his Resurrection.

The titles used for Jesus show both a preservation of 
primitive tradition and theology and a clear differentiation 
made by the writer between Jesus in his earthly life (in 
Luke) and reflection on him in Acts. Christ (Messiah) is 
consciously used as the title of Jesus; the title Son of man, 
used frequently in Luke, is used only once in Acts, at the 
death of the martyr Stephen, when he is granted a vision 
of the Lord in glory. Early titles, “servant” and “righteous 
one,” reflect the Old Testament background of God’s 
“suffering servant.” The Hellenistic term saviour (sötër) is 
used in Acts in chapters 5 and 13. The more primitive 
Christologies and titles show not only a flexibility of tra­
ditions but also the functional nature of New Testament 
Christology.

Acts presents a picture of Paul that differs from his own 
description of himself in many of his letters, both factually 
and theologically. In Acts, Paul, on his way to Damascus 
to persecute the church, is dramatically stopped by a vi- 
sionary experience of Jesus and is later instructed. In his 
letters, however, Paul stated that he was called by direct 
revelation of the risen Lord and given a vocation for which 
he had been born (recalling the call of an Old Testament 
prophet, such as Jeremiah) and was instructed by no man.
The account of Paul’s relation to Judaism in Acts also 

differs from that in his letters. In Acts, Paul is presented as 
having received from the Jerusalem apostolic council the 
authority for his mission to the Gentiles as well as their de­
cision—the so-called apostolic decree (15:20; cf 15:29)—  
as to the minimal basis upon which a Gentile could be 
accepted into fellowship with Jewish Christians. Accord­
ing to this decree, Gentile converts to Christianity were to 
abstain from pollutions of idols (pagan cults), unchastity, 
from what is strangled, and from blood (referring to the 
Jewish cultic food laws as showing continuity with the 
old Israel). Circumcision, however, was not required, an 
important concession on the part of the Jewish Christians.

In Acts Paul is not called an Apostle except in passing, 
and the impression is given, contrary to Paul’s letters, 
that he is subordinate to and dependent upon the twelve 
Apostles. When Paul entered a new city, he went first to 
the synagogue. If his message of the gospel was rejected,
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he turned to the Gentiles. According to Paul’s missionary 
practice and theology, the message had first to be spoken 
to the Jews as a reminder that Christianity is grounded in 
redemptive history; this prevents the connection with the 
old Israel from being forgotten. Because most Jews reject­
ed Paul’s message, the author proclaimed that salvation 
thus passed to the Gentiles.

Roman authorities are depicted as treating Paul (and 
other Christians) in a just manner. The author repeatedly 
stressed that the Roman authorities did not find fault with 
the Christians but rather viewed Christian-Jewish antag- 
onisms merely as one problem among Jewish factions. 
While in Corinth, during a conflict with the Jews, the 
Roman proconsul of Achaea in Greece, Gallio, refused to 
hear the charges brought against Paul because, according 
to Roman law, they were extralegal. On a later occasion 
in Ephesus, during a conflict with the silversmiths who 
derived their income from selling statuettes of the goddess 
Diana, Paul was protected from local antagonisms and a 
riot by Roman authorities. Toward the end of his career, 
after having been in the protective custody of the Judaean 
procurator Felix, Paul was heard by Felix’s successor, 
Festus, and the Jewish king Agrippa II, and, had he not 
appealed to Caesar as a Roman Citizen, he could have 
been set free. He thus had to go to Rome to be tried, and 
that is the last that is heard about him in Acts.

The doctrine of the Holy Spirit is a dominant theme in 
Acts, as it is in the Gospel According to Luke. Just as Jesus 
started his public ministry in Luke by reading from the 
Book of Isaiah: “The Spirit of the Lord is upon me . . . ” so 
also in Acts the new age of the Spirit began at Pentecost, 
which is viewed as the fulfillment of the prophecy of Joel 
that in the new age the Spirit would be poured out on all 
men. That persons from many nations heard in their own 
tongues the mighty works of God has been viewed as a 
reversal of the Tower of Babel narrative, with languages 
no more confused and people no longer scattered.

Although Peter, Stephen, and Paul are central figures in 
Acts, the piety of the humbler members of the church also 
permeates the book. Church structure and organization, 
with apostles, disciples, elders, prophets, and teachers, 
exhibits great fluidity. Paul, in bidding farewell at Mile- 
tus to the elders from Ephesus, exhorted them to “take 
heed . . .  to all the flock in which the Holy Spirit made you 
guardians (bishops) to feed the church.. . . ” Offices may 
be conveyed by prayer and laying on of hands but there 
is little stress on distinction of office or succession, thus 
indicating a very early period in the life of the church.

Because Peter “départs and goes to another place” and 
Paul is left under house arrest awaiting trial, the read­
ers appear to be left in suspense concerning the fates of 
these two leaders. The readers, however, probably knew 
what had happened to them— i.e., that these Apostles 
had eventually been martyred sometime in the 60s before 
Acts was written. What is more, the interest in Acts is 
not in the fates of Peter and Paul; the gospel has finally 
reached Rome, the center of the oikoumenê (“the inhabit- 
ed world”), and thus the ending is suitable to the book— 
Paul is left “preaching the kingdom of God and teaching 
about the Lord Jesus Christ quite openly and unhindered.”

THE PAULINE LETTERS
In the New Testament canon of 27 books, 21 are called 
“letters,” and even the Revelation to John starts and ends 
in letter form. Of the 21 ,13  belong to the Pauline corpus; 
the Letter to the Hebrews is included in the Pauline corpus 
in the East but not, however, in the West. Three letters of 
this corpus, the Pastoral Letters, are pseudonymous and 
thus are not considered here. Of the remaining 10, the 
Letters to the Colossians and Ephesians are from the hand 
of a later Pauline follower and II Thessalonians is spuri­
ous. How this Pauline corpus was collected and published 
remains obscure, but letters as part of Holy Scripture were 
an early established phenomenon of Christianity.

The church was poor and widespread, and, in the early 
stages, expected an imminent Parousia. More formal sa­
cred writings were thus superseded in importance by letters 
(e.g., those of bishop Ignatius of Antioch) that answered 
practical questions of the early churches.

The letters o f Paul, written only about 20-30 years after 
the crucifixion, were preserved, collected, and eventual­
ly “published.” In general, they answered questions of 
churches that he had founded. When all the Pauline Let­
ters as a corpus were first known is difficult to determine. 
Because Pauline theology and some quotations and allu- 
sions were certainly known at the end of the Ist Century, 
the Pauline Letters probably were collected and circulated 
for general church use by the end of the Ist Century or 
soon thereafter. A disciple o f Paul, possibly Onesimus, 
may have used Ephesians as a covering letter for the 
whole collection.

The letters Galatians and Romans both contain an ex­
tensive discussion about the Law (Torah) and justification 
(in language not found in the other letters) to solve the 
problem of the relation of Christianity to Judaism and of 
the relationship of Jewish Christians with Gentile Chris­
tians. Galatians is older and differs from Romans in that 
it deals with Judaizers— i.e., Gentile Christians who were 
infatuated with Jewish ways and championed Jewish cer- 
emonial law for Gentile Christians. On the other hand, 
Romans speaks to the question o f the Jews and the Chris­
tian faith and church in God’s plan of salvation.

In I and II Corinthians (which may include fragments of 
much Corinthian correspondence preserved in a somewhat 
haphazard order), there is no preoccupation with either 
Jews or Judaizing practices. They deal with a church of 
Gentile Christians and are therefore the best evidence of 
how Paul operated on Gentile territory.

The earliest book in the New Testament is I Thessaloni­
ans, which is concerned with the problem of eschatology. 
Though II Thessalonians is obvious in its imitation of the 
style of I Thessalonians, it reflects a later time, elaborates 
on I Thessalonians, and is thus not viewed as genuine.

Philippians may be a composite letter in which various 
themes of Pauline teaching are held together by a testa­
ment form. Thus, it is a compendium without too specific 
a focus on the Philippian Situation. Philemon, although 
addressed to a house church, is uniquely concerned with 
the fate of a slave being returned to his master, with the 
hope that he will be forgiven and be sent back to help Paul 
in prison, an example of manumission in Paul’s name.

Ephesians appears to be dependent on Colossians, and 
both, although using the Pauline style, reflect a time and 
imagery sometimes different from and later than Paul’s 
genuine letters. Ephesians covers the content of Colossians 
in more compact form and may be a covering letter for the 
entire Pauline corpus by a disciple or other later Paulinist.

The style of Paul’s letters is an admixture of Greek and 
Jewish form, combining Paul’s personal concern with his 
official status as Apostle. After his own name, Paul names 
the addressees or congregation being addressed and adds 
“grace and peace.” This is often followed by thanksgivings 
and intercession that are significantly adapted to the con­
tent and purpose of the letter. Doctrinal material usually 
precedes advice or exhortation (parenesis), and the letters 
conclude with personal news or admonition and a bless­
ing: “The grace of our Lord Jesus Christ be with you.” 
Paul’s letters were probably dictated to an amanuensis 
(who might be named, for example, Sosthenes, I Cor. 
1:2), and some greetings were written at the end of the 
letters in his own hand. They were obviously meant to be 
read aloud in the church, however, and thus their style is 
different from that of purely personal letters.

The Letter of Paul to the Romans. Romans differs 
from all the other Pauline letters in that it was written to 
a congregation over which Paul did not claim apostolic 
authority. He stressed that he was merely going to Rome 
in transit, because it was his principle not to evangelize 
where others had worked. Because his apostolic ministry 
appeared to be completed in Asia Minor and Greece, Paul 
planned to go to Spain via Rome, a city that he had never 
visited. Before going westward, however, he first had to 
go to Jerusalem to deliver to the church there a collec­
tion of money.

Because Paul was going to a church he had not founded, 
his writing to the Roman Christians offered him an op- 
portunity to present his theological views in a systematic 
way, which he had not done in other letters. Paul reflected
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on how his special mission fitted into God’s plan for the 
salvation of mankind, of both Jews and Gentiles—a theme 
that reached its climax in chapters 9-11. Chapters 1-8 
unfold with great specificity how the coming of Jesus the 
Messiah has made it possible for the Gentiles to become 
heirs to God’s promises. His argument is at first negative, 
stating that neither Gentile nor Jew could effect his own 
salvation. He then shows a new way in which eventually 
both can be delivered from the bondage of sin by being 
justified— i.e., made “right with God”—not through ac- 
ceptance of the Law but by faith in the crucified Lord.

The theological section (chapters 1-11) is followed (as is 
often the case in Pauline letters) by ethical instructions. 
There is little doubt about the integrity of Romans 1- 
15; the letter was written from Corinth c. 56. Chapter 
16, however, seems to be a later addition. It contains 
numerous salutations to individuals (which is unusual in 
that Paul had never been to Rome) and an antinomian 
(antilegalistic) tone that would be more appropriate to 
the Situation in Asia Minor. The doxology (16:25—27) is 
rhetorical and its vocabulary is not in keeping with that 
of Paul’s usual thought. Because the doxology occurs in 
different manuscripts in varying positions in the course 
of textual transmission, it is probably secondary. Chapter 
16 may thus preserve portions of a letter or letters from 
some other time or to some place other than Rome, pos­
sibly Ephesus.

In chapter 1, verses 1-17, there are greetings and thanks- 
givings leading to the main theme of the letter: the gospel is 

the power of God for salvation to every one who has faith 
{i.e ., that Jesus is the Messiah), to the Jew first and also to 
the Greek. For in it the righteousness o f God is revealed 
through faith for faith; as it is written, “The righteous shall 
live by faith.”

Paul took this sentence from the Old Testament Book of 
Habakkuk, chapter 2, verse 4, not as a principle but as a 
prophecy now fulfilled. Thus, the translation should read 
“will live” rather than “shall live.” This does not refer to 
God’s faithfulness but rather to the believer’s trust. Justifi- 
cation by faith is not, however, the answer to the question

of man, plagued by conscience, about his salvation nor is 
it deep theology. It is rather an argument totally grounded 
in the problem of the relationship of Jews and Gentiles— 
i.e., how it will be possible for the Gentiles to be fellow 
heirs with Jews and how both Jews and Gentiles can be 
members of the church. In chapters 2-3 both Gentiles 
and Jews are demonstrated to have fallen short of the 
glory of God and to be under condemnation. A tuming 
point, however, is emphasized in chapter 3: “But now 
the righteousness of God has been manifested apart from 
law .. . . ” Justification is a gift through Jesus Christ and 
his expiating death for the salvation and vindication of all 
who believe in him. Because all this is through Christ and 
not by works of the Law, salvation is equally available to 
the Gentiles as well as to the Jews. For both, the means is 
the same: faith in Jesus the Christ.

The central problem after chapter 8, which describes the 
glory ofthe new dispensation in Christ and the Spirit (pre­
sented in chapters 9-11), centres on the mystery revealed 
to Paul, namely, that the Gentiles should be incorporat­
ed and be fellow heirs with the Jews. This is what Paul 
yearned for with respect to his fellow Jews. What makes 
it equally possible for Jew or Gentile to come to Christ 
is justification by faith, with the Law viewed as obsolete 
because Christ is the end of the Law (chapter 10, verse 4).
Thus, there are, in effect, no distinctions between Gentile 
and Jew. Paul viewed his ministry as having made possible 
the inclusion of the Gentiles; as an apostle to the Gentiles 
he never urged them to carry on a mission to the Jews.
He envisaged the Jewish acceptance of Christ as a mystery 
beyond human planning and effort, a divine event that 
will be the climax of history.

The ethical section (12:1-15:13) has no special reference 
to a Situation in Rome. A close analysis shows that Paul 
here repeats thoughts and admonitions that are more 
specific in other letters. A metaphor of the church as a 
body (12:5), for example, is stylized and compressed as 
compared with the fuller use of the same in I Corinthians, 
chapter 12, and the pattern of weakness and strength in 
matters of food is best understood in the light of the fuller 
exposition in I Corinthians, chapters 8 and 10.

The First Letter of Paul to the Corinthians. This let­
ter is part of Paul’s correspondence with the Corinthian 
congregation founded by him and composed of Gentile 
Christians. The problems of Galatians and Romans, writ­
ten to Christians with Jewish and Roman legal concepts, 
are different from those of I Corinthians, and, thus, the 
justification language is absent.

Except for the brief communication with Philemon (see 
below), I Corinthians is the most specifically practical, Emphasis 
situation-oriented of Paul’s letters. No other Pauline letter on prac- 
is so directly devoted to the consideration of practical and tical and 
theological problems, many of them apparently commu- theological 
nicated by the congregation through correspondence or by problems 
delegations. The letter, therefore, does not tend to stand 
as a unit and it is not uniform in its treatment of the 
varying situations.
Literary criticism—or redaction— has traditionally split 

the letter into several fragments with a presumed historical 
development within a relatively short period in the Corin­
thian church. Paul’s reference to a previous letter of his in 
chapter 5, verse 9, has been the object of scholarly efforts 
to restore the earlier letter. The fragmentary and not-too- 
uniform nature of both I and II Corinthians, however, 
precludes much probability of success in such searches.

Writing from Ephesus c. 53 or 54 upon hearing from 
a certain Chloe’s people that the church was rent by 
party factions, Paul tried to bring unity to the congrega­
tion. Whether these factions actually represented outside 
interference (e.g., Cephas [Peter], Apollos, or others) or 
were factions of the congregation under the influence of a 
widespread heresy of the time is a question perhaps best 
answered by the fact that the factions do not come up 
again after I Corinthians, chapter 1, and that I Corinthi­
ans, chapter 3, reduces the factions to Apollos and Paul, 
who claims he is head of no party. The Christ “party”— 
i.e., those who claim no party at all— (1:12; cf. 3:23) may 
be the only “party” Paul advocated because Christ is not 
divided. Paul warned that Christians should not fashion
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themselves into parties under various leaders, because all 
these leaders are servants of Christ and stewards of the 
mysteries of God through whom Christians come to belief. 
The church is not a society with competitive philosoph­
ical schools.

The letter is a response to difficulties caused or increased 
by a relatively strong group in Corinth that may be de­
scribed as “enthusiasts.” This group of enthusiasts may 
have been proto-Gnostics (early religiöus dualists not yet 
organized into definite sects). The Corinthian enthusiasts 
did, however, have some characteristics that would later 
be found in 2nd-3rd-century Gnosticism: a belief in salva­
tion through spiritual knowledge or wisdom communicat- 
ed by a revealer (not a redeemer); an otherworldliness that 
could lead either to licentiousness (scom) or asceticism 
(withdrawal); and a basically dualist and deliberately syn- 
cretistic system of beliefs using the mythical speculations 
and magical ideas of their time.
The Corinthian problems might well be traced to such 

enthusiasts. Their gnosis (“esoterie knowledge”) was a 
religiöus knowledge that gave them the feeling of supe- 
riority over more pedestrian Christians. This gnosis Paul 
identified as false wisdom. In chapter 14 Paul describes 
the views and related practices of those maintaining that 
they have spiritual gifts of inspiration, especially speak- 
ing in tongues (glossolalia) and gnosis. Such enthusiasts 
prized eloquent or secret wisdom; they sought a reveal­
er who had come into the world hidden from the evil 
powers and known only to those, the pneumatikoi, or 
the spiritual elite, who recognize him; and they tolerated 
gross immorality by claiming anything to be lawful for 
them (especially their slogan quoted by Paul: “for me all 
things are lawful”). These enthusiasts also rejected mar­
riage because it furthered the propagation of the present 
evil world; they claimed to possess knowledge that made 
them indifferent to the world; and they believed that their 
salvation was guaranteed by ritual and rites. Though they 
prized spiritual gifts, they scorned the ordinary Christian 
services for the community; and they did not believe in a 
future resurrection of the dead, which in their system had 
no place or was nonsense.

The main Pauline answer (e.g., as emphasized in chapter 
13) was that love, namely concern for the building up of 
the community, surpasses all knowledge or spiritual gifts 
and that love is a corrective because it demands service, 
edification (i.e., building up) of the church, and involves 
Christians with one another. Those Corinthians whom 
Paul viewed as opponents emphasized gnosis over against 
love. The discussion of the resurrection in chapter 15 
sheds further light on this. The opponents did not deny the 
Resurrection of Jesus Christ about which there was com­
mon agreement, but rather they debated about the future 
resurrection of Christians from the dead. Their view was 
perhaps similar to that reported as heresy in II Timothy, 
chapter 2, verse 18— Le., the believer already had etemal 
life and that a future resurrection of the body was mean- 
ingless. In holding such a view, Paul’s opponents claimed 
they were faithful to the received kerygma (proclamation). 
Another indication that some Corinthians had no dis- 

agreement with tradition but interpreted it too enthusias- 
tically is found in I Corinthians, chapter 11. The liturgical 
formula pertaining to the Lord’s Supper is sound:

The Lord Jesus on the night when he was betrayed took bread, 
and when he had given thanks, he broke it, and said “This is 
my body which is for you. D o this in remembrance o f me.” 
In the same way also the cup, after supper, saying, “This cup 
is the new covenant in my blood. Do this, as often as you 
drink it, in remembrance o f  me.” (11:23-25.)

In a discussion of the sacraments in chapter 10, how­
ever, the enthusiasts probably believed in a rather mag­
ical efficacy of Baptism and the Eucharist, though Paul 
qualified such an interpretation and took exception to 
it. The misunderstanding of the enthusiasts points to a 
special reinterpretation of Scripture and tradition (which 
resembles that of the lst-century Jewish philosopher Philo 
and also the later Gnostics)—taking Scripture, tradition, 
and liturgical practices as effectively bringing about an 
otherworldly, spiritual reality immediately for those who 
really understand (i.e., those who have gnosis). Paul also

criticized these spiritualists for their disregard of the poor 
members of the congregation, who found no food left 
when they came from their work.

Discussions about Christian and apostolic freedom (in 
chapters 5, 6, 7, 9, and 11) and also a discussion about 
being free to eat meat that had been sacrificed to idols 
and leftovers of pagan sacrifices sold in the marketplace 
were caused by conflicts with the enthusiasts who paraded 
their spiritual freedom, strength, and superiority at the ex- 
pense of their weaker brothers in the faith, who were not 
ready for this freedom. A shift in the discussion in chap­
ter 12 (the body and its members are equal in Christ)—  
from a very speculative idea of the body of Christ to a 
more metaphorical one that is reminiscent of Stoic philo­
sophical ideas about society as an organism—can best be 
understood if it is assumed that the enthusiasts actually 
pressed for a mythical understanding of Christianity, in 
which one became literally incorporated into Christ, oth­
erworldly, and divine. Paul added some qualifications that 
brought the church into concrete everyday life and even 
provided a source of political reality. A somewhat dras­
tic understanding of spiritual gifts that was presupposed 
and criticized by Paul in chapters 12—14 fits well into 
such a pattern.
Permeating all the discussion of individual topics in I 

Corinthians is the theme of Christian unity and edifica­
tion, a topic introduced and underscored in the preface 
and thanksgiving of this letter and in its introduction. 
Such unity is defended as being very inclusive, real, and 
concrete—as over against the enthusiastic attempt to speak 
in terms of spiritual reality and achievement, in which 
the true life of the spirit is only for the few (i.e., the 
Gnostic elitists).

Paul viewed the necessity of unity in the wisdom of God 
as it is evinced in the scandal of the cross. In order to 
deflate the exalted and to make foolish the destructive 
(speculative) wisdom established by men, God showed his 
wisdom in the “foolishness” of Jesus’ crucifixion. Here, 
although hidden, is God’s true wisdom. The opponents 
hailed their ideal teachers as bringers of hidden wisdom. 
To this Paul said that it is Christ who is the Wisdom.

In chapters 5 and 6 Paul dealt with certain ethical scan- 
dals and difficulties in the congregation: incest and fomi- 
cation; the use of pagan courts for settling disputes among 
Christians; traffic with prostitutes—all for the demonstra- 
tion o f Christian “freedom.” These wrongs might have 
been the direct or indirect consequences of the spiritual 
“powers” o f the enthusiasts. According to Paul, however, 
such immorality was impossible for the Christian because 
of the concreteness of his allegiance to Christ and of in­
spiration (with the idea of the body as the temple o f the 
Holy Spirit).

Because Paul expected an imminent Parousia (Second 
Coming of Christ), he suggested (chapter 7) the unmarried 
state as the preferable one, but conceded that marriage can 
prevent fornication. Paul even advised against breaking up 
mixed marriages between baptized Christians (both Jews 
and Gentiles) and unbaptized Gentiles. He advocated the 
practice o f ascetics living together as “virgins,” male and 
female, although he took this as a strain that is hard to bear 
and thus suggested marriage in unbearable cases. Not only 
the imminence of the Parousia but also radical change 
(“the form of this world is passing away”) caused Paul, 
on the whole, to affirm the social status quo—whether 
it concern circumcision, slavery, or other matters. Every- 
body is advised to remain—for the short time ahead— in 
the state in which he finds himself. Such eschatological 
fervour caused Paul to argue against any worldly anxiety, 
fear, or worries stemming from them. This is reflected in 
the ethical criterion of possessing things as though one did 
not have them.

In chapter 9, Paul used his own conduct, in contrast 
to that o f the enthusiasts who flaunted their freedom in 
such a way that it often had destructive influences, as a 
paradigm for an understanding of responsible freedom. 
Here he showed by various examples from his own life- 
style that he had never made use of his rightful privileges 
to the füllest, that he has, rather, been guided by what 
serves the weaker brothers and sisters. It is in this sense

The
question
of
freedom 
and unity

Ethical 
questions 
and views 
on
marriage



834 Biblical Literature

Discus- 
sions on 
corporate 
worship

that he subdued his body and that he urged the spiritual 
“snobs” to imitate him.

In chapters 11-14, Paul turned to problems of corporate 
worship. Paul did not question the right and ability of 
prophetically gifted women to make inspired statements 
in Christian worship, but he pointed out that women need 
protection. Arguments about a veil or long hair for a 
woman are in the context of the church’s worship before 
God himself, in which the congregation worships in the 
presence of the angels. Paul stressed the Subordination of 
women in chapters 11 and 14; they are förbidden to speak 
in worship. In chapter 14 Paul stated (perhaps) a general 
principle that would allow for exceptions in cases of clear 
prophetic inspiration of women (cf. however, Galatians, 
chapter 3, verse 28).

In discussion of proper restraint and mutual regard in 
celebrating the Lord’s Supper, Paul seemed to presuppose 
a prior common meal (possibly an agape meal) as part of 
the eucharistie celebration. This common meal, however, 
had apparently been devalued because of the interest of 
the enthusiasts in the sacrament itself. As a result, the 
communal aspect showed up social differences in the com­
munity; and some brought ample food, whereas others, 
of lower station, had nothing. In view of this, Paul again 
used the criterion of love and suggested that people eat 
their meal at home and then come together, being sensi­
tive to each other’s needs. The Lord’s Supper would then 
be what it is, a proclamation of the death of Christ in 
anticipation of his return; mutual and corporate concern 
and responsibility thus become a part of the Eucharist.

Similarly, mutual edification and love are linked in 
chapter 13 as the appropriate centre of the discussion of 
spiritual gifts, manifested particularly in public worship 
(chapter 14).

The emphasis on the communal aspect of the church is 
continued in chapter 15. Paul did not dweil on his own 
vision of Christ nor on his role in founding the church at 
Corinth but rather argued for the resurrection of all as a 
future experience, not as though each person had already 
had this experience. Paul viewed the resurrection as a 
collective phenomenon in the expectation of an end-time 
resurrection from the dead, with Christ as the first fruits 
of those who have died.

That love is to extend beyond the immediate community 
and be shared with all the saints (members of the church) 
is demonstrated in chapter 16, the closing chapter, by the 
collection for the Jerusalem church. The keynote might 
be: “Let all that you do be done in love.” The final pas­
sage—including the cry: “Our Lord, come!”—may reflect 
or repeat a eucharistie formula or setting.

The Second Letter of Paul to the Corinthians. This 
letter, as is I Corinthians, is composed o f a collection of 
fragments of Paul’s correspondence with the Corinthians 
about a year later (i.e., c. 55) from Macedonia. The diver- 
sity of 1 Corinthians was caused by the variety of problems 
discussed, but the diversity of II Corinthians was the result 
of a reflection of the underlying, rather turbulent history 
of Paul and his congregation. A pattern of fragments that 
make up II Corinthians can be understood in terms of a 
development that can be reconstructed. Gaps and editorial 
seams in this pattern are more recognizable and abrupt 
than those in I Corinthians, and a more original order for 
II Corinthians can be restored by fitting together blocks of 
material that obviously belong with one another in terms 
of context and unity of thought.

Though historical settings can be reconstructed with a 
high degree of validity to account for the fragments of II 
Corinthians, later editorial processes account for the order 
in which the fragments appear in the letter as it is now 
written. Based on both internal and external evidence, II 
Corinthians probably was later than I Corinthians, which 
was written after Paul’s first trip to Corinth. Not long 
before the composition of II Corinthians, Paul was in 
mortal danger in Asia and travelled to Macedonia, where 
he remained.

New apostles and heresies had apparently invaded the 
Corinthian congregation and Paul sent his companion 
Timothy to try to bring them back to the true gospel 
as Paul had preached it. This mission was apparently

unsuccessful, and Paul, in chapters 2 to 7, wrote to the 
church with a defense of his apostolic office, still counting 
on the loyalty of the Corinthians. His letter apparently 
did not change things, and there is some dispute as to 
whether Paul himself made an intermediate second visit 
to Corinth that was abruptly cut short by conflict with a 
member of the Corinthian church who violently opposed 
him. He considered such a second visit, but, according to 
chapter 2, verse 4, and chapters 10 to 13, he sent Titus 
to Corinth with a strongly polemical “letter of tears” and 
anxiously awaited his return, going from Troas to Mace­
donia to meet him.

Paul had almost been in despair over the Corinthians, 
but Titus and the letter seemed to have restored the 
Corinthian church to order. Titus and some of his com­
panions were then sent to take up the collection for the 
church at Jerusalem, a sign of Christian mutual love and 
unity. He took with him Paul’s “letter o f reconciliation,” 
which was written from Macedonia and which can be 
noted in chapter 1, verse 1, to chapter 2, verse 3; chapter 
7, verses 5 and 6; and chapter 8. In chapter 8 the Macedo­
nians are held up as an example of generosity. A similar 
section regarding the collection is in chapter 9, and the 
Achaeans (and probably their Capital city, Corinth) were 
cited as an example to the Macedonians for generous 
giving. This was probably sent shortly before Paul’s third 
(and last) visit to Corinth. From Corinth Paul wrote to the 
Roman church a letter that shows no sign of difficulties 
with the Corinthians and that presumed the conveying of 
the collection to Jerusalem.

If the Corinthian controversy had been smoothed out, a 
question is raised as to why II Corinthians ends in the “let­
ter of tears” rather than in the “letter of reconciliation.” 
This may be understood if the literary order of the several 
sections was arranged by a redactor who collected the 
fragments probably in the last decade of the Ist Century. 
The redactor may have used a “form” amply illustrated 
in Christian writings of the late Ist and early 2nd Century; 
one of the end-time expectations was that “false prophets 
would show signs and wonders to lead the elect astray,” 
and chapters 10-13 deal with “false prophets” and “ser- 
vants of Satan.” Such warnings were placed at the end of 
writings of that time.

Several abrupt editorial seams that resulted from an ar­
rangement of a letter of reconciliation, an apology on 
the nature of Paul’s apostolic authority, a polemic against 
opponents, two letters concerning the collection, and a 
possible non-Pauline insertion (in chapter 6, verse 14, 
to chapter 7, verse 1) can thus be understood. The rec­
onciliation of chapters 1 and 7 is hardly in agreement 
with Paul’s elaborate defense of his ministry in chapter 2. 
Even more jarring to such a reconciliation is the polemic 
of chapters 10-13. These latter chapters are viewed as a 
substantial fragment of Paul’s “letter of tears,” after which 
the Corinthians disengaged themselves from outside agita­
tors and caused them to leave. Such opponents, who are 
mentioned in chapter 11, verse 4, and who tried to attract 
the congregation away from Paul’s ideas, were probably 
Hellenized Jewish Christians from Palestine.

The outside agitators (who provoked the response of 
chapters 10-13) probably were Christians who imitated 
the Hellenistic-Jewish missionaries and had developed an 
elaborate propagandizing missionary theology and prac­
tices analogous to the missionary movements in the pagan 
world. Their goal was to prove the spiritual power of their 
own religion in conscious and aggressive competition with 
other religions, thus hoping to attract others and convert 
them to Christianity.

The major criteria for successful competition were af- 
finity or identity with the ancient Mosaic traditions and 
objective manifestations of the current power of that tra­
dition in the form of miraculous demonstrations. The link 
between the ancient traditions and the current careers 
of the itinerant missionaries was the record of Jesus as 
understood from the miracle stories of the Gospels—a 
demonstrated epiphany of the powers of the Spirit. These 
missionaries were seen as “divine men,” as were the heroes 
of old. Their miracles were to be imitated. Such traditions 
about Jesus as a wonder-worker might have been used by
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That which Paul attacks as “bragging” or “boasting,” par­
ticularly the preaching of the so-called “super-apostles,” 
in chapter 11, verse 5, was probably understood by his 
opponents as no more than faithful testimony to, and a 
demonstration of, the spiritual powers of tradition as they 
perceived it in their own experiences. To them faithful- 
ness to Jesus was primarily the acknowledgment of Jesus’ 
being the most powerful “divine man” and, secondarily, 
their establishment and maintenance of relationship to 
him through imitation in their powerful demonstrations 
and wondrous acts.

Paul (who in I Corinthians, chapter 1, had advocated 
the dialectic of the cross) would thus be discredited by 
miracle-working men like the opponents in II Corinthians. 
Paul’s credibility and validity as an Apostle came into 
question along with his Christology, which was a “theol­
ogy of the cross.” Confronted with the challenge of the 
powerful “super-apostles,” Paul’s message could be distort­
ed as hiding his own inability or incapacity—an apostle 
who dared not take money because, being an ineffective 
speaker and a weak person, he had nothing for which to 
ask payment. His defense was Paul’s first attempt to deal 
with these new problems caused by invading opponents 
who had undercut his authority.

Paul centred his defense around the issue most debated; 
true apostleship and his own sufficiency. Because he de­
rived his ministry from God himself as a servant preaching 
not himself but Jesus Christ as Lord, no “peddler of God’s 
word or selling or recommendation is called for, but only 
the living record— i.e., the people brought to believe in 
Christ. Paul quickly alluded to his own weakness and 
“carrying in the body the death of Jesus, so that the life of 
Jesus may also be manifested. . . ” (chapter 4, verse 10). 
Paul found his weakness one of the things that made him 
one with the Lord and that made his ministry a true min­
istry of Jesus Christ, who was crucified through weakness 
but lives by the power of God—as does his true apostle. 
This weakness seems to refer to a physical handicap of 
Paul’s (epilepsy?), the “thom in the flesh” that interfered 
with his travel plans.

Paul placed his own apparent weakness, in which he 
proclaimed that God had manifested himself, against the 
boastings of the “super-apostles.” Unlike them, he strikes 
a non-heroic note. It is confidence in the power of Jesus’ 
Resurrection that produces glory for the Gospel message 
and final (eschatological) reward and recognition for the 
Apostle.

Though Paul may himself sound “enthusiastic,” his State­
ments are made with a realistic assessment of the world, 
as demonstrated not least in the sufferings of Paul himself. 
Emphasis on God’s act of grace, however, makes Paul 
urge the Corinthians to accept him and to reach out to 
the promise of God’s salvation even in the present.

Paul’s defense of his apostleship and a following visit did 
not succeed. Agitation from outside opponents apparently 
increased and solidified. The “letter of tears” reflects this 
Situation. Paul revealed himself personally, coming close 
to autobiographical statements. Paul spoke of himself only 
with theological purpose and as part of his tactical argu­
ment with his opponents concerning attitudes and con- 
duct. His point was that a style of life is a reflection of an 
underlying theology. He demonstrated to his opponents 
that his work for the church is constructive, and that 
though he boasted of his ministry, he boasted only “of the 
Lord,” of the work Christ had done through him.

In his so-called fool’s speech, in which he blatantly asked 
the Corinthians to “bear with me in a little foolishness,” 
Paul adopted the technique of the mime of the Street 
theatres of his times, consciously drawing on the laughter 
and mockery of his audience, but then he successfully 
reversed the scene and made his audience realize that in 
laughing at him they mocked themselves, thus revealing 
the perversion of their criteria of superiority. Paul used 
metaphorical images, identifying the congregation with 
the bride, Jesus as the bridegroom, himself as the best 
man, and Satan (the opponents) as the adulterer. The 
plot assumed a successful seduction, and the best man

who recommended the bride stands disproven. Paul then 
pretended to try to shift this balance by bragging about 
himself and scolding both seducers and the seduced. He 
accepted no inferiority to the opponents—the seducers 
(“super-apostles”)—and claimed that they preached anoth­
er Christ than the true Christ and brought another spirit 
and that he would accept no support from the church that 
was led astray.

In chapter 11, Paul continued to boast “as a fool,” claim­
ing to have all the qualifications of his opponents, but 
that he was more truly a representative of Christ. This he 
explained ever more intensely in an ironie and almost sar- 
castic trend in the dialectic of the so-called fool’s speech. 
He boasted not of strength but of weakness—though he 
could boast of ecstatic experience as his opponents had— 
and that he had learned through bitter experience (possi­
bly a chronic illness) that he must not exalt himself, but 
rather that he has been told through a word of Christ that 
his power is made perfect in weakness. In the enumeration 
of his qualifications, Paul has jested “as a fool” concern­
ing his suffering, visions, miraculous heavenly travels, and 
oracles. Yet, it is clear that through Christ these modes 
of experience and communication have been transformed. 
Thus, Paul establishes that he is a true apostle and not 
inferior to the “super-apostles.”

Paul expressed his intention of visiting the congregation 
and told them that he desired to come not as a judge but 
as a father. Neither he nor Titus had or would deceive or 
take advantage of them. At this, the end of the “letter of 
tears,” Paul announced his possible third visit and revealed 
a definite fear that he might be forced to act as a judge 
of the congregation, which was increasingly falling away 
from the apostolic gospel. Paul, however, still hoped that 
reconciliation might be accomplished, that truth would 
prevail, and that his authority could be used for building 
up rather than destruction. He exhorted the community 
to keep peace and blessed them.

The “letter of reconciliation,” found in chapters 1, 2, 
and 7, assumed that Titus had returned with good news 
of the Corinthians, their eagerness to prove that they had 
amended their ways. Paul responded with a report of the 
consolation this had brought him and of the grave danger 
he had escaped (in prison in Ephesus). He exhorted the 
church at Corinth to remember the Christian message in 
love—of Paul for them and of the congregation for him. 
The shadow between Paul and the Corinthians had been 
dispersed, and Paul reaffirmed his constant and contin­
uous concern for them and God’s love in Christ manifest 
in Baptism and the gift of the Spirit. Paul interceded for 
a man who had offended him and forgave him. Paul then 
told the Corinthians of his eagerness for Titus’ news of 
them that occasioned his special trip to Macedonia. This 
news brought joy and consolation; therefore, Paul urged 
the Corinthians again to forgive the man who had of­
fended him.

Fragments of two letters concerning the collection for Je­
rusalem, a sign of unity of the church (chapter 8 especially 
being close to the “letter of reconciliation” and chapter 9, 
a fragment probably later than chapter 8), are signs that 
Paul’s relation to the Corinthians again became close and 
joyful. The collection was a bond of mutual and recipro- 
cal relationship that reached its climax in thanksgiving 
and praise of God. For the whole church he exclaimed: 
“Thanks be to God for His inexpressible gift!”

The Letter of Paul to the Galatians. Paul’s Letter to the 
Galatians is a forceful and passionate letter dealing with 
a very specific question: the relation of Jewish Christians 
and Gentile Christians in the church, the problem of justi­
fication through faith not works of the Law, and freedom 
in Christ. Paul probably wrote from Ephesus c. 53-54 to 
a church he had founded in the territory of Galatia in 
Asia Minor.

This congregation had been “unsettled” since his last visit 
to Galatia. Gentile Christians, Judaizers who were fasci- 
nated with Jewish customs and festivals and who asserted 
that Gentiles must adhere to the Law, the Torah, had 
attempted to undermine Paul’s message and effectiveness. 
The Judaizers believed that Gentile Christians should be 
circumcised and keep the Jewish food laws. There were
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probably some Jewish Christians in this church, but the 
majority were Gentile Christians. Paul attacked the Ju­
daizers vigorously by defending his own call and the inde­
pendence of the revelations of his personal apostolate. This 
is supported by reports of agreement between him and 
the Jerusalem church and by argument from Scripture. In 
these, he proved that the Law was given only a limited 
role in the total history of salvation. The letter ends with 
Paul pointing out that through the Spirit the Christian in 
faith is admonished to good behaviour and brotherly love. 
He admonishes faith in the cross of Christ, wishes peace 
upon his followers, and prays for mercy on Israel.

This Pauline letter is the only one without either kindly 
ingression, thanksgiving, or personal greetings appended 
to the final blessing. It is very specific in dealing with the 
problems concerned. In chapter 1, an account of Paul’s 
call, he defended his apostolic office, having received it 
directly from God in the revelation of Christ. He provided 
autobiographical data concerning his former persecution 
of the church and zeal in his Jewish tradition. He referred 
to his call on the model of that of the Old Testament 
prophets called by God in order that they may serve him 
and said that his mission had been revealed to him to be 
the apostle to the Gentiles. Paul viewed himself as being 
chosen to be an instrument to take the message of God 
and Christ to the Gentiles, a call rather than a “con- 
version experience.” Handpicked as God’s servant (slave), 
he received a revelation—not from men but by secret 
knowledge from God—that the Gentiles will come to the 
Christian faith without the Law, the Torah of the Jews. 
He himself could bear the Law, but he was told that the 
Gentiles do not need the Law in order to be accounted 
righteous. The conviction that the Gentiles stand equal 
before God was reinforced by his visit to James, Cephas 
(Peter), and John in Jerusalem, who confirmed his mis­
sion, enjoining him only to remember the poor (probably 
reference to the Jerusalem collection). Faith in Christ has 
thus superseded righteousness of works, and the Law is no 
longer needed.

The freedom of the gospel is the theme developed in 
chapters 3-4 in a series of allegorical-typological interpre- 
tations based on the Law. Paul first recalled the covenant 
promise to Abraham: that he “believed God and it was 
reckoned to him as righteousness” and that through Abra­
ham all nations would be blessed.
In chapter 3 there is a complex line of thought: Christ 

has redeemed men from the curse of the Law by becoming 
a “curse” for men; Christ has taken away this curse by 
accepting it himself in order that all men by faith might 
receive the Spirit that was promised. But the promise had 
already been made to Abraham and his seed (singulär), the 
Messiah, Christ; the Law had come only 430 years later, a 
sign that it is not etemal. In this chapter, Paul constructed 
arguments against the Law. First, the Law was added be­
cause of transgressions committed first by the people who 
caused Moses to shatter the first tablets of the Law and 
was thus not ultimate but rather time-bound, limited, and 
tainted by the evil reality it had to counteract; secondly, 
the Law was given only for a restricted time, from Moses 
“tili the offspring should come to whom the promise had 
been made” (i.e., Christ); thirdly, the Law came “ordained 
by angels through an intermediary,” who is not God and 
thus is neither something glorious in itself nor the absolute 
manifestation o fthe salvation of God. Paul expanded on 
the Law in the image of a paidagögos (instructor or Cus­
todian). Such a Custodian is now not needed and served 
only as a restraint so that in God’s timetable o f salvation 
the Gentiles could be delivered after the Law has been 
“outgrown.” Paul then showed the reasoning behind his 
Statement that the Law was obsolete: in Christ (i.e:, in the 
church) there are no divisions between Greek and Jew, 
slave or free, male or female—all divisions or partitions 
are broken down.

Paul’s arguments are bold. He even claimed that, as 
heirs through Christ, men were no longer bound under 
the elemental powers ofth e  universe, which were appre- 
hended as negative, as was the Law, in Paul’s mind. In 
chapter 4 the Judaizers are said to keep themselves, like 
many Greeks, under astrological powers— not unlike the

Jewish calendar of feasts— which kept man, according to 
Paul, enslaved by cosmic order. But to those free from 
the Law and possessing the Spirit, sonship and inheritance 
can come by adoption. Thus, Paul was negative in Gala­
tians concerning the Law, and taught that freedom from 
it brings unity and the fruits of the Spirit.

In chapters 5-6 Paul listed catalogs of virtues and vices, 
fruits of the Spirit or the flesh, and stressed mutual for- 
giveness in the church. This is an exhortatory section that 
leads to the closing of the letter in Paul’s own hand and 
to his stress on seeing his only glory in the cross of Christ.

The Letter of Paul to the Ephesians. The authentici- 
ty of Ephesians as a genuinely Pauline epistle has been 
doubted since the time of the Dutch Humanist Erasmus 
in the 16th Century. It is most reasonable to consider it 
as “deutero-Pauline”— i.e., in the tradition of Paul but 
not written by him. The problem of Ephesians cannot 
be solved apart from that of Colossians, because many 
similarities are noted in the style and development of Pau­
line thought into cosmic imagery; yet they treat different 
Problems. In both, the heritage of Paul is preserved by a 
“Paulinist,” and it is on this basis that Ephesians and Co­
lossians were accepted into the canon. Both are “captivity 
epistles,” ostensibly written by Paul from prison. Of the 
155 verses in Ephesians, 73 have verbal parallels with Co­
lossians; and when parallels to genuine Pauline letters are 
added, 85 percent of Ephesians is duplicated elsewhere. It 
would appear that Ephesians is dependent on an earlier, 
more specifically oriented Colossians, and it may be that 
Ephesians uses, combines, and condenses the material of 
Colossians for its own needs.

Though Colossians is directed explicitly and strongly 
against a particular Judaizing proto-Gnostic heresy— i.e., 
an incipient form of a religiöus dualistic system that 
emerged as a very attractive heretical movement in the 
2nd Century—Ephesians is not polemically oriented and 
is not clearly connected to a particular congregation, its 
problem, or its individuals. Though Ephesians uses a letter 
style with an introduction, greeting, and closing benedic- 
tion, the only person mentioned in it is Tychicus, already 
mentioned in the same context in Colossians. The doc­
trinal section shows that the whole world—not only the 
Jews—is in a cosmic sense subjected to Christ, and Jew 
and Gentile are reconciled and united through him. This is 
the mystery of God’s plan revealed to the church through 
Paul but expanded in scope. All are saved and reconciled 
through Christ, who has made both Jew and Gentile one 
and has “broken down the dividing wall of hostility,” 
bringing peace and unity. The author of Ephesians con­
tinues Pauline language and makes it more Pauline than 
Paul himself.
After the address—which, according to the best manu­

scripts, lacks a reference to Ephesus—there is a hymn of 
praise to God in terms o f a cosmic plan of redemption. 
Through the ascended Christ, salvation is for all, and he is 
the head of the body, his church. Because the address and 
thanksgiving are to the church in general (the place name, 
Ephesus, being an early gloss), it is possible that Ephesians 
was meant as an encyclical, to be distributed, perhaps, 
as a covering letter for the whole Pauline collection. The 
“mystery of God’s will” (chapter 1, verse 9) is spelled out 
in chapter 2 as the reconciling act of Christ for both Gen­
tile and Jew. In chapter 3 Paul’s role in giving knowledge 
of this mystery in his ministry leads to a doxology. After 
this semi-epistolary form, the general admonitions follow 
in terms of gifts of grace with stress on unity: one hope, 
one Lord, one faith, one baptism, one God for all. A 
warning against a heathen way of life is given in contrast 
with the Christian’s old nature as opposed to his new 
being in Christ. In chapter 6, verses 10-20, the Christian is 
enjoined “to put on the whole armor of God” as defense 
against evil and Ephesians ends as a letter, with a blessing.

The Christology and ecclesiology imply a background 
of a Christianized, mythological proto-Gnosticism, or a 
strongly Hellenized Judaism. Perhaps one of the best 
clues to the lateness and pseudonymity of Ephesians in 
comparison with the genuine Pauline letters, however, is 
the phrase “revealed to his (Christ’s) holy apostles and 
prophets by the Spirit.” Such an expression is certainly
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A possible date is shortly after Colossians, in the early 
2nd Century. Because there are so many similarities to 
Colossians, Asia Minor might be the place of composition, 
but this is merely conjecture. The non-Pauline use of the 
term mystery to denote that Gentiles are fellow heirs with 
Jews, the uniting of all in Christ, and an analogy between 
marriage and Christ’s relation to the church, all point to 
a different and later time than that o f Paul. The style of 
Ephesians builds up long, almost unmanageable, unpunc- 
tuated, excited, and abundant sentences, even longer than 
those o f Paul when he is most provoked or, perhaps, ab- 
sentminded and does not finish sentences that he begins. 
A comparison of the table of duties o f Colossians 3 and 
Ephesians 5 and 6 also shows a strong development in 
the direction of making the relationship of Christ and his 
church the basis for all other relationships.

The eschatology of Ephesians is attenuated, if not far 
in the background, and a continuation of the church is 
implied. In chapter 1, verse 13, the writer sees the Spirit 
as the guarantee (down payment) of the Christian’s inher­
itance—a present indication through the Spirit that the 
Christian can live in faith in the world looking for the 
Kingdom but already sure he can draw on the powers 
thereof without an imminent expectation of the end-time. 
Ephesians gives hope for universal salvation, grace as a 
gift of God, strength in patience, and an example of unity 
for the church as well as freedom in the Spirit to attain 
maturity as a Christian.

The Letter of Paul to the Philippians. In its present 
canonical form Philippians is, according to several schol­
ars, a later collection of fragments of the correspondence 
of Paul with the congregation in Philippi that was founded 
by Paul himself. The first of the two major difficulties 
leading to this conclusion concerning redaction of the let­
ter is created by a discrepancy between chapters 2 and 3— 
i.e., an entirely unexpected polemic in chapter 3 after a 
calm second chapter. Another major difficulty is the rela­
tionship of chapter 4, verses 10 and following, with PauFs 
joyful acceptance of his suffering, and the remainder of 
the present letter that deals with the collection the Philip­
pians had made and sent to Paul in prison. The place of 
the expression of PauFs gratitude at the end of the letter 
is odd, particularly because Epaphroditus, the Philippian 
delegate conveying the gift, is thanked as though he had 
just arrived; yet he has already been described as ill when 
he was with Paul (who apologized in chapter 2 for not 
having told about Epaphroditus’ illness sooner and the de­
lay in sending him back). Yet, Epaphroditus is obviously 
back and the sequence of events is, indeed, confusing.

The following rearrangement of the parts of the letter 
is probably acceptable. Chapter 4, verses 10-20, shows 
Paul reacting to the gift of the Philippians and the arrival 
of its bearer, Epaphroditus, and seems to be the earliest 
fragment, written probably during PauFs imprisonment (c. 
53-54). The portions of the letter that treat of the theme 
of mutual joy (1:1-3, 4:4-7, and probably 4:21-23 that 
refers back to chapter 1) are best taken together as frag­
ments of a second and somewhat later letter. The third 
section is 3:2-4:3 and possibly 4:8-9, which addresses the 
danger caused by outsiders and opponents who had started 
to penetrate the Philippian congregation with a theology 
Paul considered heretical and against which he aimed his 
polemic. Because this is an entirely new Situation, it is 
probably a third letter, of which only the preface is miss­
ing. This arrangement also attempts properly to account 
for the fact that chapter 4 actually comprises endings of 
several letters. Thus, chapter 3, verse 1, which is itself a 
summation and ending, fits in.

The reference to frequent visits between Paul and the 
Philippians referred to in the correspondence makes its 
origin in Rome unlikely and points rather toward Ephesus 
as the place of imprisonment. PauFs reaction to the gift 
of the Philippians is almost rüde (although he accepted 
gifts from no other congregation but preferred to support 
himself during his apostolic mission). He actually avoided 
expressing direct gratitude and attempted to divert the 
significance of the gift from its material side to its spir­

itual meaning. He emphasized the sympathy proven by 
the Philippians, the importance of the value of the gift for 
them as a spiritual sacrifice for God.

The “letter o f joy” section describes PauFs enthusiasm 
in his mission efforts—and their success—and his joy in 
the energy and growth of the mission in Philippi, which 
Paul shared with his congregation. PauFs address to “bish­
ops and deacons,” terms unique in PauFs letters except 
here, are, perhaps, circumlocutions for missionaries ac­
tive in Philippi, a congregation that had become a strong 
and stable Christian community. Paul had traditionally 
remained there about one week and, in chapters 1 and 2, 
eneouraged and praised the Philippians for continuing in 
their faith in his absence. This is part o f the thanksgiving 
in Philippians—an emphasis on the participation, Cooper­
ation, collaboration, and empathy of the Philippians with 
respect to the preaching o f the gospel. Thus, the terms 
bishop and deacon may belong to the language of a self­
supporting mission church with its own overseers (bish­
ops) and workers (deacons) and does not carry the con- 
notations of later ecclesiastical structures. Paul expressed 
his confidence in the fine beginning of this young church 
that sought “to become pure and blameless for the day o f  
Christ,” the final judgment.
Paul then turned to his own experience o f imprisonment, 

which he viewed as advancing the gospel. Though he con­
sidered that not all preachers of Christ preach on the basis 
of selfless motives, the fact that Christ is proclaimed is 
a most important cause for rejoicing. Paul then exhorted 
the Philippians to work hard for the saké of the gospel, 
not minding any Opposition, and to do this in a sense of 
unity and mutual support.

This exhortation toward a strong and active sense o f 
community was reinforced by quoting an early Christian 
hymn that described the humiliation (kenösis) and exalta- 
tion of Jesus who is made the Lord of the universe and 
confessed by all cosmic powers. A part o f Jesus’ humil­
iation, his death on the cross, can be taken as part o f 
his manifest glorification. The verses following the hymn 
make clear that the incorporation of the hymn with its 
triumphal ending also has a missionary purpose, because 
Paul emphasized again the need to responsibly act out 
one’s own calling even before non-Christians. Thus, active 
responsibility continuously exercised in the perspective of 
the approaching Parousia merges with PauFs own readi­
ness to sacrifice himself.

In chapters 3-4 the Situation may be totally different. 
Paul reacted to the threat of the appearance of Jewish- 
Christian missionaries who are rather close in theology to 
the Galatian Judaizers. PauFs polemic indicates that in 
addition to Jewish tradition, they must have emphasized 
the Law in particular. Reference is made to circumcision, 
and Paul emphatically claimed that he could compete 
with heretics boasting of their Jewish tradition and, in 
elaborating on that, emphasized his former pious righ­
teousness under the Law, in which he was blameless. He 
then stressed categorically that for him the experience of 
Christ has terminated his former piety completely and 
that he has left it behind as of no value. Such a polemic 
implies that for his opponents such was not the case. Paul 
also argued against libertinistic tendencies, which indicates 
that his opponents were not legalists in an ordinary sense 
but combined faithfulness to the Law with a strong and 
fanatical enthusiasm that could lead toward “mysticism” 
and easily be misinterpreted as libertinism. PauFs empha­
sis on true Christian experience as not being completed 
but rather still being in the state o f expectation might 
be a further polemic against overenthusiasm. In chapter 
4, verse 8, Paul reaffirms his own example, making it, 
in imitation of the teaching of populär philosophy, the 
epitome of all positive ethical values and virtues, and 
thus the pattern to be imitated. This tendency toward the 
paradigmatic, together with warnings and autobiographi- 
cal material in chapter 3, verse 2, to chapter 4, verse 3, 
can be seen as a “testament” of Paul, consciously written 
with an awareness of impending death or martyrdom. 
Thus Paul presents himself—his life, ideas, admonitions, 
and an eschatological section—as his heritage and as an 
incorporation of the message he preached and its value.
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The Letter of Paul to the Colossians. Colossians pre­
sents the problem of having, on the one hand, numerous 
(though superficial) affinities with the circumstances of 
the Letter of Paul to Philemon while, on the other hand, 
being addressed mainly to a different Situation. In this 
new Situation he uses ideas and expressions that seem to 
be rather a development of Pauline ideas about the cos­
mic realm than genuinely Pauline argumentation. In this 
latter aspect, Colossians and Ephesians share the heritage 
of Paul, but a later “Paulinist” changed details to meet 
different situations.

Colossians was written ostensibly by Paul from prison 
(in Ephesus) to a predominantly Gentile Christian congre­
gation founded by his co-worker, Epaphras, at Colossae. 
The Colossian congregation was endangered by a heresy 
involving a “philosophy” that was connected with the 
elemental spirits of the universe to which men seemed to 
be bound, with circumcision, feast days and food laws, 
visions, and an asceticism that was not only false in its 
piety but foreign to the Christian faith.

To combat these proto-Gnostic, syncretistic, and Judaiz- 
ing tendencies, the Paulinist appealed to the authority of 
Paul’s apostolate and his thought but accented his theolo­
gy in a new way, enlarging PauFs theological dimensions, 
so that they included the whole universe, the fate of the 
entire cosmos. This whole world is depicted as subject to 
Christ and has its meaning, aim, and goal in the church, 
which is Christ’s body and over which he is the head. 
This transformation of PauFs theology would appear to 
be somewhat later than Paul, yet not so much later than 
Philemon, and its import has been forgotten. Colossians 
cannot be dated or placed with certainty, but the end of 
the Ist Century or the beginning of the 2nd Century has 
been suggested.

In a first edition, before the Paulinist changed or added 
to it, Colossians seems close to the Situation of Philemon. 
In both letters Paul is in prison. Onesimus appears in 
Colossians, chapter 4, and the readers of Colossians are 
asked to transmit a special injunction through the church 
of the Laodiceans to Archippus—possibly that the former 
slave, Onesimus, now referred to as a “beloved brother,” 
be freed for service of the gospel. The same five names 
appear in Philemon and Colossians (Col. 4:10 ff ; cf. Phi- 
lem. 23), which is unusual because the church at Colossae 
is stränge to Paul. The lost letter to the Laodiceans may 
possibly be the Letter to Philemon, and the request to the 
slave owner would, by being read aloud in a neighbouring 
large church (Colossae), reinforce PauFs request that the 
slave be freed.

Later substantial redaction has obviously taken place, 
however, and it is the heresy at Colossae rather than the 
Situation of Philemon that is mainly addressed in Colos­
sians. Though Paul asserted that he did not preach and 
exhort where another has founded a church, here the 
Paulinist, using and amplifying Pauline theology, taught, 
gave thanks, and interceded for a church that he did not 
found and that was in danger of accepting heretical Ju- 
daizing teachings, thus falling away from Christ. The doc­
trinal section of Colossians sets forth in a hymn Christ’s 
preeminence over the whole cosmos, all principalities and 
powers, to bring redemption through the cross and to be 
the head of the body, the church.

From this cosmological beginning, the style and imag­
ery differ from the authentic Pauline letters. Colossians 
is wider and broader in scope, with long, almost breath- 
less sentences. There is a hierarchy in Christ being head 
of the body, his church, which differs from the Pauline 
expression of equality of all the members, although with 
differing functions (cf I Corinthians, chapter 12, and Ro­
mans, chapter 12).

The Christology is applied to the Situation of the church 
and PauFs role in behalf of the church—his suffering with 
Christ and knowledge of God’s mystery, Christ—is used 
to bolster his defense against heresy. This polemic is based 
first on tradition and then proceeds to specific warnings 
against false teaching, cult, or practice. An admonition 
“to set your minds on the things that are above,” because 
in Baptism the Christian has died and been raised with 
Christ, is followed by the conclusion that the Christian’s

conduct should be ruled by love and be thus free from all 
wrongdoing.

Another difference from the genuine Pauline letters can 
be noted in this latter section. When Paul referred to the 
resurrection of Christians he used the future tense in most 
cases, but Colossians, chapter 2, verse 12, and chapter 3, 
verse 1, presuppose that because the Christian is risen with 
Christ, ethical demands can be made.

In Colossae, such Christian ethics apparently were lack- 
ing, thus the inclusion of a table of duties— i.e., a list of 
household duties and of relations between members of a 
household. General exhortations to prayer and right con­
duct are followed by the conclusion of the letter with its 
list of greetings. There are some similarities in Colossians 
to Paul’s polemic against Judaizers in Galatians, but Co­
lossians seems to reflect a later time and a more developed 
“cosmic” theology of a later deutero-Pauline writer.

The First Letter of Paul to the Thessalonians. In all 
probability I Thessalonians is the earliest of PauFs letters, 
particularly because the memory of the events that led 
to the founding of that congregation are still fresh in the 
mind of the Apostle. The letter was written from Corinth. 
According to I Thessalonians, chapter 3, verse 2, Paul had 
sent Timothy to Thessalonica from Athens during his brief 
stay there, had just experienced the delegate’s return, and 
had received reports about the congregation to which he 
is reacting in this letter. I Thessalonians gives expression 
to PauFs surprise over the rapid growth of the Chris­
tian mission at Thessalonica, which was achieved despite 
immediate persecutions from pagan contemporaries. Paul 
acknowledged that the successful development had been 
wrought in the Thessalonians by their own acceptance, 
fully recognizing the human frailty of the Apostle, their 
founder (2:1-12), and not by a mistaken understanding 
that he himself was divine.

PauFs surprise results, therefore, in overwhelming grat­
itude, and the customary Pauline thanksgivings here ex- 
ceed the usual limits. A second reason for this unusually 
long thanksgiving—which actually makes thanksgiving the 
theme of the letter—is PauFs intent to undergird the 
encouragement he gives in 4:13-5:11. After having dwelt 
so extensively on his being moved by the change in the 
Thessalonians, Paul continues to state that therefore they 
have no reason for giving up faith in the face of the 
death of some fellow Christians, who had died between 
their conversion and the expected imminent Parousia of 
Christ. Apparently, they had expected the Parousia and 
final salvation as the promise of the Christian message. 
Paul encouraged his congregation that he had a “word of 
the Lord” that the dead and the living in Christ will rise 
together. “Word of the Lord” could refer to a word of 
Jesus known to Paul but could instead be a direct revela­
tion to Paul.

In chapter 5 there is further thanksgiving, emphasizing 
the present gift and power of Christian faith and corporate 
Christian life. This emphasis is linked with ethical appli- 
cations, with stress on brotherhood, diligence in keeping 
the faith, and religiöus industriousness. The difficulties 
of balancing the expectation of the Christian with God’s 
timetable is outweighed by the hope and joy in what has 
already been experienced and what is hoped for. PauFs real 
emphasis is more on the actual description of Christian 
life in the face of coming salvation and vindication than 
on the preceding discussion of the fate of those who had 
died or on the actual circumstances of Christ’s appearance 
from heaven.

The encouragement of the Thessalonians was introduced 
in chapter 4 by a genuinely ethical exhortation to proceed 
properly on the way to holiness and sanctification already 
begun. The brevity of this rather traditional exhortation 
is most unusual in PauFs letters and supports the obser­
vation that it was written in joy and confidence for a 
new congregation well begun in order to support it against 
attacks and doubts as it matured in the faith.

The Second Letter of Paul to the Thessalonians. A 
feature of II Thessalonians that resembles the otherwise 
most unusual feature of I Thessalonians is its excessively 
long thanksgiving. Within this thanksgiving there is an 
excursus dealing with the timing of the Parousia, but in
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II Thessalonians Paul aggressively argues against any ex­
pectation of an imminent coming of Christ that might 
be expected from the things he wrote in I Thessalonians. 
II Thessalonians perhaps presupposes I Thessalonians and 
intimates that believers had a false understanding of that 
communication o f Paul. In II Thessalonians, much to the 
surprise of the reader of both letters, the statement is made 
that a letter “purporting to be from us” is “to the effect 
that the day of the Lord has come.” II Thessalonians then 
presents a problem as to whether it was a self-correction 
of Paul or directed to the Situation of a later time and thus 
the writing of a later author in a “Pauline” tradition. II 
Thessalonians does have more apocalyptically catastroph- 
ic language than I Thessalonians. Such a description not 
only underestimates the positive work of God and Christ 
for the believer but also says little about the Parousia. II 
Thessalonians claims that not all the events preceding the 
Parousia have yet occurred. The “mystery of lawlessness,” 
opposed to the “mystery of godliness,” is still at work in 
the world, and the full activity of Satan has not yet unfold- 
ed itself. Emphasis in II Thessalonians is on steadfastness 
as God’s gift and promise in the days of tribulation, which 
makes the apostle ask for support in prayer. Criticism of 
people leading disorderly and idle lives follows. The per­
haps casual admonition to work is thus elaborated into a 
major point.

Salvation seems to be sought almost exclusively in futur- 
istic terms. Incipient or actual Gnosticism in the church 
could account both for the assertion that the fulfillment 
has already come and for the depiction of disorderly lives 
(because in “proto-Gnostic” terms the world is evil and 
provokes a response either of total renunciation or libertin- 
ism). II Thessalonians may thus reflect these problems and 
fit into the late Ist Century. Verbal agreements between 
the two letters may be evidence of deliberate spurious 
writing, as also the Suggestion in II Thessalonians that 
false letters may be circulating. A later author saw Paul’s 
heritage threatened by too enthusiastic an understanding 
of Paul in Thessalonians and composed this letter to pre­
serve Paul’s meaning.

THE PASTORAL LETTERS: I AND II TIMOTHY AND TITUS
The Pastoral Letters as a unit. The First and Second 

Letters of Paul to Timothy and the Letter of Paul to Titus, 
three small epistles traditionally part of the Pauline corpus, 
are written not to churches nor to an individual concern­
ing a special problem but to two individual addressees in 
their capacity as pastors, or leaders of their local churches. 
The purpose of the letters is to instruct, admonish, and 
direct the recipients in their pastoral office. Since the 18th 
Century they have been referred to as a unit, the Pastoral 
Letters, and they contain common injunctions to guard 
the faith, to appoint qualified officials, to conduct wor­
ship, and to maintain discipline both personally and in 
the churches. Their similar peculiarities of style and vo­
cabulary as well as the similarity of the heresies and other 
problems they faced place them in a common time and 
allow them to be dealt with as a unit. Their content pre­
sents a picture of the post-apostolic church when pastoral 
offices and tradition came to the fore and the formerly 
high apocalyptic tension appears attenuated.

The Muratorian Canon (a list of biblical books from c. 
180) includes references to the Pastoral Letters and notes 
that they were written “for the saké of affection and love.” 
They have a place in the canon because “they have been 
sanctified by an ordination of the ecclesiastical discipline.” 
These letters, however, do not appear among the Pauline 
letters in P 46, an early-3rd-century manuscript, and there 
is no clear external attestation in the primitive church 
concerning them until the end of the 2nd Century. Not 
until the 19th Century were doubts expressed about the 
Pastorals as being authentically Pauline, when German 
scholars and others noted discrepancies in style and vo­
cabulary, church organization, heresies, biographical and 
historical situations, and theology from those found in the 
Pauline letters. The problems of authorship, authenticity, 
and dating almost paralyze investigation of the Pastorals 
unless discussion of these problems is seen as connected 
also with the literary character of the material.

Attempts have been made to apply the tools of Statistical 
analysis in comparing these disputed letters to the rest of 
the New Testament (particularly to the Pauline corpus) 
for the purpose of establishing authorship. The studies, 
utilizing computer technology, point toward non-Pauline 
authorship with affinities to language and style of a later, 
possibly 2nd-century, date. More refined and complex 
analyses, however, are still needed.

Linguistic facts—such as short connectives, particles, and 
other syntactical peculiarities; use of different words for 
the same things; and repeated unusual phrases otherwise 
not used in Paul— offer fairly conclusive evidence against 
Pauline authorship and authenticity.

Content and problems. Church offices are more devel­
oped in the Pastoral Letters than in PauFs ...time. There 
are presbyters and bishops, but these are sometimes used 
interchangeably and the monarchical episcopate is not yet 
depicted, although church offices appear to be heading in 
that direction. Requirements for office are strict and lead­
ers are chosen and ordained by laying on of hands. Such 
leaders must be able to teach true and sound doctrine and 
guard what has been entrusted to them, the parathëkë— 
i.e., the deposit of teaching or the message to be carried 
on. They must also be able to stand firm and argue against 
heresy. Such offices and aims suggest an expectation of 
future generations of faithful witnesses to carry on the 
traditions, perhaps particularly necessary as some may be 
killed for the witness they make.
The heresies referred to appear to be Gnostic and the 

arguments are rather mild and reasonable, unlike PauFs 
urgency in combatting heresy with strenuous argumenta- 
tion. The heresies taught by false teachers are an early 
partly Encratitie (abstaining) Gnosticism, with “higher 
knowledge” that emphasizes “godless and silly myth,” or 
are statements that the resurrection has already taken 
place, which is a denial of future resurrection and a glo­
rification and spiritualizing of resurrection as a rebirth, as, 
for example, in Baptism.

Biographical notes about PauFs journeys and situations 
contradict his own letters as well as the accounts in Acts. 
The Pauline sense of living in a time close to the end of 
the age is missing in these descriptions of churches; they 
are viewed as settling down with a succession of tradition 
with Hellenized expressions of salvation and a replace- 
ment of enthusiasm with bourgeois ethics. This indicates 
a period of de-emphasized eschatology and an expectation 
of a long community life in which people must live out 
their lives in Christian responsibility and moral behaviour.

I Timothy and Titus are more similar to each other than 
they are to II Timothy, but all three mark exhortations 
to personal lives of exemplary conduct and give rules of 
conduct for church order and discipline for the group as a 
whole and for individual parts of it—sometimes in terms 
of catalogs of virtues and vices recalling the Jewish two- 
way orders: the way of life being good, the way of death 
including a list of sins. Each concludes with a final bless­
ing or salutation. They are all pseudonymous, using Paul 
as an epistolary model and using pseudonymous devices, 
such as naming individuals known to be PauFs co-workers. 
The authority of Paul is invoked to lend authority to the 
teachings contained in the letters: the avoidance of heresy, 
holding to sound doctrine, and piety of life. The author 
is anonymous, the place of writing and the addressees are 
unknown, but they probably are later spiritual children of 
Pauline teaching. The date of the letters is about the turn 
of the 2nd Century.

II Timothy uses the background of Pauline imagery most 
fully. It is cast at least in part in the testament form 
to Timothy as his spiritual heir because Paul is depicted 
as suffering, fettered in prison, and awaiting the martyr’s 
crown. He exhorts Timothy and through him the church 
to share in these sufferings as they will eventually share 
in glory. II Timothy, chapter 2, verses 1-13, is an exhor­
tation to martyrdom with a faith that Christ, triumphant 
over death, will save his faithful witnesses. Recollection 
of the creed is followed by a direct application to hearing 
suffering and its meaning in God’s plan of salvation. The 
words “faithful is the word” occur in 2:11. This “word,” 
unlike Paul or any Christian, cannot be bound. It both
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confirms salvation described in the preceding verses and 
introducés a hymn that may represent liturgical usage in 
that it is poetic and balanced.

Faithful is the word:
If we have died with him, we shall also live with him; 
if we endure, we shall also reign with him; 
if we deny him, he also will deny us;
if we are faithless, he remains faithful— for he cannot deny 

himself
(II Tim. 2:11-13)

The hymn preserves within itself a reflection of sayings 
of Jesus that those who endure and persevere will reign 
with the Lord and that even to those who deny him (as 
did Peter) God will remain faithful because Christ cannot 
deny his own faithfulness. Even in this hymn there is al- 
lusion to a “testament” form, with Paul already martyred, 
as a pseudonymous de vice to spur the Christian on to 
endurance and faithfulness as a member of the redeemed 
community.

Another small poetic hymnic section serves to demon­
strate that the church of the Pastorals, albeit somewhat de- 
eschatologized, retains the “mystery” in God’s household, 
the church— i.e., the gospel and creed alive in the liturgy 
in the mystery of piety and worship.

Great indeed, we confess, is the mystery o f  our religion:
He who was manifested in the flesh, 
vindicated in the Spirit, 
seen by angels;
who was proclaimed among the nations, 
believed in throughout the world, 
glorified in high heaven

(I Tim. 3:16)
Here in miniature are creed and gospel somewhat remi- 
niscent of the Gospel According to Matthew.

The Letter of Paul to Philemon. From Ephesus, where 
he was imprisoned (c. 53-54), Paul wrote his shortest and 
most personal letter to a Phrygian Christian (probably 
from Colossae or nearby Laodicea) whose slave Onesimus 
had run away, after possibly having stolen money from 
his master. The slave apparently had met Paul in pris­
on, was converted, and was being returned to his master 
with a letter from Paul appealing not dn the basis of his 
apostolic authority but according to the accepted practices 
within the System of slavery and the right of an owner 
over a slave. He requested that Onesimus be accepted “as 
a beloved brother” and that he be released voluntarily by 
his master to retum and serve Paul and help in Christian 
work. Paul appealed to the owner that Onesimus (whose 
name in Greek means “useful”) is no longer useless be­
cause of his conversion and claimed that the owner owed 
Paul a debt (as he probably was also instrumental in his 
conversion) and that any debt or penalty incurred by the 
slave would be paid by Paul. Such manumission is part 
of Paul’s concept of being an ambassador to further the 
mission of Christianity, rather than a judgment on the so­
cial framework of slavery, because in the Lord such social 
order is transcended.

Philemon, however, is not a purely personal letter, be­
cause it is addressed to a house church (a small Christian 
community that usually met in a room of a person’s 
home), and it ends with salutations and a benediction in 
the plural form of address. The body of the letter, how­
ever, uses “you” (singulär) and is addressed to the slave’s 
owner, a man whom Paul himself has not met. Philemon, 
the first name in the address, is called a “beloved fellow 
worker,” which implies that he knew Paul, and it has been 
convincingly argued that the slave’s owner was Archippus 
(see above Colossians), perhaps Philemon’s son, who was 
called a “fellow soldier,” a term usual in business accounts 
and suitable for a document on the manumission of a 
slave. The thanksgiving contains the main theme of the 
whole letter: sharing of faith for the work of promoting 
knowledge of Christ.

The letter was written from prison, and Paul apparently 
expected a release in the near future, because he requested 
a guest room, a Suggestion that he was not very far from 
Colossae or Laodicea, which would be true o f  Ephesus. 
Colossae would be reached from Ephesus via Laodicea, 
and the letter could be addressed to a house church there.

In a letter to the Ephesians (c. 112) by Ignatius, bishop 
of Antioch, the language is very reminiscent of Philemon, 
and the name of the bishop of Ephesus (c. 107-117) was 
Onesimus. It has been suggested that the slave was released 
to help Paul, that in his later years he might have become 
bishop o f Ephesus, and that his “ministry” or “service” 
was the collection of the Pauline corpus. This is based not 
simply on the identity of name, but on similarities to Phil­
emon found in Ignatius’ letter to the Ephesians, as well 
as two possible plays on words in chapter 2, verse 2 (cf. 
Philemon, verse 20), and chapter 4, verse 2 (cf Philemon 
11), relating to the bishop and unity of the church. Such 
a prominent position and role for one of Paul’s followers 
might shed further light on why Philemon, apparently a 
very personal plea, became a part of the canon and Pauline 
corpus. Even if this Suggestion cannot be proved, Phile­
mon still shows Paul in his apostolic ministry, furthering 
the message of Christ and seeing beyond the limitations 
of the social order of his day, in which both slaves and 
freemen are servants of God.

THE LETTER TO THE HEBREWS
The writing called the Letter to the Hebrews, which was 
known and accepted in the Eastern church by the 2nd 
Century, was included also by the Western church as the 
14th Pauline epistle when the canon of East and West was 
assimilated and fixed in 367. Hebrews has no salutation 
giving the name of either the writer or the addressees, 
although it does have a doxology and greeting at the end, 
which suggest that at some point the writing was sent 
as a letter to a community known to the author. There 
are also numerous admonitions in the text that appear 
to be directed to a definite circle o f addressees and some 
admonitions to the church at large. In chapter 6, verses 
4-8, is a severe warning against the sin o f apostasy, for 
which there is no second repentance. Even so, Hebrews is 
essentially more a theological treatise than a letter. It is 
homiletical in style and calls itself a paraklêsis, which has 
many meanings: consolation, exhortation, sermon, advo­
cacy, and even intercession.
The thoughts, metaphors, and ideas of Hebrews are 

distinct from the rest of the New Testament, with dos­
est affinities to Stephen’s Speech in Acts, chapter 7. It 
attempts to prove the superiority and ultimacy of the 
revelation in Christ and the perfection of his offering of 
himself once and for all supersedes and makes obsolete 
any other revelation. Hebrews gives strength to its readers 
through the example of Christ and the hope and promise 
of free access to God and to etemal rest, an access in 
which Christ is High Priest and mediator forever. Such 
promise, on the basis of Christological developments and 
new covenant hopes, enables endurance in persecution, 
but its vocabulary is that o f the sacrificial language of the 
Old Testament. Another theme is a typological analogy 
with the wilderness wanderings o f Israel in which, despite 
their murmurings of unbelief and the hardening of their 
hearts in their trials, they persevered. Thus, the church, 
as the pilgrim people of God, travels toward the future 
place of Sabbath rest with Christ as their pioneer and 
perfector of faith.

A “word of consolation” is needed to strengthen faith in 
time of trouble. Actual persecution leading to martyrdom 
is seen as not yet come, but the church is sharply warned 
against apostasy, the sin of all sins. Hope during persecu­
tion and trial is expressed in the image of Christ as the 
perfect everlasting high priest, one of whose functions is 
to stand as intercessor and protector.

Hebrews was considered a Pauline letter in the early 
Eastern church. Clement of Alexandria, a theologian of 
the late 2nd and early 3rd centuries* held that Paul had 
written it in Hebrew for the Hebrews and that Luke had 
translated it into Greek. Origen, Clement’s successor as 
leader in the catechetical school at Alexandria, comment- 
ed that its thoughts reflected Paul but that it was written 
at a later time with a totally different style and phraseol- 
ogy, and he stated “who wrote the epistle, God knows.” 
Paul, for example, uses the term mediator only once and 
in a negative sense, in Galatians, chapter 3, verse 19, 
but Hebrews uses it several times of Christ as mediator
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of the new covenant. In the West, Tertullian, a North 
African theologian of the late 2nd and early 3rd centu­
ries, suggested Barnabas as the author, because Hebrews, 
called a “word of consolation,” might have been written 
by Barnabas, whose name is translated by Luke as “son of 
consolation” in Acts, chapter 4, verse 36. After Hebrews’ 
acceptance into the canon in the mid-4th Century, it was 
considered Pauline, but doubts persisted; and because of 
basically different content and style in contradiction to 
Paul, various authors have been suggested for Hebrews— 
e.g., Apollos (a Jewish Christian Alexandrian), or a fol- 
lower of Stephen and the Hellenists, who had come into 
conflict with those not sharing his universalistic ideas. 
Hebrews, however, remains anonymous. The title “To the 
Hebrews” is secondary and may reflect either an idea as 
to its addressees or that it was influenced by its extensive 
Old Testament material.

According to internal evidence, Hebrews was written in 
a second or later generation of Christians. Persecution ref­
erences suggest a time after Nero’s persecution and about 
the time of the emperor Domitian but early enough to be 
quoted or alluded to in the First Letter of Clement (c. 96), 
thus suggesting a date of c. 80-90.

The place of the addressees may be Italy, because 13:24 
is understood as a greeting sent home from one writ­
ing from abroad, but this is not certain. The addressees 
were probably Gentile Christians who needed instruction 
in “the elementary doctrines of Christ” and concerning 
faith in God.

Hebrews constitutes the first Christian example of a 
thoroughly allegorical, typological exegesis (critical inter­
pretation) of the Old Testament. There were precursors 
of such a methodology in Jewish Alexandrian biblical 
exegesis (e.g., Philo), and Platonic tendencies found in 
Hebrews can also be found in Jewish-Alexandrian meth­
ods of interpretation of the Old Testament. The language 
of Hebrews is extremely polished, elegant, and cultured 
Greek, the best in the New Testament. Linguistically and 
stylistically, it shows only a slight influence of the Koine 
(common Greek). The Attic style is broken only in pas­
sages in which Hebrews quotes the Septuagint. Plays on 
words and Synonyms with similar beginnings for emphasis 
show the author’s literary craftsmanship.
There are more Old Testament citations in Hebrews than 

in any other New Testament book. They are drawn main­
ly from the Pentateuch and some psalms.

The church is viewed as being in danger of discourage­
ment in the face of persecution and possible apostasy. If 
faithless, church members risk total loss, for no second re­
pentance is possible. Through his special Christology, the 
author seeks to help the readers by showing that Christ is 
the saviour superior to any other and that as Saviour, Son 
of God, High Priest, pioneer, guide, and forerunner, he 
who has already suffered and been glorified will lead the 
wandering people of God to their etemal Sabbath rest, an 
eschatological future state of peace and renewal.

This high type of Christology is combined with much 
stress on Jesus’ humanity. He partook of man’s nature and 
overcame death to destroy the power of the devil in order 
to deliver man. Thus, having been made like his brethren 
he has become a faithful High Priest to make expiation 
for the sins of the people. Because he himself suffered and 
was tested, he can help those who are tested and tempted. 
Through suffering, tears, and obedience Jesus was made 
perfect and thus the source of help and salvation, being 
designated by God a High Priest after the order of Mel- 
chizedek, king of Salem and priest of God Most High in 
Abraham’s time.
Christ and his once for all (ephapax) sacrifice has su- 

perseded and made all Old Testament sacrifices and cultic 
practices obsolete. Christ is superior to the prophets be­
cause he is a son, superior to the angels because they 
worship him, and (in the light of his cosmic role as apostle 
and High Priest) superior to Moses, who brought God’s 
Law to Israel, because Moses was a servant in God’s house 
and Christ a son. Christ is also superior to Moses’ succes­
sor Joshua, because Joshua did not bring the wandering 
people into a perfect rest; superior to the Old Testament 
priesthood of Aaron, because Christ, the true High Priest,

has sacrificed himself once for all and is without sin; and 
superior to the patriarch Abraham, because Abraham paid 
tithes to the priest of Salem, Melchizedek, who as the 
prototype of Christ had no human antecedents. Christ, 
High Priest forever by obedient suffering and perfection 
in that he lives up to the demand, has become the source 
of salvation. He is High Priest in the heavenly tabernacle 
and mediator for the new covenant. On the basis of this 
Christology and ecclesiology, the rest of Hebrews is com­
posed of injunctions to faithful life in all situations, spiri­
tual or temporal. In chapter 11, verse 1, Hebrews gives a 
programmatic statement that should be translated: “Faith 
is the Reality [rather than “assurance,” as in the usual 
translation] of what is hoped for and the Proof concerning 
what is invisible.” In Hebrews, Jesus is that Reality and 
that Proof, and everything eise is unreal or at best an 
earthly copy or a shadow. The heroes and martyrs o f old 
were looking toward his coming (chapter 11) and those 
now under persecution look toward him and find strength 
(chapter 12) as they leave the ultimately unreal structures 
of this world, seeking the “coming city” and going out to 
him who was executed outside the walls of the city made 
with hands. Thus, the message of Hebrews is: Reality ver­
sus sham and shadow, Christ’s sacrifice (priest and victim 
in one) versus the cult of temples, and the real heavenly 
rest and heavenly city versus the sabbath and Jerusalem.

THE CATHOLIC LETTERS
As the history of the New Testament canon shows, the 
seven so-called Catholic Letters (i.e., James, I and II Pe­
ter, I, II, and III John, and Jude) were among the last 
of the literature to be settled on before the agreement of 
East and West in 367. During the 2nd and 3rd centuries, 
only I John and I Peter were universally recognized and, 
even after acceptance of all seven, their varying positions 
in Greek manuscripts and early versions revealed some 
conflict concerning their inclusion. The designation Cath­
olic Letters was already known and used by the church 
historian Eusebius in the 4th Century for a group of seven 
letters, among which he especially mentions James and 
Jude. The word catholic meant general— i.e., addressed to 
the whole, universal church as distinguished, for example, 
from Pauline letters addressed to particular communities 
or individuals. The earliest known occurrence of the ad- 
jective “catholic” referring to a letter is in the account of 
an anti-Montanist, Apollonius (c. 197) in his rebuke of a 
Montanist writer who “dared, in imitation of the Apostle 
[probably John] to compose a catholic epistle” for general 
instruction. In the time of Origen (c. 230), the term cath­
olic was also applied to the Letter o f Barnabas as well as 
to I John, I Peter, and Jude.

In the West, however, “catholic” took on the meaning 
in Christian usage as implying a value judgment as to 
orthodoxy or general acceptance. Thus, the West used it 
for all the New Testament letters that were in the canon 
along with the four gospels and Acts. All letters considered 
authoritative and of equal standing with those of Paul 
were therefore termed canonical in the West. Not until the 
Middle Ages did both East and West designate the seven 
as “catholic epistles” in the sense of being addressed to the 
whole Christian Church, in order to distinguish them from 
letters with more particular addresses. Had not the main 
tradition placed Hebrews in the Pauline corpus, it would 
perhaps rather have been counted among the Catholic 
Letters. Hebrews, however, looked “Pauline” rather than 
“Catholic” in that it presented an extensive theological 
argument to which the parenesis (advice or counsel) was 
applied at the end.

These seven letters are grouped together despite their 
disparate authorship and dates because of a number of 
characteristics common to all of them. Though the three 
Johannine letters, and especially I John, are distinctly Jo­
hannine in character, the four other Catholic Letters are of 
special interest precisely because they lack strong personal 
or peculiar traits both in their theological and in their 
ethical statements. This characteristic makes them a good 
source for understanding the piety and life-style o f the 
majority o f early Christians. These letters differ from the 
Pauline letters in that they seem to have been written for
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general circulation throughout the church, rather than for 
specific congregations. Though Paul wrote as a missionary 
responsible for his recent Gentile converts, these letters 
address established congregations in more general terms. 
It is interesting to note, for example, that in I Pet. 2:12 
the word Gentiles refers to “non-Christians” without any 
awareness of its older and Pauline meaning of “non-Jews.” 

The purpose of the Catholic Letters is to meet ordinary 
Problems encountered by the whole church: refuting false 
docrines, strengthening the ethical implications of the 
Gospel message, sharing in the common catechetical and 
moral materials, and giving encouragement in the face of 
the delay of the Parousia and strength in the face of possi­
ble martyrdom under Roman persecution. They guide the 
ordinary Christian in his day-to-day life in the church.
The Catholic Letters preserve a considerable common 

legacy of ethical themes and quotations. Such themes and 
quotations (from the Old Testament) were handed down 
traditionally, though the writers interpreted them indepen- 
dently for their situations. For example, Proverbs, chapter 
3, verse 34, showing God’s scorn to scorners and favour 
to the humble, is used in James, chapter 4, verse 6, as a 
warning against involvement in the world and an exhorta­
tion to Submission and humility, but in I Peter, chapter 5, 
verse 5, it exhorts Christians to humility and Submission 
in relation to one another in the church and brother- 
hood. Because the Catholic Letters represent a common 
pool of Christian teaching, there are overlapping points, 
but these come from shared tradition rather than literary 
dependency. The virtues extolled in the early church are 
not particularly Christian but often coincide with those 
cultivated in Hellenistic culture, sometimes with a Jewish 
Hellenistic emphasis. An act of mercy and virtue valued 
in both Jewish and Hellenistic tradition is epitomized in 
hospitality (e.g., I Peter 4:9). Similarly, Hellenistic lists of 
virtues and vices occur as needed from the general body 
of early Gentile Hellenistic tradition applied to the Chris­
tian communities. In these epistles, theological and credal 
Statements are woven in and used for immediate ethical 
application. Thus, they differ from the Pauline style of 
extensive theological sections coupled with ethical appli- 
cations that follow at the end of the epistle.

In the Catholic Letters, to be a Christian was to be in 
Opposition to the world, a member of a minority church 
and thus at any time liable to be called as witness to the 
faith and perhaps to suffer and die for it. Eschatological 
trials are coming (e.g., I Pet. l:6f., 4:12-19; II Pet. 3:2- 
10; I John 2:18 ff., 4:1-4; Jude 17 ff), and the Christian 
views false prophecy and heresy as well as hostile encoun­
ter with the world as part of the trials. The theme of joy 
in persecution, suffering, and the final trial or ultimate 
“testing” is based on Christ’s victory over these events 
and the sense of being a member of his community. 
Thus, the Christian should show Submission, nonretalia- 
tion, humility and patience, good conduct, and obedience 
to authorities, because his witness must be blameless when 
his faith is tested in the world, in the courtroom, and in 
martyrdom.

The Letter of James. The Letter of James, though of­
ten criticized as having nothing specifically Christian in its 
content apart from its use of the phrase the “Lord Jesus 
Christ” and its salutation to a general audience depict­
ed as the twelve tribes in the dispersion (the Diaspora), 
is actually a letter most representative of early Christian 
piety. It depicts the teachings of the early church not 
in a missionary vein but to a church living dispersed in 
the world knowing the essentials of the faith but needing 
instruction in everyday ethical and communal matters 
with traditional critiques on wealth and status. In matters 
of church discipline and the practice of healing, there is 
stress on prayer, anointing, and confession of sin in order 
that the healing of the sick may be effected. Steadfastness, 
even joy, in persecution is based on pure religion with 
strong ethical demands, as noted in chapter 1, verses 2 -  
4 and 19-27.

A debate as to how James’ Statement that “faith apart 
from works is dead” compares with PauFs “justification by 
faith without works” in Romans has a long history. The 
debate, central to the history of Christianity, has usually

overlooked the simple fact that Paul speaks about “works 
of the Law” and does so with reference to those “ works” 
that divide Jews and Gentiles—e.g., circumcision and food 
laws. James, on the other hand, refers to works of mercy. 
Thus, the two statements are not only reconcilable but 
address themselves to quite distinct and different issues. 
Even Paul referred to mutual support of the brethren by 
the glorious phrase “the law of Christ” (Gal. 6:2) and this 
is the same as James’ “royal law” (James 2:8). The Pauline 
language presumably was not in James’ mind. In James, 
chapter 2, the example of Abraham’s faith is used to show 
justification by works. It is to be noted that Paul also used 
Abraham as the paradigm of righteousness to demonstrate 
justification by faith in Romans, chapter 4, again showing 
the difference in purpose and setting of the two epistles.

In view of the post-apostolic Situation depicted, James, 
the son of Zebedee, who died as a martyr before ad 44, 
could not have been the author. From the content, nei- 
ther could James, a brother of the Lord and the leader of 
the Jerusalem church; his martyrdom is reported as c. ad 
62. Thus, James is pseudepigraphical, with the purpose 
of gaining apostolic authority for its needed message. The 
date of writing is probably at the tum of the Ist Century, 
and its addressees are the whole church.

Of James’ 108 verses, 54 contain imperatives—an ob­
vious proof that advice is stressed. Such admonitions are 
expressed in the form of general ethical wisdom sayings, 
Hellenistic Jewish lists of virtues and vices, and Christian 
as well as pagan aphorisms sometimes related to populär 
preaching of the Stoic Cynic style.

In chapter 5 the community is enjoined to patience, 
steadfastness, and good behaviour. The Old Testament 
prophets, who spoke in the name of the Lord, are used as 
examples of suffering and endurance as they awaited the 
Judge. Thus, reference to the Parousia of Christ may have 
been conflated by the Christian writer to the coming of 
the Lord in judgment, an interpretation with “the day of 
the Lord” in mind. “Behold, the Judge is standing at the 
doors” is accompanied by the admonition, “You also be 
patiënt. Establish your hearts, for the coming of the Lord 
is at hand,” (chapter 5, verses 8 and 9).

The First Letter of Peter. The purpose of the First 
Letter of Peter is exhortation directed to “the exiles of 
the Dispersion” in Asia Minor in order that they “stand 
fast” in God’s grace in the face of persecution. On the 
one hand, such persecution is viewed as part of the trials 
of the end-time that the community must undergo before 
the coming of the new age. On the other, persecution is 
viewed as a simple fact of Christian community life in the 
world. In imitation of Christ, tribulations and testing can 
be a basis for joy.

In the address, the author calls himself “Peter, an apostle 
of Jesus Christ,” and in chapter 5, verse 1, a “fellow-elder 
and witness of the suffering of Christ.” Any Christian, not 
just a fellow eyewitness, however, might be such a witness 
and hope to partake in the future “glory that is to be re­
vealed.” The writer or the redactor of I Peter used Pauline 
and gospel theology and terminology both in quotations 
and in allusions and, if literary dependency cannot always 
be demonstrated, there is dependence on the catechetical 
traditions known in the post-apostolic church.

The milieu of the letter seems to reflect the time and 
temper of the correspondence of the emperor Trajan with 
Pliny the Younger, governor of Bithynia (c. 117). Pliny 
requested clarification as to the punishment of Christians 
“for the name itself’ or for crimes supposedly associated 
with being a Christian. I Peter, chapter 4, verse 15, ap­
pears to reflect this Situation: that a Christian be blameless 
of all crime and, if punished, be persecuted only “as a 
Christian.” Pliny continued that denounced Christians are 
executed if they persevere in their belief but that whatever 
their creed “contumacy and inflexible obstinacy deserved 
punishment”; Trajan’s response was that those denounced 
as Christians be punished. The warning in I Peter, chapter 
3, on a Christian’s manner of defense and submissiveness 
to authorities points to a date in the first quarter of the 
2nd Century. Such a date does not preclude reflection on 
earlier persecutions, such as those under Domitian.

The Greek style is hardly in keeping with a Galilean Pe-
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ter—described as illiterate or uneducated in Acts, chapter 
4, verse 13. The Greek is fluid, and the Old Testament ci- 
tations are from the Septuagint. The addressees appear to 
be Gentile Christians portrayed as the new Israel dispersed 
among the (heathen) Gentiles, based on the analogy of the 
old Israel, a diaspora among the nations.

The work is thus pseudonymous, attributed to Peter 
through Silvanus, whose name constitutes a part of the 
pseudepigraphic device that strengthens the authority of 
the epistle. I Peter is an excellent example of the testa­
ment form modelled on the traditions of an Apostle and 
the message of his martyrdom. Peter, whose death and 
traditions concerning him were known to the readers of 
the time o f I Peter, gives weight and authority to the letter 
that is formed in many ways as a farewell and admonition 
to those who follow, in order that they may stand firm.

Wamings are given from the Apostle’s own example 
along with counter-virtues for vices. Such testament forms 
have a mixture o f wisdom material, advice, exhortation, 
hymns for ethical admonition, and apocalyptic elements 
with accounts of trials to come. This mixture is found in 
stränge arrangements, but is perhaps solved if read as a 
testament form. Peter had denied that Christ must suffer 
and in I Peter suffering is the way of discipleship and even 
of joy. In Luke, chapter 22, Peter’s denial was prophe­
sied, and Jesus interceded for him in order that he might 
repent and strengthen his brethren (cf. I Peter, chapter 5, 
verses 10 and 12). In Mark and Matthew the defection 
of the Apostles was foretold in terms of the Scattering of 
the sheep when the shepherd was stricken, and Peter does 
deny his Lord. In John, chapter 21, the risen Lord par- 
alleled Peter’s threefold denial with a threefold question 
as to Peter’s love. At each affirmation the Lord responds 
with the forgiving command to feed the sheep—to care 
for the community. This is a central motif in I Peter. 
Immediately following the charge to Peter in John is the 
prediction of his own martyr death, and in I Peter the 
church is urgently admonished to accept trials as nothing 
stränge, because they are a sharing in the sufferings of 
Christ. In the Garden of Gethsemane, Peter in particular 
was rebuked because he did not watch, and in I Peter the 
church is admonished to watch and be vigilant against the 
Devil. Prayer against temptation is also stressed.

In the Matthean account, Peter is delegated to build the 
church, and in I Peter it is the chief Apostle (Peter) who 
points to Christ as Shepherd and Bishop, who through 
his suffering collected the wandering sheep to himself. In 
like manner—on the model of Christ or perhaps Peter— 
the elders are exhorted to feed their flocks humbly and 
faithfully. Thus, there is a typical testament form: Peter 
has failed and repented; and the church is warned, admon­
ished, and strengthened as by the Apostle, who, on the 
analogy of Jesus’ Passion and death in innocence, exhorts 
the church to share in the vocation of innocent suffering 
and to do good in innocence. Finally, I Peter, viewed as 
a “testament,” is in itself an apocalyptic “witness,” and 
with its admixture of advice, example, and general ad­
dress to the faithful living in the Diaspora as sojourners, 
with the authority of its martyred “author,” it constitutes 
authority and strength for the church that faces the per­
secution of the world. References in chapter 5 to Rome 
(called Babylon) and to Mark are then also part of the 
pseudepigraphic testament form, as they presuppose the 
common tradition of Peter’s martyrdom in Rome and his 
connection with Mark.

There are three Christological hymnic fragments in I Pe­
ter: 1:18-21, ransom by Christ; 2:21-25, with reference to 
the Book of Isaiah, chapter 53, used as ethical admonition; 
and 3:18-20, Christ’s descent into hell. The last is in the 
context of Christ’s going and preaching to the spirits in 
prison (a reference to the apocryphal First Book of Enoch 
with Satan chained under the earth but his descendants 
at work in the world until the end-time) in order to show 
that Christ, through his descent, has overcome the powers 
that underlie and engender persecution of the Christians. 
This is reaffirmed in chapter 5 by encouraging Christians 
in their fight against the Devil, for, though suffering will 
be a part of this resistance, there will be victory at the 
end. Imitation of Christ is a basis for joy even in suffering.

The end is viewed as near, and final salvation can thus be 
anticipated.

The Second Letter of Peter. The Second Letter o f Peter 
was written as a letter to the whole church purporting to 
be similar in testament form to that of I Peter. It deals 
with the problems of the delay o f the Parousia and ac­
counts for it in terms of God’s time being different from 
that o f man and God’s patience in waiting for all men to 
be better ethically. This letter, the latest of the New Tes­
tament, shows how Christendom dealt with the delay of 
the Parousia, discarded older Jewish apocalyptic ideas by 
substituting those with Hellenistic emphases, and is clearly 
in its content and exposition a methodically worked out 
artistic product, fictionalizing the older beliefs, in order to 
bring them into some agreement with traditional Christian 
terminology.

II Peter names Simon Peter as its author and declares his 
Position by setting down rules for true faith as he sees it. 
His work is different in meaning and interpretation from 
the earlier tradition and understanding of the church. He 
regards the Transfiguration of Jesus on the mountain as 
the first Parousia and urges patiënt waiting for the final 
coming of the Lord. Although he refers to his letter as a 
second letter of Peter, his Hellenistic concepts and rhetoric 
could hardly be attributed even to the author of I Peter. II 
Peter speaks of “partakers of divine nature,” a term from 
the mystery religions, and mixes proverbs with familiär 
quotations from Hellenistic tradition. Thus, not only is 
this letter pseudepigraphic, but it is an even later fiction, 
probably nearer to ad 150 than the end of the Ist Century.

Almost all of Jude is used in II Peter, but II Peter drops 
out a quotation from I Enoch in Jude 14 ff, possibly 
demonstrating some fear of using apocryphal writings. 
Heresies are attacked by criticism of their interpretation 
of scripture and misuse of set tradition, another evidence 
of the late date of II Peter. Reference is made to “all the 
epistles of Paul which contain things hard to understand” 
and to “other scriptures,” evidence of a New Testament 
canon well on its way to being delineated over against 
the Old Testament. Though skillfully composed, II Peter 
cannot hide the Gnosticism included in its view and much 
misinterpretation of the traditional body of faith of the 
early church. Thus, II Peter is an example of the church 
at a relatively late period, de-eschatologized for the most 
part and brought near to early institutionalized religion 
with a ministry but depending on ideas and a theology so 
changed that it is almost unrecognizable.
The eschatology o f II Peter awaits a new heaven and 

a new earth after the dissolution by fire of the old, evil 
earth with its unrepentant people. The Parousia no longer 
is Christological in nature but anthropologically oriented, 
with a vindication of the good and a punishment of the 
wicked. II Peter presents a picture of the church at the 
latest point in the canon and illustrates the necessity to 
reevaluate and recall more normative Christian traditions.

The Johannine Letters: I, II, and III John. The three 
epistles gathered under the name of John were written to 
guide and strengthen the post-apostolic church as it faced 
both attacks from heresies and an ever increasing need for 
community solidarity—along with the concomitant love 
and ethics necessary to such unity.
1 John, though lacking any formal epistolary salutation or 

ending, directs itself to a circle of readers with whom the 
writer is acquainted. Taking the form of an anonymous 
“homily” for admonition against heresy and instruction 
in faith and love, it was directed to a wide audience or 
was to be circulated beyond a particular congregation. II 
and IÏI John are brief letters from an author described 
only as “the elder,” implying a position of some authority.
II John, chapter 1, is addressed to an “elect lady and 
her children,” probably a designation of a church with 
difficulties similar to those found in I John. III John is 
the most personal, being addressed by the elder “to the 
beloved Gaius,” who has been praised particularly for his 
hospitality (probably to missionaries) and his brotherly 
love. The presbyter (elder), probably the author of II and
III John, apparently was a man who was authoritative 
enough to influence and direct mission activities. All three 
letters, despite their differences of address, appear to have
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been accepted among the Catholic Letters as having been 
circulated for the church at large.

I, II, and III John share much common terminology, 
style, and general Situation. They are all called Johannine 
because they are loosely related to the Gospel According 
to John in style and terminology and could be the out- 
come of its theology.

The early church attributed I, II, and III John to John, 
the Apostle, the son of Zebedee. Although II and III John 
may possibly have been written by the same presbyter, 
this “elder” is not necessarily the author of I John, al­
though it is commonly accepted that the three Johannine 
letters came from a “Johannine” inner circle. The earliest 
reference to the Johannine letters is in the Letter to the 
Philippians by Polycarp of Smyrna (7:1). Papias, who was 
a 2nd-century bishop of Hierapolis, mentions I John and 
quotes it several times, but he distinguishes between John, 
the Apostle, and John, the presbyter. Polycarp, Papias, 
and internal evidence point to the region of Asia Minor 
as the probable sources of the Johannine literature. These 
references and the organization of the churches indicated 
in the letters, as well as the lack of signs of persecution, 
suggest a date for the letters at around the beginning of 
the 2nd Century.

The First Letter o f John. I John assumes a knowledge 
of the Johannine Gospel (the author of I John may be the 
ecclesiastical redactor of the Gospel According to John) 
and adds ethical admonition and instruction regarding the 
well-being of the church as it confronts heresy and stresses 
the lack of moral concern that springs from it. There is 
strong defense against the threat of a type of Gnosticism 
called Docetism that denied the reality of Jesus’ earthly 
life and thus the meaning of the cross. Possessing special 
spiritual knowledge, the Docetic Gnostics had no need 
of the earthly Jesus and the humanity of Christ. This 
Docetic heresy led them to reject the Lord’s Supper, but 
not Baptism. Their special possession of the Spirit had led 
them erroneously to consider themselves sinless and to 
deny the fellowship that has the cleansing of sins. Because 
the heresy may have led to libertinism, the ethics of Chris­
tians must accord with their faith and find expression in 
the love of the brethren in the church. “He who hears 
my word and . . . believes has passed from death to life” 
(John 5:24) is continued in I John 3:14, “We have passed 
out of death into life, because we love the brethren.” The 
Gnostics separated themselves from the church in schism 
and have thereby committed the “sin unto death.” They 
are false prophets and deceivers described by the term 
Antichrist. The true Christians, the “children of God,” 
hold the true faith evidenced by their loyalty to the church 
and their charity toward its members.

A constant theme in I John is that of God’s love, which 
makes Christians the children of God. As children of God 
they keep the new commandment of love, which is of 
light—that of brotherly love—and resist the world, evil, 
and false teaching. Because Christ gave his life for man, 
the Christian’s response is also to be self-giving. Through 
obedience and faith, God forgives even when man’s heart 
condemns him, “for God is greater than his heart.” It is 
of interest to note that in I John 2:1-2, Jesus is referred 
to as paraclete (advocate), but in the Gospel According to 
John, such references are to the Spirit. John 14:16, how­
ever, refers to “another Counselor.” This discrepancy can 
be resolved by interpreting Jesus with his disciples as their 
advocate with another to come (the Spirit), and, in I John 
2:1-2, the risen Lord becomes the advocate for the expia- 
tion of all sin. Righteousness and faith are emphasized in 
chapters 4-5, and again these characteristics are those of 
the children of God, who will finally in the end-time be 
like him who gave the promise, the commandment, and 
the joy of love.

The Second Letter of John. II John warns a specific 
church (or perhaps churches), designated as “the elect 
lady and her children,” against the influence of the Do­
cetic heresy combatted in I John, whose proponents lured 
Christians from “following the truth, just as we have been 
commanded by the Father.” In II John, as in the Gospel 
According to John and I John, the light-darkness images 
are similar to those of the Dead Sea Scrolls. To “walk in

the truth” in II John is to reject heresy and follow the 
doctrine of Christ.

The Third Letter o f John. III John, addressed to Gaius, 
shows that the writer is concerned about and has respon­
sibility as presbyter for the missionaries of the church. It 
is somewhat of a short note concerned with church dis­
cipline, encouraging hospitality to true missionaries, and 
thus not unconnected with true doctrine and the com­
mand of love.

The Letter of Jude. The Letter o f Jude, after a saluta- 
tion that attributes it to Jude, the brother of James, and 
addresses itself to the church as a whole, develops the 
theme of the short letter—a polemic against heretics who 
have abandoned the transmitted traditional faith and who 
will thus be judged by the Lord. They deny Christ, and 
punishment similar to that of Sodom and Gomorrah in 
the Old Testament for such a denial is threatened. He­
retical beliefs led to various sins and libertinism, and the 
judgment that will come upon them is cited from Enoch 
1:9, demonstrating that this short letter reflects the post- 
biblical Jewish apocalyptic train of thought in the early 
Christian era.

“Jude, a servant of Jesus Christ and brother of James” is 
probably meant pseudepigraphically to relate this Jude to 
James the brother of the Lord so that this Jude is also a 
brother of the Lord. This, however, is impossible because 
the letter reflects a later time. Verse 17 refers to “the 
predictions of the apostles of our Lord Jesus Christ” con­
cerning mockers and sinners. Thus, the author is recalling 
a former time that was prophesied regarding the heresies 
and trials of the end-time. Such a bearer of apostolic 
tradition is violently attacking heresy in the interest of 
transmitted traditional faith. Again, it would appear that 
the letter is pseudepigraphic and may have originated in 
Syria or Asia Minor.

The author struggles forcefully against heretics who deny 
God and Christ and attempts to strengthen his readers in 
their fight against such heresy that leads to wickedness 
and disorder. Libertinism is a characteristic of such here­
sy and the punishment of the heretics will be similar to 
that which befell the unfaithful in the Old Testament pa­
triarchal times. Only steadfastness in faith, true doctrine, 
and prayer can lead to mercy, forgiveness, restoration, 
and final salvation. An attempt to bring the erring to 
repentance may save them. The letter concludes with a 
typical doxology.

The form is less a catholic letter than a declared position 
that lays down general rules. The date is probably near 
the end of the Ist Century and before II Peter, which 
draws upon it.

THE REVELATION TO JOHN
The Revelation (i.e., Apocalypse) to John is an answer 
in apocalyptic terms to the needs of the church in time 
of persecution, as it awaits the end-time expected in the 
near future. The purpose of the book is to encourage and 
admonish the church to be steadfast and endure. The 
form of an apocalypse shows affinities with Contemporary 
Jewish, Oriental, and Hellenistic writings in which Prob­
lems of the end of the world and of history are linked 
both with prophecy of an eschatological nature and with 
“sealed” secret mysteries. Such revelations are traditional­
ly received in trances, characterized by stränge Symbols, 
numbers, images, and parables or allegories that represent 
people and historical situations. Apocalypticism is essen­
tially dualistic, presenting the present eon as evil and the 
future as good, with an ultimate battle between the di­
vine and the demonie to be won only after one or more 
cosmic catastrophes. The aim of apocalyptic literature is 
to depict in the age of present tribulation a knowledge of 
a future glorious victory and vindication, thus giving hope 
and assurance.

In Revelation it is God who gives the revelation to Jesus 
Christ to be shown by Christ through an angel to his ser­
vant John, in exile on the island of Patmos, in order that 
John become his seer and prophet to the church. John 
is to write down what he has seen, what is, and what is 
to come. In contradistinction to most Jewish apocalyptic 
works, Revelation is not pseudonymous and John is to
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give finally unsealed, clear prophecy related to the present 
and to the end-time.

As in the rest of the New Testament, the starting point 
of eschatological hope is the saving act of God in Jesus, a 
historical centre pointing toward historical developments 
that will bring about the establishment of God’s kingdom 
and vindication o f his people, ransomed by the blood of 
Christ, the Lamb who was slain. It provides certainty and 
encouragement with the example of the faithfulness of 
those who have already witnessed unto death (martyrs) and 
their reward—special inheritance in the eternal kingdom.

After the introduction, Revelation continues first as a 
series of seven letters to seven churches in the province 
of Asia, thence to the whole church with an epistolary 
introduction and, after the apocalypse proper, an episto­
lary blessing as the last verse. The letters sent from the 
heavenly Christ through John (chapters 2 and 3) exhort, 
comfort, or censure the churches according to their condi­
tion under persecution or danger of heresy . From chapters 
4-22 there are series of visions in three main cycles, each 
recapitulating but expanding the former in greater and 
clearer detail with groups of seven symbols predominating 
in each (seals, chapters 6-7; trumpets, chapters 8-10; and 
bowls, chapters 15-16). This material is interspersed with 
visions of God in His heavenly council, various visions 
of catastrophe and of Satan, the destroyer, the appearance 
of two witnesses and other martyr examples to spur the 
church to endurance, the victory of the archangel Michael 
over the dragon (Satan) by the blood of the Lamb (Christ), 
and the representation of the powers of emperor cult and 
false prophecy as beasts who bring destruction to the un- 
faithful in God’s judgment. A heavenly woman who bears 
a messianic son is threatened by a dragon. Her child is 
carried up to heaven by God, and she escapes by hiding in 
a place prepared for her by God. The beasts who appear 
persecute the Christians and the “number” signifying the 
second beast is that of a man, “666” (or, in a variant read­
ing, “616”) probably indicating the emperor Nero. God’s 
triumph in history is depicted in his judgment on the har- 
lot Babylon (Rome), and the final consummation portrays 
the victory of Christ over the Antichrist and his followers. 
In chapter 20 the thousand-year reign of Christ with those 
who witnessed unto death is depicted. Satan, again loosed, 
is vanquished by fire from heaven with the beasts (empire 
power and false prophet), and the last judgment leads to 
a new heaven and a new earth, the new Jerusalem. This 
writing is, thus, a prophetic-apocalyptic work.

In summary, the seer reminds the reader that the words, 
because they are of God, are trustworthy and true. The 
motif that the Lord is coming soon is again repeated. 
This reflection of the early Christian watchword suggests 
a sacred liturgical style. The last verse is the closing bene- 
diction—perhaps not only of the letters in the beginning 
of Revelation but of the whole of Revelation, which was 
to be read aloud in a worship setting.

After ad 70 (the fall of Jerusalem), apocalypticism was 
introduced into Asia Minor and c. 80-90 a prophetic circle 
was formed near Ephesus. Its leader was John, a prophet, 
who might well have been the author of Revelation, which 
is deeply steeped in apocalyptic traditions. The “Johan­
nine circle” bearing the tradition of John, the Apostle 
of the Lord, and from which emerged the Gospel and 
letters bearing his name, might have been a continuation 
of the prophetic conventiele of Ephesus in which John 
was prominent. The various writings do not have to be 
consistent except in their basic faith in Jesus Christ; and, 
as the situations to which they addressed themselves were 
different, different styles and content were required. The 
seer was probably involved in an actual historical Situation 
in the late 80s under Domitian, a time when there was 
open conflict between the church and the Roman state. 
There is a tradition supported by Irenaeus, a 2nd-century 
bishop of Lyons, that in this persecution punishment was 
death or banishment. John’s prominence might have led 
to banishment to Patmos, an isle off the coast of Asia 
Minor, from his homeland in or around Ephesus. From 
Patmos he wrote a circular letter to the churches in Asia.
Though the style of Revelation is certainly eclectic in 

form and content, containing elements of a heavenly epis­

tle and with more than three-fourths of the rest made up 
of prophetic-apocalyptic forms from varied sources, it re­
flects a systematic and careful plan. Even the apocalyptic, 
however, is “anti-apocalyptic” in that the seer’s message 
is open and the mysteries serve not to conceal but to 
heighten what is seen and to be expected. Apocalyptic 
schemata and motifs are, however, used toward this pur­
pose, and allegorical incorporation of sources is more a 
demonstration of the true, ultimate message than a liter­
ary device. Blurred images (e.g., God, Christ, and angels; 
chiliastic [1,000-year] eras and temporal duplications; as 
well as interpretations) are part of the apocalyptic style, 
but a current concrete historical Situation is the founda­
tion. Revelation is written in fantastic imagery, blending 
Jewish apocalyptic, Babylonian mythology, and astrologi- 
cal speculation. It is pictorial, dramatic, and poetic.

Revelation contains long sections characterized by Greek 
that is grammatically and stylistically crude, strangely He- 
braized to give a unique, almost Oriental, colour. This 
may have been deliberate. Although Revelation is replete 
with Old Testament allusions, there are no direct quota­
tions, and this may reflect the seer’s conviction that the 
work is a direct revelation from God. In other sections the 
poetry of Revelation might stem from the seer’s experi­
ence in the heavenly throne room of God, from hearing 
the hymns of the angelie host, or from his recollection on 
Patmos of the liturgical practice o f the church. The image 
of the Bride and wedding feast together with the “Come, 
Lord Jesus!” have associations with the eucharistie liturgy 
of the early church.

The recapitulations of the seven seals, trumpets, and 
bowls may be deliberate schematization. The purpose of 
such repetition and increasing revelation can be a way of 
heightening enthusiasm to encourage the church.
Mysterious numbers and divisions (such as 7, 3, 12) recur 

and are part of the theme of assurance, because God has 
numbers in their order as a sign of his plan of salvation, 
turning chaos to orderly cosmos. The mysterious name of 
the second beast, 666, in 13:18, can be calculated by “ge- 
matria,” assigning their numerical values to letters of the 
word and summing them up. The most adequate solution 
is Nero (the numerical value of the Hebrew letters for Cae­
sar Neron equals 666), a demonie Nero redivivus (revived), 
who returns from the dead as Antichrist. Astronomy and 
astrology have also been applied to Revelation in terms of 
the signs of the zodiac or a calendar of feasts and seasons 
as keys to understanding its structure, because it is God 
who orders the times and seasons.

Two witnesses described in chapter 11 have been as­
sumed to be Elijah and Moses, Peter and Paul, or simply 
two examples of martyrs through whom God shows His 
punishment of the wicked and vindication of the righ­
teous to his glory. There are strong martyrological themes 
throughout Revelation, and it seems to stand on the bor­
der line of the point at which the word witness (martys) 
became a technical term for a witness unto death, or mar­
tyr. The cosmic battle in heaven is fought by those willing 
to give their lives, who mix their blood with the blood of 
the Lamb, whose blood “ransomed men for God.” The 
writer of Revelation based his hope for the church on 
perseverance, on endurance even to death, and on what 
the future will bring when the church will live with the 
glorified Christ, slain as a lamb. The harlot of Babylon 
will be destroyed and the church will endure; Babylon falls 
and the new Jerusalem, the city of God that is to come, is 
depicted in all its glory. These are the hopes to strength- 
en the persecuted church, assurance that God will soon 
triumph. With trumpet call and heavenly voices there is 
the joyful promise that “The kingdom of the world has 
become the kingdom of our Lord and of his Christ, and 
he shall reign for ever and ever.” (K.St./E.T.Sa.)

New Testament Apocrypha
NATURE AND SIGNIFICANCE
The title New Testament Apocrypha may suggest that the 
books thus classified have or had a status comparable to 
that of the Old Testament Apocrypha and have been rec­
ognized as canonical. In a few instances such has been the
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case, but generally these books were accepted only by in­
dividual Christian writers or by minority heretical groups. 
The word apocryphal (secret) is applied to Gnostic tradi­
tions and writings both by Gnostics and by their critics; 
from the 2nd Century, for example, comes the Apocryphon 
(secret book) o f John. In the 4th Century the word re­
ferred to books not publicly read in churches. It meant 
apocryphal in the modern sense (i.e., fictitious) only by 
implication, as when the church historian Eusebius speaks 
of some of “the so-called secret books” as forgeries com­
posed by heretics.

Like the New Testament books themselves, the New Tes­
tament apocryphal books consist of gospels, acts, letters, 
and apocalypses. The apocryphal writings, however, are 
almost exclusively pseudepigraphical— i.e., written in the 
name of the apostles or disciples or concerning individual 
apostles. In general, they were created after and in imi- 
tation of the New Testament books but before the time 
when a relatively restricted canon, or list, of approved 
books was being formulated. They arose chiefly during 
the 2nd Century, when the lines between orthodoxy and 
heresy were not absolutely fixed and when populär piety 
seems to have been rather freely expressed. What these 
works teil about Jesus and his disciples resembles the 
imaginative Midrashic (didactic commentarial) retelling of 
Old Testament stories among Jewish teachers.
As the New Testament canon was gradually given defi­

nite shape, these apocryphal books came to be excluded, 
first from public reading in churches, then from private 
reading as well. With the development of creeds and of 
systematic theologies based on the nascent canon, the 
apocryphal books were neglected and suppressed. Most 
of them have survived only in fragments, although a few 
have been found in Greek and Coptic papyri from Egypt. 
They are valuable to the historian primarily because of 
the light they cast on populär semi-orthodox beliefs and 
on Gnostic revisions of Christianity; occasionally, they 
may contain fairly early traditions about Jesus and his 
disciples. In the 3rd Century, Neoplatonists (followers of 
the philosopher Plotinus, who advocated a system of levels 
of reality) joined Christians in attacking such books as 
“spurious,” “modern,” and “forged.”

The difficulties the New Testament apocryphal books 
caused at the end of the 2nd Century are well illustrated 
in a letter by Serapion, bishop of Antioch. He stated that 
he accepts Peter and the other apostles “as Christ” but 
rejects what is falsely written in their name. When some 
Christians showed him the Gospel o f Peter, he allowed 
them to read it, but after further investigation he discov­
ered that its teaching about Christ was false, and he had 
to withdraw his permission.

In the early 4th Century Eusebius himself found it dif­
ficult to create categories for the various books then in 
circulation or used by earlier authors. He seems to have 
concluded that the books could be called “acknowledged,” 
“disputed,” “spurious,” and absolutely rejected. Thus, the 
Acts o f Paul, the Apocalypse o f Peter, and the Gospel Ac­
cording to the Hebrews were rather well attested, and he 
called them spurious but disputed. He definitely rejected 
books used by heretics but not by church writers: the 
gospels ascribed to Peter, Thomas, and Matthias, and the 
Acts o f Andrew, John, and other apostles. About a Century 
earlier, the North African theologian Tertullian had writ­
ten about how a presbyter who wrote the Acts o f Paul had 
been deposed.

Without reference to the Standards of canonicity and 
orthodoxy gradually being worked out by the churches of 
the 2nd through 4th centuries, it is evident that many of 
these books reflect the kinds of rather incoherent Chris­
tian thought that church leaders were trying to prune and 
shape from the Ist Century onward. Often such works rep­
resented what was later viewed as inadequate orthodoxy 
because the views presented had become obsolete. All the 
apocrypha taken together show the variety of expression 
from which the canon was a critical selection.

THE NEW TESTAMENT APOCRYPHAL WRITINGS
This section will classify these documents in relation to 
their literary forms: gospels, acts, letters, and apocalypses.

Gospels. A few papyrus fragments come from gospels 
not known by name (e.g., Egerton Papyrus 2, Oxyrhyn- 
chus Papyrus 840, Strasbourg Papyrus 5-6). There are also 
the Gospel produced in the 2nd Century by Marcion (a 
“semi-Gnostic” heretic from Asia Minor), who removed 
what he regarded as interpolations from the Gospel Ac­
cording to Luke; the lost Gnostic Gospel o f Perfection; 
and the Gospel o f Truth, published in 1956 and perhaps 
identical with the book that Irenaeus (c. 185), bishop of 
Lyon, said was used by the followers of Valentinus, a mid- 
2nd-century Gnostic teacher. The Gospel o f Truth is a 
mystical-homiletical treatise that is Jewish-Christian and, 
possibly, Gnostic in origin. In addition, there were gospels 
ascribed to the Twelve (Apostles) and to individual apos­
tles, including the Protevangelium o f James, with legends 
about the birth and infancy of Jesus; the lost Gnostic 
Gospel o f Judas (Iscariot); the Gospel o f Peter, with a 
legendary account of the resurrection; the Gospel o f Phil­
ip, a Valentinian Gnostic treatise; the Gospel o f Thomas, 
published in 1959 and containing “the secret sayings of 
Jesus” (Greek fragments in Oxyrhynchus papyri 1, 654, 
and 655); and an “infancy gospel” also ascribed to Thom­
as. Beyond these lie gospels ascribed to famous women, 
namely Eve and Mary (Magdalene), or named after the 
groups that used them: Ebionites (a Jewish Christian sect), 
Egyptians, Hebrews, and Nazarenes (an Ebionite sect).

Acts. The various acts, close in form and content to the 
Contemporary Hellenistic romances, turned the apostolic 
drama into melodrama and satisfied the populär taste for 
stories of travel and adventure, as well as for a kind of 
asceticism that was generally rejected by Christian lead­
ers: Andrew (including the Acts o f Andrew and Matthias 
Among the Cannibals), Barnabas (a companion of St. 
Paul), Bartholomew, John (with semi-Gnostic traits), Paul 
(including the Acts o f Paul and Thecla, with a Christian 
version of the story of Androcles and the lion), Peter— 
with the apostle’s question to the risen Lord, “Lord, where 
are you going?” (“Domine, quo vadis?”) and Peter’s cruci­
fixion upside down, Philip, Thaddaeus (his conversion of 
a king of Edessa), and Thomas (with the Gnostic “Hymn 
of the Pearl”).

Letters. Among the apocryphal letters are: a 2nd- 
century Epistula Apostolorum (“Epistle of the Apostles”; 
actually apocalyptic and antiheretical), the Letter o f Bar­
nabas, a lost Letter o f Paul to the Alexandrians (said to 
have been forged by followers of Marcion), the late-2nd- 
century letter called “III Corinthians” (part of the Acts o f 
Paul and composed largely out of the genuine letters of 
Paul), along with a letter from the Corinthians to Paul, 
and a Coptic version of a letter from Peter to Philip. There 
is also a famous forgery purporting to have been written 
by Jesus to Abgar, king of Edessa (noted in Eusebius, 
Church History I. 13).

Apocalypses. Other than the Revelation to John, which 
some early Christian writers rejected, there are apocalyps­
es ascribed to two Jameses, the Virgin Mary, Paul, Peter, 
Philip, Stephen, and Thomas. Only the Apocalypse o f Pe­
ter won any significant acceptance and is important for its 
vivid description of the punishment of the wicked.

In addition, it should be noted that there were apocryphal 
books with titles not so closely related to the New Testa­
ment. Among these are: the Didachë, or Teaching o f the 
Twelve Apostles (and its later revisions, such as the Didas- 
calia Apostolorum, or the “Teaching of the Apostles,” and 
the Apostolic Constitutions), and the Kerygma of Peter, a 
favourite at Alexandria, as well as various Gnostic works, 
such as The Dialogue o f the Redeemer, Pistis Sophia 
(“Faith-Wisdom”), and the Sophia Jesu Christi (“Wisdom 
of Jesus Christ”). From the 5th Century there is even 
a Testamentum Domini (“Testament of the Lord”), an 
expansion of the 2nd-3rd-century Roman Church leader 
and theologian Hippolytus’ Apostolic Tradition.

(R.M.G.)

Biblical literature in liturgy
BIBLICAL LITERATURE IN THE LITURGY OF JUDAISM 
The liturgy of Judaism is that of the synagogue, which 
arose during and after the Babylonian Exile of 586-538
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b c e  and gradually replaced the Temple cult as the spir­
itual centre o f Jewish life. The Hebrew biblical canon 
and the liturgy of the synagogue, to a great extent, grew 
up together.

Because the synagogue arose in a land separated from 
the Jerusalem Temple with its sacrificial emphasis and its 
priestly class, worship in the synagogue differed from what 
went before it in several respects. A local congregation 
worshipped together on a certain day of the week in a 
place set apart for that purpose, rather than primarily on 
special festival days and periods. The people worshipped 
without priest or cultic sacrifice, yet consciously as a 
community within a larger covenant fellowship and in 
response to a divine word that was written down in a holy 
scripture. Bible reading and interpretation, the singing of 
psalms, and prayers, both corporate and individual, were 
the staple content of the liturgy. The ancient synagogue 
liturgy has come down to the present in two books: the 
Siddur, or daily prayer book, and the Mahzor, or festival 
prayer book.

The biblically prescribed rhythm of days, weeks, months, 
and years gave order to the lives of the people. The Bible 
became familiär to old and young by being read aloud in 
the synagogue, and no part of worship was esteemed more 
highly than the reading of scripture. The Torah, the first 
five books of the Bible, is handwritten on a scroll. Viewed 
as the holiest object in the synagogue, it is kept in a sacred 
cabinet called the ark. Special prayers and ceremonies ac- 
company its being taken out and replaced in the ark, and 
during the course of the year it is read in its entirety at 
the sabbath services. Torah portions are also read on the 
religiöus holidays.

A reading from the Prophets, called the Haftarah, follows 
each Torah reading. One of the five Megillot (Scrolls) is 
read on certain holidays: the Song of Solomon at Pesah 
(Passover), the Book of Ruth at Shavuot (Weeks), Lamen­
tations of Jeremiah at Tisha be-Av (Av 9), Ecclesiastes 
at Sukkot (Tabemacles), and the Book of Esther at Pu­
rim (Lots). The Book of Jonah is read on the afternoon 
of Yom Kippur (Day of Atonement). Psalms are said 
or sung in every service. From the chanting of biblical 
texts, especially the Psalms, the music of the synagogue’s 
cantor has developed into an incomparable art form (see 
also ju d a is m ).

BIBLICAL LITERATURE IN THE LITURGY OF CHRISTIANITY
Eastern Orthodoxy. The first Christians were Jews, and 

they worshipped along with other Jews in the synagogue. 
The earliest Gentile converts also attended the synagogue. 
When Christians met outside the synagogue, they still 
used its liturgy, read its Bible, and preserved the main 
characteristics o f synagogue worship. Every historie litur­
gy is divided into (1) a Christian revision of the sabbath 
service in the synagogue and (2) a celebration of Jesus’ 
Last Supper with his disciples as a fulfillment of the Pass­
over and a new covenant with a newly redeemed people 
of God. Thus, the church was never without traditional 
forms of worship.

For more than 100 years Christians had no authorized 
New Testament, the Old Testament being read, as had 
been done previously, in the worship service. By the 
middle of the 2nd Century, however, Christian writings 
also were in the Sunday service. The Old Testament, the 
version used most generally in its Greek translation (the 
Septuagint), was the Bible from which the Gospel was 
preached. Its reading preceded that of the Christian writ­
ings, and the reading was far more extensive than it is in 
modern Christian churches.
As the liturgies grew longer and more elaborate, the 

biblical readings were reduced, and the New Testament 
gradually displaced the Old Testament. No Old Testament 
lesson remained in the Greek or Russian liturgy or in the 
Roman mass, though it has been reintroduced in the 20th 
Century in most liturgies. All liturgies have at least two 
readings from the New Testament: one from a letter or 
other (non-Gospel) New Testament writing, and one from 
a Gospel, in that order. The Eastern liturgies all honour 
the Gospel with a procession called the Little Entrance. 
This action is accompanied by hymns and prayers that

interpret the Gospel as the coming of Christ to redeem 
the world.

The Eastem liturgies, especially after the great theologi­
cal controversies o f the first four centuries, have favoured 
composed texts o f prayers, hymns, and choral anthems 
that summarize the thought of many biblical passages, 
thus becoming short sermons or confessions of faith. The 
Nicene Creed (4th Century) itself is one such text, in con­
trast with the Shema (“Hear, O Israel”—a type of creed) 
in Judaism, which consists of verbatim passages from 
Deuteronomy and Numbers.

The Divine Liturgy of the Eastem Orthodox churches 
contains many such composed texts, such as prayers that 
proclaim Orthodox theology (e.g., the “Only begotten Son 
and Word of God” following the second antiphon). Isaiah, 
chapter 6, verse 3 (“Holy, holy, holy is the Lord of hosts; 
the whole earth is full of his glory”), used in the Jewish 
Kedusha (Glorification of God), generates two separate 
texts in the Eastem liturgy: the Trisagion (a solemn three­
fold acclamation to God) at the Little Entrance and the 
Greek original of the “Holy, holy, holy” in the euchar­
istie liturgy.

Psalms are sung extensively at the daily hours of prayer 
in the East as in the West. At the beginning of the Sunday 
service, entire psalms or more than one psalm are some­
times sung. More often, however, a psalm verse or two 
are combined with other material into a composite text 
of a hymn or anthem. A mosaic of selected psalm verses 
may be used either as a text for music or a spoken prayer. 
Most characteristic of all, especially in the Greek Church’s 
tradition, however, is the freely composed and imaginative 
hymn text, based on a biblical incident or person, or an 
extended paraphrase of a passage of scripture. In addition 
to such biblically based psalms and other hymns, there 
are the famous Cherubic Hymn of the Greek and Russian 
liturgies and the original texts of hymns that have become 
well known in the Western churches— e.g., “O gladsome 
light of the Father immortal,” and “Let all mortal flesh 
keep silent.”

Roman Catholicism. Liturgical worship in both Ju­
daism and Christianity is an action that moves within 
the framework o f biblical ideas and explains itself in 
biblical language. Preoccupied with really different views 
from opposite Windows, Jews and Christians have often 
overlooked the common heritage that they share. This has 
likewise been true of the differences between Eastern and 
Western Christians.

At Rome, the liturgy was sung and said in Greek until 
the 4th Century and was probably more like the liturgy of 
Syria at that time than that of Rome after the 16th Centu­
ry. The Latin rite developed many distinctive features, but 
what happened in Rome happened also to some extent 
in the East. The biblical readings at mass were reduced 
to two: the first reading, formally called the Epistle, was 
usually from an apostolic letter but sometimes from the 
Acts of the Apostles or even the Old Testament, and 
the second was a Gospel passage selected as appropriate 
for that particular day in the Church Year. The West, 
like the East, retained the Jewish week and developed a 
yearly cycle of Easter-Pentecost and Christmas-Epiphany 
celebrations with appropriate biblical selections. The de­
velopment of the Church Year became so elaborate in 
the West, however, that the Roman calendar provided for 
every day in the year.

In the West as in the East, monastic and other religiöus 
communities observed the daily hours of prayer, in which 
there was little Bible reading as such but a great deal 
of corporate praying as well as the reading or singing of 
psalms. The Roman canonical hours were further enriched 
with homilies and legends from many sources, with Latin 
metrical hymns, and with biblical canticles, including a 
daily singing of the early Christian songs that are quoted in 
the Gospel According to Luke: the “Benedictus” (“Song of 
Zechariah”) in chapter 1, verses 68-79, at Lauds (morning 
prayer), the “Magnificat” (“Song of Mary”) in chapter 1, 
verses 46-55, at Vespers (evening prayer), and the “Nunc 
Dimittis” (“Song of Simeon”) in chapter 2, verses 29-32, 
at Compline (prayer at the end of the day). The great 
anonymous canticle called the “Te Deum,” a vast array of
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biblical images ascribing praise and glory to God, is sung 
every day at Matins (an early morning prayer).

The mass is an abbreviation of a much longer liturgy. 
Many items are mere vestiges of more elaborate actions or 
texts. The psalms once sung at the entrance, for example, 
have been reduced to a traditional form of a sung text: 
an antiphon of one or two verses from a psalm, the first 
verse of the psalm, the “Glory be to the Father,” and 
the antiphon repeated. The same has occurred in other 
parts of the mass. Psalms were once interspersed among 
the readings of scripture. The traditional gradual was a 
formalized text sung between the Epistle and Gospel, but 
in the reformed mass it becomes a responsorial psalm 
between the first and second readings. The short texts at 
the Offertory (offering of the bread and wine) and Com- 
munion are fragments in biblical language, but they are 
also masterpieces of the Latin genius for brevity, clarity, 
and order— as are the inimitable Latin eollects (prayers), 
each basing its definite Petition on an equally definite 
biblical revelation.

For centuries the mass was heard only in Latin and 
repeated the same readings on the same days every year, 
with the result that only a limited number of unconnected 
passages were heard in church. The second Vatican Coun­
cil (1962-65) approved the plan of having a three-year 
cycle of biblical readings, providing an Old Testament 
lesson for every mass, a more nearly continuous reading 
from one of the Gospels each year, and a reading from 
one of the letters or other New Testament books over a 
period of weeks.

Protestantism. The term Protestant covers so wide a 
variety of theological views and religiöus and cultural 
groups and so many different ways of worshipping and 
using the Bible in worship that it is virtually impossible 
to say anything about the liturgy or the Bible’s place in 
worship that would be true of all Protestants. Among An- 
glicans, what was said of the Bible in the Roman Catholic 
liturgy would generally apply. It would also apply to most 
Lutherans in the 20th Century, but not to all Lutherans. 
On the other hand, there have been and are Protestants 
who claim or tacitly assume that nothing but the Bible 
should be used in worship. The use of the Bible in Protes­
tant liturgy lies between these extremes.

In the 16th Century, the New Testament was appealed 
to as a guide for reforming the worship as well as the 
doctrine of the time. Because the worship reflected in the 
New Testament is synagogue worship, Protestant worship 
of the less liturgical kind became, in many respects, a 
return to synagogue worship. Protestants separated the 
two services (instructional and Eucharistie) that had been 
joined together in the historie liturgy of Christendom. The 
Protestant Sunday service is the Liturgy of the Learners, 
a new revision of the synagogue liturgy. It centres in 
the biblical word read and preached. The congregation 
worships in anticipation of and response to the scriptur- 
al word. Praise becomes corporate only in hymns sung 
by the congregation, and prayer voices human need and 
misery as revealed in the Bible and claims the promises 
heard there.

The absence of a developed liturgy generally limits the 
amount and variety of scripture read in the course of 
a year, as well as the forms of congregational participa- 
tion. On the one hand, it limits worship to the resources 
and skill of local ministers, but, on the other hand, it 
also leaves a freedom to choose what is useful from any 
source—this has become an increasing practice in almost 
every Protestant church in the 20th Century. Such freedom 
has been welcomed by many in the latter part of the 20th 
Century—when all Protestant and Catholic liturgies seem 
likely to change without much advance notice (see also 
c h r is t ia n it y ). (H.G.D.)

The critical study of biblical literature: 
exegesis and hermeneutics
Exegesis, or critical interpretation, and hermeneutics, or 
the Science of interpretive principles, of the Bible have 
been used by both Jews and Christians throughout their 
histories for various purposes. The most common purpose

has been that of discovering the truths and values of the 
Old and New Testaments by means of various techniques 
and principles, though very often, due to the exigencies 
of certain historical conditions, polemical or apologetical 
situations anticipate the truth or value to be discovered 
and thus dictate the type of exegesis or hermeneutic to be 
used. The primary goal, however, is to arrivé at biblical 
truths and values by an unbiassed use of exegesis and 
hermeneutics.

NATURE AND SIGNIFICANCE
Biblical exegesis is the actual interpretation of the sacred 
book, the bringing out of its meaning; hermeneutics is 
the study and establishment o f the principles by which 
it is to be interpreted. Where the biblical writings are 
interpreted on a historical perspective, just as with phil- 
ological and other ancient documents, there is little call 
for a special discipline of biblical hermeneutics. But it has 
been widely held that the factors of divine revelation and 
inspiration in the Bible, which, according to Jewish and 
Christian belief, set it apart from other literature, impose 
their appropriate hermeneutical principles, although there 
has been divergence of opinion on what these principles 
are. Again, because of the place that the biblical writings 
have occupied in synagogue and church, their exploitation 
for apologetical or polemical ends, their employment as 
a source for dogma or as a means of grace, fostering in­
dividual and community devotion, and the use of certain 
parts (especially the psalms) in the congregational liturgy, 
the science of hermeneutics has been studiously cultivated 
as a theological discipline. To treat the Bible like any 
other book (even in order to discover that it is not like 
any other book) has been condemned by believers as an 
unworthy, not to say impious, attitude.

At times the languages in which the biblical texts were 
originally composed have for that reason been treated as 
sacred languages. Hebrew may be to the philologist a 
Canaanite dialect, not substantially different from Phoeni- 
cian, or Moabite, or other Semitic languages, but for some 
people even today this language is invested with an aura 
of sacredness. As for the language of the New Testament, 
in the days before its place within the general development 
of Hellenistic Greek was properly appreciated, it could 
be called a “language of the Holy Ghost,” as it was by 
the German Lutheran theologian Richard Rothe (1799— 
1867). And even scholars who know very well the true 
character of the biblical languages are tempted at times to 
make the Old and New Testament vocabularies, down to 
the very prepositions, bear a greater weight of theological 
significance than sound linguistic practice permits. Where 
in other Greek literature the context would be allowed 
to determine the precise force of this or that synonym, 
there is a tendency to approach the New Testament with 
definitions ready made and to impose them on the text: to 
give one example, of two common Greek words meaning 
“new,” it is sometimes laid down in advance that kainos 
denotes new in character and neos new in time (“young”). 
Often such distinctions are valid, but their validity must 
be established by the context; where the context discour- 
ages such precise differentiations, they must not be forced 
upon it.
Again, it is a truism in linguistic study that the meaning of 

a word depends on its usage, not on its derivation. It may 
be of interest to know that the Hebrew word for “burnt 
offering” (old) etymologically means “ascending” (cf. the 
verb ala, “ascend”), and to tracé the stages by which it 
attained its biblical meaning, but this knowledge is almost 
wholly irrelevant to the understanding of the word in the 
Old Testament ritual vocabulary, and any attempt to link 
it, say, with the ascension of Jesus in the New Testament, 
as has been done, can lead only to confusion.

Similarly there has been a tendency to place the history 
contained in the biblical writings on a different level from 
“ordinary” history. Here the increasing knowledge of the 
historical setting of the biblical narrative, especially in the 
Old Testament, has helped to remove the impression that 
the persons and peoples portrayed in this narrative are not 
quite “real”; it has integrated them with Contemporary life 
and promoted a better understanding of what they had in
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common with their neighbours and what their distinctive 
qualities were.

BIBLICAL CRITICISM
A prerequisite for the exegetical study of the biblical 
writings, and even for the establishment of hermeneuti- 
cal principles, is their critical examination. Most forms 
of biblical criticism are relevant to many other bodies 
of literature.

Textual criticism. Textual criticism is concerned with 
the basic task of establishing, as far as possible, the original 
text of the documents on the basis of the available mate­
rials. For the Old Testament, until 1947, these materials 
consisted principally of: (1) Hebrew manuscripts dated 
from the 9th Century a d  onward, the Masoretic text, the 
traditional Jewish text with its vocalization and punctu­
ation marks as recorded by the editors called Masoretes 
(Hebrew masora, “tradition”) from the 6th Century to the 
end of the 10th; (2) Hebrew manuscripts of medieval date 
preserving the Samaritan edition of the Pentateuch (first 
five books of the Bible); (3) Greek manuscripts, mainly 
from the 3rd and 4th centuries a d  onward, preserving 
the text of the pre-Christian Greek version of the Hebrew 
Bible together with most of the apocryphal books (the Sep­
tuagint); (4) manuscripts of the Syriac (Peshitta) and Latin 
(Vulgate) versions, both of which were based directly on 
the Hebrew. Since 1947 the discovery of Hebrew biblical 
texts at Qumrän (then Jordan) and other places west of 
the Dead Sea has made it possible to trace the history of 
the Hebrew Bible back to the 2nd Century bc and to rec­
ognize, among the manuscripts circulating in the closing 
generations of the Second Jewish Commonwealth (c. 450 
Bc-c. a d  135), at least three types of Hebrew text: (1) 
the ancestor of the Masoretic text, (2) the Hebrew basis 
of the Septuagint version, and (3) a populär text of the 
Pentateuch akin to the Samaritan edition. A comparative 
examination of these three indicates that the ancestor of 
the Masoretic text is in the main the most reliable; the 
translators of the Revised Standard Version (1952) and 
New English Bible (1970) have continued to use the Mas­
oretic text as their Old Testament basis.
For the New Testament the chief text-critical materials 

are (1) manuscripts of the Greek text, from the 2nd to the 
15th centuries, of which some 5,000 are known, exhibiting 
the New Testament text in whole or in part; (2) ancient 
versions in Syriac, Coptic, Latin, Armenian, Georgian, 
Ethiopic, and other languages; and (3) citations in early 
Christian writers. A comparative study of this material 
enables scholars to get behind the Byzantine type of text 
(the type that first diffused from Constantinople from the 
4th Century onward, gained currency throughout Greek- 
speaking Christendom, and formed the basis of the earli­
est printed editions of the Greek Testament) to a variety 
of types current in various localities in the generations 
immediately preceding; but the more recent discovery of 
manuscripts (mainly on papyrus) of the 3rd and even 
2nd centuries, which cannot be neatly assigned to one or 
another of these types, makes the earlier history of the 
text more problematic, and the Revised Standard Version 
and New English Bible are both based on an eclectic text 
(in which, where the witnesses show variant readings, the 
reading preferred is that which best suits the context and 
the author’s known style).

Philological criticism. Phiiological criticism consists 
mainly in the study of the biblical languages in their wid- 
est scope, so that the vocabulary, grammar, and style of 
the biblical writings can be understood as accurately as 
possible with the aid not only of other biblical writings but 
of other writings in the same or cognate languages. New 
Testament Greek, for example, is a representative of Hel­
lenistic Greek written in the Ist Century a d , ranging from 
the literary Hellenistic of Hebrews, I Peter, and portions 
of Luke-Acts, to the colloquial or vernacular idiom of 
some other books (e.g., the conversations in the Gospels). 
Some Aramaic influences have been discerned in parts of 
the New Testament that have a Palestinian setting, but 
not to a point where scholars are obliged to conclude that 
some books, or parts of books, were originally composed 
in Aramaic. Moreover, the Septuagint version exercised

on some New Testament writers the kind of influence that 
the King James Version has exercised on many English 
writers, especially in the Provision of a theological vocabu­
lary in areas such as law, ethics, atonement, and sacrifice. 
The study of Old Testament Hebrew has been enriched 
by the study of other Semitic languages—Akkadian and 
Ugaritic among the ancient languages, and Arabic, which 
preserves many archaic features. Such comparative study 
has led to the Suggestion of new meanings for a con­
siderable number of biblical Hebrew words—a tendency 
that is amply illustrated by the New English Bible—but 
this department of philological criticism requires much 
more carefully defined guiding lines than have hitherto 
been laid down.

Literary criticism. Literary criticism endeavours to es­
tablish the literary genres (types or categories) of the 
various documents and to reach conclusions about their 
structure, date, and authorship. These conclusions are 
based as far as possible on internal evidence, but exter­
nal evidence is also very helpful, especially where date is 
concerned. If the document under consideration is un- 
mistakably quoted in another composition, for example, 
that quotation forms a terminus ante quem (later limiting 
point in time) for dating purposes. If, on the other hand* 
the document is clearly dependent on another document 
that can be dated on independent grounds, the date of the 
earlier document provides a terminus post quem (earlier 
limiting point in time).

Proved dependence on such an earlier document may 
also throw light on the structure of the work being studied. 
But much of the evidence for the history of its structure is 
internal. The evaluation of such evidence is the province 
of what used to be called the higher criticism, a term 
first employed with a biblical reference by the German 
biblical scholar and oriëntalist Johann Gottfried Eichhorn 
(1752-1827):

I have been obliged to bestow the greatest amount o f  labour
on a hitherto entirely unworked field, the investigation o f  the
inner Constitution o f the separate books o f  the Old Testament
by the aid o f the higher criticism (a new name to no humanist).

Eichhorn paid special attention to the Pentateuch; his 
work marks an important step forward in Pentateuchal 
criticism. The chronological arrangement of the successive 
law codes contained in the Pentateuch, or of the successive 
editions of one fundamental law code, has been related to 
the history of Israelite culture and religion recorded in the 
other Old Testament books—histories, prophecies, and 
psalms—with the mounting aid supplied by Contemporary 
non-Israelite documents. The development o f some Old 
Testament books is indicated expressly in their contents: 
one can note the composition of the first and second 
editions of the Book of Jeremiah in Jer. 36:4, 32; and 
scholars can reach some conclusions about later editions 
by a comparison of the longer edition in the Masoretic 
text with the shorter edition in the Septuagint (now also 
attested in a fragmentary Hebrew text from Qumrän). In 
the absence of such explicit evidence, conclusions about 
the structure of other prophetic books, such as Isaiah and 
Ezekiel, must be more tentative.

In the New Testament, literary criticism has centred 
principally on the Gospels. In the Synoptic Gospels (that 
is, those having a common source; i.e., Matthew, Mark, 
and Luke) indicators as to source and composition are 
provided by the presence of so much material common 
to two or to all three of them. The majority opinion for 
well over a Century has been that Mark served as a source 
for Matthew and Luke, and that the two latter had a 
further common source, generally labelled Q (for Quelle, 
the German term for “source”), comprising mainly say­
ings of Jesus. Aspects of the Gospel problem that literary 
criticism leaves unsolved are more likely to be illuminated 
by other critical approaches. The Fourth Gospel (John), 
having much less in common with the Synoptic Gospels 
than the latter three have among themselves, presents 
an independent line of transmission, and a comparative 
study o f those areas where the Johannine and Synoptic 
traditions touch each other yields valuable conclusions for 
the beginnings of the gospel story.

Tradition criticism. Tradition criticism takes up where
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literary criticism leaves off; it goes behind the written 
sources to tracé the development of oral tradition, where 
there is reason to believe that this preceded the earliest 
documentary stages, and attempts to tracé the develop­
ment of the tradition, phase by phase, from its primary 
life setting to its literary presentation. The development 
of the tradition might cover a lengthy period, as in the 
Old Testament narratives of the patriarchs—Abraham, 
Isaac, and Jacób—and the judges, such as Deborah and 
Samuel, many of which were originally attached to par­
ticular sanctuaries. The recognition of the life setting of 
each successive phase is necessary to the interpretation 
of the material received and delivered by one generation 
after another.

In the New Testament, too, special attention has been 
paid to the oral stage of the Gospel tradition, though here 
the preliterary period is measured in decades, not (as in 
the Old Testament) in generations and centuries. Not only 
the record of the ministry of Jesus but the development 
of Christian theology in the short preliterary stage has 
formed the subject matter of this study.

Form criticism. Form criticism has become one of the 
most valuable tools for the reconstruction of the preliter­
ary tradition. This discipline classifies the literary material 
according to the principal “forms”—such as legal, poetic, 
and other forms—represented in its contents, and exam- 
ines these in order to discover how they were handed 
down and what their successive life settings were until 
they assumed their present shape and position. In their 
various ways laws, narratives, psalms, and prophecies are 
amenable to this approach. By this means some scholars 
have undertaken to recover the ipsissima verba (“very 
own words”) of Jesus by removing the accretions attached 
to them in the course of transmission. The exegetical 
task assumes a threefold shape as scholars work back 
from (1) interpretation of the present Gospels through (2) 
interpretation of the tradition lying behind them to (3) 
reconstruction of the proclamation of Jesus.

Scholars are not left completely to speculation as they 
attempt to reconstruct the stages by which the Gospel 
tradition attained its final form: here and there in the New 
Testament letters, and in some of the speeches included 
in Acts (which convey the general sense of what was said 
and should not be regarded as the author’s free creations), 
there are fragments and outlines of the story of Jesus and 
of his teaching. Sometimes the characteristic terminology 
of tradition (“I received. . .  I delivered”) is used when 
such fragments are introduced, a decade or so before the 
composition of the earliest Gospel (cf. I Cor. 11:23; 15:3).

Other types of exegetical critical techniques. Redaction 
criticism. Redaction criticism concentrates on the end 
product, studying the way in which the final authors or 
editors used the traditional material that they received and 
the special purpose that each had in view in incorporating 
this material into his literary composition. It has led of 
late to important conclusions about the respective out- 
looks and aims of the four evangelists, Matthew, Mark, 
Luke, and John.

Historical criticism. Historical criticism places the doc­
uments in their historical setting and promotes their inter­
pretation in the light of their Contemporary environment. 
This is necessary for their understanding, whether they 
are historical in character or belong to another literary 
genre. If they are historical in character it is important to 
establish how faithfully they reflect their dramatic date— 
the date of the events they record (as distinct from the 
date of final composition). This test has been applied with 
singularly positive results to Luke-Acts, especially in re­
lation to Roman law and institutions; and in general the 
biblical outline of events from the middle Bronze Age (c. 
2 Ist-c. mid-16th centuries b c ) to the Ist Century a d  fits 
remarkably well into its Near Eastern context as recovered 
by archaeological research.

'History o f religions” criticism. “H istory o f  religions” 
criticism , to  use an ungainly expression, relates O ld and  
N ew  T estam ent religion to the religiöus Situation o f  the  
Contemporary world o f  the writings and tries to  explain  
biblical religion as far as possible in term s o f  current re­
lig ieu s attitudes and practices. T his is helpful to  a point,

insofar as it throws into relief those features of Hebrew and 
Christian faith that are distinctive; it is carried to excess 
when it attempts to deprive those features of their unique 
qualities and to account completely for them in religious- 
historical terms. When the cult of Israel was practically 
indistinguishable from that of the Canaanites, the protests 
of the 8th-century-Bc Hebrew prophets Amos or Hosea 
stand out over against populär Yahweh worship (Hebrew) 
and Baal worship (Canaanite) alike. Another attempt has 
been made by historians of religion to recreate for the 1 st 
Century a d  a pre-Christian Gnostic myth—referring to an 
esoterie dualism in which matter is viewed as evil and 
spirit good—of the primal or heavenly man who comes 
from the realm of light to liberate particles of a heavenly 
essence that are imprisoned on earth in material bodies 
and to impart the true knowledge. By men’s acceptance 
of this secret salvatory knowledge (gnosis), the heavenly 
essence within man is released from its thraldom and 
reascends to its native abode. Fragments o f this myth have 
been recognized in several books of the New Testament. 
But the attempt has not been successful: according to 
many recent (latter half of the 20th Century) New Tes­
tament scholars and historians of the early church, it is 
probable that the concepts of primal man and redeemer- 
revealer were not brought together in Gnosticism except 
under the influence of the Christian apostolic teaching, in 
which Jesus fills the role of Son of man (or Second Adam) 
together with that of Saviour and Revealer.

On the other hand, the Iranian religiöus influence, pri­
marily that of Zoroastrianism, on the angelology and 
eschatology (concepts of the last times) of Judaism in the 
last two centuries bc  is unmistakable, especially among the 
Pharisees (a liberal Jewish sect emphasizing piety) and the 
Qumrän community (presumably the Essenes) near the 
Dead Sea. In the latter, indeed, Zoroastrian dualism finds 
clear expression, such as in the concept of a war between 
the sons of light and the sons of darkness, although it is 
subordinated to the sovereignty of the one God of Israel.

The value of these critical methods of Bible study lies 
in their enabling the reader to interpret the writings as 
accurately as possible. By their aid he can ascertain better 
what the writers meant by the language they used at the 
time they wrote and how their first readers would have 
understood their language. If the understanding of readers 
today is to have any validity, it must bear a close relation 
to what the original readers were intended to understand.

For additional information about the various forms 
of biblical criticism, see above: Old Testament canon, 
texts, and versions; and New Testament canon, texts, and 
versions.

TYPES OF BIBLICAL HERMENEUTICS
As has been said, the importance of biblical hermeneutics 
has lain in the Bible’s status as a sacred book in Judaism 
and Christianity, recording a divine revelation or reprod­
ucing divine oracles. The “oracles” are primarily prophetic 
utterances, but often their narrative setting has also come 
to acquire oracular status. Quite different hermeneutical 
principles, however, have been inferred from this axiom 
of biblical inspiration: whereas some have argued that the 
interpretation must always be literal, or as literal as possi­
ble (since “God always means what he says”), others have 
treated it as self-evident that words of divine origin must 
always have some profounder “spiritual” meaning than 
that which lies on the surface, and this meaning will yield 
itself up only to those who apply the appropriate rules of 
figurative exegesis. Or again, it may be insisted that cer­
tain parts must be treated literally and others figuratively; 
thus some expositors who regard the allegorical (symbolic) 
interpretation of the Old Testament histories as the only 
interpretation that has any religiöus value maintain that in 
the apocalyptic writings that interpretation which is most 
literal is most reliable.

Literal interpretation. Literal interpretation is often, but 
not necessarily, associated with the belief in verbal or ple- 
nary inspiration, according to which not only the biblical 
message but also the individual words in which that mes­
sage was delivered or written down were divinely chosen. 
In an extreme form this would imply that God dictated the
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message to the speakers or writers word by word, but most 
proponents of verbal inspiration repudiate such a view on 
the reasonable ground that this would leave no room for 
the evident individuality of style and vocabulary found in 
the various authors. Verbal inspiration received classic ex­
pression by the 19th-century English biblical scholar John 
William Burgon:

The Bible is none other than th e  vo ice  o f  H im  th a t s itte th  
u pon  th e  T h ron e!  Every Book o f  it, every Chapter o f it, every 
Verse o f  it, every word o f  it, every syllable o f  it, (w h ere  are we 
to s top? ) every letter o f  it, is the direct utterance o f  the Most 
High! (From I n sp ira tio n  a n d  In te rp re ta tio n , 1861).

This explains Burgon’s severe judgment that the revisers of 
the English New Testament (1881), in excluding what they 
believed to be scribal or editorial additions to the original 
text, “stand convicted of having deliberately rejected the 
words of Inspiration in every page” (The Revision Revised, 
p. vii, London, 1883). Such a high view of inspiration 
has commonly been based on the statement in II Tim. 
3:16 that “all [Old Testament] scripture is God-breathed” 
(Greek theopneustos, which means “inspired by God”) or 
PauFs claim in I Cor. 2:13 to impart the gospel “in words 
not taught by human wisdom but taught by the Spirit, 
interpreting spiritual truths in spiritual language.” On this 
latter passage the English bishop and biblical scholar Jo­
seph Barber Lightfoot (1828-89) remarked:

The notion o f a verbal inspiration in a certain sense is in­
volved in the very conception o f an inspiration at all, because 
words are at once the instruments o f carrying on and the 
means o f  expressing ideas, so that the words must both lead 
and follow the thought. But the passage gives no countenance 
to the populär doctrine o f  verbal inspiration, whether right or 
wrong (From N o te s  on  E p is t le s  o f  S t. P a u l f r o m  U n p u b lish ed  
C o m m e n ta r ie s , 1895).

The detailed attention that Lightfoot and his Cambridge 
University colleagues, Brooke Foss Westcott (1825-1901), 
successor of Lightfoot as bishop of Durham, and Fen- 
ton John Anthony Hort (1828-92), paid in their exegesis 
to the vocabulary and grammatical construction of the 
biblical documents, together with their concern for the 
historical context, sprang from no dogmatic attachment 
to any theory of inspiration but represented the literal 
method of interpretation at its best. Such grammatico- 
historical exegesis can be practiced by anyone with the 
necessary linguistic tools and accuracy of mind, irrespec- 
tive of confessional commitment, and is likely to have 
more permanent value than exegesis that reflects passing 
fashions of philosophical thought. Biblical theology itself 
is more securely based when it rests upon such exegesis 
than when it forms a hermeneutical presupposition.

Moral interpretation. Moral interpretation is necessitat- 
The Bible ed by the belief that the Bible is the rule not only of faith 
as a guide but also of conduct. The Jewish teachers of the late pre- 
to conduct Christian and early Christian Era, who found “in the law 

the embodiment of knowledge and truth” (Rom. 2:20), 
were faced with the necessity of adapting the requirements 
of the Pentateuchal codes to the changed social conditions 
of the Hellenistic Age (3rd Century Bc-3rd Century a d ). 
This they did by means of a body of oral interpretation, 
which enabled the conscientious Jew to know his duty in 
the manifold circumstances of daily life. If, for example, 
he wished to know whether this or that activity constituted 
“work” that was förbidden on the sabbath, the influential 
school of legal interpretation headed by the rabbi Hillel 
(late Ist Century bc  to early Ist Century a d ) supplied a list 
of 39 categories of activity that feil under the ban.

The Christian Church rejected the Jewish “tradition of 
the elders” but for the most part continued to regard 
the Ten Commandments as ethically binding and devised 
new codes of practice, largely forgetting PauFs appeal to 
the liberty of the Spirit, or viewing it as an invitation to 
indulge in allegory. In order to deduce moral lessons from 
the Bible, allegorization was resorted to, as when the Let­
ter o f Barnabas (c. a d  100) interprets the Levitical food 
laws prescribed in the book of Leviticus as forbidding not 
the flesh of certain animals but the vices imaginatively as­
sociated with the animals. To set up principles of exegesis 
by which ethical lessons may be drawn from all parts of 
the Bible is not easy, since many of the commandments

enjoined upon the Israelites in the Pentateuch no longer 
have any obvious relevance, such as the ban on boiling a 
kid in its mother’s milk (Ex. 23:19b, etc.), or on wearing a 
mixed woollen and linen garment (Deut. 22:11); and much 
of the teaching of Jesus in the Sermon on the Mount is 
widely regarded as a counsel o f perfection, impracticable 
for the average man, even when he professes the Christian 
faith. Even summaries of the biblical ethic, such as the 
golden rule (Matt. 7:12; cf. Tob. 4:15) or the twofold law of 
love to God and love to one’s neighbour (Deut. 6:5; Lev.
19:18), in which the Decalogue (Ten Commandments) is 
comprehended (Mark 12:29-31; cf Rom. 13:8-10), in­
volve casuistic interpretation (fitting general principles to 
particular cases) when they are applied to the complicated 
relations of present-day life. The difficulties of applying 
biblical ethics to modern situations do not mean that the 
task of application should be abandoned but that it should 
not be undertaken as though it provided an easy shortcut 
to moral Solutions.

Allegorical interpretation. Allegorical interpretation 
places on biblical literature a meaning that, with rare ex­
ceptions, it was never intended to convey. Yet at times 
this interpretation seemed imperative. If the literal sense, 
on which heretics, such as the 2nd-century biblical critic 
Marcion, and anti-Christian polemicists, such as the 2nd- 
century philosopher Celsus, insisted, was unacceptable, 
then allegorization was the only procedure compatible 
with a belief in the Bible as a divine oracle. Law, history, 
prophecy, poetry, and even Jesus’ parables yielded new 
meanings when allegorized. The surface sensuous mean­
ing of the Canticles (the Song of Solomon) was gladly 
forgotten when its mutual endearments were understood 
to express the communion between God and the soul, 
or between Christ and the church. There are still readers 
who can reconcile themselves to the presence of a book 
such as Joshua in the canon only if its battles can be un­
derstood as pointing to the warfare of Christians “against 
the spiritual hosts of wickedness in the heavenly places”
(Eph. 6:12). As for the Gospel parables, when in the sto­
ry of the good Samaritan (Luke 10:30-37) an allegorical 
meaning is sought for the thieves, the Samaritan’s beast, 
the inn, the innkeeper, and the two pence, the result too 
often is that the explicit point of the story, “Go and do 
likewise,” is blunted.

Closely allied to allegorical interpretation, if not indeed a Typo- 
species of it, is typological interpretation, in which certain logical 
persons, objects, or events in the Old Testament are seen interpreta- 
to set forth at a deeper level persons, objects, or events in tion 
the New. In such interpretations, Noah’s ark (Gen. 6:14- 
22) is interpreted to typify the church, outside which there 
is no salvation; Isaac carrying the wood for the sacri­
fice (Gen. 22:6) typifies Jesus carrying the cross; Rahab’s 
scarlet cord in the window (Jos. 2:18-21) prefigures the 
blood of Christ; and so on. These are not merely sermon 
illustrations but rather aspects of a hermeneutical theory 
that maintains that this further significance was designed 
(by God) from the beginning. Tracés of typology appear 
in the New Testament, as when Paul in Rom. 5:14 calls 
Adam a “type” of the coming Christ (as the head of the 
old creation involved its members in the results of his 
disobedience, so the head of the new creation shares with 
its members the fruit of his obedience), or when in I Cor.
10:11 he says that the Israelites’ experiences in the wilder­
ness wanderings befell them “typically,” so as to warn his 
own converts o f the peril of rebelling against God. The 
fourth evangelist stresses the analogy between the sacrifi- 
cial Passover lamb of the Hebrews and Christ in his death 
(John 19). The writer of the Hebrews treats the priest-king 
of Salem, Melchizedek, who was involved with Abraham 
as a type of Christ (Heb. 7)—without using the word 
“type”—and the Levitical ritual of the Day of Atonement 
as a model (though an imperfect one) of Christ’s sacrificial 
ministry (Heb. 9).

Other hermeneutical principles. Anagogical interpreta­
tion. A nagogical (m ystical or spiritual) interpretation seeks 
to  explain biblical events or m atters o f  this world so that 
they relate to  the life to  com e. Jordan is thus interpreted  
as the river o f  death; by Crossing it one enters into the 
heavenly C anaan, the better land, the “rest that rem ains
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for the people of God.” “The Jerusalem that now is” 
points to the new Jerusalem that is above. In Judaism of 
the closing centuries b c , the Eden of Genesis, the earthly 
paradise, lent its name to the heavenly paradise mentioned 
occasionally in the New Testament (Luke 23:43; II Cor. 
12:3; Rev. 2:7).
Another form of mystical interpretation is the Mariologi­

cal (referring to Mary, the mother of Jesus) application of 
scriptures that have another contextual sense. Thus Mary 
is the second Eve, whose offspring bruises the serpent’s 
head (Gen. 3:15); Mary is the star-crowned woman of 
Rev. 12, whose son is caught up to the throne of God, 
and in more populär piety the dark-faced Madonna of the 
monastery at Montserrat, near Barcelona, Spain, can be 
identified with the “black but comely” bride of the Song 
of Solomon.

Parallelism. Parallelism, the interpretation of Scripture 
by means of Scripture, is a corollary of the belief in the 
unity of Scripture. But as a hermeneutical principle it 
must be employed sparingly, since the unity of Scripture 
should be based on comprehensive exegetical study, rath­
er than itself provide a basis. Where one or two biblical 
documents (e.g., the letters to the Romans and to the 
Galatians) are treated as the norm of biblical doctrine, 
there is a danger that other parts of the volume (e.g., the 
Letter to the Hebrews) will be forced to yield the same 
sense as the “normative” documents; the distinctiveness 
of certain biblical authors will then be blurred. One naive 
form of parallelism is the “concordant” method, in which 
it is axiomatic that a Hebrew or Greek word will always 
(or nearly always) have the same force wherever it occurs 
in the Bible, no matter who uses it. There is, again, a 
harmonistic tradition that smooths out disparities in the 
biblical text (e.g., as between the gospel narratives or the 
parallel records of Kings and Chronicles) in a manner 
that imposes a greater strain on faith than do the dispari­
ties themselves.

One exegetical de vice of the Jewish rabbis (teachers, 
biblical commentators, and religiöus leaders) was that of 
gezera shawa, “equal category,” according to which an ob­
scure passage might be illuminated by reference to another 
containing the same key term. There are several examples 
in Paul’s Old Testament exegesis, one of the best known 
being in Gal. 3:10-14, where the mystery of Christ’s dying 
the death that incurred the divine curse (Deut. 21:23) is 
explained by his bearing vicariously the curse incurred by 
the lawbreaker (Deut. 27:26). One may compare the ex­
planation in Heb. 4:3-9 of God’s “rest” mentioned in Ps. 
95:11 by reference to his resting on the seventh day after 
creation’s work (Gen. 2:3)— an explanation dependent on 
the Septuagint, not the Hebrew.

Analogical interpretation. Analogical interpretation 
traditionally includes not only interpretation according to 
the analogy of Scripture (parallelism, in other words) but 
also interpretation according to the “analogy of faith”— 
an expression that misapplies the language of Rom. 12:6 
in the King James Version of 1611. It has at times been 
pressed to mean that no biblical interpretation is valid un­
less it conforms to the established teaching of a religiöus 
community, to the verdict of tradition, or to the “unan- 
imous consensus of the fathers.” Where the established 
teaching is based, in intention, on Scripture, then an inter­
pretation of Scripture that conflicts with it naturally calls 
for further scrutiny, but such conflict does not rule out 
the interpretation beforehand; if the conflict is confirmed, 
it is the established teaching that requires revision.

Other types. There is an unconscious tendency to con­
form hermeneutical principles to the climate of opinion in 
and around the community concerned, and to change the 
hermeneutic pattem as the climate of opinion changes. 
It is not surprising that in the circles where Pseudo- 
Dionysius (early-6th-century writings attributed to Dio­
nysius, a convert of St. Paul) was revered as a teacher, 
Scripture was interpreted in Neoplatonic (idealistic and 
mystical) categories, and if in the latter half of the 20th 
Century there is an influential and persuasive school of 
existential hermeneutics, this may be as much due to a 
widespread Contemporary outlook on life as was the liber­
al hermeneutic o f the preceding generations.

At a far different level Contemporary movements contin­
ue to influence biblical interpretation. The interpretation 
of prophecy and apocalyptic in terms of events of the in- 
terpreter’s day, which has ancient precedent, is still avidly 
pursued. Just as in the 16th Century the apocalyptic beast 
of Revelation was interpreted to be the papacy or Martin 
Luther (in accordance with the interpreter’s viewpoint), 
so also today in some nonacademic circles the ten kings 
denoted by the beast’s horns in Revelation are identified 
with the European Economic Community in its ultimate 
development, or the threat to “destroy the tongue of the 
sea of Egypt” (Isa. 11:15) is believed to be fulfilled in the 
condition of the Suez Canal in the years following 1967. 
Whatever critical exegetes think of such aberrations, his­
torians of exegesis will take note o f them and recognize 
the doctrine of Scripture that underlies them.

THE DEVELOPMENT OF BIBLICAL EXEGESIS 
AND HERMENEUTICS IN JUDAISM

Early stages. The beginnings of biblical exegesis are 
found in the Old Testament itself, where earlier documents 
are interpreted in later documents, as in the recasting of 
earlier laws in later codes, or the Chronicler’s reworking of 
material in Samuel and Kings. In addition, even before the 
Babylonian Exile (586 b c ) there is evidence of the kind of 
midrashic exposition (nonliteral interpretations) familiär 
in the rabbinical period (c . 300 bc - c . a d  500) and after.

In Isa. 40 and following, the restoration of Israel after 
the return from exile is portrayed as a new creation: the 
characteristic verbs of the Genesis creation narrative— 
“create” (bara), “make” (asa) and “form” (yatzar)—are 
used of this new act o f God (e.g., Isa. 43:7). Even more 
clearly are the same events portrayed as a new Exodus: on 
their journey back from Babylon, as earlier through the 
wilderness, the God of Israel makes a way for his people; 
he protects them before and behind; he Champions them 
“with a mighty hand and an outstretched arm,” he brings 
water from the rock for their sustenance (Isa. 43:2, 16, 19; 
48:21; 52:12; Ezek. 20:33).

A pattern of divine action in mercy and judgment is 
discernible as one moves from the earlier prophets to the 
later prophets and apocalyptists (those concerned with the 
intervention of God in history). Yahweh’s “stränge work” 
in bringing the Assyrians against Israel in the 8th Century 
bc (Isa. 28:21; 29:14) is repeated a Century later when 
he raises up the Chaldaeans (Babylonians) to execute his 
judgment (Hab. 1:5 fol.). Ezekiel’s visionary figure Gog is 
the invader whose aggression was foretold in earlier days 
by Yahweh through his “servants the prophets” (Ezek. 
38:17), and one may recognize in him a revival not only 
of Isaiah’s Assyrian (Isa. 10:4 fol.) but also of Jeremiah’s 
destroyer from the north (Jer. 1:14 fol.; 4:6 fol.). The same 
figure reappears in the last “king of the north” in Dan. 
11:40 fol.; he too is diverted from his path by “tidings 
from the east and the north” (cf. Isa. 37:7) and “shall 
come to his end, with none to help him” (cf. Isa. 31:8).
In some degree these later predictions are interpretations, 

or reinterpretations, of the earlier ones, as when the non- 
Israelite prophet Balaam’s “ships . . .  from Kittim” (Num. 
24:24) are interpreted in Dan. 11:30 as the Roman ves­
sels off Alexandria in 168 bc that frustrated the Syrian 
king Antiochus IV Epiphanes (c. 215-164/163 b c ) in his 
attempt to annex Egypt.

Ezra (c. 400 bc), whose role as the archetypal “scribe” 
is magnified by tradition, is said in the canonical litera­
ture to have brought the law of God from Babylonia to 
Jerusalem (Ezra 7:14), where it was read aloud to a large 
assembly by relays of readers “with interpretation”—and 
“they gave the sense, so that the people understood the 
reading” (Neh. 8:8). This may be the first recorded use 
of an Aramaic Targum—a paraphrase of the Hebrew that 
included interpretation as well as translation.

In the scribal and rabbinic tradition, two forms of expo­
sition were early distinguished—peshat, “plain meaning,” 
and derash, “interpretation,” by which religiöus or social 
morals were derived, often artificially, from the text. There 
was, however, no sense of conflict between the two.

The Hellenistic period. The translation of the Hebrew 
Bible into Greek by Alexandrian Jews in the 2nd and 3rd
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events as 
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events
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centuries bc  provided opportunities for recording interpre­
tations that were probably current in Hellenistic Judaism. 
Literal translations might be misleading to Greek readers; 
metaphors natural in Hebrew were rendered into less fig- 
urative Greek. “Walking with God” or “walking before 
God” was rendered as “pleasing God.” Such renderings 
are scarcely to be called anti-anthropomorphisms (that 
is, against depicting God in human terms or forms). In 
certain books there are some renderings that might be so 
described: in Ex. 24:10, for example, “they saw the God 
of Israel” becomes “they saw the place where the God o f 
Israel stood”; but an examination of the Hebrew context 
suggests that this is precisely what was seen.
There was a tendency to universalize certain particularist 

Statements of the Hebrew: in Amos 9:11 fol. the prophecy 
that David’s dynasty will repossess the residue of Edom 
becomes a promise that the residue of men (the Gentiles) 
will seek the true God—̂ a promise that is quoted in the 
New Testament as a “testimony” to the Christian Gen­
tile mission.

The other main contribution to biblical exegesis in Alex­
andria was made by the Jewish philosopher Philo (e. 30/c. 
20 BC-after a d  40), whose interpretation of the Pentateuch 
in terms of Platonic idealism and Stoic ethics had more 
influence on Christian than on Jewish hermeneutics.

In Palestinian Judaism the most distinctive exegetical 
work in the Hellenistic period was that of the Qumrän 
community (c. 130 bc - a d  70). The community, believing 
itself raised up to prepare for the new age of everlasting 
righteousness, interpreted Scripture so as to find there the 
divine purpose about on the point of fulfillment, together 
with its own duty in the impending crisis. Biblical proph­
ecies in the Qumrän commentaries refer to persons and 
events of the recent past, the present, or the imminent 
future. The time of their fulfillment was concealed from 
the prophets; only when this was revealed to the Teacher 
of Righteousness, the organizer of the community, could 
their intent be grasped.

Rabbinic exegesis was present in all the varieties of rab­
binic literature but is found especially in the Targumim 
and Midrashim (plural of Targum and Midrash). Among 
the former, special interest attachés to the early Palestinian 
Pentateuch Targum; it preserves, for example, messianic 
(referring to the expected anointed deliverer) exegesis of 
certain passages to which later rabbis gave a different 
interpretation because of the Christians’ appeal to them. 
The earlier Midrashim—those whose contents are not lat­
er than a d  200—expound Exodus, Leviticus, Numbers, 
and Deuteronomy and are almost entirely Halakhic— 
i.e., recording legal interpretations from various schools. 
The later Midrashim are more homiletic and include a 
considerable element of Haggada; i.e., illustrative material 
drawn from all sources.

Rabbinic exegesis was not haphazard; it observed certain 
rules, which were variously formulated in the schools. The 
name ofthe famous interpreter Hillel is linked with seven 
middot, or norms; (1) inference from less important to 
more important and vice versa, (2) inference by analogy, 
(3) the grouping of related passages under an interpreta- 
tive principle that primarily applies to one of them, (4) 
similar grouping where the principle primarily applies to 
two passages, (5) inference from particular to general and 
vice versa, (6) exposition by means of a similar passage, (7) 
inference from the context. By the time of Rabbi Ishmael 
(c. a d  100) these rules were expanded to 13, and Eliezer 
ben Yose the Galilaean (c. a d  150) formulated 32 rules, 
reflecting rational principles of exegesis, which remained 
normative into the Middle Ages.

The medieval period. By the beginning of the Middle 
Ages the Masoretes of Babylonia and Palestine (6th-10th 
Century) had fixed in writing, by points and annotation, 
the traditional pronunciation, punctuation, and (to some 
extent) interpretation of the biblical text. The rise of the 
Karaites, who rejected rabbinic tradition and appealed to 
Scripture alone (8th Century onward) stimulated exegeti­
cal study in their own sect and in Judaism generally: in 
reaction against them Saadia ben Joseph (882-942), who 
was the gaon, or head, o f the Sura academy in Babylonia, 
did some of his most important work. He adopted as one

basic principle that biblical interpretation must not con- 
tradict reason. He translated most of the Bible into Arabic 
and composed an Arabic commentary on the text.

The French Jewish biblical and Talmudic scholar Rashi 
(Rabbi Shlomo Yitzhaqi of Troyes, 1040-1105), the most 
populär o f all Jewish commentators, paid careful heed 
to the language and rejected those midrashic traditions 
that were inconsistent with the plain meaning of the text. 
Abraham ibn Ezra, of Spanish birth (1092/93—1167), in 
some respects anticipated the Pentateuchal literary criti­
cism of later centuries. Other important names are Joseph 
Qimhi of Narbonne and his sons Moses and David, the 
last o f whom (c. 1160-1235) commented on the prophets 
and psalms; his psalms commentary took issue especially 
with Christian exegesis.

The great philosopher and codifier Maimonides (Moses 
ben Maimon, 1135-1204) composed, among many other 
works, his Guide o f the Perplexed to help readers who 
were bewildered by apparent contradictions between the 
biblical text and the findings of reason. Like his younger 
Contemporary David Qimhi, he classified some biblical 
narratives as visionary accounts.

Far removed from the rational exegesis of these scholars 
was the mystical tradition, or Kabbala, which combined 
with an earlier mysticism—involving reflection on Ezek­
iel’s inaugural chariot vision—the Neoplatonic doctrine 
of emanations. Adherents of this mystical exegesis found 
encouragement in the Pentateuch commentary of the 
Spanish Talmudist, Kabbalist, and biblical commentator 
Moses ben Nahman (c. 1195-1270). The tracing of mysti­
cal significance in the numerical values of Hebrew letters 
and words (gematria) made a distinctive contribution to 
mystical exegesis. The chief monument of mystical exe­
gesis is the 13th-century Spanish Sefer ha-zohar (“Book 
of Splendour”), in form a midrashic commentary on the 
Pentateuch. In the Zohar the peshat (literal) and derash 
(nonliteral meanings) types of interpretation are accompa­
nied by those called remez (“allusion”), including typol- 
ogy and allegory, and sod (“secret”), the mystical sense. 
The initials of the four were so arranged as to yield the 
word PaRDeS (“Paradise”), a designation for the fourfold 
meaning. The highest meaning led by knowledge through 
love to ecstasy and the beatific vision.

The modern period. Following a line marked out ear­
lier by the Spanish philosopher and poet Moses ibn Ezra 
(1060-1139), Benedict de Spinoza (1632-77) put forward 
a thoroughgoing reappraisal of the traditional account of 
the origin of the Pentateuch in his Tract at us Theologico- 
Politicus (1679). In the following Century the Jewish En- 
lightenment (Haskala) brought a fresh appreciation of the 
Bible as literature. The pioneer of the Enlightenment, 
Moses Mendelssohn (1729-86), prepared a German trans­
lation of the Pentateuch, which he furnished (along with 
Solomon Dubno and others) with a commentary; he also 
translated the psalms and the Song of Solomon.

The tradition of orthodox Jewish exegesis has been 
maintained to the present day. In the 19th Century the 
Russian rabbi Meir ben Yehiel Michael, “Malbin,” (1809— 
79) wrote commentaries on the prophets and the writings, 
making a special point of explaining differences between 
Synonyms. In the 20th Century the traditional values of 
Judaism were popularly expounded in Joseph Herman 
Hertz’s commentary on The Pentateuch and Haftorahs 
(1929-36) and in the Soncino Books o f the Bible (1946- 
51). Martin Buber (1878-1965), the great modern Jewish 
philosopher, imparted to his many studies in biblical lit­
erature and religion—including his revolutionary German 
translation of the Bible (1926 and following), partly exe­
cuted in association with the religiöus philosopher Franz 
Rosenzweig (1886-1926)—the qualities of his personal 
genius that was influenced by Hasidic (18th-century mys­
tical) piety and an existential interpretation of life.

In recent decades the most valuable Jewish exegesis has 
been in association with the wider world of biblical schol- 
arship. Journals such as the Jewish Quarterly Review and 
the Hebrew Union College Annual welcome contributions 
from non-Jewish scholars; in interconfessional projects 
such as the Anehor Bible, Jewish scholars cooperate in the 
Old and New Testament alike.
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The whole field of biblical study, including exegesis, is 
cultivated most intensively in Israel. Yehezkel Kaufmann 
(1890-1963) produced the encyclopaedic History o f Is­
raelite Religion from Its Beginnings to the End o f the 
Second Temple (8 vol., 1937-56) in Hebrew that pursues 
a path involving a radical revision of current biblical crit­
icism and interpretation. Mosheh Zevi Hirsh Segal (died 
1968) dealt with a wide area of biblical and related liter­
ature, maintaining the essential Mosaic authorship of the 
Pentateuch (supplemented by later editors who worked 
in Moses’ spirit). The most ambitious enterprise in this 
field is the “Bible Project” of the Hebrew University of 
Jerusalem, which aims to produce a critical edition of the 
Hebrew Bible but also fosters a number of ancillary stud­
ies in biblical text and interpretation, mostly published in 
its annual report Textus, in which non-Jewish as well as 
Jewish scholars participate.

THE DEVELOPMENT OF BIBLICAL EXEGESIS 
AND HERMENEUTICS IN CHRISTIANITY

Early stages. The earliest Christian exegesis of the Old 
Testament is found in the New Testament, not in the writ­
ten texts only but in the oral tradition lying behind them. 
Some lines of exegesis are present in so many separate 
Strands of primitive Christian teaching that they are most 
reasonably assigned to Jesus, who began his Galilaean 
ministry with the announcement that the time appointed 
for the fulfillment of prophecy, and the Kingdom of God 
that was its main theme, had arrived. If the accomplish- 
ment of his ministry involved his death, that was accepted 
in the same spirit; he submitted to his captors with the 
words: “. . .  Let the scriptures be fulfilled” (Mark 14:49). 
The church began with the conviction that Jesus, crucified 
and risen, was the one of whom the prophets spoke. He 
was the prophet like Moses, prince of the house of David, 
priest of the order of Melchizedek, servant of the Lord, 
Son of man, and exalted Lord. If the prophets themselves 
were uncertain about the person or time indicated by 
their oracles, the early Christians were certain: the person 
was Jesus, the time was now. The New Testament writers 
shared a Creative and flexible principle of exegesis that has 
regard for the literary and historical context and tracés 
a consistent pattern of divine action in judgment and 
mercy, reproduced repeatedly in the history of Israel and 
manifested definitively in Christ. This exegesis is elabo- 
rated at times by means of typology and allegory, as when 
Paul illustrates the relationship between law and gospel 
by the story of Hagar and Sarah, the concubine and wife 
of Abraham, respectively (Gal. 4:21-31), or when Israefs 
tabernacle in the wilderness becomes the material coun­
terpart to the heavenly sanctuary in which believers of the 
new age offer spiritual worship to God (Heb. 8:2 fol.). The 
writer to the Hebrews, indeed, occasionally relates the old 
order to the new order platonically in terms of the earthly 
copy of an etemal archetype.

At an early date Christians developed a line of Old Tes­
tament exegesis designed to show that they, not the Jews, 
stand in the true succession of the original people of God. 
This line is seen in the Letter o f Barnabas, the apologist 
Justin’s (c. 100-c. 165) Dialogue with Trypho, and the 3rd- 
century Against the Jews ascribed to the North African 
bishop Cyprian (c. 200-258).

Üexan- The patristic period. Alexandria had long boasted a 
Irian school of classical study that practicéd the allegorical in-
illegor- terpretation of the Homeric epics and the Greek myths.
zation This method of exegesis was taken over by Philo and from

him by Christian scholars of Alexandria in the 2nd and 
3rd centuries. Clement of Alexandria (c. 150—c. 215) and 
Origen (c. 185-c. 254) did not completely rule out the 
literal sense of Scripture—Origen’s Hexapla, a six column 
edition of various biblical versions, was a monument to 
his painstaking study of the text—but claimed that the 
most meaningful aspects of divine revelation could be 
extracted only by allegorization. Clement stated that the 
Fourth Gospel was a “spiritual gospel” because it unfolds 
the deeper truth concealed in the matter-of-fact narratives 
of the other three. Origen treated literal statements as 
“earthen vessels” preserving divine treasure; their literal 
sense is the body as compared with the moral sense (the

soul) and the spiritual sense (the spirit). The true exegete, 
he claimed, pursues the threefold sense and recognizes the 
spiritual (allegorical) as the highest.
Later, the Antiochene fathers, represented especially by 

Theodore of Mopsuestia (c. 350-428/429) and John Chry- 
sostom (e. 347-407), patriarch of Constantinople, devel­
oped an exegesis that took more account of literal meaning 
and historical context. But the allegorizers could claim 
that their method yielded lessons that (while arbitrary) 
were more relevant and interesting to ordinary Christians.

In the West, the Alexandrian methods were adopted by 
Ambrose (c. 339-397), bishop of Milan, and Augustine 
(354-430), bishop of Hippo, especially as formulated in the 
seven “rules” of Tyconius (c. 380), a Donatist heretic (one 
who denied the efficacy of sacraments administered by 
an allegedly unworthy priest), which classified allegorical 
interpretation in relation to: (1) the Lord and his church,
(2) true and false believers, (3) promise and law, (4) genus 
and species, (5) numerical significance, (6) “recapitula- 
tion,” and (7) the devil and his followers. There were other 
Latin exegetes, like Ambrosiaster (commentaries ascribed 
to Ambrose) and, supremely, Jerome (c. 347-419/420), 
the learned Latin Father, who paid close attention to the 
grammatical sense. In the Old Testament Jerome appealed 
from the Greek version to the “Hebraic verity” and in 
such a work as his commentary on Daniel provided some 
fine examples of historical exegesis. Augustine, though not 
primarily an exegete, composed both literal and allegori­
cal commentaries and expository homilies on many parts 
of Scripture, and his grasp of divine love as the essential 
element in revelation supplied a unifying hermeneutical 
principle that compensates for technical deficiencies.

The medieval period. As the patristic age gave way to 
the Scholastic age, the English monk Bede of Jarrow (died 
735) wrote commentaries designed to perpetuate patristic 
exegesis, mainly allegorical: thus Elkanah with his two 
wives (1 Sam. 1:2) is interpreted as referring to Christ with 
the synagogue and the church.

In the early Middle Ages the fourfold sense of Scripture— 
developed from Origen’s threefold sense by subdividing The 
the spiritual sense into the allegorical (setting forth the doc- fourfold 
trine) and the anagogical (relating to the coming world)— sense of 
was increasingly expounded and received its final authori- Scripture 
ty from Thomas Aquinas (1225/26-74). For Thomas, the 
literal sense, expressing the author’s intention, was a fit 
object of scientific study; the figurative senses unfolded 
the divine intention.

Medieval exegesis was greatly influenced by the Glossa 
Ordinaria, a digest of the views of the leading fathers and 
early medieval doctors (teachers) on biblical interpreta­
tion. This Compilation owed much in its initial stages to 
Anselm of Laon (died 1117); it had reached its definitive 
form by the middle of the 12th Century and provided the 
exegetical norm of the Summa theologiae (“Summation 
of Theology”) of Thomas Aquinas and others.

For all the interest in allegory, literal interpretation was 
cultivated in many centres in the West, often with the 
aid of Hebrew, knowledge of which was obtainable from 
Jewish rabbis. One such centre was the Abbey of Saint- 
Victor at Paris, where Hugh (died 1141) compiled bibli­
cal commentaries that fill three volumes of J.-P. Migne’s 
(1800-75) Patrologiae Cursus Completus (Series Latina) 
and indicate the commentator’s dependence on Rashi as 
well as on his Christian predecessors. Of Hugh’s disciples,
Andrew, abbot of Wigmore (died 1175), carried on his 
master’s tradition of literal scholarship, and Richard, the 
Scottish-born prior of Saint-Victor (died 1173) pursued a 
line more congenial to his mystical temperament. Herbert 
of Bosham (c. 1180) produced a commentary on Jerome’s 
Hebrew Psalter. Robert Grosseteste, bishop of Lincoln 
(died 1253), wrote commentaries on the days of creation 
and the Psalter that both drew on the Greek fathers and 
profited by his direct study of the Hebrew text. Nicholas 
of Lyra (c. 1265-c. 1349), the greatest Christian Hebraist 
and expositor of the later Middle Ages, compiled postillae, 
or commentaries, both literal and figurative, on the whole 
Bible; he insisted that only the literal sense could establish 
proof. Luther ranked him among the best exegetes: “a fine 
soul, a good Hebraist and a true Christian.”



Biblical Literature 855

Reforma­
tion
principles

Source
analysis
and
historical
interpre­
tations

The Reformation period. The English theologian John 
Colet (c. 1466-1519) broke with medieval scholasticism 
when he returned from the Continent to Oxford in 1496 
and lectured on the Pauline letters, expounding the text 
in terms of its plain meaning as seen in its historical con­
text. The humanist Erasmus (c. 1466-1536) owed to him 
much of his insight into biblical exegesis. By the successive 
printed editions o f his Greek New Testament (1516 and 
following), Erasmus made his principal, but not his only, 
contribution to biblical studies.

Martin Luther (1483-1546) was a voluminous expositor, 
insisting on the primacy of the literal sense and dismiss- 
ing allegory as so much rubbish—although he indulged 
in it himself on occasion. The core of Scripture was to 
him its proclamation of Christ as the one in whom alone 
lay man’s justification before God. John Calvin (1509- 
64), a more systematic expositor, served his apprentice- 
ship by writing a youthful commentary on the Roman 
statesman and philosopher Seneca the Younger’s (c. 4 bc-  
a d  65) De dementia (“Concerning Mercy”); systematic 
theologian though he was, he did not allow his theologi­
cal system to distort the plain meaning of Scripture, and 
his philological-historical interpretation is consulted with 
profit even today.
Scientific exegesis was pursued on the Catholic side by 

scholars such as F. de Ribera (1591) and L. Alcasar (1614), 
who showed the way to a more satisfactory understanding 
of the Revelation. On the Reformed side, the Annotationes 
in Libros Evangeliorum (1641-50) by the jurist Hugo 
Grptius (1583-1645) were so objective that some criticized 
them for rationalism.

The modern period. The modern period is marked by 
advances in textual criticism and in the study of bibli­
cal languages and history, all of which contribute to the 
interpretation of the Bible. The German theologian J.A. 
Bengel’s (1687-1752) edition of the Greek text of the 
New Testament with critical apparatus (1734), in which 
he framed the canon that “the more difficult reading is 
to be preferred,” was followed by his exegetical Gnomon 
Novi Testamenti (“Introduction to the New Testament,” 
1742): “apply thyself wholly to the text,” he directed; 
“apply the text wholly to thyself.” The English bishop 
Robert Lowth’s (1710-87) Oxford lectures on The Sa­
cred Poetry o f the Hebrews, published in Latin in 1753, 
greatly promoted the understanding of the poetry of the 
Old Testament by expounding the laws of its parallelistic 
structure. The German philologist Karl Lachmann (1793— 
1851) applied his expertise in classical criticism to edit- 
ing the text of the New Testament; to him also belongs 
the credit of arguing that Mark was the earliest of the 
Gospels and a main source of Matthew and Luke (1835). 
The problem of the source analysis of the Pentateuch was 
given what for long appeared to be its final solution by Ju­
lius Wellhausen (1844-1918), who related the successive 
law codes to the development of the Israelite cultus. For 
the period preceding the 9th Century bc , however, he oper­
ated in a historical vacuum that Near Eastern archaeology 
was in his day only beginning to fill; its subsequent Und­
ings have dictated radical modifications in his reconstruc­
tion of Israefs religiöus history. In the middle half of the 
19th Century, New Testament exegesis was overshadowed 
by the school of Ferdinand Christian Baur (1792-1860), 
which envisaged a sharply opposed Petrine (Peter) and 
Pauline (Paul) antithesis in the primitive church, followed 
in the 2nd Century by a synthesis that is reflected in most 
ofthe New Testament writings. In France, Ernest Renan’s 
(1823-92) works on early Christianity were helpful philo­
logical and historical studies; the most populär volume, 
his Vie de Jésus (1863), was the least valuable. In England, 
where the poet and educator Matthew Arnold (1822-88) 
endeavoured to find an impregnable moral foundation 
for biblical authority, New Testament exegesis received 
contributions of unsurpassed worth between 1865 and the 
end of the Century from J.B. Lightfoot, B.F. Westcott, and
F.J.A. Hort.

At the beginning of the 20th Century a new direction 
was given to Gospel interpretation by the German scholar 
William Wrede (Das Messiasgeheimnis in den Evange­
lien, 1901) and the medical missionary theologian Albert

Schweitzer (The Quest o f the Historical Jesus, Eng. trans., 
1910), who so emphasized the eschatological orientation 
of Jesus’ mind and message that New Testament schol­
arship can never be the same again. The writings of the 
biblical scholar C.H. Dodd (The Parables o f the Kingdom, 
1935; The Apostolic Preaching and Its Developments, 
1936) stressed realized eschatology—that the Standards of 
the last times were realized by Jesus and his disciples— 
in the preaching of Jesus and of the primitive church; 
he has been a leading pioneer of the “biblical theology” 
movement. Karl Barth’s (1886-1968) commentary on Ro­
mans (1919) launched an existential interpretation of the 
New Testament, which has been pursued more radically 
by Rudolf Bultmann (1884-1976), under the influence 
of Wilhelm Dilthey (1833-1911), according to whom the 
interpreter must project himself into the author’s experi­
ence so as to relive it, and of Martin Heidegger (1889— 
1976), whose conception of the truly authentic man as 
capable of freedom because he has faced reality provides 
the “pre-understanding” for Bultmann’s existential theolo­
gy. Bultmann’s disciple Emst Fuchs considers the herme­
neutical task to be the creation of a “language event” in 
which the authentic language of Scripture encounters one 
now, challenging decision, awakening faith, and accom- 
plishing salvation. The chief rival to existential exegesis 
is the “salvation-history” hermeneutic espoused by Os­
car Cullmann.
Rudolf Bultmann and Martin Dibelius (1883-1947) pi- 

oneered the modem form-critical study of the Gospels. 
The form-critical method was fruitfully applied to the Old 
Testament by Hermann Gunkel (1862-1932) and Sig­
mund Mowinckel (1884-1965). Among Catholic scholars, 
exegetical studies are vigorously promoted by Jean Dani- 
élou (with his researches into early Jewish Christianity), 
the Dominicans of the École Biblique et Archéologique 
(The School o f the Bible and Archeology) in Jerusalem 
(to whom one must credit the Jerusalem Bible), and the 
Jesuits of the Pontifical Biblical Institute and others.

The encouragement given by the second Vatican Coun­
cil (1962-65) of the Roman Catholic Church to biblical 
scholarship, to be cultivated in association with “separated 
brethren” and with consideration for the requirements of 
non-Christians, is one indication of a new direction in 
biblical exegesis, in which this study will no longer be pur­
sued as a vindication of sectional traditions but rather as a 
cooperative enterprise aiming at making widely available 
the permanent value of the Bible. (F.F.B.)
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l . M AR G O Lis, T h e  H e b re w  S c r ip tu res  in  th e  M a k in g  (1922); 
Herbert e. RYLE, T h e  C a n o n  o f  th e  O ld  T e s ta m e n t, 2nd ed. 
(1895); solomon zeitlin , “An Historical Study o f  the Canoni­
zation o f the Hebrew Scriptures,” P ro c ee d in g s  o f  th e  A m e r ic a n  
A c a d e m y  f o r  J ew ish  R esea rch , pp. 121-158 (1932). (T e x tu a l  
c r it ic ism , te x ts  a n d  m a n u sc r ip ts , a n d  e a r ly  vers io n s): frank  
moore cross, T h e A n c ie n t L ib ra r y  o f  Q u m rä n  a n d  M o d e rn  
B ib lic a l S tu d ie s , 2nd ed. (1961); “The History o f the Bibli­
cal Text in the Light o f Discoveries in the Judaean Desert,” 
H a r v a r d  T h eo lo g ica l R ev iew , 57:281-299 (1964); and “The 
Contribution o f the Qumrän Discoveries to the Study o f the 
Biblical Text,” I sra e l E x p lo ra t io n  J ou rn a l, 16:81-95 (1966);

Existential 
and form- 
critical 
exegesis
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Christian  D. Ginsburg , I n tr o d u c tio n  to  th e  M a sso re tic o : C riti­
c a l  E d it io n  o f  th e  H e b re w  B ib le  (1897, reprinted 1966); moshe 
h . goshen-g o ttstein , L in g u is t ic  S tru c tu re  a n d  T ra d itio n  in  
th e  Q u m r ä n  D o c u m e n ts  (1958); “Theory and Practice o f  Tex­
tual Criticism,” T ex tu s , 3:130-158 (1963); and T h e  B o o k  o f  
I sa ia h :  S a m p le  E d it io n  w ith  In tr o d u c tio n  (1965); moshe green­
berg , “The Stabilization o f  the Text o f  the Hebrew Bible,” 
J o u r n a l o f  th e  A m e r ic a n  O r ie n ta l S o c ie ty , 76:157—167 (1956). 
paul kahle , T h e  C a iro  G e n iza h , 2nd ed. (1959); freder­
ick  g . kenyon , T h e  B ib le  a n d  th e  A n c ie n t M a n u scr ip ts , 
5th ed. rev. (1958); harry  m . orlinsky , “The Textual 
Criticism o f the Old Testament,” in george e. w right 
(ed.), T h e  B ib le  a n d  th e  A n c ie n t N e a r  E a st, pp. 113-132
(1961); bleddyn  j. roberts, T h e  O ld  T e s ta m e n t T e x t a n d  
V ersio n s  (1951); and “The Old Testament: Manuscripts, Text 
and Versions,” C H B , vol. 2, pp. 1-26 (1969); p .w . skehan, 
“Qumrän and the Present State o f  Old Testament Text Stu­
dies,” J o u r n a l o f  B ib lic a l L i te ra tu re , 78:21-25 (1959); s. tal- 
m on , “Aspects o f  the Textual Transmission o f  the Bible in 
the Light o f  Qumrän Manuscripts,” T ex tu s, 4:95-132 (1964); 
ernst w urthw ein , D e r  T e x t d e s  A lte n  T e s ta m e n ts  (1952; Eng. 
trans., T h e  T e x t o f  th e  O ld  T e s ta m e n t, 1957). (L a te r  a n d  
m o d e rn  v e rs io n s -E n g lis h  vers io n s): david  daiches, T h e  K in g  
J a m e s  V ersion  o f  th e  E n g lish  B ib le  (1941, reprinted 1968); 
Margaret DEANESLY, T h e  L o l la r d  B ib le  a n d  O th e r  M e d ie v a l  
B ib lic a l V ers ion s  (1920, reprinted 1966); herm an  hailperin , 
R a s h i a n d  th e  C h r is tia n  S c h o la rs  (1963); William  f . moul- 
to n , T h e  H is to r y  o f  th e  E n g lish  B ib le , 5th ed. (191.1); alfred 
w. pollard , R e c o r d s  o f  th e  E n g lish  B ib le  (1911); and, with
G.R. redgrave , A  S h o r t-T itle  C a ta lo g u e  o f  B o o k s  P r in te d  in  
E n g la n d , S c o tla n d , a n d  I r e la n d  a n d  o f  E n g lish  B o o k s  P r in te d  
A b r o a d  1 4 7 5 -1 6 4 0  (1926, reprinted 1969); b.f . westcott, A  
G e n e ra l V iew  o f  th e  H is to r y  o f  th e  E n g lish  B ib le , 3rd ed. rev. by 
w .a . w right  (1905). (C o n tin e n ta l vers io n s  a n d  n o n -E u ropean  
version s): thomas h . darlow  and horace f . m oule, H is to r ­
ic a l C a ta lo g u e  o f  th e  P r in te d  E d it io n s  o f  th e  H o ly  S c r ip tu re  
in  th e  L ib r a r y  o f  th e  B r itish  a n d  F o re ig n  B ib le  S o c ie ty , 2 vol. 
(1903-11); Josef schmid  (ed.), “Moderne Bibelübersetzungen,” 
Z e its c h r if t  fü r  k a th o lisc h e  T h eo lo g ie , 82:290-332 (1960).

O ld  T e s ta m e n t h is to ry :  Two current histories o f Israel ex­
hibit the full range o f  historiographical problems and methods 
relating to the subject: jo h n  b rig ht , A  H is to r y  o f  I sr a e l  (1959); 
and m artin  NOTH, G e sc h ic h te  I sra els , 3rd ed. (1956; Eng. trans., 
T h e  H is to r y  o f  Israel, 1958). They differ mainly in where they 
begin; Bright begins with Abraham, Noth with the federation 
o f tribes that calls itself Israel in the land o f Canaan. They 
disagree about the demonstrability o f  such a community in 
the pre-Canaanite times because o f their respective assessment 
o f the character o f the Pentateuch. Bright assumes that it was 
intended as a history concerned to record the early past, while 
Noth assumes that its thematic traditions were intended to 
dehne and celebrate the identity o f the later Israel and hence 
do not constitute a usable historical resource about its earliest 
beginnings. This whole methodological problem in Israelite his- 
toriography is lucidly discussed and illustrated in a little book 
by joh n  bright— E a r ly  I s r a e l in  R e c e n t H is to r y  W ritin g : A  
S tu d y  in  M e th o d  (1956); For the use o f archaeology, geography, 
and history o f religion in the study o f  the history of Israel, see 
george ernest WRIGHT. B ib lic a l A rch a eo lo g y , rev. ed. (1962); 
Luc H. grollenberg , A tla s  van d e  B ijbe l, 3rd ed. (1954; Eng. 
trans., A tla s  o f  th e  B ib le , 1956); yehezkel Kaufm ann , T h e  
R e lig io n  o f  Israel, f r o m  I ts  B eg in n in g s  to  th e  B a b y lo n ia n  E x ile  
(1960); and helmer  r in g g ren , I sra e litis c h e  R e lig io n  (1963; 
Eng. trans., 1966).

O ld  T e s ta m e n t lite ra tu re:  For various modern critical meth­
ods o f studying the formation o f the Old Testament, see 
the “Old Testament Series” o f  G u id e s  to  B ib lic a l S ch o la rsh ip : 
Norman c. Habel, L ite r a r y  C r it ic is m  o f  th e  O ld  T es ta m en t, 
gene M. TucKER, F o rm  C r it ic is m  o f  th e  O ld  T e s ta m e n t, and 
Walter  E. rast, T r a d itio n  H is to r y  a n d  th e  O ld  T e s ta m e n t  
(1971-72). Among general introductions, the most exhaustive 
is Otto EissFELDT (op . c it.) , based mainly on literary criticism. 
The other methods are reflected to a somewhat greater extent 
in aage bentzen , I n tro d u c tio n  to  th e  O ld  T e s ta m e n t, 3rd ed. 
(1957); and in the briefer, less original but very readable work 
o f artur  weiser, E in le itu n g  in d a s  A lte  T e s ta m e n t, 4th ed. 
(1957; Eng. trans., T h e  O ld  T e s ta m e n t:  I ts  F o rm a tio n  a n d  D e ­
v e lo p m en t, 1961). For pioneering research in tradition analysis 
q f  the Pentateuch and the Former Prophets, see m artin  noth , 
Ü b erlie fe ru n g sg esch ich te  d e s  P en ta teu ch , 3rd ed. (1966; Eng. 
trans., A H is to r y  o f  P e n ta te u c h a l T ra d itio n s , 1972), and Ü berlie­
fe ru n g sg esc h ic h tlich e  S tu d ie n  (1957); the latter deals with what 
its author calls “The Deuteronomic History,” an envisioned 
work containing the books o f Deuteronomy, Joshua, Judges, 
Samuel, and Kings. The contribution o f form criticism to the 
understanding of the history of the Book of Psalms may best be 
approached through Herm ann  g unkel , T h e P sa lm s: A F orm -  
C r it ic a l I n tro d u c tio n  (1967), a translation o f his article in D ie

R e lig io n  in  G esch ich te  u n d  G e g en w a r t (2nd ed.) summarizing 
his seminal work in D ie  P s a lm e n  (1926) and E in le itu n g  in  d ie  
P sa lm e n  (1928). elmer a . leslie, T h e  P sa lm s , T r a n s la te d  a n d  
I n te rp r e te d  in th e  L ig h t o f  H e b re w  L ife  a n d  W o rsh ip  (1949), is 
heavily dependent on Gunkel and illustrates his use o f form 
criticism. The celebrated work o f  sigm und  m ow inckel on the 
Psalter, culminating in his masterful O ffersa n g  o b  S a n g o ffe r  
(1951; Eng. trans., T h e  P s a lm s  in  I s r a e l s  W orsh ip , 2  vol., 1962), 
combines the methods o f  Gunkel with those o f  the comparative 
historian o f  religion and locates the setting for the produc­
tion o f most o f the psalms in the cult o f  the Solomonic 
temple. The application o f th e  newer methods to the study 
o f the Latter Prophets is evident in the essays in harold  
h . rowley (ed.), S tu d ie s  in  O ld  T e s ta m e n t P ro p h e c y  (1950). 
The new approaches were deeply under the impact o f  Henrik  
s. nyberg , S tu d ie n  z u m  H o s e a b u c h e  (1935). Other books that 
amplify the implications o f  his assumptions include: Johannes 
lindblom , P ro p h e c y  in  A n c ie n t I s r a e l  (1962); cürt kü h l , I s ­
raels  P ro p h e ten  (1956; Eng. trans., T h e  P ro p h e ts  o f  Israel, 1960); 
and sigmund mow inckel, P ro p h e c y  a n d  T ra d itio n :  T h e  P ro ­
p h e tic  B o o k s  in  th e  L ig h t  o f  th e  S tu d y  o f  th e  G ro w th  a n d  H is to r y  
o f  th e  T r a d itio n  (1946). abraham  j . heschel, T h e  P ro p h e ts
(1962), though o f independent origin, belongs with those new 
interpretations o f  the prophetic materials. An old classic in 
a new edition, oliver s. ra nk in , I s r a e l ’s  W isd o m  L ite ra tu re :  
I ts  B e a r in g  on  T h eo lo g y  a n d  th e  H is to r y  o f  R e lig io n  (1936, 
reprinted 1969), presents Israefs wisdom literature in relation 
both to its extra-Israelite cultural connections and to the rest 
o f Israefs heritage in the Old Testament. Two new approaches 
to the legacy o f wisdom literature— through literary form and 
through theology— are presented, respectively, in r .b.y . scott, 
T h e W a y  o f  W isd o m  in  th e  O ld  T e s ta m e n t (1971); and Ger­
hard  von rad , W eish e it in  I s r a e l  (1970). See also Northrop 
frye, T h e  G rea t C o d e: T h e  B ib le  a n d  L i te r a tu r e  (1982), and 
elsa tam ez, B ib le  o f  th e  O p p re s se d  (1982), an interpretation 
from a Latin, female theologian’s perspective.

I n te r te s ta m e n ta l lite ra tu re:  Standard translations o f  the Jew­
ish intertestamental literature are robert h . Charles (ëd.), 
T h e A p o cry p h a  a n d  P se u d e p ig ra p h a  o f  th e  O ld  T e s ta m e n t in  
E n g lish  (1913); and em il kautzsch  (ed.), D ie  A p o cry p h e n  u n d  
P seu d ep ig ra p h en  d e s  A lte n  T e s ta m e n ts  (1900). paul riessler, 
A ltjü d isc h e s  S c h r ifttu m  a u sse rh a lb  d e r  B ib e l (1928), is indis­
pensable because it contains translations o f  the füllest number 
of writings. The best translations o f  the Dead Sea Scrolls are 
geza vermes, T h e D e a d  S e a  S c ro lls  in  E n g lish  ( 1962); johann  
maier, D ie  T e x te  v o m  T o ten  M e e r  (1960); and andre dupont- 
sommer, L e s  É cr its  e ssé n ie n s  d é co u ve r ts  p r e s  d e  la  M e r  M o rte ,  
3rd ed. (1964). albert-marie denis, I n tr o d u c tio n  a u x  P seu d -  
é p ig ra p h es  g recs  d ’A n c ie n  T e s ta m e n t  (1970), does not treat the 
Apocrypha and is important mainly for its bibliography. Basic 
books dealing with intertestamental literature are r .h . pfeif­
fer , H is to r y  o f  N e w  T e s ta m e n t T im es , w ith  a n  In tro d u c tio n  to  
th e  A p o cry p h a  (1949); emil schurer , G esc h ic h te  de s  jü d isc h e n  
V olkes im  Z e ita l te r  J e su  C h ris ti, 3rd-4th ed., 3 vol. (1898— 
1901; Eng. trans., A  H is to r y  o f  th e  J e w ish  P e o p le  in  th e  T im e  
o f  J e su s  C h rist, 2nd and rev. ed., 5 vol., 1885-91); and robert 
h . Charles, R e lig iö u s  D e v e lo p m e n t B e tw e e n  th e  O ld  a n d  th e  
N e w  T e s ta m e n ts  (1914). Still interesting is robert travers 
Herford , T a lm u d  a n d  A p o c r y p h a  (1933, reprinted 1971). In­
formation about the library o f the Dead Sea Scrolls is in two 
books: jozef t . m ilik , D ix  A n s  d e  d é co u ve r te s  d a n s  le  d é se r t  
d e  J u d a  (1957; Eng. trans., T en  Y ears  o f  D isco v e ry  in  th e  
W ild ern ess  o f  J u d a ea , 1959); and frank  moore cross, T h e  

A n c ie n t L ib ra r y  o f  Q u m rä n  a n d  M o d e r n  B ib lic a l S tu d ie s , 2nd 
ed. (1961). A fragment o f Ben Sira from antiquity was pub­
lished by YiGAEL yadin , T h e  B en  S ir a  S c ro ll f r o m  M a sa d a ,  
w ith  In tro d u c tio n , E m e n d a tio n s  a n d  C o m m e n ta r y  (1965). The 
best book about Jewish eschatology is paul volz, D ie  E sc h a to ­
lo g ie  d e r  jü d isc h e n  G e m e in d e  im  n e u te s ta m e n tlic h e n  Z e ita l te r  
(1934). On Apocalyptic and Messianism, see harold h . row­
ley, T h e R e lev a n c e  o f  A p o ca lyp tic , 3rd ed. (1963); david s. 
russell, T h e M e th o d  a n d  M e s sa g e  o f  J ew ish  A p o ca lyp tic , 2 0 0  
B C -A D  100  (1964); sigm und  m ow inckel, H a n  so m  k o m m e r  
(1951; Eng. trans., H e  T h a t C o m e th , 1954); erik sjoberg, 
D er  M en sch en so h n  im  ä th io p isc h e n  H en o ch b u ch  (1946); and 
A.s. van der wouDE, D ie  m e ss ia n isc h e n  V orste llu n gen  d e r  G e­
m e in d e  von Q u m rä n  (1957).

N e w  T e s ta m e n t can on , tex ts , a n d  version s: (C an on ): For the 
relevant primary texts on the history o f the canon, see Daniel 
j . THERON (ed.), E v id e n c e  o f  T r a d itio n  (1957), with selected 
source material in Greek or Latin with English translation; 
and james Stevenson (ed.), A  N e w  E u seb iu s  (1957). For in­
troductions, see Alexander  souter and c.s.c. Williams, T h e  
T e x t a n d  C a n o n  o f  th e  N e w  T e s ta m e n t, 2nd ed. rev. (1954); 
and robert M. gran t , T h e  F o rm a tio n  o f  th e  N e w  T e s ta m e n t  
(1965). For a phenomenological approach, see gerardus van 
der leeuw , P h ä n o m e n o lo g ie  d e r  R e lig io n , 2nd ed., 2 vol. 
(1956; Eng. trans., R e lig io n  in  E sse n c e  a n d  M a n ife s ta tio n , 2nd
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ed., 2 vol., 1963), ch. 64. (T ex ts):  The major text for further 
study is Bruce h . m etzg er , T h e  T e x t o f  th e  N e w  T e s ta m e n t  
(1964). ( T r a n s la tio n s ): On translation in general, see reuben 
a . brower (ed.), O n  T ra n s la tio n  (1959). For translation of the 
Bible into English, see fred erick  f . bruce, T h e E n g lish  B ib le: 
A  H is to r y  o f  T r a n s la tio n s  f r o m  th e  E a r lie s t E n g lish  V ersions to  
th e  N e w  E n g lis h B ib le ,  2nd ed. (1970).

N e w  T e s ta m e n t h is to ry : (J ew ish  cu ltu re  a n d  h istory): Stan­
dard works are r .h . pfeiffer  (op . c it .); and george f . moore, 
J u d a is m  in  th e  F irs t C e n tu r ie s  o f  th e  C h r is tia n  E ra, 3 vol. 
(1927-30). (Q u m rä n , D e a d  S e a  Scrolls): frank  moore cross, 
jr . (op . c it.); on Qumrän and New Testament problems, see 
krister stendahl (ed.), T h e  S cro lls  a n d  th e  N e w  T e s ta m e n t  
(1958). (G r e c o -R o m a n  c u ltu re  a n d  history): William w. tarn , 
H e lle n is tic  C iv il isa t io n , 3rd ed. rev. (1952). For a broad cultural 
comparison, see eric r . d o dds, P a g a n  a n d  C h ris tia n  in  an  A g e  
o f  A n x ie ty  (1965). (P a u lin e  ch ron o logy): The debate can be best 
assessed by comparing jo h n  knox , C h a p te rs  in  a  L ife  o f  P a u l  
(1950), with d ieter  GEORGi, D ie  G esch ich te  d e r  K o lle k te  d e s  
P a u lu s  f ü r  J e ru sa le m  (1965).

N e w  T e s ta m e n t lite ra tu re :  The following works are useful 
for commentary, survey articles, and bibliographic material: 
george a . Buttrick  (ed.), T h e  I n te rp r e te r ’s  B ib le , especially 
vol. 1, 7, and 12 (1952-57); matthew  black (ed.), P e a k e ’s  
C o m m e n ta r y  on  th e  B ib le , 2nd ed. (1962); and raymond e .
BROWN, JOSEPH A. FITZMYER, and ROLAND E. MURPHY (eds.),
T h e J e r o m e  B ib lic a l C o m m e n ta r y  (1968). werner g . kuemmel, 
T h e N e w  T e s ta m e n t:  T h e  H is to r y  o f  th e  In v es tig a tio n s  o f  I ts  
P ro b le m s  (1972), covers the whole history of New Testament 
studies with ample excerpts from the major scholars since the 
18th Century. For a rieh introduction to the 27 books of the 
New Testament with full and balanced reporting on all major 
issues o f  Contemporary discussion and extensive bibliographies, 
see paul fein e , Johannes behm , and werner g . kuemmel, 
E in le itu n g  in  d a s  N e u e  T e s ta m e n t, 14th rev. ed. (1965; Eng. 
trans., In tr o d u c tio n  to  th e  N e w  T es ta m en t, 1966). For a gen­
eral dictionary to the Bible, see george a . buttrick  (ed.), 
T h e I n te r p r e te r s  D ic t io n a r y  o f  th e  B ible , 4 vol. (1962). The 
most extensive tool for the study o f New Testament theolog­
ical terms is Gerhard  kittel  (ed.), T h eo lo g ica l D ic tio n a ry  o f  
th e  N ew . T e s ta m e n t, vol. 1-8 (1964-72, in progress). For New  
Testament theologies, see Rudolf bultmann , T h eo lo g ie  d e s  
N eu en  T e s ta m e n ts , 3rd ed. (1958; Eng. trans., T h eo lo g y  o f  th e  
N e w  T e s ta m e n t, 2  vol., 1951—55); hans conzelmann, G ru n­
d r iss  d e r  T h eo lo g ie  d e s  N e u e n  T es ta m en ts , 2nd ed. (1967; Eng. 
trans., A n  O u tlin e  o f  th e  T h eo lo g y  o f  th e  N e w  T es ta m en t, 1969). 
For general commentary, see T h e  In te rn a tio n a l C r it ic a l C o m ­
m e n ta r y  on  th e  H o ly  S c r ip tu res  o f  th e  O ld  a n d  N e w  T esta m en ts , 
41 vol. (1895-1920); for the major German commentary, see 
K ritisc h  e x eg e tisc h e r  K o m m e n ta r  ü ber d a s  N eu en  T e s ta m e n t  
(“Meyer Series,” frequently updated); H a n d b u ch  z u m  N euen  
T e s ta m e n t  (Lietzmann-Bornkamm); and D a s  N e u e  T e s ta m e n t  
D eu tsch  (G ö ttin g e r  B ib e lw erk ). For a major French Protestant 
commentary, see C o m m e n ta ir e  d u  N o u vea u  T e s ta m e n t and for 
major French and German Roman Catholic commentaries, see 
E tu d e s  b ib liq u es  and D a s  N e u e  T e s ta m e n t ü b erse tz t u n d  e rk ­
lä r t (the R e g e n sb u rg e r  N e w  T e s ta m e n t). (G o sp els— tex ts): kurt 
aland  (ed.), S y n o p s is  Q u a ttu o r  E va n g e lio ru m  (1964), a Greek 
synopsis, includes the Gospel o f John and translations (Eng. 
trans. 1972) o f  the Coptic G o sp e l o f  T h om as. For a synopsis, 
see burton  H. thro ckm o rto n , jr . (ed.), G o sp e l P ara lle ls: A  
S y n o p s is  o f  th e  F irs t T h re e  G ospels, 3rd ed. (1967). For a 
general study o f the Gospels and the Synoptic problem, see 
frederick  c. g r a n t , T h e  G ospe ls: T h eir  O rig in  a n d  T h eir  
G ro w th  (1957). For arguments against the priority o f Mark, 
see William  R. farm er , T h e  S y n o p tic  P ro b le m  ( 1964). Signif­
icant new approaches to gospel study are found in james m . 
robinson and helm ut  koester , T ra jec to r ie s  T h rou gh  E a rly  
C h r is tia n ity  (1971). For form criticism, see Rudolf bult­
m ann , D ie  G esc h ic h te  d e r  syn o p tisc h e n  T ra d itio n , 3rd ed. 
(1958; Eng. trans., T h e  H is to r y  o f  th e  S y n o p tic  T ra d itio n , 1963). 
amos N. w ilder , E a r ly  C h r is tia n  R h e to r ic  (1971), goes beyond 
form criticism by fuller attention to modern literary criticism. 
(M ark ): robert h . lig htfo o t , T h e  G o sp e l M e ssa g e  o f  S t. M a rk  
(1950); and willi m arxsen , D e r  E va n g e lis t M a rk u s  ( 1959; Eng. 
trans., M a r k  th e  E va n g e lis t, 1969), are two outstanding works 
representing different periods and methods o f scholarship. 
(M a tth ew ):  For discussion o f  the arrangement, Old Testament 
citations, and theology o f  Matthew, see guenther  bornkamm , 
Gerhard  barth , and heinz  j. held , A u sleg u n g  im  M a itä u s-  
e v a n g e liu m  (1960; Eng. trans., T ra d itio n  a n d  In te rp re ta tio n  in  
M a tth e w , 1963). david  h ill , N e w  T e s ta m e n t P ro p h esy  (1980), 
a discussion o f  prophesy both in the Bible and in the church 
today. k r isje r  stendahl , “Prayer and Forgiveness,” in S ven sk  
E x e g e tis k  Ä rsb o k , 22-23:75-86 (1957-58), in English; and T h e  
S c h o o l o f  S t. M a tth e w  a n d  I ts  U se  o f  th e  O ld  T es ta m en t, 2nd 
ed. (1968). (L u ke): henry  j . cadbury , T h e M a k in g  o f  L u ke-  
A cts, 2nd ed. (1958); and hans conzelmann , D ie  M it te  d e r

Z e it:  S tu d ie n  z u r  T h eo lo g ie  d e s  L u k a s, 3rd ed. (1960; Eng. 
trans., T h e  T h e o lo g y  o f  S t. L u k e , 1960), represent a classic 
treatment o f Luke-Acts. (Joh n): Among the most important 
recent studies on John are Charles h . d o d d , H is to r ic a l T ra ­
d itio n  in  th e  F ou rth  G o sp e l (1963), and T h e  In te rp re ta tio n  o f  
th e  F ou rth  G o sp e l  (1953); ernst kaesemann , J esu  le tz te r  W ille  
n ach  J o h a n n e s  17. (1966; Eng. trans., T h e  T e s ta m e n t o f  Jesu s: 
A  S tu d y  o f  th e  G o sp e l o f  J o h n  in  th e  L ig h t o f  C h a p te r  17, 1968); 
and james L. m artyn , H is to r y  a n d  T h eo lo g y  in  th e  F ou rth  
G o sp e l (1968). (A cts): See also L u k e  above. For Acts viewed 
in its own time, see henry  j . cadbury , T h e  B o o k  o f  A c ts  in  
H is to r y  (1955). Literary style and methods o f  composition are 
discussed in m artin  dibelius, A u fs ä tz e  z u r  A p o ste lg e sch ich te  
(1951; Eng. trans., S tu d ie s  in  th e  A c ts  o f  th e  A p o stles , 1956). 
The scope and purpose o f  Acts are treated in p .m . m enoud , 
“Le Plan des Actes des Apötres,” N e w  T e s ta m e n t S tu d ie s , 1:44- 
50 (1954-55); and w.c. van u n n ik , “The ‘Book o f Acts’ the 
Confirmation o f  the Gospel,” N o v u m  T e s ta m e n tu m , 4:26-59 
(1960). (P aul): For general works on Paul and the epistles, 
see guen th er  bornkamm , E a r ly  C h r is tia n  E x p e r ie n c e  (1970), 
and P a u lu s  (1969; Eng. trans., 1971); William  d . da vies, P a u l  
a n d  R a b b in ic  J u d a is m , 2nd ed. (1955); m artin  dibelius and 
w erner G. kuem m el, P a u lu s  (1951; Eng. trans., 1953); Jo­
hannes m unck , P a u lu s  u n d  d ie  H e ilsg e sc h ic h te  (1954; Eng. 
trans., P a u l a n d  th e  S a lv a tio n  o f  M a n k in d , 1959); arthur  
d . nock , S t. P a u l (1938); and hans j . schoeps, P au lu s:  
D ie  T h eo lo g ie  d e s  A p o s te l s . . .(1959; Eng. trans., P au l: T h e  
T h eo lo g y  o f  th e  A p o s t l e . . . ,  1961). See also krister sten­
d a h l , “The Apostle Paul and the Introspective Conscience o f  
the West,” H a r v a r d  T h e o lo g ic a l R ev ie w , 51: 199-215 (1963). 
For a survey o f Pauline studies, see edw ard  e. ellis, P a u l  
a n d  H is  R e c e n t I n te rp re te r s  (1961); wayne a . meeks (ed.), 
T h e  W r itin g s  o f  S t. P a u l  (1972); and ernst kaesemann, P a u ­
lin isc h e  P e rsp e k tiv e n  (1969; Eng. trans., P ersp e c tiv e s  on  P au l, 
1971). (R o m a n s):  jo h n  k nox , “A Note on the Text o f Ro­
mans,” N e w  T e s ta m e n t S tu d ie s , 2: 191-192 (1955-56); krister 
stendahl , “Hate, Non-Retaliation, and Love: 1QS x, 17-20 
and Romans 12:19-21,” H a r v a r d  T h eo lo g ica l R ev iew , 50:343- 
355 (1962). (I  C o rin th ia n s):  For a discussion o f  the heresies 
met in I Corinthians, see w alter  schmithals, D ie  G n o s is  
in  K o rin th , 3rd ed. (1969; Eng. trans., G n o s tic ism  in C orin th , 
1971). (I I  C o rin th ia n s):  For the arrangement o f  the fragments 
o f II Corinthians and their redaction, see guenther  born­
kam m , “The History o f  the Origin o f  the So-Called 2nd Letter 
to the Corinthians,” N e w  T e s ta m e n t S tu d ie s , 8:258-264 (1961— 
62). For a discussion o f  Paul’s opponents in II Corinthians, see 
dieter  g eorgi, D ie  G eg n er  d e s  P a u lu s  im  2. K o rin th erb rie f:  
S tu d ie n  z u r  re lig iö se n  P r o p a g a n d a  in  d e r  S p ä ta n tik e  (1964); 
and his shorter article on this subject, “Forms o f  Religiöus 
Propaganda,” in hans j . schultz (ed.), D ie  Z e i t  J esu  (1966; 
Eng. trans., J e su s  in  H is  T im e , 1971). (G a la tia n s):  For a 
discussion o f  the heretics in Galatia, see walter schmithals, 
“Die Häretiker in Galatien,” Z e its c h r if t  f ü r  d ie  N e u te s ta -  
m e n tlic h e  W issen sch a ft u n d  d ie  K u n d e  d e r  A e ltere n  K irc h e  
(znw ), pp. 25-67 (1956). (E p h esia n s): For the meaning and 
goal o f  Ephesians, see edgar  j . goodspeed , T h e  M e a n in g  o f  
E p h e s ia n s  (1933), and T h e  K e y  to  E p h e s ia n s  (1956). See also 
c. leslie m itto n , T h e  E p is t le  to  th e  E p h e s ia n s  (1951). (P h ilip ­
p ia n s ):  For the place o f  Philippians in the Pauline collection 
and the meaning o f  its various sections, see helm ut koester, 
“The Purpose o f  the Polemic o f  a Pauline Fragment (Philip­
pians III),” N e w  T e s ta m e n t S tu d ie s , 8:317-332 (1961-62). For 
the concept o f  Philippians as a testament, see dieter  g eorgi, 
“Ein Testament des Paulus (Phil. 3, 2ff.),” Z N W  (1972). 
(P h ilem o n ):  jo h n  k nox , P h ile m o n  A m o n g  th e  L e tte r s  o f  P au l, 
2nd ed. (1959). (P a s to r a l E p istles ): For evidence against Pau­
line authorship, see percy  n . harrison , T h e  P ro b le m  o f  th e  
P a s to r a l  E p is t le s  (1921). See also eduard  schweizer, C hu rch  
O rd e r  in  th e  N e w  T e s ta m e n t  (1961). (H ebrew s): Concerning the 
Christology o f  Hebrews and the idea o f  the “wandering people 
o f  God,” see ernst kaesemann , D a s  w a n d e rn d e  G o tte svo lk , 
3rd ed. (1959). An approach to the eschatology o f Hebrews 
and an origin connected with followers o f  Stephen is found in 
William  MANSON, T h e  E p is t le  to  th e  H e b re w s  (1951). (C a th o lic  
E p istles ):  For the typical admixture o f  parenesis, apocalyptic, 
and the general address o f  the Catholic Epistles, see carl 
andresen , “Zum Formular frühchristlicher Gemeindebriefe,” 
Z N W ,  56:233-259 (1965). The similarity o f  style ofthe Catholic 
Epistles to later Christian Greek literature is treated in a . w if- 
strand , “Stylistic Problems in the Epistles o f  James and Peter,” 
S tu d ia  T h eo lo g ica , 11:35-60 (1948). (Jam es): For a solution 
to the apparent contradiction o f  Paul and James concerning 
“works,” see Joachim  jerem ias, “Paul and James,” E x p o s ito r y  
T im es , 66:368-371 (1954-55); for clarification o f  special pas­
sages with a modern technique similar to rabbinic methodol- 
ogy, see roy b. w ard , “The Works o f Abraham: James 2:14- 
26,” H a r v a r d  T h eo lo g ica l R ev ie w , 61:283-290 (1968), and “Par- 
tiality in the Assembly: James 2:2-4,” ib id ., 62:87-97 (1969). 
( I  P eter): For a date in Trajan’s time, see john  kn o x ,
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“Pliny and I Peter: A Note on I Pet. 4:14-16 and 3:15,” 
J o u rn a l o f  B ib lic a l L ite ra tu re , 72:187-189 (1953); an inter­
pretation o f the Descent into Hell is found in b. reicke, 
T h e D is o b e d ie n t S p ir i ts  a n d  C h r is tia n  B a p tis m : A  S tu d y  
o f  I  P e te r  Ui, 19  a n d  l t s  C o n te x t (1946). (I I  P e te r  a n d  
Jude): For motivation for the writing o f  II Peter, see ernst 
kaesemann , “An Apologia for Primitive Christian Eschatolo­
gy,” in E ss a y s  on  N e w  T e s ta m e n t T h em es  (1964). (J o h a n n in e  
E p is t le s ): For speculations as to authorship, date, and nature o f  
the Situation o f the Johannine Epistles, see w .f . how ard , “The 
Common Authorship o f the Johannine Gospel and Epistles,” 
J o u r n a l o f  T h eo lo g ica l S tu d ie s  (1947). (R eve la tio n ):  Concern­
ing liturgical style and content in Revelations, see guenther  
bornkamm , “On the Understanding o f Worship; B,” in E a rly  
C h r is tia n  E x p e r ie n c e  (1969). For a study o f Revelation as a 
Creative revelatory poem with unity throughout, drawing upon 
apocalyptic imagery o f its time, see austin m . farrer , A  
R eb ir th  o f  I m a g e s  (1949, reprinted 1963). A general survey of  
apocalypticism and apocalypses from 200 bc into the early 
Christian era is found in david s. russell (op . c it.) .

A p o cryp h a :  edgar  h ennecke , N e u te s ta m e n tlic h e
A p o k ry p h e n  in d eu tsch er  Ü b e rse tzu n g  (1959; Eng. trans., N ew  
T e s ta m e n t A p o cryp h a , 2 vol., 1963-65), a Standard work; 
m ontague r . jam es, T h e  A p o c r y p h a l N e w  T e s ta m e n t (1924, 
reprinted 1955), convenient but obsolete; r .m . g r a n t , d .n . 
freedm an , and w .R . scHOEDEL, T h e  S e c re t S a y in g s  o f  Jesu s  
(1960); B. pick , T h e  A p o c r y p h a l A c ts  o f  P au l, P e ter , John, 
A n d re w  a n d  T h o m a s  (1909); for Greek texts, see r .a . lipsius 
and M. bonnet, A c ta  A p o s to lo ru m  A p o cry p h e . A Greek pa­
pyrus (late 3rd Century) o f  the Acts o f Paul was edited by 
c. Schm idt  in P r a x e is  P a u lo u  (1936); he notes other papyrus 
fragments. The Seneca letters were edited by c.w. barlow, 
E p is to la e  S en eca  a d  P a u lu m  e t P a u li  a d  S e n e c a m  (q u a e  vo- 
ca n tu r) (1938).

B ib lic a l l ite r a tu r e  in litu rg y : abraham  z . idelsohn , T h e  
J ew ish  L i tu r g y  a n d  I ts  D e v e lo p m e n t (1932, reprinted 1967); 
joseph  H. h ertz , T h e  A u th o r iz e d  D a i ly  P r a y e r  B o o k , rev. ed. 
(1948), Hebrew and English with historical notes and com­
mentary; fan s. NOLi, T h ree  L itu r g ie s  o f  th e  E a s te rn  O rth o d o x  
C hurch  (1955); donald  attw ater , E a ste rn  C a th o lic  W orsh ip  
(1945), eight Uniate liturgies in English; josef a . jun g m a n n , 
M iss a ru m  S o lle m n ia :  E in e  G e n e tisc h e  E rk lä ru n g  d e r  rö m isch en  
M esse , 2 vol. (1958; Eng. trans., T h e  M a s s  o f  T h e  R o m a n  R ite :  
I ts  O r ig in s  a n d  D e ve lo p m e n t, abridged ed., 1959); clement j . 
mcnaspy, O u r C h a n g in g  L i tu r g y  (1966), reforms following Vat-

ican II; gregory d ix , T h e  S h a p e  o f  th e  L i tu r g y  (1945); bard 
Thompson, L itu rg ie s  o f  th e  W es te rn  C h u rch  (1961), includes 
the main Protestant traditions.

Biblical exegesis and hermeneutics. T h e  C a m b r id g e  H is to r y  
o f  th e  B ible , 3 vol. (1963-70), includes contributions by spe- 
cialists on biblical interpretation from pre-Christian times to 
the present day. j . barr , O ld  a n d  N e w  in  I n te rp re ta tio n  (1966), 
discusses the relation between the Old and New Testaments 
and examines critically some o f  the interpretative principles 
favoured by exegetes and theologians; another work on this 
subject is e.c . blackman , B ib lic a l  In te rp r e ta tio n  (1957). c .e. 
braaten, H is to r y  a n d  H e rm e n e u tic s  (1966), discusses the rel- 
evance o f the historical-critical method to theological study 
and the idea o f revelation through history; f .f . bruce, B ib lic a l  
E x eg e s is  in  th e  Q u m rä n  T e x ts  (1959), examines the interpre­
tative principles followed by biblical commentaries and other 
documents among the Dead Sea Scrolls. The major work on 
the theme o f salvation-history in the Bible is o. cullm ann , 
S a lv a tio n  in H is to r y  (1967). c .h . d o d d , A cc o r d in g  to  th e  S c r ip ­
tu res  (1952), shows the various ways in which the Christian 
interpretation o f important areas o f  the Old Testament pro­
vided the substructure o f  New Testament theology. f .w. far- 
rar, H is to r y  o f  In te rp r e ta tio n  (1886, reprinted 1961), provides 
a classical survey o f  biblical exegesis from the early rabbinical 
period to the 19th Century; r .m . g r a n t , A  S h o r t H is to r y  o f  th e  
In te rp re ta tio n  o f  th e  B ib le , rev. ed. (1963), is probably the best 
work o f its kind. b. lindars, N e w  T e s ta m e n t A p o lo g e tic  (1962), 
studies the Old Testament quotations in the New Testament as 
evidence, in their text and interpretation, for the developing 
life and thought o f the primitive church. j .m . robinson and j .b. 
cobb (eds.), T h e N e w  H e rm e n e u tic  (1964), expounds modern 
hermeneutical concerns, b. smalley, T h e  S tu d y  o f  th e  B ib le  in  
th e  M id d le  A ges, 2nd rev. ed. (1952), remains the Standard work 
on early medieval exegesis. g . vermes, S c r ip tu r e  a n d  T ra d itio n  
in  J u d a is m  (1961), gives an account o f  the interaction o f  the 
written text and oral tradition in Jewish exegesis o f the pre- 
Christian and early rabbinical age. An outline o f the history of 
biblical interpretation and o f  the main exegetical trends o f  the 
mid-20th Century is presented in j .d . w ood , T h e  In te rp re ta tio n  
o f  th e  B ib le  (1958); a . richardson  and w. Schweitzer (eds.), 
B ib lic a l A u th o r ity  f o r  T o d a y  (1951), discusses the difficulties o f  
applying biblical ethics to some o f  the most urgent concerns o f 
the modern world.

(J.C.Ry./L.F./R.F./N.M .Sa./
H .G.D./D.Fl./K.St./E.T.Sa./R.M .G.)

Biochemical Components 
of Organisms

E very living system contains, besides water and min- 
erals, a large number of organic compounds. In 
general, the majority of these compounds may be 

classified as proteins, carbohydrates, and lipids, or fats. 
Nucleic acids and certain other organic derivatives are 
also important constituents. Various substances that can­
not be classified in the above categories occur as well, 
though usually not in appreciable amounts. Such sub­
stances include vitamins and hormones of the nonprotein 
variety, which are biologically effective in relatively small 
quantities.

Proteins are fundamental to life. Some serve as struc­
tural material, comprising a major constituent of cellular 
membranes and the principal component of skin, hair, 
horn, and feathers. Other proteins, such as antibodies, 
provide a defense against invading destructive forces. Still 
others, the enzymes, are essential biocatalysts that acceler- 
ate thousands of complex Chemical reactions necessary for 
sustaining life. Garbohydrates, which include simple sug­
ars, starch, and cellulose, provide a major energy source 
for organisms as well as vital structural components. Most 
of the lipids produced by cells serve the same functions. 
Moreover, the function of some enzymes is dependent on 
their attachment to lecithin and certain other lipids. The 
two nucleic acids, deoxyribonucleic acid (dna) and ribo-

nucleic acid (rna), play an integral part in the synthesis of 
proteins and in the transmission of hereditary information 
from one generation to the next.

In most organisms all water-soluble vitamins, with the 
exception of vitamin C (ascorbic acid), are converted to 
coenzymes of enzymes that function in energy transfer or 
in the metabolism of proteins, carbohydrates, and lipids. 
Certain kinds of fat-soluble vitamins appear to contribute 
substantially to the structure o f membranes or at least aid 
in maintaining their integrity. Some of them may also 
control the synthesis of various enzymes. Hormones, pro­
duced and secreted by endrocrine glands, help to regulate 
the activities of other tissues and maintain homeostasis— 
i.e., a relatively stable internal environment.
This article provides a summary o f the structure, proper­

ties, and significance of each o f the major classes of bio­
chemical substances. It also discusses in brief methods of 
laboratory synthesis and analysis. Additional information 
pertaining to the nature and characteristics of many such 
organic compounds can be found in the article Chemical 
compounds. For details on specialized subjects in which 
these substances play an important role, see cells; tissues 
and fluids; metabolism; genetics and heredity: The 
g e n e .  (Ed.)

This article is divided into the following sections:
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PROTEINS

Amino
acid
production
and
require­
ments by 
plants and 
animals

Proteins are highly complex substances that are present in 
all living organisms. They are of great nutritional value 
and are directly involved in the Chemical processes essen­
tial for life. The importance of proteins was recognized 
by the chemists in the early 19th Century who coined 
the name for these substances from the Greek proteios, 
meaning “holding first place.” Proteins are both species- 
specific and organ-specific; for instance, muscle proteins 
differ from those of the brain and liver.

A protein molecule is very large compared to molecules 
of sugar or salt and consists of many amino acids joined 
together to form long chains, much as beads are arranged 
on a string. There are about 20 different amino acids that 
occur naturally in proteins. Proteins of similar function 
have similar amino acid composition and sequence. Al­
though it is not yet possible to explain all of the functions 
of a protein from its amino acid sequence, established cor- 
relations between structure and function can be attributed 
to the properties of the amino acids that compose proteins.

Plants can synthesize all of the amino acids; animals can­
not, even though all of them are essential for life. Plants 
can grow in a medium containing inorganic nutrients that 
provide nitrogen, potassium, and other substances essen­
tial for growth. They utilize the carbon dioxide in the 
air during the process of photosynthesis to form organ­
ic compounds such as carbohydrates. Animals, however, 
must obtain organic nutrients from outside sources. Be­
cause the protein content of most plants is low, very large 
amounts of plant material are required by animals, such 
as ruminants (e.g., cows), that eat only plant material to 
meet their amino acid requirements. Nonruminant ani­
mals, including man, obtain proteins principally from an­

imals and their products—e.g., meat, milk, and eggs. The 
seeds of legumes are increasingly being used to prepare 
inexpensive protein-rich food (see n u t r it io n : Human nu­
trition and diet).
The protein content of animal organs is usually much 

higher than that of the blood plasma. Muscles, for exam­
ple, contain about 30 percent protein, the liver 20 to 30 
percent, and red blood cells 30 percent. Higher percen­
tages of protein are found in hair, bones, and other organs 
and tissues with a low water content. The quantity o f free 
amino acids and peptides in animals is much smaller than 
the amount of protein. Evidently, protein molecules are 
produced in cells by the stepwise alignment of amino acids 
and are released into the body fluids only after synthesis 
is complete.

The high protein content of some organs does not mean 
that the importance of proteins is related to their amount 
in an organism or tissue; some of the most important pro­
teins, such as enzymes and hormones, occur in extremely 
small amounts. The importance of proteins is related 
principally to their function. All enzymes identified thus 
far are proteins. Enzymes, which are the catalysts of all 
metabolic reactions, enable an organism to build up the 
Chemical substances necessary for life—proteins, nucleic 
acids, carbohydrates, and lipids—to convert them into 
other substances, and to degrade them. Life without en­
zymes is not possible. There are several protein hormones 
with important regulatory functions. In all vertebrates, 
the respiratory protein hemoglobin acts as oxygen carrier 
in the blood, transporting oxygen from the lung to body 
organs and tissues. A large group of structural proteins 
maintains and protects the structure of the animal body.
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Peptide
structure

General structure and properties of proteins
THE AMINO ACID COMPOSITION OF PROTEINS
The common property of all proteins is that they consist 
of long chains of a-amino (alpha amino) acids. The gen­
eral structure of a-amino acids is shown in Formula 1.

H H o
\  I 

N -C * -C
H 'R OH

H H O
\  + I //

H -N -C * ~ C
/  I \

H R O“

Formula 1: Generalized structure of all a-amino acids. C stands 
for a carbon atom; C* stands for the a-carbon. H is hydrogen, O is 
oxygen, and N is nitrogen. R  is a general term for any of several 
different Chemical structures that range from one hydrogen atom to 
large and complex molecular units containing many different atoms. 
The +  and — signs represent electrical charges that exist when the 
molecule takes the configuration shown at the right.

The a-amino acids are so called because the a-carbon 
atom in the molecule (shown by an asterisk [*] in For­
mula 1) carries an amino group (—NH2); the a-carbon 
atom also carries a carboxyl group (—COOH). In acidic 
Solutions, when the pH is less than 4, the — COO groups 
combine with hydrogen ions (H+) and are thus converted 
into the uncharged form (—COOH). In alkaline Solutions, 
at pH above 9, the ammonium groups (—NH+3) lose a hy­
drogen ion and are converted into amino groups (—NH2). 
In the pH range between 4 and 8, the amino acids exist 
almost exclusively in the structure shown at the right side 
of Formula 1. Because in this form they carry both a 
positive and a negative charge, they do not migrate in an 
electrical field. Such structures have been designated as 
dipolar ions, or zwitterions (i.e., hybrid ions).

Although more than 100 amino acids occur in nature, 
particularly in plants, only 20 types are commonly found 
in most proteins (see Figure 1). In protein molecules 
the a-amino acids are linked to each other by peptide 
bonds between the amino group of one amino acid and 
the carboxyl group of its neighbour; the structure of the 
peptide bond is given in Formula 2. The condensation

O H
II I

- C - N -
Formula 2: The peptide bond.

(joining) of three amino acids yields the tripeptide shown 
in Formula 3.

N  terminus or C terminus or
free a- free carboxyl

amino end peptide bonds end

H

H

H O H H O H H
I II I I II I I 

H - N - C - C - N - C - C - N - C - C  
'  I I I

R R' R"

O

O"

1 2 3
three amino acids joined by peptide bonds

Formula 3: A tripeptide. R ' and R " represent the possibility that the 
three R  groups (side chains) could be different.

It is customary to write the structure o f peptides in such 
a way that the free a-amino group (also called the N 
terminus of the peptide) is at the left side and the free car­
boxyl group (the C terminus) at the right side. Proteins are 
macromolecular polypeptides— i.e., very large molecules 
composed of many peptide-bonded amino acids. Most of 
the common ones contain more than 100 amino acids 
linked to each other in a long peptide chain. The aver­
age molecular weight (based on the weight of a hydrogen 
atom as 1) of each amino acid is approximately 100 to 
125; thus, the molecular weights of proteins are usually in 
the range of 10,000 to 100,000 daltons (one dalton is the 
weight of one hydrogen atom). The species-specificity and 
organ-specificity of proteins result from differences in the

number and sequences of amino acids. Twenty different 
amino acids in a chain 100 amino acids long can be 
arranged in far more than 10100 ways (10100 is the number 
one followed by 100 zeroes).

Structures of common amino acids. The amino acids 
present in proteins differ from each other in the structure 
of their side (R) chains. The simplest amino acid is glycine, 
in which R is a hydrogen atom (see Figure 1). In a number 
of amino acids, R represents straight or branched carbon 
chains. One of these amino acids is alanine, in which R is 
the methyl group (—CH3). Valine, leucine, and isoleucine, 
with longer R  groups, complete the alkyl side-chain series.
The alkyl side chains (R groups) o f these amino acids are 
nonpolar; this means that they have no affinity for water 
but some affinity for each other. Although plants can form 
all of the alkyl amino acids, animals can synthesize only 
alanine and glycine; thus valine, leucine, and isoleucine 
must be supplied in the diet.

Two amino acids, each containing three carbon atoms, 
are derived from alanine; they are serine and cysteine.
Serine contains an alcohol group (—CH2OH) instead of 
the methyl group of alanine, and cysteine contains a mer- 
capto group (—CH2SH). Animals can synthesize serine 
but not cysteine or cystine. Cysteine occurs in proteins 
predominantly in its oxidized form (oxidation in this sense 
meaning the removal of hydrogen atoms), called cystine.
Cystine consists o f two cysteine molecules linked by the 
disulfide bond (—S—S—) that results when a hydrogen 
atom is removed from the mercapto group of each of 
the cysteines (see Figure 1). Disulfide bonds are impor­
tant in protein structure because they allow the linkage 
of two different parts of a protein molecule to—and thus 
the formation of loops in—the otherwise straight chains.
Some proteins contain small amounts of cysteine with free 
sulfhydryl (—SH) groups.

Four amino acids, each consisting o f four carbon atoms, 
occur in proteins; they are aspartic acid, asparagine, threo- 
nine, and methionine. Aspartic acid and asparagine, which 
occur in large amounts, can be synthesized by animals.
Threonine and methionine cannot be synthesized and 
thus are essential amino acids— i.e., they must be supplied 
in the diet. Most proteins contain only small amounts of 
methionine.

Proteins also contain an amino acid with five carbon 
atoms (glutamic acid) and an imino acid (proline), which 
is a structure with the amino group (—NH2) bonded to 
the alkyl side chain, forming a ring. Glutamic acid and 
aspartic acid are dicarboxylic acids— that is, they have 
two carboxyl groups (—COOH). Glutamine is similar to 
asparagine in that both are the amides of their corre­
sponding dicarboxylic acid forms; i.e., they have an amide 
group (—CONH2) in place of the carboxyl (—COOH) of 
the side chain (see Figure 1). Glutamic acid and glutamine Most 
are abundant in most proteins; e.g., in plant proteins they abundant 
sometimes comprise more than one third of the amino amino 
acids present. Both glutamic acid and glutamine can be acids 
synthesized by animals. The imino acids proline and hy- 
droxyproline occur in large amounts in collagen, the pro­
tein of the connective tissue of animals (see Table 1). Pro­
line and hydroxyproline lack free amino (—NH2) groups 
because the amino group is enclosed in a ring structure 
with the side chain; they thus cannot exist in a zwitterion 
form. Although the imino group (^NH) of these amino 
acids can form a peptide bond with the carboxyl group 
of another amino acid, the bond so formed gives rise to 
a kink in the peptide chain— i.e., the imino ring structure 
alters the regulär bond angle of normal peptide bonds.

Proteins usually are almost neutral molecules; that is, 
they have neither acidic nor basic properties. This means 
that the acidic carboxyl (— COO ) groups of aspartic and 
glutamic acid are about equal in number to the amino 
acids with basic side chains. Three such basic amino acids, 
each containing six carbon atoms, occur in proteins. The 
one with the simplest structure, lysine, is synthesized by 
plants but not by animals. Even some plants have a low 
lysine content. Arginine is found in all proteins; it oc­
curs in particularly high amounts in the strongly basic 
protamines (simple proteins composed of relatively few 
amino acids) of fish sperm. The third basic amino acid is
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(Tyr, Y)

hydroxylysine 
(Hylys or Lys—OH) 

occurs only in 
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thyroglobulin:
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occurs only in 

collagen and gelatin

Figure 1: Structures of amino acids found in proteins. Those amino acids marked with an 
asterisk (*) must be supplied in the diet of animals, which cannot synthesize them. The 
abbreviations in parentheses represent the shorthand notations (in three-letter codes and 
one-letter codes) used when indicating protein structures. The one-letter symbol for an 
unknown amino acid is X.
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Configura- 
tion of 
amino 
acids

histidine. Both arginine and histidine can be synthesized 
by animals. Histidine is a weaker base than either lysine 
or arginine. The imidazole ring, a five-membered ring 
structure containing two nitrogen atoms in the side chain 
of histidine (see Figure 1), acts as a buffer (i.e., a stabilizer 
of hydrogen ion concentration) by binding hydrogen ions 
(H+) to the nitrogen atoms of the imidazole ring.

The remaining amino acids—phenylalanine, tyrosine, 
and tryptophan— have in common an aromatic structure; 
i.e., a benzene ring is present (see Figure 1). Animals 
cannot synthesize the benzene ring, and these three amino 
acids are essential ones; but animals can convert phe­
nylalanine to tyrosine. Because these amino acids con­
tain benzene rings, they can absorb ultraviolet light at 
wavelengths between 270 and 290 nanometres (nm; one 
nanometre =  10"9 metre =  10 angstrom units). Phenylala­
nine absorbs very little ultraviolet light; tyrosine and tryp­
tophan, however, absorb it strongly and are responsible 
for the absorption band most proteins exhibit at 280-290 
nanometres. This absorption is often used to determine 
the quantity of protein present in protein samples.

Most proteins contain only the amino acids described 
above; however, other amino acids occur in proteins in 
small amounts. Thyroglobulin, the hormone of the thy­
roid gland, for example, contains thyroxine, which is an 
iodine-containing compound derived from tyrosine. The 
collagen found in connective tissue contains, in addi­
tion to hydroxyproline, small amounts of hydroxylysine. 
Other proteins contain some monomethyl-, dimethyl-, 
or trimethyllysine— i.e., lysine derivatives containing one, 
two, or three methyl groups (—CH3). The amount of these 
unusual amino acids in proteins, however, rarely exceeds 
1 or 2 percent of the total amino acids.
Physicochemical properties of the amino acids. The 

physicochemical properties of a protein are determined by 
the analogous properties of the amino acids in it.

The a-carbon atom of all amino acids, with the exception 
of glycine, is asymmetrie; this means that four different 
Chemical entities (atoms or groups of atoms) are attached 
to it. As a result, each of the amino acids, except glycine, 
can exist in two different spatial, or geometrie, arrange­
ments (i.e., isomers), which are mirror images akin to right 
and left hands (see Formula 4). These isomers exhibit the 
property of optical rotation.

N H 2
I / H  

C*
I

COOH

NH2

i
COOH

L-amino acid D-amino acid
Formula 4: The tetrahedral (four-faced) arrangement of the bonds 
around the a-carbon (C*). The solid lines represent bonds that slant 
upward from the plane of the drawing { i .e . , toward the reader). The 
broken lines represent bonds that recede from the plane of the 
drawing { i .e . , away from the reader).

Optical rotation is the rotation of the plane of polarized 
light, which is composed of light waves that vibrate in one 
plane, or direction, only. Solutions of substances that ro­
tate the plane of polarization are said to be optically active, 
and the degree of rotation is called the optical rotation of 
the solution. The direction in which the light is rotated is 
generally designed as plus, or d, for dextrorotatory (to the 
right), or as minus, or /, for levorotatory (to the left). Some 
amino acids are dextrorotatory; others are levorotatory. 
With the exception of a few small proteins (peptides) that 
occur in bacteria, the amino acids that occur in proteins 
have the configuration shown on the left of Formula 4. 
For this reason all the amino acids found in proteins are 
designed as L-amino acids.

In bacteria, D-alanine and some other D-amino acids have 
been found as components of gramicidin and bacitracin. 
These peptides are toxic to other bacteria and are used 
in medicine as antibiotics. The D-alanine has also been 
found in some peptides of bacterial membranes.

In contrast to most organic acids and amines, the amino 
acids are insoluble in organic solvents. In aqueous Solu­
tions they are dipolar ions (zwitterions, or hybrid ions) 
that react with strong acids or bases in a way that leads to

the neutralization of the negatively or positively charged 
ends, respectively. Because of their reactions with strong 
acids and strong bases, the amino acids act as buffers— 
stabilizers of hydrogen ion (H+) or hydroxide ion (OH- ) 
concentrations. In fact, glycine is frequently used as a 
buffer in the pH range from 1 to 3 (acid Solutions) and 
from 9 to 12 (basic Solutions). In acid Solutions, glycine 
has a positive charge and therefore migrates to the cath- 
ode (negative electrode of a direct-current electrical circuit 
with terminals in the solution). lts charge, however, is 
negative in alkaline Solutions, in which it migrates to the 
anode (positive electrode). At pH 6.1 glycine does not 
migrate, because each molecule has one positive and one 
negative charge. The pH at which an amino acid does not 
migrate in an electrical field is called the isoelectric point. 
Most of the monoamino acids (i.e., those with only one 
amino group) have isoelectric points similar to that of gly­
cine. The isoelectric points of aspartic and glutamic acids, 
however, are close to pH 3; and those of histidine, lysine, 
and arginine are at pH 7.6, 9.7, and 10.8, respectively.

Amino acid sequence in protein molecules. Since each 
protein molecule consists of a long chain of amino acid 
residues, linked to each other by peptide bonds, the hy- 
drolytic cleavage of all peptide bonds is a prerequistite for 
the quantitative determination of the amino acid residues. 
Hydrolysis is most frequently accomplished by boiling the 
protein with concentrated hydrochloric acid. The quanti­
tative determination of the amino acids is based on the 
discovery that amino acids can be separated from each 
other by chromatography on filter paper and made visible 
by spraying the paper with ninhydrin. The amino acids of 
the protein hydrolysate are separated from each other by 
passing the hydrolysate through a column of adsorbents 
which adsorb the amino acids with different affinities and, 
on washing the column with buffer Solutions, release them 
in a definite order. The amount of each of the amino acids 
can be determined by the intensity of the colour reaction 
with ninhydrin.

To obtain information about the sequence of the amino 
acid residues in the protein, the protein is degraded step- 
wise, one amino acid being split off in each step. This is 
accomplished by coupling the free a-amino group (—NH2) 
of the N-terminal amino acid with phenyl isothiocyanate; 
subsequent mild hydrolysis does not affect the peptide 
bonds; the procedure, called the Edman degradation, can 
be applied repeatedly; it thus reveals the sequence of the 
amino acids in the peptide chain.

Unavoidable small losses that occur during each step 
make it impossible to determine the sequence of more 
than about 30 to 50 amino acids by this procedure. For 
this reason the protein is usually first hydrolyzed by ex­
posure to the enzyme trypsin (see below Enzymes), which 
cleaves only peptide bonds formed by the carboxyl groups 
of lysine and arginine. The Edman degradation is then ap­
plied to each of the few resulting peptides produced by the 
action of trypsin. Further information can be gained by 
hydrolyzing another portion of the protein with another 
enzyme, for instance with Chymotrypsin, which splits pre­
dominantly peptide bonds formed by the amino acids ty­
rosine, phenylalanine, and tryptophan. The combination 
of results obtained with two or more different proteolytic 
(protein degrading) enzymes was first applied by the En­
glish biochemist Frederick Sänger, and it enabled him to 
elucidate the amino acid sequence of insulin. The amino 
acid sequences shown in formulas 7 to 11 and those of 
many other proteins have been determined in this manner.

LEVELS OF STRUCTURAL ORGANIZATION IN PROTEINS
Primary structure. Analytical and synthetic procedures 

reveal only the primary structure of the proteins—that is, 
the amino acid sequence of the peptide chains. They do 
not reveal information about the conformation (arrange­
ment in space) of the peptide chain—that is, whether the 
peptide chain is present as a long straight thread or is irreg- 
ularly coiled and folded into a globule. The configuration, 
or conformation, of a protein is determined by mutual 
attraction or repulsion of polar or nonpolar groups in the 
side chains (R groups) of the amino acids. The former 
have positive or negative charges in their side chains; the
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latter repel water but attract each other. Some parts o f 
a peptide chain containing 100 to 200 amino acids may 
form a loop, or helix; others may be straight or form 
irregulär coils.

The terms secondary, tertiary, and quaternary structure 
are frequently applied to the configuration of the peptide 
chain of a protein. A nomenclature committee of the In- 

Definitions temational Union of Biochemistry (iub) has defined these 
of protein terms as follows: The primary structure of a protein is 
structural determined by its amino acid sequence without any regard
terms for the arrangement of the peptide chain in space. The

secondary structure is determined by the spatial arrange­
ment of the main peptide chain without any regard for 
the conformation of side chains or other segments of the 
main chain. The tertiary structure is determined by both 
the side chains and other adjacent segments of the main 
chain, without regard for neighbouring peptide chains. 
Finally, the term quaternary structure is used for the 
arrangement of identical or different subunits of a large 
protein in which each subunit is a separate peptide chain.

Secondary structure. The nitrogen and carbon atoms 
of a peptide chain cannot lie on a straight line because 
of the magnitude of the bond angles between adjacent 
atoms of the chain; the bond angle is about 110°. Each 
of the nitrogen and carbon atoms can rotate to a certain 
extent, however, so that the chain has a limited flexibility. 
Because all of the amino acids, except glycine, are asym­
metrie L-amino acids, the peptide chain tends to assume 
an asymmetrie helical shape; some of the fibrous proteins 
consist of elongated helices around a straight screw axis. 
Such structural features result from properties common 
to all peptide chains. The product of their effects is the 
secondary structure of the protein.

Tertiary structure. The tertiary structure is the product 
of the interaction between the side chains (R ) of the amino 
acids composing the protein. Some of them contain pos- 
itively or negatively charged groups, others are polar, and 
still others are nonpolar. The number of carbon atoms in 
the side chain varies from zero in glycine to nine in tryp­
tophan (see Figure 1). Positively and negatively charged 
side chains have the tendency to attract each other; side 
chains with identical charges repel each other. The bonds 
formed by the forces between the negatively charged side 
chains of aspartic or glutamic acid on the one hand, and 
the positively charged side chains of lysine or arginine on 
the other hand, are called salt bridges. Mutual attraction 
of adjacent peptide chains also results from the formation 
of numerous hydrogen bonds. They are shown by dot- 
ted lines in the diagram of an antiparallel pleated sheet 
protein structure (see Formula 5). Hydrogen bonds form

peptide
chains

»direction
of C terminal

“ hydrogen bonds

“direction
of C terminal

Formula 5: The antiparallel pleated sheet structure.

Hydro­
phobie
interaction
defined

as a result of the attraction between the nitrogen-bound 
hydrogen atom (the imide hydrogen) and the unshared 
pair of electrons of the oxygen atom in the double bonded 
carbon-oxygen group (the carbonyl group) (> C = 0 ). The 
result is a slight displacement of the imide hydrogen to­
ward the oxygen atom of the carbonyl group. Although 
the hydrogen bond is much weaker than a covalent bond 
{i.e., the type of bond between two carbon atoms, which 
equally share the pair of bonding electrons between them), 
the large number of imide and carbonyl groups in peptide 
chains results in the formation of numerous hydrogen 
bonds. Another type of attraction is that between nonpolar 
side chains of valine, leucine, isoleucine, and phenylala­
nine; the attraction results in the displacement of water 
molecules and is called hydrophobic interaction.
In proteins rich in cystine, the conformation of the pep­

tide chain is determined to a considerable extent by the 
disulfide bonds (—S—S—) of cystine. The halves of cys­
tine may be located in different parts of the peptide chain 
and thus may form a loop closed by the disulfide bond, 
as shown in Formula 6. If the disulfide bond is reduced 
{i.e., hydrogen is added) to two sulfhydryl (—SH) groups, 
the tertiary structure of the protein undergoes a drastic 
change—closed loops are broken and adjacent disulfide- 
bonded peptide chains separate.

half
the line represents cysteine the disulfide

cysteine

the disulfide-bonded 
pair is cystine

Formula 6: The disulfide bridge between two cystine halves 
in an amino acid chain showing how loops in the chain are 
formed by this amino acid.

Quaternary structure. The nature of the quaternary 
structure is demonstrated by the structure of hemoglobin.
Each molecule of human hemoglobin consists of four 
peptide chains, two a-chains and two ß-chains; i.e., it is 
a tetramer. The four subunits are linked to each other 
by hydrogen bonds and hydrophobic interaction. Because 
the four subunits are so closely linked, the hemoglobin 
tetramer is called a molecule, even though no covalent 
bonds occur between the peptide chains of the four sub­
units. In other proteins, the subunits are bound to each 
other by covalent bonds (disulfide bridges; see below the 
structure of insulin in Formula 8).

THE ISOLATION AND DETERMINATION OF PROTEINS
Animal material usually contains large amounts of protein 
and lipids and small amounts of carbohydrate; in plants, 
the bulk of the dry matter is usually carbohydrate. No 
general method exists for the isolation of proteins from or­
gans or tissues. If it is necessary to determine the amount 
of protein in a mixture of animal foodstuffs, a sample 
is converted to ammonium salts by boiling with sulfuric 
acid and a suitable inorganic catalyst, such as copper 
sulfate (Kjeldahl method). The method is based on the 
assumption that proteins contain 16 percent nitrogen, and 
that nonprotein nitrogen is present in very small amounts.
The assumption is justified for most tissues from higher 
animals but not for insects and crustaceans, in which a 
considerable portion of the body nitrogen is present in 
the form of chitin, a carbohydrate. Large amounts of 
nonprotein nitrogen are also found in the sap of many 
plants. In such cases, the precise quantitative analyses are 
made after the proteins have been separated from other 
biological compounds.

Proteins are sensitive to heat, acids, bases, organic sol­
vents, and radiation exposure; for this reason, the Chemical 
methods employed to purify organic compounds cannot Concen- 
be applied to proteins. Salts and molecules of small size tration of 
are removed from protein Solutions by dialysis; i.e., by protein 
placing the solution into a sac of semipermeable material, molecules 
such as cellulose or acetylcellulose, which will allow small by dialysis 
molecules to pass through but not large protein molecules, 
and immersing the sac in water or a salt solution. Small 
molecules can also be removed either by passing the pro­
tein solution through a column of resin that adsorbs only 
the protein or by gel filtration. In gel filtration, the large 
protein molecules pass through the column, and the small 
molecules are adsorbed to the gel.
Groups of proteins are separated from each other by salt- 

ing out— i.e., the stepwise addition of sodium sulfate or 
ammonium sulfate to a protein solution. Some proteins,
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Criteria 
3f purity

called globulins, become insoluble and precipitate when 
the solution is half-saturated with ammonium sulfate or 
when its sodium sulfate content exceeds about 12 percent. 
Other proteins, the albumins, can be precipitated from the 
supematant solution {i.e., the solution remaining after a 
precipitation has taken place) by Saturation with ammo­
nium sulfate. Water-soluble proteins can be obtained in 
a dry state by freeze-drying (lyophilization), in which the 
protein solution is deep-frozen by lowering the tempera­
ture below —15° C (5° F) and removing the water; the 
protein is obtained as a dry powder.

Most proteins are insoluble in boiling water and are 
denatured by it— i.e., irreversibly converted into an in­
soluble material. Heat denaturation cannot be used with 
connective tissue because the principal structural protein, 
collagen, is converted by boiling water into water-soluble 
gelatin.

Fractionation (Separation into components) o f a mixture 
of proteins of different molecular weight can be accom­
plished by gel filtration. The size o f the proteins retained 
by the gel depends upon the properties o f the gel. The 
proteins retained in the gel are removed from the column 
by Solutions of a suitable concentration of salts and hy­
drogen ions.

Many proteins were originally obtained in crystalline 
form, but crystallinity is not proof of purity; many crys­
talline protein preparations contain other substances. Var­
ious tests are used to determine whether a protein prepa­
ration contains only one protein. The purity o f a protein 
solution can be determined by such techniques as chro­
matography and gel filtration. In addition, a solution of 
pure protein will yield one peak when spun in a centrifuge 
at very high speeds (ultracentrifugation) and will migrate as 
a single band in electrophoresis (migration o f the protein 
in an electrical field). After these methods and others (such 
as amino acid analysis) indicate that the protein solution 
is pure, it can be considered so. Because chromatography, 
ultracentrifugation, and electrophoresis cannot be applied 
to insoluble proteins, little is known about them; they 
may be mixtures o f many similar proteins.
Very small (microheterogeneous) differences in some of 

the apparently pure proteins are known to occur; they are 
differences in the amino acid composition o f otherwise 
identical proteins and are transmitted from generation to 
generation; i.e., they are genetically determined; for ex­
ample, some humans have two hemoglobins, hemoglobin 
A and hemoglobin S, which differ in one amino acid at 
a specific site in the molecule. In hemoglobin A the site 
is occupied by glutamic acid, and in hemoglobin S by 
valine. Refinement of the techniques o f protein analy­
sis has resulted in the discovery of other instances of 
“microheterogeneity.”

The quantity of a pure protein can be determined by 
weighing or by measuring the ultraviolet absorbancy at 
280 nanometres. The absorbency at 280 nanometres de­
pends on the content of tyrosine and tryptophan in the 
protein (see above The amino acid composition o f pro­
teins). Sometimes the slightly less sensitive biuret reaction, 
a purple colour given by alkaline protein Solutions upon 
the addition of copper sulfate, is used; its intensity depends 
only on the number of peptide bonds per gram, which is 
similar in all proteins.

iron, has been found to be 66,000 or 4 X 16,500; thus 
hemoglobin contains four atoms of iron.

The method most frequently used to determine the 
molecular weight of proteins is ultracentrifugation; i.e., 
spinning in a centrifuge at velocities up to about 60,000 
revolutions per minute. Centrifugal forces of more than
200.000 times the gravitational force on the surface of 
the Earth are achieved at such velocities. The first ul- 
tracentrifuges, built in 1920, were used to determine the 
molecular weight of proteins. The molecular weights of 
a large number o f proteins have been determined. Most 
consist of several subunits, the molecular weight of which 
is usually less than 100,000 and frequently ranges from
20.000 to 30,000. Proteins of very high molecular weights 
are found among hemocyanins, the copper-containing re­
spiratory proteins of invertebrates; some range as high as 
several million. Although there is no definite lower limit 
for the molecular weight of proteins, short amino acid 
sequences are usually called peptides.

The shape of protein molecules. In the technique of 
X-ray diffraction the X-rays are allowed to strike a protein 
crystal; the X-rays, diffracted (bent) by the crystal, im- 
pinge on a photographic plate, forming a pattern o f spots. 
This method reveals that peptide chains can assume very 
complicated, apparently irregulär shapes. Two extremes 
in shape include the closely folded structure of the glob­
ular proteins and the elongated, unidimensional structure 
of the threadlike fibrous proteins; both were recognized 
many years before the technique of X-ray diffraction was 
developed. Solutions o f fibrous proteins are extremely vis- 
cous {i.e., sticky); those of the globular proteins have low 
viscosity {i.e., they flow easily). A 5 percent solution of 
a globular protein— ovalbumin, for example—easily flows 
through a narrow glass tube; a 5 percent solution of gelatin, 
a fibrous protein, however, does not flow through the tube 
because it is liquid only at high temperatures and solidifies 
at room temperature. Even Solutions containing only 1 or 
2 percent of gelatin are highly viscous and flow through 
a narrow tube either very slowly or only under pressure. 
The elongated peptide chains o f the fibrous proteins can 
be imagined to become entangled not only mechanically 
but also by mutual attraction o f their side chains; in this 
way they incorporate large amounts o f water. Most of 
the hydrophilic (water-attracting) groups of the globular 
proteins, however, lie on the surface of the molecules; as 
a result, globular proteins incorporate only a few water 
molecules. If a solution of a fibrous protein flows through 
a narrow tube, the elongated molecules become oriented 
parallel to the direction of the flow (see Figure 2), and 
the solution thus becomes birefringent like a crystal; i.e., 
it splits a light ray into two components that travel at dif-
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PHYSICOCHEMICAL PROPERTIES OF PROTEINS
The molecular weight of proteins. The molecular weight 

of proteins cannot be determined by the methods o f classi­
cal chemistry {e.g., freezing-point depression) because they 
require Solutions of a higher concentration o f protein than 
can be prepared.

If a protein contains only one molecule o f one of the 
amino acids or one atom of iron, copper, or another 
element, the minimum molecular weight o f the protein 
or a subunit can be calculated; for example, the protein 
myoglobin contains 0.34 gram o f iron in 100 grams of pro­
tein. The atomic weight of iron is 56; thus the minimum 
molecular weight o f myoglobin is (56 X 100)/0.34 =  about 
16,500. Direct measurements o fth e  molecular weight of 
myoglobin yield the same value. The molecular weight of 
hemoglobin, however, which also contains 0.34 percent

Figure 2: F lo w  b ir e f r in g e n c e .
The upper diagram shows a solution 
containing elongated, rodlike macromolecules 
that, in the resting solution, are randomly 
oriented. The lower diagram shows the same 
solution during flow through a horizontal tube.

ferent velocities and are polarized at right angles to each 
other. Globular proteins do not show this phenomenon, 
which is called flow birefringence. Solutions of myosin, 
the contractile protein o f muscles, show very high flow 
birefringence; other proteins with very high flow birefrin­
gence include Solutions of fibrinogen, the clotting material 
of blood plasma, and Solutions o f tobacco mosaic virus. 
The gamma-globulins of the blood plasma show low flow 
birefringence; and none can be observed in Solutions of 
serum albumin and ovalbumin.
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H ydration o f  proteins. When dry proteins are exposed 
to air of high water content, they rapidly bind water up 
to a maximum quantity, which differs for different pro­
teins; usually it is 10 to 20 percent of the weight of the 
protein. The hydrophilic groups of a protein are chiefly 
the positively charged groups in the side chains of lysine 
and arginine and the negatively charged groups of aspartic 
and glutamic acid. Hydration (i.e., the binding of water) 
may also occur at the hydroxyl (—OH) groups of serine 
and threonine or at the amide (—CONH2) groups of as­
paragine and glutamine.

The binding of water molecules to either charged or 
polar (partly charged) groups is explained by the dipolar 
structure of the water molecule; that is, the two positively 
charged hydrogen atoms form an angle of about 105°, 
with the negatively charged oxygen atom at the apex. The 
centre of the positive charges is located between the two 
hydrogen atoms; the centre of the negative charge of the 
oxygen atom is at the apex of the angle. The negative pole 
of the dipolar water molecule binds to positively charged 
groups; the positive pole binds negatively charged ones. 
The negative pole of the water molecule also binds to the 
hydroxyl and amino groups of the protein.

The water of hydration is essential to the structure of 
protein crystals; when they are completely dehydrated, the 
crystalline structure disintegrates. In some proteins this 
process is accompanied by denaturation and loss of the 
biological function.

In aqueous Solutions, proteins bind some of the wa­
ter molecules very firmly; others are either very loosely 
bound or form islands of water molecules between loops 
of folded peptide chains. Because the water molecules in 
such an island are thought to be oriented as in ice, which 
is crystalline water, the islands of water in proteins are 
called icebergs. Water molecules may also form bridges 
between the carbonyl (^ C = 0 ) and imino p=NH) groups 
of adjacent peptide chains, resulting in structures similar 
to those of the pleated sheet (see Formula 5) but with 
a water molecule in the position of the hydrogen bonds 
of that configuration. The extent of hydration of protein 
molecules in aqueous Solutions is important, because some 
of the methods used to determine the molecular weight 
of proteins yield the molecular weight of the hydrated 
protein. The amount of water bound to one gram of a 
globular protein in solution varies from 0.2 to 0.5 gram. 
Much larger amounts of water are mechanically immo- 
bilized between the elongated peptide chains of fibrous 
proteins; for example, one gram of gelatin can immobilize 
at room temperature 25 to 30 grams of water.

The Hydration of proteins is necessary for their solubility in
salting-out water. If the water of hydration of a protein dissolved in 
process water is reduced by the addition of a salt such as ammo­

nium sulfate, the protein is no longer soluble and is salted 
out, or precipitated. The salting-out process is reversible 
because the protein is not denatured (i.e., irreversibly con­
verted to an insoluble material) by the addition of such 
salts as sodium chloride, sodium sulfate, or ammonium 
sulfate. Some globulins, called euglobulins, are insoluble 
in water in the absence of salts; their insolubility is at­
tributed to the mutual interaction of polar groups on the 
surface of adjacent molecules, a process that results in the 
formation of large aggregates of molecules. Addition of 
small amounts of salt causes the euglobulins to become 
soluble. This process, called salting in, results from a com­
bination between anions (negatively charged ions) and 
cations (positively charged ions) of the salt and positively 
and negatively charged side chains of the euglobulins. The 
combination prevents the aggregation of euglobulin mole­
cules by preventing the formation of salt bridges between 
them. The addition of more sodium or ammonium sulfate 
causes the euglobulins to salt out again and to precipitate.

Electrochemistry of proteins. Because the a-amino 
group and a-carboxyl group of amino acids are con­
verted into peptide bonds (see Formula 2) in the protein 
molecule, there is only one a-amino group (at the N 
terminus) and one a-carboxyl group (at the C terminus). 
The electrochemical character of a protein is affected very 
little by these two groups. Of importance, however, are the 
numerous positively charged ammonium groups ( — NH3+)

of lysine and arginine and the negatively charged carboxyl 
groups (—CÖO- ) of aspartic acid and glutamic acid. In 
most proteins, the number of positively and negatively 
charged groups varies from 10 to 20 per 100 amino acids.

Electrometric titration. When measured volumes of hy- 
drochloric acid are added to a solution of protein in salt- 
free water, the pH decreases in proportion to the amount 
of hydrogen ions added until it is about 4. Further addi­
tion of acid causes much less decrease in pH because the 
protein acts as a buffer at pH values of 3 to 4. The reac­
tion that takes place in this pH range is the protonation of 
the carboxyl group— i.e., the conversion of — COO- into 
—COOH. Electrometric titration of an isoelectric protein 
with potassium hydroxide causes a very slow increase in 
pH and a weak buffering action of the protein at pH 7; a 
very strong buffering action occurs in the pH range from 
9 to 10 (see Figure 3). The buffering action at pH 7, which 
is caused by loss of protons (positively charged hydrogen) 
from the imidazolium groups (i.e., the five-member ring 
structure in the side chain; see Figure 1) of histidine, is 
weak because the histidine content of proteins is usually 
low. The much stronger buffering action at pH values 
from 9 to 10 is caused by the loss of protons from the hy­
droxyl group of tyrosine and from the ammonium groups 
of lysine. Finally, protons are lost from the guanidinium 
groups (i.e., the nitrogen-containing terminal portion of 
the arginine side chains; see Figure 1) of arginine at pH 
12. A curve of the electrometric titration of glycine is 
shown in Figure 3. Electrometric titrations of proteins

Figure 3: Electrometric titration of glycine. Addition of 
measured quantities of known-concentration hydrochloric acid 
(HCI) to glycine is shown in the upper half of the diagram; 
sodium hydroxide (NaOH) in the lower half. The dots indicate 
the experimental results. The addition of a tracé of acid or 
base to pure glycine, the isoelectric point of which is close 
to pH 6.1, causes a strong change in pH. Glycine acts as a 
buffer, however, in the acidic pH range below 3 and in the 
alkaline pH range above 8.

yield similar curves. Electrometric titration makes possible 
the determination of the approximate number of carboxyl 
groups, ammonium groups, histidines, and tyrosines per 
molecule of protein.

Electrophoresis. The positively and negatively charged 
side chains of proteins cause them to behave like amino 
acids in an electrical field; that is, they migrate during 
electrophoresis at low pH values to the cathode (negative 
terminal) and at high pH values to the anode (positive 
terminal). The isoelectric point, the pH value at which the 
protein molecule does not migrate, is in the range of pH 
5 to 7 for many proteins. Proteins such as lysozyme, cyto- 
chrome c, histone, and others rich in lysine and arginine 
(see Table 2), however, have isoelectric points in the pH 
range between 8 and 10. The isoelectric point of pepsin, 
which contains very few basic amino acids, is close to 1.

Free-boundary electrophoresis, the original method of Zone 
determining electrophoretic migration, has been replaced electro- 
in many instances by zone electrophoresis, in which the phoresis 
protein is placed in either a gel of starch, agar, or poly- 
acrylamide or in a porous medium such as paper or 
cellulose acetate. The migration of hemoglobin and oth­
er coloured proteins can be followed visually. Colourless 
proteins are made visible after the completion of electro­
phoresis by staining them with a suitable dye.
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CONFORMATION OF GLOBULAR PROTEINS
R esu lts o f  X-ray diffraction studies. Most knowledge 

concerning secondary and tertiary structure of globular 
proteins has been obtained by the examination o f their 
crystals using X-ray diffraction. In this technique X-rays 
are allowed to strike the crystal; the X-rays are diffracted 
by the crystal and impinge on a photographic plate, form­
ing a pattern of spots. The measured intensity of the 
diffraction pattern, as recorded on a photographic film, 
depends particularly on the electron density of the atoms 
in the protein crystal. This density is lowest in hydrogen 
atoms, and they do not give a visible diffraction pattern. 
Although carbon, oxygen, and nitrogen atoms yield visible 
diffraction patterns, they are present in such great num­
ber—about 700 or 800 per 100 amino acids—that the 
resolution of the structure of a protein containing more 
than 100 amino acids is almost impossible. Resolution 
is considerably improved by substituting into the side 
chains of certain amino acids very heavy atoms, particu­
larly those of heavy metals. Mercury ions, for example, 
bind to the sulfhydryl (—SH) groups of cysteine. Platinum 
chloride has been used in other proteins. In the iron- 
containing proteins, the iron atom already in the molecule 
is adequate.

Although the X-ray diffraction technique cannot resolve 
the complete three-dimensional conformation (that is, the 
secondary and tertiary structure of the peptide chain), 
complete resolution has been obtained by combination of 
the results of X-ray diffraction with those of amino acid 
sequence analysis. In this way the complete conformation 
of such proteins as myoglobin, chymotrypsinogen, lyso- 
zyme, and ribonuclease has been resolved.

The X-ray diffraction method has revealed regulär struc­
tural arrangements in proteins; one is an extended form of 
antiparallel peptide chains that are linked to each other by 
hydrogen bonds between the carbonyl (^ C = 0 ) and imino 
(>NH) groups (shown in Formula 5). This conformation, 
called the pleated sheet, or ß-structure, is found in some 
fibrous proteins. Short Strands of the ß-structure have also 
been detected in some globular proteins.

A second important structural arrangement is the a-helix 
The a-helix (see Figure 4); it is formed by a sequence of amino acids 

wound around a straight axis in either a right-handed or 
a left-handed spiral. Each turn of the helix corresponds 
to a distance of 5.4 angstroms (= 0 .54  nanometre) in the 
direction of the screw axis and contains 3.7 amino acids. 
Hence, the length of the a-helix per amino acid residue is 
5.4 divided by 3.7, or 1.5 angstroms (one angstrom =  0.1 
nanometre). The stability of the a-helix is maintained by 
hydrogen bonds between the carbonyl and imino groups 
of neighbouring turns of the helix. It was once thought, 
based on data from analyses of the myoglobin molecule, 
more than half of which consists of a-helices, that the 
a-helix is the predominant structural element of the globu­
lar proteins; it is now known that myoglobin is exceptional 
in this respect. The other globular proteins for which the 
structures have been resolved by X-ray diffraction contain 
only small regions of a-helix. In most of them the peptide 
chains are folded in an apparently random fashion (see 
Figure 5), for which the term random coil has been used. 
The term is misleading, however, because the folding is 
not random; rather, it is dictated by the primary structure 
and modified by the secondary and tertiary structures.

The first proteins for which the internal structures were 
completely resolved are the iron-containing proteins myo­
globin and hemoglobin. The investigation of the hydrated 
crystals of these proteins at Cambridge by Max Perutz 
and J.C. Kendrew, who won a Nobel Prize for their work, 
revealed that the folding of the peptide chains is so tight 
that most of the water is displaced from the centre of the 
globular molecules. The amino acids that carry the ammo­
nium (—NH3+) and carboxyl (—COO~) groups were found 
to be shifted to the surface of the globular molecules, and 
the nonpolar amino acids were found to be concentrated 
in the interior.

O ther approaches to the determ ination o f protein 
structure. None of the several other physical methods 
that have been used to obtain information on the sec­
ondary and tertiary structure of proteins provides as much

direct information as the X-ray diffraction technique. 
Most of the techniques, however, are much more simple 
than X-ray diffraction, which requires, for the resolution 
of the structure of one protein, many years of work and 
equipment such as electronic computers. Some of the 
simpler techniques are based on the optical properties 
of proteins—refractivity, absorption of light of different 
wavelengths, rotation of the plane polarized light at differ­
ent wavelengths, and luminescence.

Spectrophotometric behaviour. Spectrophotometry of 
protein Solutions (the measurement of the degree of ab- 
sorbance of light by a protein within a specified wave- 
length) is useful within the range of visible light only with 
proteins that contain coloured prosthetic groups (the non­
protein components). Examples of such proteins include 
the red heme proteins of the blood, the purple pigments 
of the retina of the eye, green and yellow proteins that 
contain bile pigments, blue copper-containing proteins, 
and dark brown proteins called melanins. Peptide bonds, 
because of their carbonyl groups, absorb light energy at 
very short wavelengths (185-200 nanometres). The aro­
matic rings of phenylalanine, tyrosine, and tryptophan 
(see Figure 1), however, absorb ultraviolet light between 
wavelengths of 280 and 290 nanometres. The absorbance 
of ultraviolet light by tryptophan is greatest, that of ty­
rosine is less, and that of phenylalanine is least. If the 
tyrosine or tryptophan content of the protein is known, 
therefore, the concentration of the protein solution can be 
determined by measuring its absorbance between 280 and 
290 nanometres.

Optical activity. It will be recalled that the amino 
acids, with the exception of glycine, exhibit optical ac­
tivity (rotation of the plane of polarized light; see above, 
Physicochemical properties o f the amino acids). It is not 
surprising, therefore, that proteins also are optically ac­
tive. They are usually levorotatory (i.e., they rotate the
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plane o f polarization to the left) when polarized light of 
wavelengths in the visible range is used. Although the spe­
cific rotation (a function of the concentration of a protein 
solution and the distance the light travels in it) of most 
L-amino acids varies from —30° to +30°, the amino acid 
cystine has a specific rotation of approximately —300°. 
Although the optical rotation of a protein depends on all 
of the amino acids, the most important ones are cystine 
and the aromatic amino acids phenylalanine, tyrosine, and 
tryptophan. The contribution of the other amino acids to 
the optical activity of a protein is negligibly small.

Chemical reactivity o f proteins. Information on the in­
ternal structure of proteins can be obtained with Chemical 
methods that reveal whether certain groups are present 
on the surface of the protein molecule and thus able to 
react or whether they are buried inside the closely folded 
peptide chains and thus are unable to react. The Chemical 
reagents used in such investigations must be mild ones 
that do not affect the structure of the protein.

The reactivity of tyrosine is of special interest. It has been 
found, for example, that only three of the six tyrosines 
found in the naturally occurring enzyme ribonuclease can 
be iodinated (i.e., reacted to accept an iodine atom). 
Enzyme-catalyzed breakdown of iodinated ribonuclease is 
used to identify the peptides in which the iodinated tyro­
sines are present. The three tyrosines that can be iodinated 
lie on the surface of ribonuclease; the others, assumed 
to be inaccessible, are said to be buried in the molecule. 
Tyrosine can also be identified by using other techniques; 
e.g., treatment with diazonium compounds or tetranitro- 
methane. Because the compounds formed are coloured, 
they can easily be detected when the protein is broken 
down with enzymes.

Cysteine can be detected by coupling with compounds 
such as iodoacetic acid or iodoacetamide; the reaction 
results in the formation of carboxymethylcysteine or car- 
bamidomethylcysteine, which can be detected by amino 
acid determination of the peptides containing them. The 
imidazole groups of certain histidines can also be locat­
ed by coupling with the same reagents under different 
conditions. Unfortunately, few other amino acids can be 
labelled without changes in the secondary and tertiary 
structure of the protein.

Association of protein subunits. Many proteins with 
molecular weights of more than 50,000 occur in aqueous 
Solutions as complexes: dimers, tetramers, and higher poly- 
mers— i.e., as chains of two, four, or more repeating basic 
structural units. The subunits, which are called monomers 
or protomers, usually are present as an even number. Less 
than 10 percent of the polymers have been found to have 
an odd number of monomers. The arrangement of the 
subunits is thought to be regulär and may be cyclic, cubic, 
or tetrahedral. Some of the small proteins also contain 
subunits. Insulin, for example, with a molecular weight of 
about 6,000, consists of two peptide chains linked to each 
other by disulfide bridges ( S S ). Similar interchain 
disulfide bonds have been found in the immunoglobulins. 
In other proteins, hydrogen bonds and hydrophobic bonds 
(resulting from the interaction between the amino acid 
side chains of valine, leucine, isoleucine, and phenylala­
nine) cause the formation of aggregates of the subunits. 
The subunits of some proteins are identical; those of 
others differ. Hemoglobin is a tetramer consisting of two 
a-chains and two ß-chains.

Protein denaturation. When a solution of a protein is 
boiled, the protein frequently becomes insoluble— i.e., it 
is denatured—and remains insoluble even when the so­
lution is cooled. The denaturation of the proteins of egg 
white by heat— as when boiling an egg—is an example of 
irreversible denaturation. The denatured protein has the 
same primary structure as the original, or native, protein. 
The weak forces between charged groups and the weaker 
forces of mutual attraction of nonpolar groups are dis- 
rupted at elevated temperatures, however; as a result, the 
tertiary structure of the protein is lost. In some instances 
the original structure of the protein can be regenerated; 
the process is called renaturation.

Denaturation can be brought about in various ways. 
Proteins are denatured by treatment with alkaline or acid,

oxidizing or reducing agents, and certain organic solvents. 
Interesting among denaturing agents are those that affect 
the secondary and tertiary structure without affecting the 
primary structure. The agents most frequently used for 
this purpose are urea and guanidinium chloride. These 
molecules, because of their high affinity for peptide bonds, 
break the hydrogen bonds and the salt bridges between 
positive and negative side chains, thereby abolishing the 
tertiary structure of the peptide chain. When denaturing 
agents are removed from a protein solution, the native 
protein re-forms in many cases. Denaturation can also 
be accomplished by reduction of the disulfide bonds of 
cystine— i.e., conversion of the disulfide bond (—S—S—) 
to two sulfhydryl groups (—SH). This, of course, results 
in the formation of two cysteines. Reoxidation of the 
cysteines by exposure to air sometimes regenerates the na­
tive protein. In other cases, however, the wrong cysteines 
become bound to each other, resulting in a different pro­
tein. Finally, denaturation can also be accomplished by 
exposing proteins to organic solvents such as ethanol or 
acetone. It is believed that the organic solvents interfere 
with the mutual attraction of nonpolar groups.

Some of the smaller proteins, however, are extremely 
stable, even against heat; for example, Solutions of ri­
bonuclease can be exposed for short periods of time to 
temperatures of 90° C (194° F) without undergoing signif­
icant denaturation. Denaturation does not involve iden­
tical changes in protein molecules; a common property 
of denatured proteins, however, is the loss of biological 
activity—e.g., the ability to act as enzymes or hormones.

Although denaturation had long been considered an all- 
or-none reaction, it is now thought that many interme- 
diary States exist between native and denatured protein. 
In some instances, however, the breaking of a key bond 
could be followed by the complete breakdown of the con­
formation of the native protein.

Although many native proteins are resistant to the action 
of the enzyme trypsin, which breaks down proteins during 
digestion, they are hydrolyzed by the same enzyme after 
denaturation. Evidently, the peptide bonds that can be split 
by trypsin are inaccessible in the native proteins but be­
come accessible during denaturation. Similarly, denatured 
proteins give more intense colour reactions for tyrosine, 
histidine, and arginine than do the same proteins in the 
native state. The increased accessibility of reactive groups 
of denatured proteins is attributed to an unfolding of the 
peptide chains.

If denaturation can be brought about easily and if re­
naturation is difficult, how is the native conformation 
of globular proteins maintained in living organisms, in 
which they are produced stepwise, by incorporation of one 
amino acid at a time? Experiments on the biosynthesis of 
proteins from amino acids containing radioactive carbon 
or heavy hydrogen reveal that the protein molecule grows 
stepwise from the N terminus to the C terminus; in each 
step a single amino acid residue is incorporated. As soon 
as the growing peptide chain contains six or seven amino 
acid residues, the side chains interact with each other and 
thus cause deviations from the straight or ß-chain config­
uration shown in Formula 3. Depending on the nature 
of the side chains, this may result in the formation of an 
a-helix (Figure 4) or of loops closed by hydrogen bonds 
(Formula 5) or disulfide bridges (Formula 6). The final 
conformation is probably frozen when the peptide chain 
attains a length of 50 or more amino acid residues.

Conformation of proteins in interfaces. Like many other 
substances with both hydrophilic and hydrophobic groups, 
soluble proteins tend to migrate into the interface between 
air and water or oil and water; the term oil here means 
a hydrophobic liquid such as benzene or xylene. Within 
the interface, proteins spread, forming thin films. Mea- 
surements of the surface tension, or interfacial tension, of 
such films indicate that tension is reduced by the protein 
film. Proteins, when forming an interfacial film, are pres­
ent as a monomolecular layer; i.e., a layer one molecule 
in height. Although it was once thought that globular 
protein molecules unfold completely in the interface, it 
has now been established that many proteins can be re­
covered from films in the native state. The application of
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lateral pressure on a protein film causes it to increase in 
thickness and finally to form a layer with a height corre­
sponding to the diameter of the native protein molecule. 
Protein molecules in an interface, because of Brownian 
motions (molecular vibrations), occupy much more space 
than do those in the film after the application of pressure. 
The Brownian motion of compressed molecules is limited 
to the two dimensions of the interface, since the protein 
molecules cannot move upward or downward.

The motion of protein molecules at the air-water in­
terface has been used to determine the molecular weight 
of proteins. The technique involves measuring the force 
exerted by the protein layer on a barrier.

When a protein solution is vigorously shaken in air, it 
forms a foam, because the soluble proteins migrate into 
the air-water interface and persist there, preventing or 
slowing the reconversion of the foam into a homogeneous 
solution. Some of the unstable, easily modified proteins 
are denatured when spread in the air-water interface. The 
formation of a permanent foam when egg white is vigor­
ously stirred is an example of irreversible denaturation by 
spreading in a surface.

Classification of proteins
CLASSIFICATION BY SOLUBILITY
After two German chemists, Emil Fischer and Franz 
Hofmeister, independently stated in 1902 that proteins are 
essentially polypeptides consisting of many amino acids, 
an attempt was made to classify proteins according to 
their Chemical and physical properties, because the bio­
logical function of proteins had not yet been established. 
(The protein character of enzymes was not proved until 
the 1920s.) Proteins were classified primarily according to 

vlethods of their solubility in a number of solvents. This Classification 
;lassi- is no longer satisfactory, however, because proteins of
ication quite different structure and function sometimes have sim­

ilar solubilities; conversely, proteins of the same function 
and similar structure sometimes have different solubilities. 
The terms associated with the old Classification, however, 
are still widely used. They are defined below.

Albumins are proteins that are soluble in water and in 
water half-saturated with ammonium sulfate. On the other 
hand, globulins are salted out (i.e., precipitated) by half- 
saturation with ammonium sulfate. Globulins that are 
soluble in salt-free water are called pseudoglobulins; those 
insoluble in salt-free water are euglobulins. Both prolamins 
and glutelins, which are plant proteins, are insoluble in 
water; the prolamins dissolve in 50 to 80 percent ethanol, 
the glutelins in acidified or alkaline solution. The term 
protamine is used for a number of proteins in fish sperm 
that consist of approximately 80 percent arginine and 
therefore are strongly alkaline. Histones, which are less al­
kaline, apparently occur only in cell nuclei, where they are 
bound to nucleic acids. The term scleroproteins has been 
used for the insoluble proteins of animal organs. They 
include keratin, the insoluble protein of certain epithelial 
tissues such as the skin or hair, and collagen, the protein 
of the connective tissue. A large group of proteins has 
been called conjugated proteins, because they are complex 
molecules of protein consisting of protein and nonprotein 
moieties. The nonprotein portion is called the prosthetic 
group. Conjugated proteins can be subdivided into muco- 
proteins, which, in addition to protein, contain carbohy­
drate; lipoproteins, which contain lipids; phosphoproteins, 
which are rich in phosphate; chromoproteins, which con­
tain pigments such as iron-porphyrins, carotenoids, bile 
pigments, and melanin; and finally, nucleoproteins, which 
contain nucleic acid.

The weakness of the above Classification lies in the fact 
that many, if not all, globulins contain small amounts of 
carbohydrate; thus there is no sharp borderline between 
globulins and mucoproteins. Moreover, the phosphopro­
teins do not have a prosthetic group that can be isolated; 
they are merely proteins in which some of the hydroxyl 
groups of serine are phosphorylated (i.e., contain phos­
phate). Finally, the globulins include proteins with quite 
different roles—enzymes, antibodies, fibrous proteins, and 
contractile proteins.

CLASSIFICATION BY BIOLOGICAL FUNCTIONS
In view of the unsatisfactory state ofthe old Classification, 
it is preferable to classify the proteins according to their 
biological function. Such a Classification is far from ideal, 
however, because one protein can have more than one 
function. The contractile protein myosin, for example, also 
acts as an ATPase (adenosine triphosphatase), an enzyme 
that hydrolyzes adenosine triphosphate (removes a phos­
phate group from atp by introducing a water molecule).
In addition, the definite function of a protein frequently is 
not known. A protein cannot be called an enzyme as long 
as its Substrate (the specific compound upon which it acts) 
is not known. It cannot even be tested for its enzymatic 
action when its Substrate is not known.

Special structure and function of proteins

Despite its weaknesses, a functional Classification is used 
here in order to demonstrate, whenever possible, the cor- 
relation between the structure and function of a protein.
The structural, fibrous proteins are presented first, because 
their structure is simpler than that of the globular proteins 
and more clearly related to their function, which is the 
maintenance of either a rigid or a flexible structure.

STRUCTURAL PROTEINS
Scleroproteins. Collagen. Collagen is the structural pro­

tein of bones, tendons, ligaments, and skin. For many 
years collagen was considered to be insoluble in water.
Part of the collagen of calf skin, however, can be extracted 
with citrate buffer at pH 3.7. A precursor of collagen called 
procollagen is converted in the body into collagen. Pro- 
collagen has a molecular weight of 120,000. Cleavage of 
one or a few peptide bonds of procollagen yields collagen, 
which has three subunits, each with a molecular weight 
of 95,000; therefore, the molecular weight of collagen is
285,000 (3 X 95,000). The three subunits are wound as Struc- 
spirals around an elongated straight axis. The length of ture of 
each subunit is 2,900 angstroms, and its diameter is ap- collagen 
proximately 15 angstroms. The three chains are staggered, 
so that the trimer has no definite terminal limits.
The amino acid composition of collagen is shown in 

Table 1. It differs from all other proteins in its high content 
of proline and hydroxyproline. Hydroxyproline does not 
occur in significant amounts in any other protein except 
elastin. Most of the proline in collagen is present in the 
sequence glycirie-proline-T, in which X  is frequently ala­
nine or hydroxyproline. Collagen does not contain cystine 
or tryptophan and therefore cannot substitute for other 
proteins in the diet. The presence of proline causes kinks

Table 1: Amino Acid Content of Some Proteins

amino acid* protein
a-casein gliadin edestin collagen 

(ox hide)
keratin
(wool)

myosin

Lysine 60.9 4.45 19.9 27.4 6 . 2 85
Histidine 18.7 11.7 18.6 4.5 19.7 15
Arginine 24.7 15.7 99.2 47.1 56.9 41
Aspartic acidf 63.1 1 0 . 1 99.4 51.9 51.5 85
Threonine 41.2 17.6 31.2 19.3 55.9 41
Serine 63.1 46.7 55.7 41.0 79.5 41
Glutamic acidf 153.1 311.0 144.9 76.2 99.0 155
Proline 71.3 117.8 32.9 125.2 58.3 2 2

Glycine 37.3 — 6 8 . 0 354.6 78.0 39
Alanine 41.5 23.9 57.7 115.7 43.8 78
Half cystine 3.6 21.3 10.9 0 . 0 105.0 8 6

Valine 53.8 22.7 54.6 21.4 46.6 42
Methionine 16.8 11.3 16.4 6.5 4.0 2 2

Isoleucine 48.8 90.8 f 41.9 14.5 29.0 42
Leucine 60.3 60.0 28.2 59.9 79
Tyrosine 44.7 17.7 26.9 5.5 28.7 18
Phenylalanine 27.9 • 39.0 38.4 13.9 22.4 27
Tryptophan 7.8 3.2 6 . 6 0 . 0 9.6 —
Hydroxyproline 0 . 0 0 . 0 0 . 0 97.5 1 2 . 2 —
Hydroxylysine — — — 8 . 0 1 .2 —
Total 839 765 883 1,058 863 832
Average residual 

weight
119 131 113 95 117 1 2 0

* Number of amino acids is given per 100,000 daltons of protein—i .e ., the 
number of gram molecules of amino acid per 1 0 0 , 0 0 0  grams of protein. 
fThe values for aspartic and glutamic acid include asparagine and 
glutamine, respectively. flsoleucine plus leucine.
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in the peptide chain and thus reduces the length of the 
amino acid unit from 3.7 angstroms in the extended chain 
of the ß-structure to 2.86 angstroms in the collagen chain. 
In the intertwined triple helix, the lycines are inside, close 
to the axis; the prolines are outside.

Native collagen resists the action of trypsin but is hydro- 
lyzed by the bacterial enzyme collagenase. When collagen 
is boiled with water, the triple helix is destroyed, and the 
subunits are partially hydrolyzed; the product is gelatin. 
The unfolded peptide chains of gelatin trap large amounts 
of water, resulting in a hydrated molecule.

When collagen is treated with tannic acid or with 
chromium salts, cross links form between the collagen 
fibres, and it becomes insoluble; the conversion of hide 
into leather is based on this tanning process. The tanned 
material is insoluble in hot water and cannot be converted 
to gelatin. On exposure to water at 62° to 63° C (144° to 
145° F), however, the cross links formed by the tanning 
agents collapse, and the leather contracts irreversibly to 
about one-third its original volume.

Collagen seems to undergo an aging process in living or­
ganisms that may be caused by the formation of cross links 
between collagen fibres. They are formed by the conver­
sion of some lysine side chains to aldehydes (compounds 
with the general structure RCHO), and the combination 
of the aldehydes with the e-amino groups of intact lysine 
side chains. The protein elastin, which occurs in the elas­
tic fibres of connective tissue, contains similar cross links 
and may result from the combination of collagen fibres 
with other proteins. When cross-linked collagen or elastin 
is degraded, products of the cross-linked lysine fragments, 
called desmosins and isodesmosins, are formed.

Keratin. Keratin, the structural protein of epithelial 
cells in the outermost layers of the skin, has been isolated 
from hair, nails, hoofs, and feathers. Keratin is completely 
insoluble in cold or hot water; it is not attacked by pro- 
teolytic enzymes (i.e., enzymes that break apart, or lyse, 
protein molecules), and therefore cannot replace proteins 
in the diet. The great stability of keratin results from 
the numerous disulfide bonds of cystine. The amino acid 
composition of keratin differs from that of collagen (see 
Table 1). Cystine may account for 24 percent of the total 

Pleated- amino acids. The peptide chains of keratin are arranged 
sheet in approximately equal amounts of antiparallel and paral-
structure lel pleated sheets, in which the peptide chains are linked
of keratin to each other by hydrogen bonds between the carbonyl

(> C = 0 ) and imino (^NH) groups.
Reduction of the disulfide bonds to sulfhydryl groups 

results in dissociation of the peptide chains, the molecular 
weight of which is 25,000 to 28,000 each. The formation 
of permanent waves in the beauty treatment of hair is 
based on partial reduction of the disulfide bonds of hair 
keratin by thioglycol, or some other mild reducing agent, 
and subsequent oxidation of the sulfhydryl groups (—SFI) 
in the reoriented hair to disulfide bonds (—S—S—) by 
exposure to the oxygen of the air.

The length of keratin fibres depends on their water con­
tent. They can bind approximately 16 percent of water; 
this hydration is accompanied by an increase in the length 
of the fibres of 10 to 12 percent.

The most thoroughly investigated keratin is hair ker­
atin, particularly that of wool. It consists of a mixture of 
peptides with high and low cystine content. When wool 
is heated in water to about 90° C (190° F), it shrinks 
irreversibly. This is attributed to the breakage of hydrogen 
bonds and other noncovalent bonds; disulfide bonds do 
not seem to be affected.

Others. The most thoroughly investigated scleroprotein 
has been fibroin, the insoluble material of silk. The raw 
silk comprising the cocoon of the silkworm consists of 
two proteins. One, sericin, is soluble in hot water; the 
other, fibroin, is not. The amino acid composition of the 
latter differs from that of all other proteins. It contains 
large amounts of glycine, alanine, tyrosine, and serine; 
small amounts of the other amino acids; and no sulfur- 
containing ones. The peptide chains are arranged in an- 
tiparallel ß-structures. Fibroin is partly soluble in concen­
trated Solutions of lithium thiocyanate or in mixtures of 
cupric salts and ethylene diamine. Such Solutions contain

a protein of molecular weight 170,000, which is a dimer 
of two subunits.

Little is known about either the scleroproteins of the 
marine sponges or the insoluble proteins of the cellular 
membranes of animal cells. Some of the membranes are 
soluble in detergents; the membrane of the red blood cells 
contains an insoluble membrane protein that consists of a 
single peptide chain of molecular weight 200,000.

The muscle proteins. The total amount of muscle pro­
teins in mammals, including man, exceeds that of any 
other protein. About 40 percent of the body weight of a 
healthy human adult weighing about 70 kilograms (150 
pounds) is muscle, which is composed of about 20 percent 
muscle protein. Thus, the human body contains about five 
to six kilograms (11 to 13 pounds) of muscle protein. An 
albumin-like fraction of these proteins, originally called 
myogen, contains various enzymes—phosphorylase, aldol- 
ase, glyceraldehyde phosphate dehydrogenase, and others; 
it does not seem to be involved in contraction. The 
globulin fraction contains myosin, the contractile protein, 
which also occurs in blood platelets, small bodies found 
in blood. Similar contractile substances occur in other Occurrence 
contractile structures; for example, in the cilia or flagella of 
(whiplike organs of locomotion) of bacteria and proto- contractile 
zoans. In contrast to the scleroproteins, the contractile proteins 
proteins are soluble in salt Solutions and susceptible to 
enzymatic digestion.

The energy required for muscle contraction is provided 
by the oxidation of carbohydrates or lipids. The term 
mechano-chemical reaction has been used for this con­
version of Chemical into mechanical energy. Although 
the molecular process underlying the reaction is not yet 
completely understood, it is known to involve the fibrous 
muscle proteins, the peptide chains of which undergo a 
change in conformation during contraction.

Myosin, which can be removed from fresh muscle by 
adding it to a chilled solution of dilute potassium chloride 
and sodium bicarbonate, is insoluble in water. Myosin,
Solutions of which are highly viscous, consists of an elon­
gated—probably double-stranded—peptide chain, which 
is coiled at both ends in such a way that a terminal globule 
is formed. The length of the molecule is approximately 
160 nanometres and its average diameter 2.6 nanometres.
The equivalent weight of each of the two terminal globules 
is approximately 30,000; the molecular weight of myosin 
is close to 500,000. Trypsin splits myosin into large frag­
ments called meromyosin. Myosin contains many amino 
acids with positively and negatively charged side chains 
(see Table 1); they form 18 and 16 percent, respectively, 
of the total number of amino acids. Myosin catalyzes 
the hydrolytic cleavage of atp (adenosine triphosphate). A 
smaller protein with properties similar to those of myosin 
is tropomyosin. It has a molecular weight o f 70,000 and 
dimensions of 45 by 2 nanometres. More than 90 percent 
of its peptide chains are present in the a-helix form.

Myosin combines easily with another muscle protein 
called actin, the molecular weight of which is about 50,- 
000; it forms 12 to 15 percent of the muscle proteins.
Actin can exist in two forms—one, G-actin, is globular; 
the other, F-actin, is fibrous. Actomyosin is a complex 
molecule formed by one molecule of myosin and one 
or two molecules of actin. In muscle, actin and myosin 
filaments are oriented parallel to each other and to the 
long axis of the muscle. The actin filaments are linked to 
each other lengthwise by fine threads called S filaments.
During contraction the S filaments shorten, so that the 
actin filaments slide toward each other, past the myosin 
filaments, thus causing a shortening of the muscle (for a 
detailed description of the process see muscles and mus­
cle systems: Muscle contraction).

Fibrinogen and fibrin. Fibrinogen, the protein of the 
blood plasma, is converted into the insoluble protein fi­
brin during the clotting process. The fibrinogen-free fluid 
obtained after removal of the clot, called blood serum, is 
blood plasma minus fibrinogen. The fibrinogen content of 
the blood plasma is 0.2 to 0.4 percent.

Fibrinogen can be precipitated from the blood plasma by 
half-saturation with sodium chloride. Fibrinogen Solutions 
are highly viscous and show strong flow birefringence. In
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electron micrographs the molecules appear as rods with a 
length of 47.5 nanometres and a diameter of 1.5 nano­
metres; in addition, two terminal and a central nodule are 
visible. The molecular weight is 340,000. An unusually 
high percentage, about 36 percent, of the amino acid side 
chains are positively or negatively charged.

The clotting process is initiated by the enzyme throm- 
bin, which catalyzes the breakage of a few peptide bonds 
of fibrinogen; as a result, two small fibrinopeptides with 
molecular weights of 1,900 and 2,400 are released. The re­
mainder of the fibrinogen molecule, a monomer, is soluble 
and stable at pH values less than 6 (i.e., in acid Solutions). 
In neutral solution (pH 7) the monomer is converted into 
a larger molecule, insoluble fibrin; this results from the 
formation of new peptide bonds. The newly formed pep­
tide bonds form intermolecular and intramolecular cross 
links, thus giving rise to a large clot, in which all mole­
cules are linked to each other. Clotting, which takes place 
only in the presence of calcium ions, can be prevented by 
compounds such as oxalate or citrate, which have a high 
affinity for calcium ions.

ALBUMINS, GLOBULINS, AND OTHER SOLUBLE PROTEINS
The blood plasma, the lymph, and other animal fluids 
usually contain one to seven grams of protein per 100 mil- 
lilitres of fluid, which includes small amounts of hundreds 
of enzymes and a large number of protein hormones. The 
discussion below is limited largely to the proteins that 
occur in large amounts and can be easily isolated from 
the body fluids. For further information on enzymes and 
hormones, see below Enzymes and Hormones.

Proteins of the blood serum. Human blood serum con­
tains about 7 percent protein, two-thirds of which is in 
the albumin fraction; the other third is in the globulin 
fraction. Electrophoresis of serum reveals a large albumin 
peak and three smaller globulin peaks, the alpha-, bèta-, 
and gamma-globulins. The amounts of alpha-, bèta-, and 
gamma-globulin in normal human serum are approxi­
mately 1.5, 1.9, and 1.1 percent, respectively. Each glob­
ulin fraction is a mixture of many different proteins, as 
has been demonstrated by immuno-electrophoresis. In this 
method, the serum of a rabbit injected with human serum 
is allowed to diffuse into the four protein bands— albu­
min, alpha-, bèta-, and gamma-globulin—obtained from 
the electrophoresis of human serum. Because the rabbit 
has previously been injected with human serum, its blood 
contains antibodies (substances formed in response to a 
foreign substance introduced into the body) against each of 
the human serum proteins; each antibody combines with 
the serum protein (antigen) that caused its formation in 
the rabbit. The result is the formation of about 20 regions 
of insoluble antigen-antibody precipitate, which appear as 
white arcs in the transparent gel of the electrophoresis 
medium. Each region corresponds to a different human 
serum protein.

Serum albumin is much less heterogeneous (i.e., contains 
fewer distinct proteins) than are the globulins; in fact, it 
is one of the few serum proteins that can be obtained in 
a crystalline form. Serum albumin combines easily with 
many acidic dyes (e.g., Congo red and methyl orange); 
with bilirubin, the yellow bile pigment; and with fatty 
acids. It seems to act, in living organisms, as a carrier 
for certain biological substances. Present in blood serum 
in relatively high concentration, serum albumin also acts 
as a protective colloid, a protein that stabilizes other pro­
teins. Albumin (molecular weight of 68,000) has a single 
free sulfhydryl (—SH) group, which on oxidation forms a 
disulfide bond with the sulfhydryl group of another serum 
albumin molecule, thus forming a dimer. The isoelectric 
point of serum albumin is pH 4.7.

The alpha-globulin fraction of blood serum is a mixture 
of several conjugated proteins. The best known are an 
a-lipoprotein (combination of lipid and protein) and two 
mucoproteins (combinations of carbohydrate and pro­
tein). One mucoprotein is called orosomucoid, or a,-acid 
glycoprotein; the other is called haptoglobin because it 
combines specifically with globin, the protein component 
of hemoglobin. Haptoglobin contains about 20 percent 
carbohydrate.

The beta-globulin fraction of serum contains, in addi­
tion to lipoproteins and mucoproteins, two metal-binding 
proteins, transferrin and ceruloplasmin, which bind iron 
and copper, respectively. They are the principal iron and 
copper carriers of the blood.

The gamma-globulins are the most heterogeneous glob­
ulins. Although most have a molecular weight of approx­
imately 150,000, that of some, called macroglobulins, is 
as high as 800,000. Because typical antibodies are of the 
same size and exhibit the same electrophoretic behaviour 
as y-globulins, they are called immunoglobulins. The des- 
ignation IgM or gamma M (yM) is used for the macro­
globulins; the designation IgG or gamma G (yG) is used 
for y-globulins of molecular weight 150,000.

Milk proteins. Milk contains the following: an albu­
min, a-lactalbumin; a globulin, beta-lactoglobulin; and a 
phosphoprotein, casein. If acid is added to milk, casein 
precipitates. The remaining watery liquid (the supernatant 
solution), or whey, contains lactalbumin and lactoglob- 
ulin. Both have been obtained in crystalline form; their 
molecular weights are 16,000 and 18,500, respectively. 
Lactoglobulin also occurs as a dimer of molecular weight
37,000. Small variations known to occur in the amino 
acid composition of lactoglobulin result from genetic 
variations. The amino acid composition and the tertiary 
structure of lactalbumin resemble that o f lysozyme, an egg 
protein (see below).

Casein is precipitated not only by the addition of acid 
but also by the action of the enzyme rennin, which is 
found in gastric juice. Rennin from calf stomachs is used 
to precipitate casein, from which cheese is made. Milk 
fat precipitates with casein; milk sugar, however, remains 
in the supernatant (whey). Casein is a mixture of several 
similar phosphoproteins, called a-, ß-, y-, and K-casein, 
all of which contain some serine side chains combined 
with phosphoric acid. Approximately 75 percent of ca­
sein is a-casein (see Table 1). Cystine has been found 
only in K-casein. In milk, casein seems to form polymeric 
globules (micelles) with radially arranged monomers, each 
with a molecular weight of 24,000; the acidic side chains 
occur predominantly on the surface of the micelle, rather 
than inside.

Egg proteins. About 50 percent of the proteins of egg 
white are composed of ovalbumin, which is easily ob­
tained in crystals. lts molecular weight is 46,000 and 
its amino acid composition differs from that of serum 
albumin. Other proteins of egg white are conalbumin, ly­
sozyme, ovoglobulin, ovomucoid, and avidin. Lysozyme 
is an enzyme that hydrolyzes the carbohydrates found in 
the capsules certain bacteria secrete around themselves; it 
causes lysis (disintegration) of the bacteria. The molecular 
weight of lysozyme is 14,100; its amino acid composi­
tion is shown in Table 2. Its three-dimensional structure, 
shown in Figure 5, is similar to that of a-lactalbumin, 
which stimulates the formation of lactose by the enzyme 
lactose synthetase. Lysozyme has also been found in the 
urine of patients suffering from leukemia.

Avidin is a glycoprotein that combines specifically with 
biotin, a vitamin. In animals fed large amounts of raw egg 
white, the action of avidin results in “egg-white injury.” 
The molecular weight of avidin, which forms a tetramer, 
is 16,200. Its amino acid sequence is known.

Egg-yolk proteins contain a mixture of lipoproteins 
and livetins. The latter are similar to serum albumin, 
a-globulin, and ß-globulin. The yolk also contains a phos­
phoprotein, phosvitin. Phosvitin, which has also been 
found in fish sperm, has a molecular weight of 40,000 
and an unusual amino acid composition; one third of its 
amino acids are phosphoserine.

Protamines and histones. Protamines are found in the 
sperm cells of fish. The most thoroughly investigated prot­
amines are salmine from salmon sperm and clupeine from 
herring sperm. The protamines are bound to deoxyribonu- 
cleic acid (dna), forming nucleoprotamines. The amino 
acid composition of the protamines is simple; they contain, 
in addition to large amounts o f arginine, small amounts 
of five or six other amino acids. The composition of the 
salmine molecule, for example, is: Arg5l, Ala4, Val4, Ile„ 
Pro7, and Ser6, in which the subscript numbers indicate

Composi­
tion
of casein
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Figure 5: Conformation of lysozyme. Lysozyme from hen s 
egg white has a single peptide chain of 129 amino acids. The 
diagram shows the structure in simplified form. The amino 
acid residues are numbered from the terminal a  amino group 
(N) to the terminal carboxyl group (C). Every fifth residue 
is shown by a circle, and every tenth residue is numbered.
The four disulfide bridges are shown by broken lines.
Alpha-helices are visible in the ranges 25 to 35, 90 to 100, 
and 120 to 125.

Protamine the number of each amino acid in the molecule. Because 
compo- of the high arginine content, the isoelectric points of the
sition protamines are at pH values of 11 to 12; i.e., the pro­

tamines are alkaline. The molecular weights of salmine 
and clupeine are close to 6,000. Alt of the protamines in­
vestigated thus far are mixtures of several similar proteins.
The histones are less basic than the protamines. They 

contain high amounts of either lysine or arginine and 
small amounts of aspartic acid and glutamic acid. His­
tones occur in combination with dna as nucleohistones 
in the nuclei of the body cells of animals and plants, but 
not in animal sperm. The molecular weights of histones 
vary from 10,000 to 22,000. In contrast to the protamines, 
the histones contain most of the 20 amino acids, with the 
exception of tryptophan and the sulfur-containing ones. 
Like the protamines, histone preparations are heteroge­
neous mixtures. The amino acid sequence of some of the 
histones has been determined.

Plant proteins. Plant proteins, mostly globulins, have 
been obtained chiefly from the protein-rich seeds of ce- 
reals and legumes. Small amounts of albumins are found 
in seeds. The best known globulins, insoluble in water, 
can be extracted from seeds by treatment with 2 to 10 
percent Solutions of sodium chloride. Many plant globu­
lins have been obtained in crystalline form; they include 
edestin from hemp, molecular weight 310,000; amandin 
from almonds, 330,000; concanavalin A (42,000) and B 
(96,000); and canavalin (113,000) from jack beans. They 
are polymers of smaller subunits; edestin, for example, 
is a hexamer of a subunit with a molecular weight of
50,000, and concanavalin B a trimer of a subunit with 
a molecular weight of 30,000. After extraction of lipids 
from cereal seeds by ether and alcohol, further extraction 
with water containing 50 to 80 percent of alcohol yields 
proteins that are insoluble in water but soluble in water- 
ethanol mixtures and have been called prolamins. Their 
solubility in aqueous ethanol may result from their high 
proline and glutamine content (see Table 1). Gliadin, the 
prolamin from wheat, contains 14 grams of proline and 
46 grams of glutamic acid in 100 grams of protein; most 
of the glutamic acid is in the form of glutamine. The total 
amounts of the basic amino acids (arginine, lysine, and 
histidine) in gliadin are only 5 percent of the weight of 
gliadin. None of the prolamins has yet been obtained in

a pure crystalline state. Because the lysine content is ei­
ther low or nonexistent, human populations dependent on 
grain as a sole protein source suffer from lysine deficiency.

CONJUGATED PROTEINS
Combination of proteins with prosthetic groups. The

link between a protein molecule and its prosthetic group 
is a covalent (electron-sharing) bond in the glycopro- 
teins, the biliproteins, and some of the heme proteins. In 
lipoproteins, nucleoproteins, and some heme proteins, the 
two components are linked by noncovalent bonds; the 
bonding results from the same forces that are responsible 
for the tertiary structure of proteins: hydrogen bonds, salt 
bridges between positively and negatively charged groups, Chemical 
disulfide bonds, and mutual interaction of hydrophobic bonding in 
groups. In the metalloproteins (proteins with a metal ele- conjugated 
ment as a prosthetic group), the metal ion usually forms proteins 
a centre to which various groups are bound.

Some of the conjugated proteins have been mentioned in 
preceding sections because they occur in the blood serum, 
in milk, and in eggs; others are discussed below in sections 
dealing with respiratory proteins and enzymes.

Mucoproteins and glycoproteins. The prosthetic groups 
in mucoproteins and glycoproteins are Oligosaccharides 
(carbohydrates consisting o f  a small number of simple 
sugar molecules) usually containing from four to 12 sugar 
molecules; the most common sugars are galactose, man- 
nose, glucosamine, and galactosamine. Xylose, fucose, 
glucuronic acid, sialic acid, and other simple sugars some­
times also occur. Some mucoproteins contain 20 percent 
or more of carbohydrate, usually in several Oligosaccha­
rides attached to different parts of the peptide chain. The 
designation mucoprotein is used for proteins with more 
than 3 to 4 percent carbohydrate; if the carbohydrate con­
tent is less than 3 percent, the protein is sometimes called 
a glycoprotein or simply a protein.

Mucoproteins, highly viscous proteins originally called 
mucins, are found in saliva, in gastric juice, and in other 
animal secretions. Mucoproteins occur in large amounts in 
cartilage, synovial fluid (the lubricating fluid of joints and 
tendons), and egg white. The mucoprotein of cartilage is 
formed by the combination of collagen with chondroitin- 
sulfuric acid, which is a polymer of either glucuronic 
or iduronic acid and acetylhexosamine or acetylgalactos- 
amine. It is not yet clear whether or not Chondroitinsulfate 
is bound to collagen by covalent bonds.

Lipoproteins and proteolipids. The bond between the 
protein and the lipid portion of lipoproteins and prote­
olipids is a noncovalent one. It is believed that some of 
the lipid is enclosed in a meshlike arrangement of peptide 
chains and becomes accessible for reaction only after the 
unfolding of the chains by denaturing agents. Although

Table 2: Number of Amino Acids per Protein Molecule

amino acid protein*
Cyto Hb oc Hb ß RNase Lys Chgen Fdox

Lysine 18 1 1 1 1 1 0 6 14 4
Histidine 3 1 0 9 4 1 2 1

Arginine 2 3 3 4 1 1 4 1

Aspartic acidf 8 1 2 13 15 2 1 23 13
Threonine 7 9 7 1 0 7 23 8

Serine 2 1 1 5 15 1 0 28 7
Glutamic acidf 1 0 5 1 1 1 2 5 15 13
Proline 4 7 7 4 2 9 4
Glycine 13 7 13 3 1 2 23 6

Alanine 6 2 1 15 1 2 1 2 2 2 9
Half cystine 2 1 2 8 8 1 0 5
Valine 3 13 18 9 6 23 7
Methionine 3 2 1 4 2 2 0

Isoleucine 8 0 0 3 6 1 0 4
Leucine 6 18 18 2 8 19 8

Tyrosine 5 3 3 6 3 4 4
Phenylalanine 3 7 8 3 3 6 2

Tryptophan 1 1 2 0 6 8 1

Total 104 141 146 124 129 245 97
*Cyto = human cytochrome c \ Hb a  — human hemoglobin A, 
«-chain; Hb ß = human hemoglobin A, /3-chain; RNase = bovine 
ribonuclease; Lys = chicken lysozyme; Chgen = bovine 
chymotrypsinogen; Fdox = spinach ferredoxin. fThe values 
recorded for aspartic and glutamic acid include asparagine and 
glutamine.
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lipoproteins in the a- and ß-globulin fraction of blood 
serum are soluble in water (but insoluble in organic sol­
vents), some of the brain lipoproteins, because they have 
a high lipid content, are soluble in organic solvents; they 
are called proteolipids. The ß-lipoprotein of human blood 
serum is a macroglobulin with a molecular weight of about
1,300,000, 70 percent of which is lipid; of the lipid, about 
30 percent is phospholipid and 40 percent cholesterol and 
compounds derived from it. Because of their lipid content, 
the lipoproteins have the lowest density (mass per unit 
volume) of all proteins and are usually classified as low- 
and high-density lipoproteins (ldl and hdl).

Coloured lipoproteins are formed by the combination 
of protein with carotenoids. Crustacyanin, the pigment 
of lobsters, crayfish, and other crustaceans, contains asta- 
xanthin, which is a compound derived from carotene. 
Among the most interesting of the coloured lipoproteins 
are the pigments of the retina of the eye. They con­
tain retinal, which is a compound derived from carotene 
and which is formed by the oxidation of vitamin A. In 
rhodopsin, the red pigment of the retina, the aldehyde 
group (—CHO) of retinal forms a covalent bond with an 
amino (—NH2) group of opsin, the protein carrier. Colour 
vision is mediated by the presence of several visual pig­
ments in the retina that differ from rhodopsin either in 
the structure of retinal or in that of the protein carrier.

Metalloproteins. Proteins in which heavy metal ions 
are bound directly to some o f the side chains of histidine, 
cysteine, or some other amino acid are called metallopro­
teins. Two metalloproteins, transferrin and ceruloplasmin, 
occur in the globulin fractions of blood serum; they act as 
carriers of iron and copper, respectively. Transferrin has a 
molecular weight of 84,000 and consists of two identical 
subunits, each of which contains one ferric ion (Fe3+) that 
seems to be bound to tyrosine. Several genetic variants 
of transferrin are known to occur in man. Another iron 
protein, ferritin, which contains 20 to 22 percent iron, 
is the form in which iron is stored in animals; it has 
been obtained in crystalline form from liver and spleen. 
A molecule consisting of 20 subunits, its molecular weight 
is approximately 480,000. The iron can be removed by 
reduction from the ferric (Fe3+) to the ferrous (Fe2+) state. 
The iron-free protein, apoferritin, is synthesized in the 
body before the iron is incorporated.

Green plants and some photosynthetic and nitrogen- 
fixing bacteria {i.e., bacteria that convert atmospheric ni­
trogen, N2, into amino acids and proteins in their own 
bodies) contain various ferredoxins. They are small pro­
teins containing 50 to 100 amino acids (see Table 2) and 
a chain of iron and disulfide units (FeS2), in which some 
of the sulfur atoms are contributed by cysteine; others are 
sulfide ions (S2~). The number of FeS2 units per ferredoxin 
molecule varies from five in the ferredoxin of spinach to 
10 in the ferredoxin of certain bacteria. Ferredoxins act as 
electron carriers in photosynthesis and in nitrogen fixation.

Ceruloplasmin is a copper-containing globulin with a 
molecular weight of 151,000; the molecule consists of eight 
subunits, each containing one copper ion. Ceruloplasmin 
is the principal carrier of copper in organisms, although 
copper can also be transported by the iron-containing 
globulin transferrin. Another copper-containing protein, 
erythrocuprein (molecular weight 64,000), has been iso­
lated from red blood cells; it has also been found in 
the liver and the brain. The molecule, which consists of 
four subunits with a molecular weight of 16,000 each, 
contains four copper and four zinc ions. Because of their 
copper content, ceruloplasmin and erythrocuprein may 
have some catalytic activity in oxidation-reduction reac­
tions. Another copper-containing protein, hemocyanin, is 
described below (see Respiratory proteins).

Many animal enzymes contain zinc ions, which are usu­
ally bound to the sulfur of cysteine. Horse kidneys con­
tain the protein metallothionein, which contain zinc and 
cadmium; both are bound to sulfur. A vanadium-protein 
complex (homovanadin) has been found in surprisingly 
high amounts in yellowish-green cells (vanadocytes) of tu- 
nicates, which are marine invertebrates.

Heme proteins and other chromoprot eins. Although the 
heme proteins contain iron, they are usually not classified

as metalloproteins, because their prosthetic group is an 
iron-porphyrin complex in which the iron is bound very 
firmly. The intense red or brown colour of the heme pro­
teins is not caused by iron but by porphyrin, a complex 
cyclic structure. All porphyrin compounds absorb light 
intensely at or close to 410 nanometres. Porphyrin con­
sists of four pyrrole rings (five-membered closed structures 
containing one nitrogen and four carbon atoms) linked to 
each other by methine groups (—CH=). The iron atom is 
kept in the centre of the porphyrin ring by interaction with 
the four nitrogen atoms. The iron atom can combine with 
two other substituents; in oxyhemoglobin, one substituent 
is a histidine of the protein carrier, the other is an oxy­
gen molecule. In some heme proteins, the protein is also 
bound covalently to the side chains of porphyrin. Heme 
proteins are described below (see Respiratory proteins and 
Oxidoreductases).

Little is known about the structure of the chromoprotein 
melanin, a pigment found in dark skin, dark hair, and 
melanotic tumours. It is probably formed by the oxidation 
of tyrosine, which results in the formation of red, brown, 
or dark-coloured derivatives.

Green chromoproteins called biliproteins are found in 
many insects, such as grasshoppers, and also in the egg- 
shells of many birds. The biliproteins are derived from 
the bile pigment biliverdin, which in turn is formed from 
porphyrin; biliverdin contains four pyrrole rings and three 
of the four methine groups of porphyrin. Large amounts 
of biliproteins, the molecular weights of which are about
270,000, have been found in red and blue-green algae; the 
red protein is called phycoerythrin, the blue one phyco- 
cyanobilin. Phycocyanobilin consists of eight subunits with 
a molecular weight of 28,000 each; about 89 percent of the 
molecule is protein with a large amount of carbohydrate.

Nucleoproteins. When a protein solution is mixed with 
a solution of a nucleic acid, the phosphoric acid com­
ponent of the nucleic acid combines with the positively 
charged ammonium groups (—NH3H ) of the protein to 
form a protein-nucleic acid complex. The nucleus of a 
cell contains predominantly deoxyribonucleic acid (dna) 
and the cytoplasm predominantly ribonucleic acid (rna); 
both parts of the cell also contain protein. Protein-nucleic 
acid complexes, therefore, form in living cells. It has not 
yet been definitely established whether the protein-nu­
cleic acid complexes isolated from biological material are 
indeed formed during the life of the organism or whether 
they are artifacts produced during the isolation procedure.

The only nucleoproteins for which some evidence for 
specificity exists are nucleoprotamines, nucleohistones, 
and some rna and dna viruses. The nucleoprotamines 
are the form in which protamines occur in the sperm cells 
of fish; the histones of the thymus and of pea seedlings 
and other plant material apparently occur predominantly 
as nucleohistones. Both nucleoprotamines and nucleohis­
tones contain only dna .

Some of the simplest viruses consist of a specific rna, 
which is coated by protein. One of the best known rna 
viruses, tobacco mosaic virus (tmv), has the shape of a 
rod. rna comprises only 5.1 percent of the mass of the 
virus. The complete sequence of the virus protein, which 
consists of about 2,130 identical peptide chains, each 
containing 158 amino acids, has been determined. The 
protein is arranged in a spiral around the rna core.

dna has been found in most bacterial viruses (bacte- 
riophages) and in some animal viruses. As in tmv, the 
core of dna is surrounded by protein. Phage protein is a 
mixture of enzymes and therefore cannot be considered 
as the protein portion of only one nucleoprotein.

Respiratory proteins. Hemoglobin. Hemoglobin is the 
oxygen carrier in all vertebrates and some invertebrates. In 
oxyhemoglobin (H b02), which is bright red, the ferrous ion 
(Fe2+) is bound to the four nitrogen atoms of porphyrin; 
the other two substituents are an oxygen molecule and the 
histidine of globin, the protein component of hemoglobin. 
Deoxyhemoglobin (deoxy-Hb), as its name implies, is 
oxyhemoglobin minus oxygen (i.e., reduced hemoglobin); 
it is purple in colour. Oxidation of the ferrous ion of 
hemoglobin yields a ferric compound, methemoglobin, 
sometimes called hemiglobin or ferrihemoglobin. The oxy-
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C.S.N.L.S.T.C.V.L.S.A.Y.W.K.D.L.N.N.Y.H.R.F.S.G.M.G.F.G.P.E.T.P(CONH2)
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Formula 7: The amino acid sequence of human calcitonin. At the left end the line represents 
the disulfide bond. At the right end (CONH2) indicates that the C terminal proline is 
present as prolinamide.
gen of oxyhemoglobin can be displaced by carbon monox- 
ide, for which hemoglobin has a much greater affinity, 
preventing oxygen from reaching the body tissues.

The hemoglobins of all mammals, birds, and many other 
vertebrates are tetramers of two a- and two ß-chains (see 
Table 2). The molecular weight of the tetramer is 64,500; 
the molecular weight of the a- and ß-chains is approx­
imately 16,100 each, and the four subunits are linked 
to each other by noncovalent interactions. If hemin (the 
ferric porphyrin component) is removed from globin (the 
protein component), two molecules of globin, each con­
sisting of one a- and one ß-chain, are obtained; the molec­
ular weight of globin is 32,200. In contrast to hemoglobin, 
globin is an unstable protein that is easily denatured. If 
native globin is incubated with a solution of hemin at pH 
values of 8 to 9, native hemoglobin is reconstituted. Both 
the hemoglobin of the lamprey and the myoglobin, the 
red pigment of mammalian muscles, are monomers with 
a molecular weight of 16,000.

The mammalian hemoglobins differ from each other in 
their amino acid composition and therefore in their sec­
ondary and tertiary structure. Rat and horse hemoglobin 
crystallize very easily, but those of man, cattle, and sheep, 
because they are more soluble, are difficult to crystal­
lize. The shape of hemoglobin crystals varies in different 
species; moreover, decomposition and denaturation occur 
at different rates in different species. It was also found 
that the blood of newborn children contains two different 
hemoglobins, about 20 percent of an adult hemoglobin 
(hemoglobin A) and 80 percent of a fetal hemoglobin 
(hemoglobin F). Hemoglobin F persists in the child for 
the first seven months of life. The same hemoglobin F has 
also been found in the blood of patients suffering from 
thalassemia, an anemia that occurs in the countries of 
Southern Europe. Hemoglobin F contains, as does hemo­
globin A, two a-chains; the two ß-chains, however, have 
been replaced by two quite different y-chains. When the 
technique of electrophoresis was first applied to the hemo­
globin of blacks suffering from sickle cell anemia in 1949, 
a new hemoglobin (hemoglobin S) was discovered. More 
than 100 different human hemoglobins now are known. 
They differ from normal hemoglobin A in the amino acid 
composition of either the a- or the ß-chain.

The hemoglobins of some of the lowest fishes are mono­
mers containing one iron atom per molecule. Hemoglobin- 
like respiratory proteins have been found in some inver­
tebrates. The red hemoglobin of insects, mollusks, and 
protozoans is called erythrocruorin. It differs from verte­
brate hemoglobin by its high molecular weight.

Although green plants contain no hemoglobin, a red 
protein, called leg-hemoglobin, has been discovered in the 
root nodules of leguminous plants. It seems to be produced 
by the nitrogen-fixing bacteria of the root nodules and 
may be involved in the reduction of atmospheric nitrogen 
to ammonia and amino acids.

Other respiratory proteins. A green respiratory protein, 
chlorocruorin, has been found in the blood of the marine 
worm Spirographis. It has the same high molecular weight 
as erythrocruorin, but differs from hemoglobin in its 
prosthetic group. A red metalloprotein, hemerythrin, acts 
as a respiratory protein in marine worms of the phylum

Sipuncula. The molecule consists of eight subunits with 
a molecular weight of 13,500 each. Hemerythrin contains 
no porphyrins and therefore is not a heme protein.

A metalloprotein containing copper is the respiratory 
protein of crustaceans (shrimps, crabs, etc.) and of some 
gastropods (snails). The protein, called hemocyanin, is 
pale yellow when not combined with oxygen, and blue 
when combined with oxygen. The molecular weights of 
hemocyanins vary from 300,000 to 9,000,000. Each ani­
mal investigated thus far apparently has a species-specific 
hemocyanin.

PROTEIN HORMONES
Some hormones that are products of endocrine glands are 
proteins or peptides; others are steroids. (The origin of 
hormones, their physiological role, and their mode of ac­
tion are dealt with below in the section Hormones.) None 
of the hormones has any enzymatic activity. Each has 
a target organ in which it elicits some biological action; 
e.g., secretion of gastric or pancreatic juice, production of 
milk, production of steroid hormones. The mechanism by 
which the hormones exert their effects is not fully under­
stood. Cyclic adenosine monophosphate is involved in the 
transmittance of the hormonal stimulus to the cells whose 
activity is specifically increased by the hormone.

Hormones of the thyroid gland. Thyroglobulin, the ac­
tive groups of which are two molecules of the iodine- 
containing compound thyroxine (see Figure 1), has a 
molecular weight of 670,000.

Thyroglobulin also contains thyroxine with two and 
three iodine atoms instead of the four shown in Figure 
1, and trosine, with one and two iodine atoms. Injection 
of the hormone causes an increase in metabolism; lack 
of it results in a slowdown. Another hormone, calcitonin, 
which lowers the calcium level of the blood, occurs in the 
thyroid gland. The structure of human calcitonin is given 
in Formula 7 (see Figure 1 for structures of amino acids 
corresponding to the one-letter codes).

The amino acid sequences of calcitonin from pig, beef, 
and salmon differ from human calcitonin in some amino 
acids. All of them, however, have the half-cystines and the 
prolinamide in the same position. Porcine calcitonin has 
been synthesized in the laboratory.

The parathyroid hormone (parathormone), produced in 
small glands that are embedded in or lie behind the thy­
roid gland, is essential for maintaining the calcium level 
of the blood. Its lack results in the disease hypocalcemia. 
Bovine parathormone has a molecular weight of 8,500; it 
contains no cystine or cysteine and is rich in aspartic acid, 
glutamic acid, or their amides.

Hormones of the pancreas. Although the structure of 
insulin has been known since 1949, repeated attempts to 
synthesize it gave very poor yields because of the failure 
of the two peptide chains to combine forming the correct 
disulfide bridge. The ease of the biosynthesis of insulin is 
explained by the discovery in the pancreas of proinsulin, 
from which insulin is formed. The single peptide chain 
of proinsulin loses a peptide consisting of 33 amino acids 
and called the connecting peptide, or C peptide, during its 
conversion to insulin. The structure of porcine proinsulin 
is shown in Formula 8.

Hemo­
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F. V.N.Q.H.L.C.G.S.H.L.V.E.A.L.Y.L.V.C.G.E.R.G.F.F.Y.T.P.K.A
| -------disulfide bonds------- ^

G . I.V.E.Q.C.C.T.S.I.C.S.L.Y.Q.L.E.N.Y.C.N
* I II------------ 1 --------disulfide bond

R.K.Q.P.P.G.E.L. A.L.A.Q.L.G.G.L.G.G.G.L.E.V.A.G. A.Q.P.N.Q. A.E. A. A 
Formula 8: The amino acid sequence of porcine proinsulin. The arrows indicate the direction 
from the N terminus of the B  chain to the C terminus of the A  chain. In the C peptide the 
N terminus is at the right (A=alanine) end and the C terminus is at the left end in order 
to show the connection with the A  and B  chains. Insulin is released when the two peptide 
bonds at the ends of the C peptide (broken lines) are hydrolyzed (broken by the introduction 
of a water molecule).
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In aqueous Solutions insulin exists predominantly as a 
complex of six subunits, each of which contains an A- 
and a iTchain. The insulins of several species have been 
isolated and analyzed; their amino acid sequences differ 
somewhat, but all apparently contain the same disulfide 
bridges between the two chains.

Dpposite Although the injection of insulin lowers the blood sugar, 
unctions administration of glucagon, another pancreas hormone,
)f insulin raises the blood sugar level. Glucagon consists of a straight
md peptide chain of 29 amino acids. lts structure, which is
»lucagon free of cystine and isoleucine, is given in Formula 9. It 

has been synthesized; the synthetic product has the füll 
biological activity of natural glucagon.

Pituitary hormones. The pituitary gland has an anterior 
lobe, a posterior lobe, and an intermediate portion; they 
differ in cellular structure and in the structure and action 
of the hormones they form. The posterior lobe produces

H.S.Q.G.T.F.T.S.D.Y.S.K.Y.L.D.S.R.R. A.Q.D.F.V.Q.W.L.M.N.T
Formula 9: Amino acid sequence of the pancreas hormone 
glucagon.

two similar hormones, oxytocin and Vasopressin. The for­
mer causes contraction of the pregnant uterus; the latter 
raises the blood pressure. Both are octapeptides formed by 
a ring of five amino acids (the two cystine halves count 
as one amino acid) and a side chain of three amino acids. 
The structure of oxytocin is given in Formula 10. The 
two cystine halves are linked to each other by a disulfide 
bond, and the C terminal amino acid is glycinamide. 
The structure has been established and confirmed. Hu­
man vasopressin (Formula 10) differs from oxytocin in 
that isoleucine is replaced by phenylalanine and leucine 
by arginine. Porcine vasopressin contains lysine instead of 
arginine.

A Cys.Tyr.Ile.GluN.Asn.Cys.Pro.Leu.Gly(CONHz)

B Cys.Tyr.Phe.GluN.Asn.Cys.Pro.Arg.Gly(CONH2)

Formula 10: Amino acid sequence of the two similar hormones 
of the posterior lobe of the pituitary gland. (A) Oxytocin. (B)
Human vasopressin. The solid line represents the disulfide bond 
between the two halves of cystine.

The intermediate part of the pituitary gland produces 
the melanocyte-stimulating hormone ( m s h ), which causes 
expansion of the pigmented melanophores (cells) in the 
skin of frogs and other batrachians. Two hormones, called 
a-M S H  and ß-M SH , have been prepared from hog pituitary 
glands. a-M S H  consists of 13 amino acids (see Formula 11); 
its N terminal serine is acetylated (i.e., the acetyl group, 
CH3CO, of acetic acid is attached), and its C terminal 
valine residue is present as valinamide. ß-M SH  contains in 
its 18 amino acids many of those occurring in a-M S H  (see 
Formula 1 1 ).

The anterior pituitary lobe produces several protein hor­
mones—a thyroid-stimulating hormone, molecular weight 
28,000; a lactogenic hormone, molecular weight 22,500; 
a growth hormone, molecular weight 21,500; a luteiniz- 
ing hormone, molecular weight 30,000; and a follicle- 
stimulating hormone, molecular weight 29,000. The 
thyroid-stimulating hormone ( t s h , thyrotropin) consists 
of a and ß subunits with a composition similar to the sub­
units of luteinizing hormone. When separated, neither of 
the two subunits has hormonal activity; when combined, 
however, they regain about 50 percent of the original 
activity. The lactogenic hormone (prolactin) from sheep 
pituitary glands contains 190 amino acids. Their sequence 
has been elucidated; a similar peptide chain of 188 amino

acids that has been synthesized not only has 1 0  percent 
of the biological activity of the natural hormone but also 
some activity of the growth hormone. The amino acid se­
quence of the growth hormone (somatotropic hormone) is 
also known; it seems to stimulate the synthesis o f r n a  and 
in this way to accelerate growth. The luteinizing hormone 
( l h ) consists o f  two subunits, each with a molecular weight 
o f  approximately 15,000; when separated, the subunits 
recombine spontaneously. l h  is a mucoprotein containing 
about 12 percent carbohydrate. The urine of pregnant 
women contains chorionic gonadotropin, the presence of 
which makes possible early diagnosis of pregnancy. The 
amino acid sequence is known. The sequence of 160 of 
its 190 amino acids is identical with those of the growth 
hormone; 1 0 0  of these also occur in the same sequence as 
in lactogenic hormone. The different pituitary hormones Deri- 
and the chorionic gonadotropin thus may have been de- vation of 
rived from a common substance that, during evolution, pituitary 
underwent differentiation. hormones

Peptides with hormonelike activity. Small peptides have 
been discovered that, like hormones, act on certain target 
organs. One peptide, angiotensin (angiotonin or hyper- 
tensin), is formed in the blood from angiotensinogen by 
the action of renin, an enzyme of the kidney. It is an 
octapeptide and increases blood pressure. Similar peptides 
include bradykinin, which stimulates smooth muscles; gas- 
trin, which stimulates secretion of hydrochloric acid and 
pepsin in the stomach; secretin, which stimulates the flow 
of pancreatic juice; and kallikreine, the activity of which 
is similar to bradykinin.

IM M UNOGLOBULINS A N D  A NTIBOD IES

Antibodies, proteins that combat foreign substances in the 
body, are associated with the globulin fraction of the im­
mune serum (see i m m u n i t y ). As stated previously, when 
the serum globulins are separated into a-, ß-, and y- frac- 
tions, antibodies are associated with the y-globulins. An­
tibodies can be purified by precipitation with the antigen 
(i.e., the foreign substance) that caused their formation, 
followed by Separation of the antigen-antibody complex.
Antibodies prepared in this way consist of a mixture of 
many similar antibody molecules, which differ in molecu­
lar weight, amino acid composition, and other properties.
The same differences are found in the y-globulins of nor­
mal blood serums. It is believed that the y-globulin of 
normal blood serum is a mixture of thousands of different 
y-globulins, each of which occurs in amounts too small for 
isolation. Because the physical and Chemical properties of 
normal y-globulins are the same as those of antibodies, the y-globulins 
y-globulins are frequently called immunoglobulins. They of blood 
may be considered to be antibodies against unknown anti- serums 
gens. If Solutions of y-globulin are resolved by gel filtration 
through dextran, the first fraction has a molecular weight 
of 800,000. This fraction is called IgM or yM; lg is an ab- 
breviation for immunoglobulin and M for macroglobulin.
The next two fractions are IgA (yA) and IgG (yG), with 
molecular weights of about 300,000 and 150,000 respec­
tively. Two other immunoglobulins, known as IgD and 
IgE, have also been detected in much smaller amounts in 
some immune sera.
The bulk of the immunoglobulins is found in the IgG 

fraction, which also contains most of the antibodies. The 
IgM molecules are apparently pentamers—aggregates of 
five of the IgG molecules. Electron microscopy shows 
their five subunits to be linked to each other by disulfide 
bonds in the form of a pentagon. The IgA molecules 
are found principally in milk and in secretions of the 
intestinal mucosa. Some of them contain, in addition to a 
dimer of IgG, a “secretory piece,” the structure of which

(CH3C0)S.Y.S. M.E.H.F.R.W.G.K.P.VfCONHJ p o r c i n e  ck-m s h , m e la n o c y t e - s t im u la t in g  h o r m o n e

D.S.G.P.Y.K.M.E.H.F.R.W.G.S.P.P.K.D p o r c in e  /3- m s h

A.E.K.K.D.E.G.P.Y.K.M.E.H.F.R.W.G.S.P.P.K.D h u m a n  0 - m s h

S.Y.S. M E.H.F.R.W.G.K.P.V.G.K.K.R.R.P.V.K.V.Y.P.D.G.A.F.D Q.1 A F A F P I F F porcine 0-corticotropin 
Formula 11: The amino acid sequence of hormones produced by the intermediate part of the 
pituitary gland. The amino acid sequence M.E.H.F.R.W.G. occurs in all melanocyte-stimulating 
hormones and in adrenocorticotropic hormones (corticotropins).
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is not yet known. The IgM and IgA immunoglobulins and 
antibodies contain 10 to 15 percent carbohydrate; the car­
bohydrate content of the IgG molecules is 2 to 3 percent.

IgG molecules treated with the enzyme papain split into 
three fragments o f almost identical molecular weight of
50,000. Two o f these, called Fab fragments, are identi­
cal; the third is abbreviated Fc. Reduction to sulfhydryl 
groups of some o f the disulfide bonds of IgG results in the 
formation of two heavy, or H, chains (molecular weight
55.000) and two light, or L, chains (molecular weight
22.000) . They are linked by disulfide bonds in the or­
der L —H —H —L. Each H  chain contains four intrachain 
disulfide bonds, each L  chain contains two. The structure 
of antibodies and normal immunoglobulins of the IgG 
type is shown in Figure 6.

Antibody preparations of the IgG type, even after re­
moval of IgM and IgA antibodies, are heterogeneous. The 
H  and L  chains consist of a large number of different L  
chains and a variety of H  chains. Pure IgG, IgM, and IgA 
immunoglobulins, however, occur in the blood serum of 
patients suffering from myelomas, which are malignant 
tumours of the bone marrow. The tumours produce either 
an IgG, an IgM, or an IgA protein, but rarely more than 
one class. A protein called the Bence-Jones protein, which 
is found in the urine of patients suffering from myeloma 
tumours, is identical with the L  chains of the myeloma 
protein. Each patiënt has a different Bence-Jones protein; 
no two of the more than 100 Bence-Jones proteins that 
have been analyzed thus far are identical. It is thought that 
one lymphoid cell among hundreds of thousands becomes 
malignant and multiplies rapidly, forming the mass of a 
myeloma tumour that produces one y-globulin.
Analyses of the Bence-Jones proteins have revealed that 

the L  chains o f man and other mammals are of two quite 
different types, kappa (k ) and lambda (K). Both consist of 
approximately 220 amino acids. The N-terminal halves 
of K- and X-chains are variable, differing in each Bence- 
Jones protein. The C-terminal halves of these same L  
chains have a constant amino acid sequence of either the 
K- or the >t-type. The fact that one half of a peptide chain 
is variable and the other half invariant is contradictory 
to the view that the amino acid sequence of each pep­
tide chain is determined by one gene (see g e n e t ic s  a n d  
h e r e d it y : The gene). Evidently, two genes, one of them 
variable, the other invariant, fuse to form the gene for the 
single peptide chain of the L  chains. Whereas the normal 
human L  chains are always mixtures of the k- and A,-types, 
the H  chains of IgG, IgM, and IgA are different. They 
have been designated as gamma (y), mu (p), and alpha 
(a) chains, respectively. The N-terminal quarter of the H  
chains has a variable amino acid sequence; the C-terminal 
three-quarters of the H  chains have a constant amino acid 
sequence, as indicated in Figure 6.

Some of the amino acid sequences in the L  and H  chains 
are transmitted from generation to generation. As a re­
sult, the constant portion of the human L  chains of the 
K-type has in position 191 either valine or leucine. They 
correspond to two alleles (character-determining portions) 
of a gene; the two types are called allotypes. The valine- 
containing genetic type has been designated as InV(a+), 
the leucine-containing type as InV(b+). Many more allo­
types, called Gm allotypes, have been found in the gamma 
chains of the human IgG immunoglobulins; more than 
20 Gm allotypes are now known. Certain combinations 
of Gm types occur; the combination of Gm types 5, 6, 
and 11 has been found in Caucasians and Negroes but 
not in Chinese; the combination of 1, 2, and 17 has not 
been found in Negroes; and the combination of 1, 4, and 
17 has not been found in Caucasians. Allotypes have also 
been discovered to occur in a number of other animals, 
including rabbits and mice.

It is understandable from the occurrence of a large 
number of allotypes that antibodies, even if produced in 
response to a single antigen, are mixtures of different allo­
types. The existence of several classes of antibodies, of dif­
ferent allotypes, and of adaptation of the variable portions 
of antibodies to different regions of an antigen molecule 
results in a multiplicity of antibody molecules even if only 
a single antigen is administered. For this reason it has not

Figure 6: Diagram of an IgG immunoglobulin. Two heavy 
chains (H ) and two light chains (L) are linked to each other 
by inter-chain disulfide bonds. Intra-chain disulfide bonds 
cause loops to form in the 12 peptide portions, each of 
which contains about 110 amino acid residues. The 12 
peptide regions have cystine residues at similar positions 
and other similarities in their amino acid sequences. The 
broken lines represent variable portions and the solid lines 
represent constant portions of the chains. Specific sites 
that bind antigens are formed by the variable portions. The 
vertical arrow indicates cleavage of the IgG molecule into 
two Fab fragments and one Fc fragment by the action of the 
enzyme papain.

yet been possible to unravel the amino acid sequence in 
the variable portion of antibody molecules. Much of the 
amino acid sequence in the constant regions of the L  and 
H  chains of man and rabbit immunoglobulins, however, 
has been resolved.

(F.Ha./Ed.)

ENZYMES
Practically all of the numerous and complex biochemical 
reactions that take place in animals, plants, and microor­
ganisms are regulated by enzymes. These catalytic proteins 
are efficiënt and specific—that is, they accelerate the rate 
of one kind of Chemical reaction o f one type of com­
pound, and they do so in a far more efficiënt manner than 
man-made catalysts. They are controlled by activators and 
inhibitors that initiate or block reactions. All cells contain 
enzymes, which usually vary in number and composition, 
depending on the cell type; an average mammalian cell, 
for example, is approximately one one-billionth (10-9) 
the size of a drop of water and generally contains about
3,000 enzymes.

The existence of enzymes was established in the middle 
of the 19th Century by scientists studying the process of 
fermentation. Their role as catalysts of all living things 
followed rapidly. Developments before 1850 included (in 
1833) the Separation from malt of the enzyme amylase, 
which converts starch into sugar, and (in 1836) the isola­
tion from the stomach wall of animals o f a component of 
gastric juice that could partially digest food in a test tube, 
the enzyme pepsin.

Enzymes were known for many years as ferments, a 
term derived from the Latin word for yeast. In 1878 the 
name enzyme, from the Greek words meaning “in yeast,” 
was introduced; since the late 19th Century it has been 
universally used.

Role of enzymes in metabolism. Some enzymes help 
to break down large nutriënt molecules, such as pro­
teins, fats, and carbohydrates, into smaller molecules. This 
process occurs during the digestion of foodstuffs in the 
stomach and intestines of animals. Other enzymes guide 
the smaller, broken-down molecules through the intestinal 
wall into the bloodstream. Still other enzymes promote 
the formation of large, complex molecules from the small, 
simple ones to produce cellular constituents. Enzymes 
are also responsible for numerous other functions, which 
include the storage and release of energy, the course of re­
production, the processes of respiration, and vision. They 
are indispensable to life.

Each enzyme is able to promote only one type of Chem­
ical reaction. The compounds on which the enzyme acts 
are called Substrates. Enzymes operate in tightly organized 
metabolic systems called pathways. A seemingly simple

Metabolic
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biological phenomenon—the contraction of a muscle, for 
example, or the transmission of a nerve impulse—actually 
involves a large number of Chemical steps in which one 
or more Chemical compounds (substrates) are converted 
to substances called products; the product of one step in a 
metabolic pathway serves as the Substrate for the succeed- 
ing step in the pathway.
The role o f enzymes in metabolic pathways can be il­

lustrated diagrammatically. The Chemical compound rep­
resented by A (see diagram) is converted to product E  in 
a series of enzyme-catalyzed steps, in which intermediate 
compounds represented by B, C, and D  are formed in 
succession. They act as substrates for enzymes represented 
by 2, 3, and 4. Compound A may also be converted by 
another series of steps, some of which are the same as 
those in the pathway for the formation of E, to products 
represented by G and H.

The letters represent Chemical compounds; numbers rep­
resent enzymes that catalyze individual reactions. The rel­
ative heights represent the thermodynamic energy of the 
compounds; e.g., compound A is more energy-rich than 
B, B more energy-rich than C. Compounds A, B, etc., 
change very slowly in the absence of a catalyst but do so 
rapidly in the presence of catalysts 1, 2, 3, etc.

The regulatory role of enzymes in metabolic pathways 
can be clarified by using a simple analogy: that between 
the compounds, represented by letters in the diagram, and 
a series of connected water reservoirs on a slope. Similarly, 
the enzymes represented by the numbers are analogous to 
the valves o f the reservoir system. The valves control the 
flow of water in the reservoir; that is, if only valves 1, 2, 
3, and 4 are open, the water in A flows only to E, but, 
if valves 1, 2, 5, and 6 are open, the water in A flows to
G. In a similar manner, if enzymes 1, 2, 3, and 4 in the 
metabolic pathway are active, product E  is formed, and, 
if enzymes 1, 2, 5, and 6 are active, product G is formed. 
The activity or lack of activity of the enzymes in the path­
way therefore determines the fate of compound A; i.e., it 
either remains unchanged or is converted to one or more 
products. In addition, if products are formed, the activity 
of enzymes 3 and 4 relative to that of enzymes 5 and 6 
determines the quantity of product E  formed compared 
with product G.

Both the flow of water and the activity of enzymes obey 
the laws of thermodynamics; hence, water in reservoir F

A

4
B

D F

4I I6
E G

cannot flow freely to H  by opening valve 7, because water 
cannot flow uphill. If, however, valves 1, 2, 5, and 7 are 
open, water flows from F  to H, because the energy con- 
served during the downhill flow of water through valves 
1, 2, and 5 is sufficiënt to allow it to force the water 
up through valve 7. In a similar way, enzymes in the 
metabolic pathway cannot convert compound F  directly 
to H  unless energy is available; enzymes are able to utilize 
energy from energy-conserving reactions in order to cat­
alyze reactions that require energy. During the enzyme- 
catalyzed oxidation of carbohydrates to carbon dioxide 
and water, energy is conserved in the form of an energy- 
rich compound, adenosine triphosphate (atp). The energy 
in atp is utilized during an energy-consuming process 
such as the enzyme-catalyzed contraction of muscle.

Because the needs of cells and organisms vary, not only 
the activity but also the synthesis of enzymes must be reg- 
ulated; e.g., the enzymes responsible for muscular activity 
in a leg muscle must be activated and inhibited at appro­
priate times. Some cells do not need certain enzymes; a 
liver cell, for example, does not need a muscle enzyme.

A bacterium does not need enzymes to metabolize sub­
stances that are not present in its growth medium. Some 
enzymes, therefore, are not formed in certain cells, others 
are synthesized only when required, and still others are 
found in all cells. The formation and activity of enzymes 
are regulated not only by genetic mechanisms but also by 
organic secretions (hormones) from endocrine glands and 
by nerve impulses. Small molecules also play an important 
role (see below Enzyme flexibility and allosteric control).

If an enzyme is defective in some respect, disease may 
occur. The enzymes represented by the numbers 1 to 4 
in the diagram must function during the conversion of 
the starting substance A to the product E. If one step is 
blocked because an enzyme is unable to function, product 
E  may not be formed; if E  is necessary for some vital 
function, disease results. Many inherited diseases of man 
result from a deficiency of one enzyme. Some of these are 
listed in Table 3. The disease called albinism, for exam­
ple, results from an inherited lack of ability to synthesize 
the enzyme tyrosinase, which catalyzes one step in the 
pathway by which the pigment for hair and eye colour is 
formed (see also metabolism).

Other functions. Enzymes play an increasingly impor­
tant role in medicine. The enzyme thrombin is used to

Table 3: Enzymes Identified with Hereditary Diseases

disease name defective enzyme
Albinism tyrosinase
Phenylketonuria phenylalanine hydroxylase
Fructosuria fructokinase
Methemoglobinemia methemoglobin reductase
Galactosemia galactose-l-phosphate uridyl transferase

promote the healing of wounds. Other enzymes are used to 
diagnose certain kinds of disease, to cause the remission of 
some forms of leukemia—a disease of the blood-forming 
organs—and to counteract unfavourable reactions in peo­
ple who are allergie to penicillin. The enzyme lysozyme, 
which destroys cell walls, is used to kill bacteria. Research 
concerning medical applications of enzymes may lead to 
their use as preventives of tooth decay and as anticoagu- 
lants in the treatment of thrombosis, a disease character­
ized by the formation of a dot, or plug, in a blood vessel. 
Enzymes may eventually be used to control enzyme defi- 
ciencies and abnormalities resulting from diseases.

It might also be noted in passing that enzymes are 
used in industrial processes involving the preparation of 
certain Chemical compounds and the tanning of leather; 
they are valuable in analytical procedures involving the 
detection of very small quantities of specific substances. 
Enzymes are necessary in such food-related industries as 
cheese making, the brewing of beer, the aging of wine, 
and the baking of bread. Enzymes also may be used to 
clean clothes. For industrial use of enzymes, see food 
processing: Baking and bakery products and beverage 
production: Brewing; Wine making.

General properties. Classification and nomenclature. 
The first enzyme name, proposed in 1833, was diastase. 
Sixty-five years later, it was suggested that all enzymes be 
named by adding “-ase” to a root indicative of the nature 
of the Substrate of the enzyme. Although enzymes are no 
longer named in such a simple manner, with the exception 
of a few—e.g., pepsin, trypsin, Chymotrypsin, papain— 
most enzyme names do end in “-ase.”

Any systematic Classification of enzymes should be based 
on a common property or quality that varies sufficiently 
to be useful as a distinguishing feature. In this regard, 
three properties of enzymes could serve as a basis for 
enzyme Classification-—the exact Chemical nature of the 
enzyme, the Chemical nature of the Substrate, and the 
nature of the reaction catalyzed. Adequate information 
about the detailed Chemical structures of more than a few 
enzymes does not yet exist. In addition, although, as indi­
cated above, early attempts at enzyme Classification were 
based on the nature of broad groups of substrates {e.g., 
enzymes called carbohydrases act on carbohydrates), close 
functional similarities among enzymes in different groups 
were often obscured. By general agreement, enzymes now

The 
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Table 4: Classification of Some Enzymes

systematic name* 

code number f  nam et

trivial name reaction catalyzed biological role

1 .1 .1 .1 alcohol: nad oxido- 
reductase

alcohol dehydrogenase alcohol +  nad —> acetaldehyde nadh alcoholic
ferm entation

1.1.1.27 L-lactate: nad 
oxidoreductase

lactic dehydrogenase lactate +  nad —> pyruvate +  nadh carbohydrate
metabolism

2.7.1.40 atp : pyruvate phospho 
transferase

pyruvate kinase pyruvie acid +  atp —> phosphoenol- 
pyruvic acid +  adp

carbohydrate
metabolism

3.1.1.7 acetylcholine: 
acetyl hydrolase

acetylcholinesterase acetylcholine +  H2O —> acetate +  choline 

O
II O 

-  C -  NH2 II

nerve-impulse
conduction

3.4.4.13 peptide peptido 
hydrolase

thrombin peptide bond +  H2O -  C -  OH +  H3+N" blood-clotting
mechanism

♦Based on recommenda tions (1964) of the International Union of Biochemistry. fThe numbering system is as follows: the
first number places the enzyme in one of six general groups—1, oxidoreductases; 2, transferases; 3, hydrolases; 4, lyases;
5, iomerases and 6 , ligases. The second number places the enzyme in a subclass based on Substrate type or reaction type; e.g., 
the enzyme may act on molecules with — choh groups. The third number places the enzyme in a subsubclass, which specifies the 
reaction type more fully; e.g., nad coenzyme required. The fourth number is the serial number of the enzyme in its 
subsubclass. Jnad and nadh represent the oxidized and reduced forms of nicotinämide adenine dinucleotide (nad), respectively ; 
atp and ADP represent adenosine triphosphate and adenosine diphosphate, respectively.

are classified according to their substrates and the nature 
of the reaction they catalyze.

In an attempt to devise a rational system of enzyme 
nomenclature, two names are given to an enzyme. One, 
known as the systematic name, is based on logical prin­
ciples but is often long and awkward; the other, “trivial”, 
name is short and generally used but not usually exact 
or systematic (see Table 4). In the scheme of systematic 
nomenclature, six main groups of enzymatic reactions are 
recognized; each catalyzes one reaction type and is subdi­
vided on the basis of detailed definitions of the reaction 
catalyzed and of the Substrate involved in the reaction. 
Enzymes that catalyze reactions in which hydrogen is 
transferred belong to the group known as oxidoreductases; 
those that catalyze the introduction of the elements of 
water at a specific site in a molecule are called hydrolases. 
The other four groups of reactions are the transferases— 
which catalyze reactions in which substances other than 
hydrogen are transferred—the lyases, the isomerases, and 
the ligases. Oxidoreductases and transferases account for 
about 50 percent of the approximately 1,000 enzymes rec­
ognized thus far. Table 4 lists a few enzymes, their trivial 
names, their systematic names, and their biological roles.

Chemical nature. Little was known about the Chemical 
nature of enzymes until the beginning of the 20th Century, 
although scientists were almost convinced that they were 
proteins. In 1926, the enzyme urease was the first to be 
crystallized and clearly identified as a protein. Within the 
next few years, the digestive enzymes pepsin, trypsin, and 
Chymotrypsin were shown to be proteins. Since that time, 
hundreds of enzymes, all of them proteins, have been pre­
pared and characterized by Chemical methods. Much of 
the knowledge of protein chemistry has, in fact, resulted 
from studies involving enzymes and from attempts to un­
derstand their nature and mode of action.

Although some enzymes consist of a single chain of the 
amino acids (i.e., simple organic molecules containing ni­
trogen), most enzymes are composed of more than one 
chain. Each chain is called a subunit. Many enzymes have 
two, four, or six subunits, and some consist of as many 
as 12 to 60 subunits. In many cases, the subunits have 
identical structures; in others, however, several different 
types of subunit chains are involved.

With the exception of proteins that act as structural 
elements, most of the proteins in physiologically active 
tissues such as kidney and liver are enzymes. Regardless 
of the exact amount of enzymatic protein in an organism, 
it is clear that hundreds of different enzymes must be 
present in each tissue to account for the myriad reactions 
comprising metabolism.

Cofactors. Although some enzymes consist only of pro­
tein, many are complex proteins; i.e., they have a protein 
component and a so-called cofactor. A complete enzyme 
is called a holoenzyme; if the cofactor is removed, the 
protein, no longer enzymatically active, is called the 
apoenzyme. A cofactor may be a metal—such as iron, cop­

per, or magnesium—a moderately sized organic molecule 
called a prosthetic group, or a special type o f Substrate 
molecule known as a coenzyme. The cofactor may aid 
in the catalytic function of an enzyme, as do metals and 
prosthetic groups, or take part in the enzymatic reaction, 
as do coenzymes.
A coenzyme serves as a type of Substrate in certain en­

zymatic reactions and thus reacts in the exact proportions 
(i.e., stoichiometrically) required for reaction, rather than 
in catalytic quantities. A coenzyme may, for example, 
assume the role o f a hydrogen acceptor, as does nicotin- 
amide adenine dinucleotide (nad), which accepts hydro­
gen from the Substrate, or a chemical-group donor, as does 
adenosine triphosphate (atp), which donates phosphoric 
acid to the Substrate. After atp has donated a phosphoric 
acid molecule to the Substrate, the phosphoric acid can be 
reacquired in a second stoichiometric reaction catalyzed 
by a second enzyme. The catalytic nature of a coenzyme 
is apparent only when it couples the activities of two 
enzymes in this way. Coenzymes thus are the links, or 
shuttles, in metabolic pathways that enable substances—  
e.g., hydrogen, phosphoric acid—to be exchanged.

The nature of enzyme-catalyzed reactions. The nature 
o f catalysis. In a Chemical reaction—for example, one in 
which substance Ä is converted into product B—a point 
of equilibrium eventually is reached at which no further 
Chemical change occurs; i.e., the rate of conversion o f A 
to B equals the rate of conversion of B to A. The so-called 
thermodynamic-equilibrium constant expresses this Chem­
ical equilibrium. A catalyst may be defined as a substance 
that accelerates a Chemical reaction but is not consumed 
in the process. The amount of catalyst has no relationship 
to the quantity of substance altered; very small amounts 
of enzymes are very efficiënt catalysts. Because the pres­
ence o f an enzyme accelerates the rate of conversion of 
a compound to a product, it accelerates the approach to 
equilibrium; it does not, however, influence the equilib­
rium point attained.

The molecules in the watery medium of the cell are in 
constant thermal motion but, because they are more or 
less stable compounds, they would react only occasionally 
to form products in the absence of enzymes. There exists 
an energy barrier to the reaction of a molecule. The energy 
required to overcome the barrier to reaction is called the 
energy of activation. A reaction proceeds to equilibrium 
only if the molecules have sufficiënt energy of activation 
to form an activated complex, from which products can 
be derived. Enzymes greatly increase the chances for re­
actions by their ability to make large numbers of specific 
molecules more reactive (i.e., unstable) by forming inter­
mediate compounds with them. The unstable intermedi- 
ates quickly break down to form stable products, and the 
enzymes, unchanged by the reaction, are able to catalyze 
the formation of additional products.

The role o f the active site. That the compound on 
which an enzyme acts (substrate) must combine in some

Coen­
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way with it before catalysis can proceed is an old idea, 
now supported by much experimental evidence. The com­
bination of Substrate molecules with enzymes involves 
collisions between the two. Enzymes are large molecules, 
the molecular weights of which (based on the weight of a 
hydrogen atom as 1) range from several thousand to sev­
eral million. The substrates on which enzymes act usually 
have molecular weights of several hundred. Because of the 
difference in size between the two, only a fraction of the 
enzyme is in contact with the Substrate; the region of con­
tact is called the active site. Usually, each subunit of an 
enzyme has one active site capable of binding Substrate.

The characteristics of an enzyme derive from the se­
quence of amino acids, which determine the shape of the 
enzyme (i.e., the structure of the active site) and hence the 
specificity of the enzyme.

Figure 7A shows the way in which the Substrate fits into 
the active site of an enzyme. A small portion of the struc­
ture of the enzyme is represented by the various dark lines 
and symbols. The triangles labeled A and B represent the 
amino acids at the active site that actually catalyze the re­
action in which the bond (indicated by the indentation) in 
the substrate molecule is broken as a product forms. The 
circles in the enzyme structure represent amino acids that 
function in attracting certain regions o f the substrate, so 
that it is held in the proper position to allow the reaction 
at the active site to proceed.

Figure 7: The role of active site in lock and key fit of a 
substrate— the key— to an enzyme— the lock (see text).

Forces The forces that attract the substrate to the surface of
attracting an enzyme may be of a physical or a Chemical nature,
enzyme Electrostatic bonds may occur between oppositely charged
and groups—the circles containing plus and minus signs on
substrate the enzyme are attracted to their opposites in the substrate 

molecule. Such electrostatic bonds can occur with groups 
that are completely positively or negatively charged (i.e., 
ionic groups) or with groups that are partially charged 
(i.e., dipoles). The attractive forces between substrate and 
enzyme may also involve so-called hydrophobic bonds, in 
which the oily, or hydrocarbon, portions of the enzyme 
(represented by H-labelled circles) and the substrate are 
forced together in the same way as oil droplets tend to 
coalesce in water.

Modifications in the structure of the amino acids at or 
near the active site usually affect the enzyme’s activity, 
because these amino acids are intimately involved in the 
fit and attraction of the substrate to the enzyme surface. 
The characteristics of the amino acids near the active site 
determine whether or not a substrate molecule will fit into 
the site. A molecule that is too bulky in the wrong places, 
as indicated by the arrow in Figure 7B, cannot fit into 
the active site and thus cannot react with the enzyme. In 
a similar manner, a molecule lacking essential attractive 
forces (indicated by the arrow in 7C) or the appropriately 
charged regions (indicated by the arrow in 7D) might not 
be bound to the enzyme. On the other hand, a molecule 
with a bulky group (7E) at a position such that it does not 
interfere with the binding of the molecule to the enzyme 
or with the function of the active site is able to serve as a 
substrate for the enzyme. The idea o f a fit between sub­

strate and enzyme, called the “key-lock” hypothesis, was 
proposed by a German chemist, Emil Fischer, in 1899 and 
explains one of the most important features of enzymes, 
their specificity. In most o f the enzymes studied thus far, 
a cleft, or indentation, into which the substrate fits (see 
7A), is found at the active site.

The specificity o f enzymes. Since the substrate must fit 
into the active site of the enzyme before catalysis can 
occur, only properly designed molecules can serve as sub­
strates for a specific enzyme; in many cases, an enzyme 
will react with only one naturally occurring molecule. 
Two oxidoreductase enzymes from Table 4 will serve to 
illustrate the principle of enzyme specificity. One (alcohol 
dehydrogenase) acts on alcohol, the other (lactic dehy­
drogenase) on lactic acid; the activities of the two, even 
though both are oxidoreductase enzymes, are not inter- 
changeable— i.e., alcohol dehydrogenase will not catalyze 
a reaction involving lactic acid or vice versa, because the 
structure of each substrate differs sufficiently to prevent 
its fitting into the active site of the alternative enzyme. 
Enzyme specificity is essential because it keeps separate 
the many pathways, involving hundreds of enzymes, that 
function during metabolism.

Figure 7 illustrates enzyme specificity. As mentioned 
above, the molecules in B, C, and D cannot serve as 
substrates for the enzyme because they are either too large 
(B), too small (C), or too repulsive because of charge 
(D) to bind to the enzyme’s active site. Molecules with 
structural differences that do not affect the active site (see 
arrow, Figure 7E) are able to react with the enzyme and 
are substrates.

Not all enzymes are as highly specific as the example 
in Figure 7; digestive enzymes such as pepsin and Chy­
motrypsin, for example, are able to act on almost any 
protein, as they must if they are to act upon the varied 
types of proteins consumed as food. On the other hand, 
thrombin, which reacts only with the protein fibrinogen, is 
part of a very delicate blood-clotting mechanism and thus 
must act only on one compound in order to maintain the 
proper functioning of the system.

When enzymes were first studied, it was thought that 
most of them were “absolutely specific”— i.e., that they 
would react with only one compound. In most cases, how­
ever, a molecule other than the natural substrate can be 
synthesized in the laboratory; it is enough like the natural 
substrate to react with the enzyme. Use of these synthetic 
substrates has been valuable in understanding enzymatic 
action. It must be remembered, however, that, in the 
living cell, many enzymes are absolutely specific for the 
compounds found there.

All enzymes isolated thus far are specific for the type of 
Chemical reaction they catalyze— i.e., oxidoreductases do 
not catalyze hydrolase reactions, and hydrolases do not 
catalyze reactions involving oxidation and reduction. An 
enzyme therefore catalyzes a specific Chemical reaction 
but may be able to do so on several similar compounds.

The mechanism o f enzymatic action. An enzyme at­
tracts substrates to its active site, catalyzes the Chemical 
reaction by which products are formed, and then allows

(1) /  en gy m > x  (2) / - ' e n ^ e N  (3)

u  \ j  1 s’

for acetylcholinesterase ö = acetyl X̂choline
forsucrose phosphorylase fl = glucosyl X-fructose

/«water A/=serine
Y = phosphate n = glutamic acid

formaltose phosphorylase ö = glucosyl X = glucose /«phosphate

Figure 8: Mechanisms of enzymatic action (see text).
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the products to dissociate— i.e., separate from the enzyme 
surface. This sequence is shown in Figure 8. The combi­
nation formed by an enzyme and its substrates is called 
the enzyme-substrate complex. When two substrates and 
one enzyme are involved, the complex is called a ternary 
complex; one substrate and one enzyme are called a binary 
complex. The substrates are attracted to the active site by 
electrostatic and hydrophobic forces, which are called non­
covalent bonds because they are physical attractions and 
not Chemical bonds (see above The role o f the active site).
In Figure 8, two substrates (5, and S2) bind to the active 

site o f the enzyme during step (1) and react to form prod­
ucts (P, and P2) during step (2). The products dissociate 
from the enzyme surface in step (3), releasing the enzyme. 
The enzyme, unchanged by the reaction, is able to react 
with additional substrate molecules in this manner many 
times per second to form products. The step in which the 
actual Chemical transformation occurs is of great interest, 
and, although much is known about it, it is not yet fully 
understood. In general there are two types of enzymatic 
mechanisms, one in which a so-called covalent interme­
diate forms (see below) and one in which none forms 
(Figure 8B). Figure 8A and B show the catalytic events 
that occur during an enzyme-catalyzed reaction.

Figure 8A shows the mechanism by which a covalent 
intermediate— i.e., an intermediate with a Chemical bond 
between substrate and enzyme—forms. One substrate, 
B —X  (in 8A), reacts with the group N  on the enzyme 
surface to form an enzyme-P intermediate compound. 
The intermediate compound then reacts with the second 
substrate, Y, to form the products B Y  and X.

Many enzymes catalyze reactions by this type of mecha­
nism. Acetylcholinesterase (Table 4 and Figure 8A) is used 
as a specific example in the sequence described below. 
The two substrates (Sx and S2) for acetylcholinesterase are 
acetylcholine (the B —X  of Figure 8A) and water (the Y  
of Figure 8A). After acetylcholine (B—X) binds to the en­
zyme surface, a Chemical bond forms between the acetyl 
moiety (B) of acetylcholine and the group N  (part of the 
amino acid serine) on the enzyme surface. The result of 
the formation of this bond, called an acyl-serine bond, 
is one product, choline (X), and the enzyme-B interme­
diate compound (an acetyl-enzyme complex). The water 
molecule ( Y) then reacts with the acyl-serine bond to form 
the second product, acetic acid (B— Y), which dissociates 
from the enzyme. Acetylcholinesterase is regenerated and 
is again able to react with another molecule of acetyl­
choline. This kind of reaction, involving the formation 
of an intermediate compound on the enzyme surface, is 
generally called a double displacement reaction.

Sucrose phosphorylase (see Figure 8A) acts in a similar 
way. The substrate for sucrose phosphorylase is sucrose, 
or glucosyl-fructose (B—X), and the group N  on the en­
zyme surface is a Chemical group called a carboxyl group 
(COOH). The enzyme-i? intermediate, a glucosyl-carboxyl 
compound, reacts with phosphate (Y) to form glucosyl- 
phosphate (B—Y). The other product (X) is fructose.

In double displacement reactions, the covalent interme­
diate between enzyme and substrate apparently influences 
the reaction to proceed more rapidly. Because the enzyme 
is unaltered at the end of the reaction, it functions as a 
true catalyst, even though it is temporarily altered during 
the enzymatic process.

Although many enzymes form a covalent intermediate, 
the mechanism is not essential for catalysis; some reac­
tions proceed as illustrated in Figure 8B. One substrate (Y) 
reacts directly with the second substrate (X—B), in a so- 
called single displacement reaction. The B moiety, which 
is transformed in the Chemical reaction, is involved in 
only one reaction and does not form a bond with a group 
on the enzyme surface. In Figure 8B, the enzyme maitose 
phosphorylase directly affects the bonds of the substrates 
(B—X  and Y), which, in this case, are maitose (glucosyl- 
glucose) and phosphate, to form the products, glucose (X) 
and glucosylphosphate (B— Y).

Covalent intermediates between part of a substrate and 
an enzyme occur in many enzymatic reactions, and var­
ious amino acids—serine, cysteine, lysine, and glutamic 
acid—are involved.

The rate of enzymatic reactions. The Michaelis-Menten 
hypothesis. If the velocity of an enzymatic reaction is 
represented graphically as a function of the substrate 
concentration (A), the curve obtained in most cases is a 
hyperbola (see Figure 9). The mathematical expression of 
this curve, shown in the equation below, was developed in 
1913 by two German biochemists, L. Michaelis and M.L. 
Menten. In the equation, VM is the maximal velocity of 
the reaction, and KM is called the Michaelis constant,

velocity =  V^ S) - y Ä„ +  (.S) ■
The shape of the curve is a logical consequence of the 
active-site concept; i.e., the curve flattens at the maximum 
velocity ( VM), which occurs when all the active sites of the 
enzyme are filled with substrate. The fact that the velocity 
approaches a maximum at high substrate concentrations 
provides support for the assumption that an intermediate 
enzyme-substrate complex forms. At the point of half

the maximum velocity (-“  in Figure 9), the substrate

concentration in moles per litre (M) is equal to the 
Michaelis constant, which is a rough measure of the affin- 
ity of the substrate molecule for the surface o f the enzyme. 
Km values usually vary from about 10 8 to 10 2 M, and Vm 
from 105 to 109 molecules o f product formed per molecule 
of enzyme per second. The value for VM is referred to as 
the turnover number when expressed as moles of product 
formed per mole of enzyme per minute. The binding of 
molecules that inhibit or activate the protein surface usu­
ally results in similar types.

(S)=KU
Figure 9: Curves representing enzyme action (see text).

Enzymes are more efficiënt than man-made catalysts The 
operating under the same conditions. Because many en- efficiency 
zymes with different specificities occur in a cell, adequate of enzymes 
space exists only for a few enzyme molecules catalyzing 
one specific reaction. Each enzyme, therefore, must be 
very efficiënt. One molecule of the enzyme catalase, for 
example, can produce IO12 molecules of oxygen per sec­
ond. The catalytic groups at the active site of an enzyme 
act 106 to 109 times more effectively than do analogous 
groups in a nonenzymatic reaction.

The reason for the great efficiency of enzymes is not 
completely understood. It results in part from the precise 
positioning of the substrates and the catalytic groups at 
the active site, which serves to increase the probability 
of collision between the reacting atoms. In addition, the 
environment at the active site may be favourable for re­
action—that is, acidic and basic groups may act together 
more effectively there, or some strain may be induced in 
the substrate molecules so that their bonds are broken 
more easily, or the orientation of the reacting substrates 
may be optimal at the enzyme surface. The theories that 
have been formulated to account for the high catalytic 
efficiency of enzymes, although reasonable, still remain 
to be proved.

Inhibition o f enzymes. Some molecules very similar to 
the substrate for an enzyme may be bound to the active 
site but be unable to react. Such molecules cover the 
active site and thus prevent the binding of the actual sub­
strate to the site. This inhibition of enzyme action is of
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a competitive nature, because the inhibitor molecule ac­
tually competes with the substrate for the active site. The 
inhibitor sulfanilamide (see below), for example, is similar 
enough to a substrate (p-aminobenzoic acid) of an enzyme 
involved in the metabolism of folie acid that it binds to 
the enzyme but cannot react. It covers the active site and 
prevents the binding of p-aminobenzoic acid. This enzyme 
is essential in certain disease-causing bacteria but is not 
essential to man; large amounts of sulfanilamide therefore 
kill the microorganism but do not harm man. Inhibitors 
such as sulfanilamide are called anti-metabolites. Sulfanil­
amide and similar compounds that kill a pathogen without 
harming its host are now widely used in chemotherapy.

sulfanilamide
(inhibitor)

p-aminobenzoic acid 
(substrate)

Some inhibitors prevent, or block, enzymatic action by 
reacting with groups at the active site. The nerve gas 
diisopropyl fluorophosphate, for example, reacts with the 
serine at the active site of acetylcholinesterase to form a 
covalent bond. The nerve-gas molecule involved in bond 
formation prevents the active site from binding the sub­
strate, acetylcholine, thereby blocking catalysis and nerve 
action. ïodoacetic acid similariy biocks a key enzyme in 
muscle action by forming a bulky group on the amino 
acid cysteine, which is found at the enzyme’s active site. 
This process is called irreversible inhibition.

Some inhibitors modify amino acids other than those at 
the active site, resulting in loss of enzymatic activity. The 
inhibitor causes changes in the shape of the active site. 
Some amino acids other than those at the active site, how­
ever, can be modified without affecting the structure of the 
active site; in these cases, enzymatic action is not affected.

Such Chemical changes parallel natural mutations. Inher­
ited diseases frequently result from a change in an amino 
acid at the active site of an enzyme, thus making the 
enzyme defective. In some cases, an amino acid change 
alters the shape of the active site to the extent that it can 
no longer react; such diseases are usually fatal. In others, 
however, a partially defective enzyme is formed, and an 
individual may be very sick but able to live.

Effects o f temperature. Enzymes function most effi- 
ciently within a physiological temperature range. Since 
enzymes are protein molecules, they can be destroyed 
by high temperatures. An example of such destruction, 
called protein denaturation, is the curdling of milk when 
it is boiled. Increasing temperature has two effects on 
an enzyme. First, the velocity of the reaction increases 
somewhat, because the rate of Chemical reactions tends to 
increase with temperature; second, the enzyme is increas­
ingly denatured. Increasing temperature thus increases the 
metabolic rate only within a limited range. If the tem­
perature becomes too high, enzyme denaturation destroys 
life. Low temperatures also change the shapes of enzymes. 
With enzymes that are cold-sensitive, the change causes 
loss of activity. Both excessive cold and heat are therefore 
damaging to enzymes.

The degree of acidity or basicity of a solution, which 
is expressed as pH, also affects enzymes. As the acidity 
of a solution changes— i.e., the pH is altered—a point 
of optimum acidity occurs, at which the enzyme acts 
most efficiently. Although this pH optimum varies with 
temperature and is influenced by other constituents of 
the solution containing the enzyme, it is a characteristic 
property of enzymes. Because enzymes are sensitive to 
changes in acidity, most living systems are highly buffered; 
i.e., they have mechanisms that enable them to maintain

a constant acidity. This acidity level, or pH, is about 7 
in most organisms. Some bacteria function under moder- 
ately acidic or basic conditions; and the digestive enzyme 
pepsin acts in the acid milieu of the stomach. There is no 
known organism that can survive in either a very acidic 
or a very basic environment.

Enzyme flexibility and allosteric control. The induced- 
fit theory. The key-lock hypothesis (see above The nature 
of enzyme-catalyzed reactions) does not fully account for 
enzymatic action; i.e., certain properties of enzymes can­
not be accounted for by the simple relationship between 
enzyme and substrate proposed by the key-lock hypothe­
sis. A theory called the induced-fit theory retains the key- 
lock idea of a fit of the substrate at the active site but Pos­
tulates in addition that the substrate must do more than 
simply fit into the already preformed shape of an active 
site. Rather, the theory States, the binding of the substrate 
to the enzyme must cause a change in the shape of the en­
zyme that results in the proper alignment of the catalytic 
groups on its surface. This concept has been likened to 
the fit of a hand in a glove, the hand (substrate) inducing 
a change in the shape of the glove (enzyme). Although 
some enzymes appear to function according to the older 
key-lock hypothesis, most apparently function according 
to the induced-fit theory.

During step 1 in Figure 10, which illustrates the induced- 
fit theory, the substrate approaches the enzyme surface 
and induces a change in its shape that results in the 
correct alignment of the catalytic groups (indicated by 
triangles A and B). In the case of the digestive enzyme 
carboxypeptidase, the binding of the substrate causes a

Figure 10: Induced-fit binding of a substrate to an enzyme 
surface and allosteric effects (see text).

tyrosine molecule at the active site to move by as much 
as 15 angstroms. Circles C  and D  in the figure represent 
substrate-binding groups on the enzyme that are essential 
for catalytic activity. During step 2 the catalytic groups at 
the active site react with the substrate to form products. 
The products separate from the enzyme surface during 
step 3, and the enzyme is able to repeat the sequence.

Nonsubstrate molecules that are too bulky (Figure 10D) 
or too small (Figure 10E) alter the shape of the enzyme so 
that a misalignment of catalytic groups A and B occurs; 
such molecules are not able to react even if they are at­
tracted to the active site.

The induced-fit theory explains a number of anomalous 
properties of enzymes; for example, “noncompetitive in­
hibition” (Figure 10F), in which a compound inhibits the 
reaction of an enzyme but does not prevent the binding 
of the substrate. In this case, the inhibitor compound I 
attracts the binding group C  so that the catalytic group 
B is too far away from the substrate to react. The site at 
which the inhibitor binds to the enzyme is not the active 
site and is called an allosteric site. The inhibitor changes 
the shape of the active site to prevent catalysis without 
preventing binding of the substrate.

Figure 10G shows the effect of an inhibitor (/'), which 
distorts the active site by affecting the essential binding 
group D; as a result, the enzyme can no longer attract the
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substrate. In Figure 10H, a so-called activator molecule, 
X, affects the active site so that a nonsubstrate molecule 
is properly aligned and hence can react with the enzyme; 
X  is called an allosteric activator of the reaction. Such 
activators can affect both binding and catalytic groups at 
the active site.

Enzyme flexibility is extremely important because it pro­
vides a mechanism for regulating enzymatic activity. As 
shown in Figure lOF and G, the orientation at the active 
site can be disrupted by the binding of an inhibitor at a 
site other than the active site. Moreover, the enzyme can 
be activated by molecules that induce a proper alignment 
of the active site for a substrate that alone cannot induce 
this alignment (Figure 1 OH).

As mentioned above, the sites that bind inhibitors and 
activators are called allosteric sites to distinguish them 
from active sites. Allosteric sites are in fact regulatory 
sites able to activate or inhibit enzymatic activity by in- 
fluencing the shape o f the enzyme. When the activator 
or inhibitor dissociates from the enzyme, it returns to its 
normal shape. Thus, the flexibility of the protein structure 
allows the Operation of a simple, reversible control system 
similar to a thermostat.

Types o f allosteric control Allosteric control can oper- 
ate in many ways; two examples serve to illustrate some 
general effects. A pathway consisting of ten enzymes is in­
volved in the synthesis of the amino acid histidine. When 
a cell contains enough histidine, synthesis stops—an ap­
propriate economy move by the cell. Synthesis is stopped 
by the inhibition of the first enzyme in the pathway by 
the product, histidine; the mechanism is similar to that o f  
Figure 1 OG. The inhibition of an enzyme by a product is 
called feedback inhibition; i.e., a product many steps re­
moved from an initial enzyme blocks its action. Feedback 
inhibition occurs in many pathways in all living things.

Allosteric control can also be achieved by activators. The 
hormone adrenaline (epinephrine) acts in this way. When 
energy is needed, adrenaline is released and activates, by 
allosteric activation, the enzyme adenyl cyclase. This en­
zyme catalyzes a reaction in which the compound cyclic 
adenosine monophosphate (cyclic amp) is formed from 
atp. Cyclic amp in tum acts as an allosteric activator of 
enzymes that speed the metabolism of carbohydrate to 
produce energy. This type of allosteric regulation also is 
widespread in biological systems.

Thus, a combination o f allosteric activation and inhibi­
tion allows the production of energy or materials when 
they are needed and shuts off production when the supply 
is adequate.

Allosteric control is a rapid method of regulating prod­
ucts continuously needed by living things. Yet some cells 
have no need for certain enzymes, and it would be waste- 
ful for the cell to synthesize them. In this case, certain 
molecules, called repressors, prevent the synthesis of un- 
needed enzymes. The repressors are proteins that bind to 
dna and prevent the first step in the process resulting

in protein synthesis. If certain metabolites are added to 
cells that need an enzyme, enzyme synthesis occurs— i.e., 
it is induced. Addition of galactose to a growth medium 
containing Escherichia coli bacteria, for example, induces 
the synthesis o f the enzyme beta galactosidase. The bacte­
ria thus can synthesize this galactose-metabolizing enzyme 
when it is needed and prevent its synthesis when it is not. 
The way in which the synthesis of enzymes is induced or 
repressed in mammalian systems is less understood but is 
believed to be similar.

Different types of cells in complex organisms have dif­
ferent enzymes, even though they have the same dna 
content. The enzymes actually synthesized are the ones 
needed in a specific cell and vary not only for different 
types of cells— e.g., nerve, muscle, eye, and skin cells—  
but also for different species.

In an enzyme consisting of several subunits, or chains, 
alteration in the shape of one chain as a result of the 
influence either o f a substrate molecule or o f allosteric 
inhibitors or activators may change the shape of a neigh­
bouring chain. As a result, the binding of a second 
molecule of substrate occurs in a different way from the 
binding of the first, and the third is different from the 
second. This phenomenon, called cooperativity, is charac­
teristic o f allosteric enzymes.

Cooperativity (see Figure 9) is reflected by a sigmoid 
curve, as compared to the hyperbolic curve of Michaelis- 
Menten. An enzyme of several subunits that exhibits coop­
erativity is far more sensitive to control mechanisms than 
is an enzyme of one subunit and hence one active site.

The first example of cooperativity was observed in 
hemoglobin, which is not an enzyme but behaves like one 
in many ways. The absorption of oxygen in the lungs and 
its deposition in the tissues is far more efficiënt because 
the subunits of hemoglobin show positive cooperativity, 
so-called because the first molecule of substrate makes it 
easier for the next to bind.

Negative cooperativity (also illustrated in Figure 9), in 
which the binding o f one molecule makes it less easy for 
the next to bind, also occurs in living things. Negative co­
operativity makes an enzyme less sensitive to fluctuations 
in concentrations o f metabolites and may be important 
for enzymes that must be present in the cell at relatively 
constant levels of activity.

Some enzymes are closely associated aggregates o f sev­
eral enzyme units; the pyruvate dehydrogenase system, 
for example, contains five different enzymes, has a total 
molecular weight of 4,000,000, and consists of four differ­
ent types of chains. Apparently, the enzymes in cells may 
be organized by forming complex units, by being absorbed 
on a cell wall, or by being isolated by membranes in spe­
cial compartments. Since a pathway involves the stepwise 
modification of Chemical compounds, aggregations of the 
enzymes in a given pathway facilitate their function in a 
manner similar to an industrial assembly line.

(D.E.K./Ed.)

CARBOHYDRATES
The term carbohydrate, which means watered carbon, 
represents a class of naturally occurring compounds and 
derivatives formed from them. In the early part of the 19th 
Century, substances such as wood, starch, and linen were 
found to be composed mainly of molecules containing 
atoms of carbon (C), hydrogen (H), and oxygen (O), and to 
have the general formula C6H 12Ö6; other organic molecules 
with similar formulas were found to have a similar ratio 
of hydrogen to oxygen. The general formula Cx(H20 )x is 
commonly used to represent many carbohydrates.

Carbohydrates are probably the most abundant and 
widespread organic substances in nature. Essential con- 
stituents of all living things, carbohydrates are formed by 
green plants from carbon dioxide and water during the 
process of photosynthesis. Carbohydrates serve organisms 
as energy sources and as essential structural components; 
in addition, part of the structure of nucleic acids, which 
contain genetic information, consists of carbohydrate.

General features
CLASSIFICATION AND NOMENCLATURE
Although a number of Classification schemes have been 
devised for carbohydrates, the division into four major 
groups— monosaccharides, disaccharides, Oligosaccharides, 
and polysaccharides—used here is among the most com­
mon. Most monosaccharides, or simple sugars, are found 
in grapes, other fruits, and honey. Although they can con­
tain from three to nine carbon atoms, the most common 
representatives consist of five or six joined together to form 
a chainlike molecule. Three of the most important sim­
ple sugars, glucose—also known as dextrose, grape sugar, 
and corn sugar—fructose (fruit sugar), and galactose, have 
the same molecular formula, (C6H 120 6), but, because their 
atoms have different structural arrangements, the sugars 
have different characteristics; i.e., they are isomers. Slight 
changes in structural arrangements are detectable by living

Coopera­
tivity

Basic
molecular
structures
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things and influence the biological significance of isomeric 
compounds. It is known, for example, that the degree of 
sweetness of various sugars differs according to the ar­
rangement of the hydroxyl groups (—OH) that compose 
part of the molecular structure; a direct correlation that 
may exist between taste and any specific structural ar­
rangement, however, has not yet been established—that 
is, it is not yet possible to predict the taste of a sugar by 
knowing its specific structural arrangement. The energy in 
the Chemical bonds of glucose indirectly supplies most liv­
ing things with a major part of the energy that is necessary 
for them to carry on their activities. Galactose, which is 
rarely found as a simple sugar, is usually combined with 
other simple sugars in order to form larger molecules.
Two molecules of a simple sugar that are linked to each 

other form a disaccharide, or double sugar. The disaccha- 
ride sucrose, or table sugar, consists of one molecule of 
glucose and one molecule of fructose; the most familiar 
sources of sucrose are sugar beets and cane sugar. Milk 
sugar, or lactose, and maitose are also disaccharides. Be­
fore the energy in disaccharides can be utilized by living 
things, the molecules must be broken down into their 
respective monosaccharides.

Oligosaccharides, which consist of three to six monosac- 
charide units, are rather infrequently found in natu­
ral sources, although a few plant derivatives have been 
identified.

Polysaccharides (the term means many sugars) represent 
most of the structural and energy-reserve carbohydrates 
found in nature. Large molecules that may consist of as 
many as 10,000 monosaccharide units linked together, 
Polysaccharides vary considerably in size, in structural 
complexity, and in sugar content; several hundred distinct 
types have thus far been identified. Cellulose, the principal 
structural component of plants, is a complex polysaccha- 
ride comprising many glucose units linked together; it is 
the most common polysaccharide. The starch found in 
plants and the glycogen found in animals also are com­
plex glucose polysaccharides. Starch (from the old English 
word stercan meaning “to stiffen”) is found mostly in 
seeds, roots, and sterns, where it is stored as an available 
energy source for plants. Plant starch may be processed 
into such foods for man as bread, or it may be con- 
sumed directly—as are potatoes. Glycogen, which consists 
of branching chains of glucose molecules, is formed in the 
liver and muscles of higher animals and is stored as an 
energy source.

The generic nomenclature ending for the monosaccha­
rides is -ose; thus, the term pentose (pent =  five) is used 
for monosaccharides containing five carbon atoms, and 
hexose (hex =  six) is used for those containing six. In 
addition, because the monosaccharides contain a chem- 
ically reactive group that is either an aldehydo group

H \
( C =  0 )  or a keto group ( ^ C  =  0 ), they are fre­

quently referred to as aldopentoses or ketopentoses or 
aldohexoses or ketohexoses; in the examples below, the 
aldehydo group is at position 1 of the aldopentose, the
keto group is at position 2 of the ketohexose. Glucose is
an aldohexose— i.e., it contains six carbon atoms, and the
chemically reactive group is an aldehydo group. 
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aldopentose ketohexose

BIOLOGICAL SIGNIFICANCE
The importance of carbohydrates to living things can 
hardly be overemphasized. The energy stores of most ani­
mals and plants are both carbohydrate and lipid in nature; 
carbohydrates are generally available as an immediate 
energy source, whereas lipids act as a long-term energy 
resource and tend to be utilized at a slower rate. Glucose, 
the prevalent uncombined, or free, sugar circulating in the 
blood of higher animals, is essential to cell function. The 
proper regulation of glucose metabolism is of paramount 
importance to survival.

The ability of ruminants, such as cattle, sheep, and goats, 
to convert the polysaccharides present in grass and simi­
lar feeds into protein provides a major source of protein 
for man. A number of medically important antibiotics, 
such as Streptomycin, are carbohydrate derivatives. The 
cellulose in plants is used to manufacture paper, wood for 
construction, and fabrics.

Role in the biosphere. The essential process in the bio- 
sphere, the portion of the Earth in which life can occur, 
that has permitted the evolution of life as it now exists is 
the conversion by green plants o f carbon dioxide from the 
atmosphere into carbohydrates, using light energy from 
the Sun. This process, called photosynthesis, results in 
both the release of oxygen gas into the atmosphere and the 
transformation of light energy into the Chemical energy 
of carbohydrates. The energy stored by plants during the 
formation of carbohydrates is used by animals to carry out 
mechanical work and to perform biosynthetic activities.
All green plants apparently photosynthesize in the same 

way, yielding as an immediate product the compound
3-phosphoglyceric acid; the formula, in which P represents 
phosphorus, is illustrated below.

0
II
C -O H
1

H -C -O H
I

h - c - p o 3h 2
I

H

3-phosphoglyceric acid

This compound then is transformed into cell-wall com­
ponents such as cellulose, varying amounts of sucrose, 
and starch—depending on the plant type—and a wide 
variety of polysaccharides, other than cellulose and starch, 
that function as essential structural components. For a 
detailed discussion of the process of photosynthesis, see 
PHOTOSYNTHESIS.

Role in human nutrition. The total calorie, or energy, 
requirement for an individual depends on age, occupa­
tion, and other factors but generally ranges between 2,000 
and 4,000 calories per 24-hour period (one calorie, as this 
term is used in nutrition, is the amount of heat necessary 
to raise the temperature of 1,000 grams of water from 15° 
to 16° C [59° to 61° F]; in other contexts this amount 
of heat is called the kilocalorie). Carbohydrate that can be 
used by man produces four calories per gram as opposed 
to nine calories per gram of fat and four per gram of pro­
tein. In areas of the world where nutrition is marginal, a 
high proportion (approximately one to two pounds) of an 
individual’s daily energy requirement may be supplied by 
carbohydrate, with most of the remainder coming from a 
variety of fat sources.

Although carbohydrates may compose as much as 80 
percent of the total calorie intake in the human diet, for a 
given diet, the proportion o f starch to total carbohydrate 
is quite variable, depending upon the prevailing customs. 
In the Far East and in areas of Africa, for example, 
where rice or tubers such as manioc provide a major food 
source, starch may account for as much as 80 percent of 
the total carbohydrate intake. In a typical Western diet, 
33 to 50 percent of the calorie intake is in the form of 
carbohydrate. Approximately half (i.e., 17 to 25 percent) 
is represented by starch; another third by table sugar (su­
crose) and milk sugar (lactose); and smaller percentages by 
monosaccharides such as glucose and fructose, which are

Photosyn­
thesis
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common in fruits, honey, syrups, and certain vegetables 
such as artichokes, onions, and sugar beets. The small 
remainder consists of bulk, or indigestible carbohydrate, 
which comprises primarily the cellulosic outer covering of 
seeds and the stalks and leaves of vegetables. (See also
NUTRITION.)

Role in energy storage. Starches, the major plant-energy- 
reserve polysaccharides used by man, are stored in plants in 
the form of nearly spherical granules that vary in diameter 
from about three to 100 micrometres (about .0001 to .004 
inch). Most plant starches consist of a mixture of two com­
ponents, amylose and amylopectin (see diagrams). As the 
diagrams show, the glucose molecules composing amylose 
have a straight-chain, or linear, structure; amylopectin has a 
branched-chain structure and is a somewhat more compact 
molecule. Several thousand glucose units may be present in 
a single starch molecule (each small circle represents one 
glucose molecule).

- o - o - o - o - o - o - o -
amylose

- o - o - o - o - o - o - o -
I I
0 o
1 I

0  o
1

o

amylopectin
In addition to granules, many plants have large numbers 

of specialized cells, called parenchymatous cells, the princi­
pal function of which is the storage of starch; examples of 
plants with these cells include root vegetables and tubers. 
The starch content of plants varies considerably; the high­
est concentrations are found in seeds and in cereal grains, 
which contain up to 80 percent of their total carbohydrate 
as starch. The amylose and amylopectin components of 
starch occur in variable proportions; most plant species 
store approximately 25 percent of their starch as amylose 
and 75 percent as amylopectin. This proportion can be al- 
tèred, however, by selective-breeding techniques, and some 
varieties Of com have been developed that produce up to 
70 percent of their starch as amylose, which is more easily 
digested by man than is amylopectin.

In addition to the starches, some plants (e.g., the Jerusalem 
artichoke and the leaves of certain grosses, particularly rye 
grass) form storage polysaccharides composed of fructose 
units rather than glucose. Although the fructose polysaccha­
rides can be broken down and used to prepare syrups, they 
cannot be digested by higher animals.

Starches are not formed by animals; instead, they form 
a closely related polysaccharide, glycogen. Virtually all ver­
tebrate and invertebrate animal cells, as well as those of 
numerous fungi and protozoans, contain some glycogen; 
particularly high concentrations of this substance are found 
in the liver and muscle cells of higher animals. The overall 
stmcture of glycogen, which is a highly branched molecule 
consisting of glucose units, has a superficial resemblance 
to that of the amylopectin component of starch, although 
the structural details of glycogen are significantly different. 
Under conditions of stress or muscular activity in animals, 
glycogen is rapidly broken down to glucose, which is subse­
quently used as an energy source. In this manner, glycogen 
acts as an immediate carbohydrate reserve. Furthermore, 
the amount of glycogen present at any given time, espe­
cially in the liver, directly reflects an animal’s nutritional 
state; i.e., when adequate food supplies are available* both 
glycogen and fat reserves of the body increase, but when 
food supplies decrease or when the food intake falls below 
the minimum energy requirements, the glycogen reserves 
are depleted quite rapidly, while those of fat are used at 
a slower rate.

Role in plant and animal structure. Whereas starches 
and glycogen represent the major reserve polysaccharides 
of living things, most of the carbohydrate found in nature 
occurs as structural components in the cell walls of plants. 
Carbohydrates in plant cell walls generally consist of several

distinct layers, one of which contains a higher concentra­
tion of cellulose than the others. The physical and Chemical 
properties of cellulose are strikingly different from those of 
the amylose component of starch.

In most plants, the cell wall is about 0.5 micrometres thick 
and contains a mixture of cellulose, pentose-containing 
polysaccharides (pentosans), and an inert (chemically unre- 
active) plastic-like material called lignin. The amounts of 
cellulose and pentosan may vary; most plants contain be­
tween 40 and 60 percent cellulose, although higher amounts 
are present in the cotton fibre.

Polysaccharides also function as major structural com­
ponents in animals. Chitin, which is similar to cellulose, 
is found in insects and other arthropods. Other complex 
polysaccharides predominate in the structural tissues of 
higher animals.

Structural arrangements and properties
STEREOISOMERISM
Studies by the German chemist Emil Fischer in the late 
19th Century showed that carbohydrates, such as fruc­
tose and glucose, with the same molecular formulas but 
with different structural arrangements and properties (i.e., 
isomers) can be formed by relatively simple variations 
of their spatial, or geometrie, arrangements. This type of 
isomerism, which is called stereoisomerism, exists in all 
biological systems; and, among carbohydrates, the sim­
plest example is provided by the three-carbon aldose sugar 
glyceraldehyde. There is no way by which the structures 
of the two isomers of glyceraldehyde (see the formulas 
below, which are the so-called Fischer projection formu­
las that are commonly used to distinguish between such 
isomers) can be made identical, excluding breaking and 
reform ing the linkages, or bonds, of the hydrogen (—H) 
and hydroxyl (—OH) groups attached to the carbon at 
Position 2. The isomers are, in fact, mirror images akin 
to right and left hands; the term enantiomorphism is fre­
quently employed for such isomerism. The Chemical and 
physical properties of enantiomers are identical except for 
the property of optical rotation.

As explained above, optical rotation is the rotation of 
the plane of polarized light. Polarized light is light that 
has been separated into two beams that vibrate at right 
angles to each other; Solutions of substances that rotate 
the plane of polarization are said to be optically active, 
and the degree of rotation is called the optical rotation of 
the solution. In the case of the isomers of glyceraldehyde, 
the magnitudes of the optical rotation are the same, but 
the direction in which the light is rotated—generally des­
ignated as plus, or d  for dextrorotatory (to the right), or 
as minus, or / for levorotatory (to the left)— is opposite; 
i.e., a solution of D-(<7)-glyceraldehyde causes the plane of 
polarized light to rotate to the right, and a solution of 
l -(/ )-glyceraldehyde rotates the plane of polarized light to 
the left. Fischer projection formulas for the two isomers of 
glyceraldehyde are given below (see Configuration, below, 
for explanation of d and l).

1 H—C = 0
I

2 H -C -O H
I

3 H -C -O H
I

H

D-(<7)-glyceraldehyde

CONFIGURATION
Molecules, such as the isomers of glyceraldehyde—the 
atoms of which can have different structural arrange­
ments—are known as asymmetrical molecules. The num­
ber of possible structural arrangements for an asymmetrical 
molecule depends on the number of centres of asymmetry; 
i.e., for n (any given number of) centres of asymmetry, 2n 
different isomers of a molecule are possible. An asymmet­
rical centre in the case of carbon is defined as a carbon 
atom to which four different groups are attached. In the 
three-carbon aldose sugar, glyceraldehyde, the asymmetri-

H—C = 0
I

H O -C -H
I

H -C -O H
I

H

L-(/)-glyceraIdehyde

Isomers of 
glyceralde­
hyde
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Table 5: Aldoses, up to Aldohexoses, of the D-Series

CHO
I

CH2OH
glyceraldehyde*

CHO CHO
1H -  C
1

-  OH
1

H O - C - H
H -  C -  OH

1
H - C - O H

CH2OH
erythrose

CHO CHO

rCH2 0 H
threose

CHO CHO
H - C -  OH HO - C -  H H -

j
C -  OH
1

1
H O - C - H

H -
1
C -  OH H -

1
C -  OH HO - 1C -  H

1
HO -  C -  H1

H -
1
C -  OH H -

1
C -  OH H -

j
C -  OH H - C - O H

CH2OH
ribose

CH2OH
arabinose

CH2OH
xylose

1 '
CH2OH

lyxose
CHO CHO CHO CHO CHO CHO CHO CHOj

H - C - O H
1

HO -  C -  H 1H - C - O H HO - X1
-ü-

1
H - C - O H

1
H O - C - H  H -

1
C -  OH HO- -O

- 1 X

H - C - O H
|.

H - C - O H
j

H O - C - H HO - 1C -  H
j

H - C - O H
1

H - C - O H  HO- C - H  HO -1
1C -  H
11

H - C - O H
1

H - C - O H
j

H - C - O H H -
1
C -  OH

1
HO -  C -  H

1
H O - C - H  HO - C -  H HO - 1C -  H1

H - C - O H
1

H - C - O H
j

H - C - O H H -
j

C -  OH
1

H - C - O H
j

H - C - O H  H -
1
C -  OH H -

1
C -  OH

CH2OH
allose

1
CH2OH

altrose

j
CH2OH

glucose
CH2OH

mannose

1
CH2OH

gulose
CH2OH CH2OH 

idose galactose

j
ch2oh
talose

* Aldehydo carbon (—CHO) is carbon atom 1; the remaining carbon atoms are numbered in succession. The hydroxyl groups only are shown 
for the asymmetrical carbon atoms. The D-configuration is derived from the asymmetrical carbon atom most remote from the aldehydo end of 
the molecule; i.e ., the hydroxyl group at carbon 3 in 4 carbon sugars; 4 in pentoses, and 5 in hexoses projects to the right. The L-series are 
corresponding mirror images; i.e ., the hydroxyl group projects to the left.

cal centre is located at the central carbon atom. The four 
different groups attached to the atom are:

I I
(1) H -  C =  O; (2) H -  ; (3) -  OH; and (4) H -  C -  OH.

I
H

The position of the hydroxyl group (—OH) attached to the 
central carbon atom— i.e., whether —OH projects from 
the left or the right—determines whether the molecule 
rotates the plane of polarized light to the left, or to the 
right. Since glyceraldehyde has one asymmetrical centre, 
n is one in the relationship 2n, and there thus are two pos­
sible isomers. Sugars containing four carbon atoms have 
two asymmetrical centres; hence, there are four possible 
isomers (22). Similarly, sugars with five carbon atoms have 
three asymmetrical centres, and thus have eight isomers 
(23). Keto sugars have one less asymmetrical centre for a 
given number of carbon atoms than do aldehydo sugars.

A Convention of nomenclature, devised in 1906, States 
that the form of glyceraldehyde whose asymmetrical car­
bon atom has a hydroxyl group projecting to the right 
(see Fischer projection formulas) is designated as of the 
D-configuration; that form, whose asymmetrical carbon 
atom has a hydroxyl group projecting to the left, is 
designated as l. All sugars that can be derived from 
D-glyceraldehyde— i.e., hydroxyl group attached to the 
asymmetrical carbon atom most remote from the alde­
hydo or keto end o f the molecule projects to the right— 
are said to be of the D-configuration; those sugars derived 
from L-glyceraldehyde are said to be of the L-configuration. 
See Table 5 for aldoses—i.e., sugars containing an 

H
aldehydo group ( C =  O) —of the D-configuration.

The configurational notation d or l is independent of 
the sign of the optical rotation of a sugar in solution. 
It is common, therefore, to designate both, as for ex­
ample, D - ( / ) - f ru c to s e  or D-(d)-glucose; i.e., both have a 
D-configuration at the centre of asymmetry most remote 
from the aldehydo end (in glucose) or keto end (in fruc­
tose) of the molecule, but fructose is levorotatory, and 
glucose is dextrorotatory—hence the latter has been given 
the alternative name dextrose. Although the initial assign- 
ments of configuration for the glyceraldehydes were made 
on purely arbitrary grounds, studies that were carried out

n e a r l y  h a l f  a C e n tu r y  l a t e r  e s t a b l i s h e d  t h e m  a s  c o r r e c t  in  
a n  a b s o lu t e  s p a t i a l  s e n s e .  In b io l o g ic a l  S y s te m s , o n ly  t h e  d 
o r  l f o r m  m a y  b e  u t i l i z e d .

When more than one asymmetrical centre is present in 
a molecule, as is the case with sugars having four or more 
carbon atoms, a series of dl pairs exists, and they are 
functionally, physically, and chemically distinct; thus, al­
though D-xylose and D-lyxose (see Table 5) both have five 
carbon atoms and are of the D-configuration, the spatial 
arrangement of the asymmetrical centres (at carbon atoms 
2, 3, and 4) is such that they are not mirror images.

HEMIACETAL AND HEMIKETAL FORMS
Although optical rotation has been one of the most fre­
quently determined characteristics of carbohydrates since 
its recognition in the late 19th Century, the rotational be­
haviour of freshly prepared Solutions of many sugars dif­
fers from that of Solutions that have been allowed to stand. 
This phenomenon, termed mutarotation, is demonstrable 
even with apparently identical sugars and is caused by a 
type of stereoisomerism involving formation of an asym­
metrical centre at the first carbon atom (aldehydo carbon) 
in aldoses and the second one (keto carbon) in ketoses.

Most pentose and hexose sugars, therefore, do not exist 
as linear, or open-chain, structures in solution, as indi­
cated for the aldoses in Table 5, but form cyclic, or 
ring, structures termed hemiacetal or hemiketal forms, 
respectively. As illustrated for glucose and fructose, the 
cyclic structures are formed by the addition of the hy­
droxyl group (—OH) from either the fourth, fifth, or 
sixth carbon atom (in the diagram, the numbers 1 
through 6 represent the positions of the carbon atoms) to

the carbonyl group ( ^ C  =  0 )  at position 1 in glucose

or 2 in fructose. A five-membered ring is illustrated for the 
ketohexose, fructose; a six-membered ring is illustrated for 
the aldohexose, glucose. In either case, the cyclic forms are 
in equilibrium with (i.e., the rate of conversion from one 
form to another is stable) the open-chain structure—a free 
aldehyde if the solution contains glucose, a free ketone if  
it contains fructose; each form has a different optical ro­
tation value. Since the forms are in equilibrium with each 
other, a constant value of optical rotation is measurable; 
the two cyclic forms represent more than 99.9 percent of 
the sugar in the case of a glucose solution.

dl pairs
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H OH
\  /

1 C --------
I

2 H -C -O H
I

3 H O -C -H
I

H -C -O H
I

H - C --------

O

H -C -O H
I

H

a-D-glucose 
(hemiacetal form)

0 = C -H
I

H -C -O H
I

H O -C -H  —
I

H -C -O H
I

H -C -O H
I

H -C -O H
I

H

D-glucose
(linear, open-chain, 

or free form)

HO H
\  /
C -------
I

H -C -O H
I

H O -C -H
I

H -C -O H
I

O

H -C -

H -C -O H
I

H

j3-D-glucose 
(hemiacetal form)

H H
|

H -C -O H
I

1
|

H -C -O H

c = o 2
1

H O -C  — - - - - - - - - - - - - - - - - - -
|

H O -C -H 3

X1
-u

-1oX

1

H -C -O H 4 H -C -O H
1|

H -C -O H 5 H - C - - - - - - - - - - - - - - - - - - - - —
|

H -C -O H
1

6
|

H -C -O H
i

i

H
1

H

D-fructose a -  D-fructose
(linear, open-chain, 

or free form)
(hemiketal form)

By definition , the carbon atom  containing
H R

Anomeric
carbon
atom

H OH
\  /

0
1

I

alpha isomer

HO H
\  /

n
I

beta isomer

CH,OH

OH

HO

H OH
Haworth formulation of ß -D-glucose

Classes of carbohydrates
MONOSACCHARIDES

Sources. The most common naturally occurring 
monosaccharides are D-glucose, D-mannose, D-fructose, 
and D-galactose among the hexoses, and D-xylose and 
L-arabinose among the pentoses. In a special sense, D-ribose 
and 2-deoxy-D-ribose are ubiquitous because they form the

Table 6: Some Naturally Occurring 
Monosaccharides

sugar sources

L-arabinose mesquite gum; wheat bran
D-ribose all living cells as component of 

ribonucleic acid
D-xylose corncobs; seed hulls; straw
D-ribulose one derivative, is an intermediate 

in photosynthesis
2-deoxy-D-ribose as constituent o f deoxyribonucleic 

acid
D-galactose lactose; agar; gum arabic; brain 

glycolipids
D-glucose sucrose; cellulose; starch; 

glycogen
D-mannose seeds; ivory nut
D-fructose sucrose; artichokes; honey
L-fucose marine algae; sea weed
L-rhamnose poison-ivy blossom; oak bark
D-mannoheptulose avocado
D-altroheptulose numerous plants

( ^ C =  O) or keto group ( ^ C =  O) is termed the

anomeric carbon atom; similarly, carbohydrate stereoiso- 
mers that differ in configuration only at this carbon atom 
are called anomers. When a cyclic hemiacetal or hemike­
tal structure forms, the structure with the new hydroxyl 
group projecting on the same side as that of the oxygen 
involved in forming the ring is termed the alpha anomer 
(see hemiacetal forms for glucose and diagram); that with 
the hydroxyl group projecting on the opposite side from 
that of the oxygen ring is termed the beta anomer (see 
diagram). The spatial arrangements of the atoms in these

cyclic structures are better shown (glucose is used as 
an example) in the representation devised by the British 
organic chemist Walter Norman (later Sir Norman) Ha­
worth about 1930; they are still in widespread use. In 
the formulation the asterisk indicates the position of the 
anomeric carbon atom; the carbon atoms, except at Po­
sition 6, usually are not labelled. The large number of 
asymmetrical carbon atoms and the consequent number 
of possible isomers considerably complicates the structural 
Chemistry of carbohydrates.

carbohydrate component of ribonucleic acid (rna) and 
deoxyribonucleic acid (dna), respectively; these sugars are 
present in all cells as components óf nucleic acids. Sources 
of some of the naturally occurring monosaccharides are 
listed in Table 6.
D-xylose, found in most plants in the form of a polysac- 

charide called xylan, is prepared from corncobs, cotton- 
seed hulls, or straw by Chemical breakdown of xylan. 
D-galactose, a common constituent of both Oligosaccha­
rides and polysaccharides, also occurs in carbohydrate- 
containing lipids, called glycolipids, which are found in the 
brain and other nervous tissues of most animals. Galac­
tose is generally prepared by acid hydrolysis (breakdown 
involving water) of lactose, which is composed of galactose 
and glucose. Since the biosynthesis of galactose in animals 
occurs through intermediate compounds derived directly 
from glucose, animals do not require galactose in the diet. 
In fact, in most human populations (Caucasoid peoples 
being the major exception) the majority of people do not 
retain the ability to manufacture the enzyme necessary 
to metabolize galactose after they reach the age of four, 
and many individuals possess a hereditary defect known 
as galactosemia and never have the ability to metabo­
lize galactose.

D-glucose (from the Greek word glykys, meaning “sweet”), 
the naturally occurring form, is found in fruits, honey, 
blood, and, under abnormal conditions, in urine. It is also 
a constituent of the two most common naturally found 
disaccharides, sucrose and lactose, as well as the exclusive 
structural unit of the polysaccharides cellulose, starch, and 
glycogen. Generally, D-glucose is prepared from either 
potato starch or cornstarch.

D-fructose, a ketohexose, is one of the constituents of 
the disaccharide sucrose and is also found in uncombined 
form in honey, apples, and tomatoes. Fructose, generally 
considered the sweetest monosaccharide, is prepared by 
sucrose hydrolysis and is metabolized by man.

Chemical reactions. The reactions of the monosaccha­
rides can be conveniently subdivided into those associated 
with the aldehydo or keto group and those associated with 
the hydroxyl groups.

The relative ease with which sugars containing a free or 
potentially free aldehydo or keto group can be oxidized 
to form products has been known for a considerable time 
and once was the basis for the detection of these so-called 
reducing sugars in a variety of sources. For many years, 
analyses of blood glucose and urinary glucose were car­
ried out by a procedure involving the use of an alkaline 
copper compound. Because the reaction has undesirable

D-glucose

Reactions 
involv­
ing the 
aldehydo 
or keto 
group



features—extensive destruction of carbohydrate structure 
occurs, and the reaction is not very specific (i.e., sugars 
other than glucose give similar results) and does not re­
sult in the formation o f readily identifiable products— 
blood and urinary glucose now are analyzed by using the 
enzyme glucose oxidase, which catalyzes the oxidation of 
glucose to products that include hydrogen peroxide. The 
hydrogen peroxide then is used to oxidize a dye present 
in the reaction mixture; the intensity of the colour is 
directly proportional to the amount of glucose initially 
present. The enzyme, glucose oxidase, is highly specific 
for ß-D-glucose.

In another reaction, the aldehydo group of glucose
H

( C =  0 )  reacts with alkaline iodine to form a class

of compounds called aldonic acids. One important al- 
donic acid is ascorbic acid (vitamin C, see structure), an 
essential dietary component for man and guinea pigs. The 
formation of similar acid derivatives does not occur with 
the keto sugars.

0
II
C
1

H O -C  O
II

H O -C
I

H -C -------
I

H O -C -H
I

c h 2o h

ascorbic acid, 
vitamin C 

(L-gulonolactone- 
2, 3-enediol)

Either the aldehydo or the keto group of a sugar may be 
reduced (i.e., hydrogen added) to form an alcohol; com­
pounds formed in this way are called alditols, or sugar 
alcohols. The product formed as a result of the reduction 
of the aldehydo carbon of D-glucose is called sorbitol 
(D-glucitol). D-glucitol also is formed when L-sorbose is 
reduced. The reduction of mannose results in mannitol, 
that of galactose in dulcitol.

Sugar alcohols that are of commercial importance in­
clude sorbitol (D-glucitol), which is commonly used as a 
sweetening agent, and D-mannitol, which is also used as a 
sweetener, particularly in chewing gums, because it has a 
limited water solubility and remains powdery and granulär 
on long storage.

The hydroxyl group that is attached to the anomeric car­
bon atom (i.e., the carbon containing the aldehydo or keto 
group) of carbohydrates in solution has unusual reactivity, 
and derivatives, called glycosides, can be formed; glyco- 
sides formed from glucose are called glucosides. It is not 
possible for equilibration between the a- and ß-anomers of 
a glycoside in solution (i.e., mutarotation) to occur. The 
reaction by which a glycoside is formed (see below) in­
volves the hydroxyl group (—OH) of the anomeric carbon 
atom (numbered 1) of both a and ß forms of D-glucose— 
a  and ß forms of D-glucose are shown in equilibrium 
in the reaction sequence—and the hydroxyl group of an 
alcohol (methyl alcohol in the reaction sequence); methyl 
a-D-glucosides and ß-D-glucosides are formed as products, 
as is water.

Among the wide variety of naturally occurring glycosides 
are a number of plant pigments, particularly those red, 
violet, and blue in colour; these pigments are found in 
flowers and consist of a pigment molecule attached to a 
sugar molecule, frequently glucose. Plant indican (from 
Indigofera species), composed of glucose and the pigment 
indoxyl, was important in the preparation of indigo dye 
before synthetic dyes became prevalent. Of a number of 
heart-muscle stimulants that occur as glycosides, digitalis 
is still used. Other naturally occurring glycosides include
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Formation
of
glycosides

H OH
\  /

1 C---------
I

2 H -C -O H
I

3 H O -C -H  O -^=±
I

4 H -C -O H
I

5 H -C ---------

HO H
\  /
C-------- T
I

H -C -O H
I

H O -C -H  O + CH3OH 
I

H -C -O H
I

H - C - ------

CHJ3H CH„OH

a -D -g lu c o s e  ß - D - g lu c o s e
( in  e q u i l ib r iu m  in  s o lu t io n )

m e th y l
a lc o h o l

H OCH^
C--------
I

H -C -O H
I

-----> H O -C -H  O
I

H -C -O H
I

H -C ---------

CH2OH

m e th y l - a -
D -g lu c o s id e

CH3O H

C---------
I

H -C -O H
I

+  H O -C -H  O +  HOH 
I

H -C -O H
I

H - C — —
I

CH2OH

me thy 1-/3- water
D -glucoside

Vanillin, which is found in the vanilla bean, and amyg- 
dalin (oil of bitter almonds); a variety of glycosides found 
in mustard have a sulfur atom at position 1 rather than 
oxygen.

A number of important antibiotics are glycosides; the 
best known are Streptomycin and erythromycin. Glu­
cosides—i.e., glycosides formed from glucose—in which 
the anomeric carbon atom (at position 1 ) has phospho­
ric acid linked to it, are extremely important biological 
compounds.

For example, a-D-glucose-1-phosphate (see formula), is 
an intermediate product in the biosynthesis of cellulose, 
starch, and glycogen; similar glycosidic phosphate deriva­
tives of other monosaccharides participate in the forma­
tion of naturally occurring glycosides and polysaccharides.

H 0 P 0 3H2\ / 3
1 C----- — 1

I
2  H -C -O H

I
3 H O -C -H

I O
4 H -C -O H

I
5 H -C ---------

I
6  CH2OH 

a - D - g l u c o s e - 1- p h o s p h a te

The hydroxyl groups other than the one at the anomeric 
carbon atom can undergo a variety of reactions, several 
of which deserve mention. Esterification, which consists 
of reacting the hydroxyl groups with an appropriate acidic 
compound, results in the formation of a class of com­
pounds called sugar esters. Among the common ones are 
the sugar acetates, in which the acid is acetic acid. Es­
ters of phosphoric acid and sulfuric acid are important 
biological compounds; glucose-6 -phosphate, for example, 
plays a central role in the energy metabolism of most 
living cells, and D-ribulose 1,5-diphosphate is important 
in photosynthesis.

Treatment of a carbohydrate with methyl iodide or sim­
ilar agents under appropriate conditions results in the for­
mation of compounds in which the hydroxyl groups are 
converted to methyl groups (—CH3). Called methyl ethers, 
these compounds are employed in structural studies of 
Oligosaccharides and polysaccharides because their forma­
tion does not break the bonds, called glycosidic bonds, that

Important
antibiotics

Formation 
of methyl 
ethers
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link adjacent monosaccharide units. In the reaction se­
quence shown, a segment of a starch molecule, consisting 
of three glucose units, is indicated; the Haworth formula­
tion used to represent one of the glucose units shows the 
locations of the glycosidic bonds and the —OH groups. 
When complete etherification of the starch molecule is 
carried out, using methyl iodide, methyl groups become 
attached to the glucose molecules at the three positions 
shown in the methylated segment of the starch molecule; 
note that the glycosidic bonds have not been broken by 
the reaction with methyl iodide. When the methylated 
starch molecule then is broken down (hydrolyzed), hy­
droxyl groups are located at the positions in the molecule 
previously involved in linking one sugar molecule to an­
other, and a methylated glucose, in this case named 2,3,6 
tri-O-methyl-D-glucose, forms. The linkage positions (in 
the example, at carbon atoms 1 and 4; the carbon atoms 
are numbered in the structure of the methylated glucose),

CH0OH

—glucose^O

° \  H

glucose-' +  GH3I

glycosidic bond
H OH V

glycosidic bond

H OH H OH
\  /  \  /

1 c - -------1| | ......... |1
2 H - C - N H ,( ) H -C -N H , O

1 ""|
3 H O -C -H H O -C -H|
4 H -C -O H

1

1
H O -C -H

i1
e i ¥ r '

1if r3 H C --- ----- 11 L|1
6 CH,OH CH..OH

D -glucosam ine D -galactosam ine

Neither amino sugar is found in the uncombined form! 
Both occur in animals as components of glycolipids or 
polysaccharides; e.g., the primary structural polysaccha- 
ride (chitin) of insect outer skeletons and various blood- 
group substances.

In a number of naturally occurring sugars, known as 
deoxy sugars, the hydroxyl group at a particular position 
is replaced by a hydrogen atom. By far the most impor­
tant representative is 2-deoxy-D-ribose (see formula), the 
pentose sugar found in deoxyribonucleic acid (d n a ); the 
hydroxyl group at the carbon atom at position 2 has been 
replaced by a hydrogen atom.

segment of a methyl
starch molecule iodide H—C=Q

CH2OCH3 
- — O

—glucose—O -1 \  OCH3 H / l O—glucose

H OCH3

methylated segment 
of starch molecule

hydrolysis

methylated glucose

which are not methylated, in a complex carbohydrate can 
be established by analyzing the locations (in the example, 
at carbon atoms 2, 3, and 6) of the methyl groups in the 
monosaccharides. This technique is useful in determin­
ing the structural details of polysaccharides, particularly 
since the various methylated sugars are easily separated 
by techniques involving gas chromatography, in which a 
moving gas stream carries a mixture through a column 
of a stationary liquid or solid, the components thus be­
ing resolved.

W h en  th e  term in a l g ro u p  (C H 2O H ) o f  a m on osacch ar id e  
is o x id ize d  c h e m ic a lly  or  b io lo g ica lly , a  p rod u ct called  a 
u ro n ic  a c id  is fo rm ed . G ly c o s id e s  th a t are derived  from  
D -g lu cu ron ic  a c id  (th e  u ro n ic  ac id  fo rm ed  from  D -glucose) 
an d  fa tty  su b sta n ces  ca lled  stero id s app ear in th e  urine o f  
a n im a ls  as n o rm a l m e ta b o lic  produ cts; in  ad d ition , foreign  
to x ic  su b sta n ces  are freq u en tly  co n v erted  in  th e liver to  glu- 
c u ro n id es  b efore  ex cr e tio n  in th e  urine. D -g lu cu ron ic  acid  
a lso  is  a  m ajor  c o m p o n e n t  o f  co n n e c tiv e  tissu e p o lysac­
ch arid es, an d  D -ga lac tu ron ic  ac id  an d  D -m an n u ron ic  acid , 
fo rm ed  from  D -ga lactose  an d  D -m a n n o se, respectively , are 
fo u n d  in  several p la n t sou rces.

Other compounds formed from monosaccharides include 
those in which one hydroxyl group, usually at the car­
bon at position 2 (see formulas for D-glucosamine and 
D-galactosamine), is replaced by an amino group (—NH2); 
these compounds, called amino sugars, are widely dis­
tributed in nature. The two most important ones are glu- 
cosamine (2-amino-2-deoxy-D-glucose) and galactosamine 
(2-amino-2-deoxy-D-galactose).

2 H -C -H
I

3 H -C -O H
I

4 H -C -O H
I

5 CH2OH

2-deoxy-D-ribose

O th er  natura lly  occu rrin g  d e o x y  sugars are h ex o ses , 
o f  w h ich  L -rham n ose (6 -d eo x y -L -m a n n o se ) an d  L -fu cose  
(6 -d eoxy-L -ga lac tose) are th e  m o st c o m m o n ; th e  latter, for  
ex a m p le , is p resen t in th e  carb oh yd rate  p o r tio n  o f  b lo o d -  
grou p  su b sta n ces  an d  in  red -b lo o d -ce ll m em b ra n es.

DISACCHARIDES AND OLIGOSACCHARIDES
Disaccharides are a specialized type of glycoside in which 
the anomeric hydroxyl group of one sugar has combined 
with the hydroxyl group of a second sugar with the elim- 
ination of the elements of water. Although an enormous 
number of disaccharide structures are possible, only a lim­
ited number are of commercial or biological significance.

Sucrose and trehalose. Sucrose, or common table sugar, 
has a world production amounting to well over 10,000,- 
000 tons annually. The unusual type of linkage between 
the two anomeric hydroxyl groups of glucose and fructose 
(see formula, in which the asterisk indicates anomeric car­
bon atom) means that neither a free aldehydo group (on 
the glucose moiety) nor a free keto group (on the fructose 
moiety) is available to react unless the linkage between 
the monosaccharides is destroyed; for this reason, sucrose 
is known as a nonreducing sugar. Sucrose Solutions do

CH9OH

not exhibit mutarotation, which involves formation of 
an asymmetrical centre at the aldehydo or keto group. 
If the linkage between the monosaccharides composing 
sucrose is broken, the optical rotation value of sucrose 
changes from positive to negative; the new value reflects 
the composite rotation values for D-glucose, which is dex­
trorotatory (+52°), and D-fructose, which is levorotatory 
(—92°). The change in the sign of optical rotation from

Deoxy
sugars

Invert
sugar
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positive to negative is the reason sucrose is sometimes 
called invert sugar.

The commercial preparation of sucrose takes advantage 
of the alkaline stability of the sugar, and a variety of 
impurities are removed from crude sugarcane extracts by 
treatment with alkali. After this step, syrup preparations 
are crystallized to form table sugar. Successive “crops” of 
sucrose crystals are “harvested,” and the later ones are 
known as brown sugar. The residual syrupy material is 
called either cane final molasses or blackstrap molasses; 
both are used in the preparation of antibiotics, as sweet- 
ening agents, and in the production of alcohol by yeast 
fermentation.

Sucrose is formed following photosynthesis in plants by 
a reaction in which sucrose phosphate first is formed.

The disaccharide trehalose is similar in many respects to 
sucrose but is much less widely distributed. It is composed 
of two molecules of a-D-glucose and is also a nonreducing 
sugar. Trehalose is present in young mushrooms and in 
the resurrection plant (Selaginella); it is of considerable 
biological interest because it is also found in the circu- 
lating fluid (hemolymph) of many insects. Since trehalose 
can be converted to a glucose phosphate compound by an 
enzyme-catalyzed reaction that does not require energy, its 
function in hemolymph may be to provide an immediate 
energy source, a role similar to that of the carbohydrate 
storage forms (i.e., glycogen) found in higher animals.

L actose and m aitose. Lactose is one o f the sugars (su­
crose is another) found most commonly in human diets 
throughout the world; it composes about 5 percent or 
more of the milk of all mammals. Lactose consists of two 
aldohexoses— ß-D-galactose and glucose—linked so that 
the aldehydo group at the anomeric carbon of glucose is 
free to react (see structural formula, in which the asterisk 
indicates position of anomeric carbon atoms); i.e., lactose 
is a reducing sugar.

ß-lactose
A variety of metabolic disorders related to lactose may 
occur in infants; in some cases, they are the result of 
a failure to metabolize properly the galactose portion of 
the molecule.

Impor- Although not found in uncombined form in nature, the
tance of disaccharide maitose is biologically important because it is 
maitose a product of the enzymatic breakdown of starches during 

digestion. Maltose consists of a-D-glucose linked to a sec­
ond glucose unit in such a way that maitose is a reducing 
sugar. Maltose, which is readily hydrolyzed to glucose and 
can be metabolized by animals, is employed as a sweet- 
ening agent and as a food for infants whose tolerance for 
lactose is limited. Table 7 lists the component sugars of, 
the linkage between, and the occurrence of a number of 
disaccharides and Oligosaccharides.

Table 7: Representative Disaccharides and Oligosaccharides

common
name

component sugars linkages sources

Cellobiose glucose, glucose 0 1 ~* 4f hydrolysis of cellulose
Gentiobiose glucose, glucose ß  1 -► 6 plant glycosides, 

amygdalin
Isomaltose glucose, glucose a 1 —► 6 hydrolysis of glycogen, 

amylopectin
Raffinose* galactose, glucose, 

fructose
a l  —>6, 

a  1 —> 2
sugarcane, beets, seeds

Stachyose* galactose, galactose, 
glucose, fructose

a 1 — > 6, 
a l  —> 6, 
«  1 ->2

soybeans, jasmine, 
twigs, lentils

♦Note that raffinose and stachyose are galactosyl sucroses. fThe linkage 
joins carbon atom 1 (in the ß  configuration) of one glucose molecule 
and carbon atom 4 of the second glucose molecule; the linkage may 
also be abbreviated ß - l ,  4.

POLYSACCHARIDES
Polysaccharides, or glycans, may be classified in a number 
of ways; the following scheme is frequently used. Ho­
mopolysaccharides are defined as polysaccharides formed 
from only one type of monosaccharide. Homopolysac­
charides may be further subdivided into straight-chain 
and branched-chain representatives, depending upon the 
arrangement of the monosaccharide units. Heteropolysac­
charides are defined as polysaccharides containing two or 
more different types of monosaccharides; they may also 
occur in both straight-chain and branched-chain forms. In 
general, extensive Variation of linkage types (see Table 8) 
does not occur within a polysaccharide structure, nor are 
there many polysaccharides composed of more than three 
or four different monosaccharides; most contain one or 
two.

HOMOPOLYSACCHARIDES
In general, homopolysaccharides have a well-defined 
Chemical structure, although the molecular weight of an 
individual amylose or xylan molecule may vary within 
a particular range, depending on the source; molecules 
from a single source also may vary in size, because most 
polysaccharides are formed biologically by an enzyme- 
catalyzed process lacking genetic information regarding 
size. Several naturally occurring homopolysaccharides are 
listed in Table 8.

The basic structural component of most plants, cellu- Cellu­
lose, is widely distributed in nature. It has been estimated lose and 
that nearly 10,000,000,000 tons of cellulose are synthe- xylans 
sized yearly as a result of photosynthesis by higher plants.
The proportion of cellulose to total carbohydrate found 
in plants may vary in various types of woods from 30 
to 40 percent, and to more than 98 percent in the seed 
hair of the cotton plant. Cellulose, a large, linear molecule 
composed of 3,000 or more ß-D-glucose molecules, is in­
soluble in water.
The chains of glucose units composing cellulose molecules 

are frequently aligned within the cell-wall structure of a 
plant to form fibre-like or crystalline arrangements. This 
alignment permits very tight packing of the chains and 
promotes their structural stability but also makes structural 
analysis difficult. The relationships between cellulose and 
other polysaccharides present in the cell wall are not well 
established; in addition, the presence of unusual Chemical 
linkages or nonglucose units within the cellulose structure 
has not yet been established with certainty.

During the preparation of cellulose, raw plant material 
is treated with hot alkali; this treatment removes most of 
the lignin, the hemicelluloses, and the mucilaginous com­
ponents. The cellulose then is processed to produce papers 
and fibres. The high resistance of cellulose to Chemical or 
enzymatic breakdown is important in the manufacture of 
paper and cloth. Cellulose also is modified chemically for 
other purposes; e.g., compounds such as cellulose acetate 
are used in the plastics industry, in the production of 
photographic film, and in the rayon-fibre industry. Vis­
cose rayon is produced from an ester of cellulose, and 
cellulose nitrate is employed in the lacquer and explo­
sives industries.

The noteworthy biological stability of cellulose is dra- 
matically illustrated by trees, the life-span of which may 
be several thousand years. Enzymes capable of breaking 
down cellulose are generally found only among several 
species of bacteria and molds. The apparent ability of ter­
mites to utilize cellulose as an energy source depends on 
the presence in their intestinal tracts of protozoans that 
can break it down. Similarly, the single-celled organisms 
present in the rumina of sheep and cattle are responsible 
for the ability of these animals to utilize the cellulose 
present in typical grasses and other feeds.

Xylans are almost as ubiquitous as cellulose in plant-cell 
walls and contain predominantly ß-D-xylose units linked 
as in cellulose (see Table 8). Some xylans contain other 
sugars, such as L-arabinose, but they form branches and 
are not part of the main chain. Xylans are of little com­
mercial importance.

The term starch refers to a group of plant reserve polysac- Starch 
charides consisting almost exclusively of a linear compo-
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Table 8: Representative Homopolysaccharides

homopolysaccharide sugar component linkage function sources
Cellulose glucose 0, 1 -* 4 structural throughout plant kingdom
Amylose glucose a, 1 —> 4 food storage starches, especially corn,

potatoes, rice
Chitin N-acetylglucosamine ß, l -*4 structural insect and crustacean skeleton
Inulin fructose ß, 2 -> 1 food storage artichokes, chicory
Xylan xylose j8, 1 —> 4 structural all land plants
Glycogen glucose a, 1 -> 4, food storage liver and muscle cells of all

6 <— 1, a animals
Amylopectin glucose a, 1 4, food storage starches, especially corn,

6 <— 1, a potatoes, rice
Dextran glucose tt, 1 —>6, unknown primarily bacterial

4<- 1, a
Agar* galactose a, 1—>3 structural seaweeds
♦May contain sulfate groups.

Glycogen

nent (amylose) and a branched component (amylopectin). 
Man’s use of starch as an energy source depends on his 
ability to convert it completely to individual glucose units; 
the process is initiated by the action of enzymes called 
amylases, synthesized by the sali vary glands in the mouth, 
and continues in the intestinal tract. The primary product 
of amylase action is maitose, which is hydrolyzed to two 
component glucose units as it is absorbed through the 
walls o f the intestine.

A characteristic reaction of the amylose component of 
starch is the formation with iodine of a complex com­
pound with a characteristic blue colour. About one iodine 
molecule is bound for each seven or eight glucose units, 
and at least five times that many glucose units are needed 
in an amylose chain to permit the effective development 
of the colour.

The amylopectin component of starch is structurally sim­
ilar to glycogen in that both are composed of glucose units 
linked together in the same way, but the distance between 
branch points (see schematic diagrams, in which — O— 
represents one glucose unit) is greater in amylopectin than 
in glycogen, and the former may be thought of as occupy- 
ing more space per unit weight.

asymmetrical glycogen molecules that are formed have 
severe, often fatal, consequences. Glycogen synthesis and 
breakdown are controlled by substances called hormones.

Large molecules— e.g., pectins and agars—composed of 
galactose or its uronic-acid derivative (galacturonic acid) 
are important because they can form gels. Pectins^ which 
are predominantly galacturonans, are produced from citrus 
fruit rinds; they are used commercially in the preparation 
of jellies and jams. Agar is widely employed in biological 
laboratories as a solidifying agent for growth media for 
microorganisms and in the bakery industry as a gelling 
agent; it forms a part of the diet of people in several areas 
ofthe Far East.

Dextrans, a group of polysaccharides composed of glu­
cose, are secreted by certain strains of bacteria as slimes. 
The structure of an individual dextran varies with the 
strain of microorganism. Dextrans can be used as plasma 
expanders (substitutes for whole blood) in cases of severe 
shock. In addition, a dextran derivative compound is em­
ployed medically as an anticoagulant for blood.

Chitin is structurally similar to cellulose, but the repeat- 
ing sugar is 2-deoxy-2-acetamido-D-glucose (TV-acetyl-D- 
glucosamine, see structural formula) rather than glucose.
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The applications of starches other than as foods are lim­
ited. Starches are employed in adhesive manufacture, and 
starch nitrate has some utility as an explosive.

Glycogen, which is found in all animal tissues, is the pri­
mary animal storage form of carbohydrate and, indirectly, 
of rapidly available energy. The distance between branch 
points in a glycogen molecule is only five or six units 
(see schematic diagram above), which results in a compact 
treelike structure. The ability of higher animals to form 
and break down this extensively branched structure is 
essential to their well-being; in conditions known as glyco­
gen storage diseases, these activities are abnormal, and the

CH,

/V-acetyl-D-glucosamine

Sometimes referred to as animal cellulose, chitin is the 
major component of the outer skeletons of insects, crus­
taceans, and other arthropods, as well as annelid and nem- 
atode worms, mollusks, and coelenterates. The cell walls 
of most fungi also are predominantly chitin, which com­
prises nearly 50 percent of the dry weight o f some species. 
Since chitin is nearly as chemically inactive as cellulose 
and easily obtained, numerous attempts, none of which 
has thus far been successful, have been made to develop 
it commercially. The nitrogen content of the biosphere, 
however, is stabilized by the ability of soil microorganisms 
to degrade nitrogen-containing compounds such as those 
found in insect skeletons; these microorganisms convert 
the nitrogen in complex molecules to a form usable by 
plants. If such microorganisms did not exist, much of the 
organic nitrogen present in natural materials would be 
unavailable to plants.

Heteropolysaccharides. In general, heteropolysaccha- 
rides (heteroglycans) contain two or more different 
monosaccharide units. Although a few representatives 
contain three or more different monosaccharides, most 
naturally occurring heteroglycans contain only two dif­
ferent ones and are closely associated with lipid or pro­
tein. The complex nature of these substances has made 
detailed structural studies extremely difficult. The ma­
jor heteropolysaccharides include the connective-tissue
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Table 9: Representative Heteropolysaccharides

heteropolysaccharide component sugars functions distribution

Hyaluronic acid D-glucuronic acid and N-acetyl-D- 
glucosamine

lubricant, shock 
absorber, water 
binding

connective tissue, skin

Chondroitin-4-sulfate * D-glucuronic acid and iV-acetyl-D- 
galactosamine-4-O-sulfate

calcium accumulation, 
cartilage and bone 
formation

cartilage

Heparin* D-glucuronic acid, L-iduronic acid, 
iV-sulfo-D-glucosamine

anticoagulant mast cells, blood

Gamma globulin* N-acetyl-hexosamine, D-mannose, 
D-galactose

antibody blood

Blood group substance* D-glucosamine, D-galactosamine, 
Z,-fucose, D-galactose

blood group specificity cell surfaces, especially 
red-blood cells

♦Covalently linked to protein; the proportion of protein to carbohydrate in such complex molecules varies
from about 10% protein in the case o f chondroitin-4-sulfate to better than 95% for gamma globulin.

polysaccharides, the blood-group substances, glycoproteins 
(combinations of carbohydrates and proteins) such as 
gamma globulin, and glycolipids (combinations of carbo­
hydrates and lipids), particularly those found in the central 
nervous system of animals and in a wide variety of plant 
gums (see Table 9).

The most important heteropolysaccharides are found in 
the connective tissues o f all animals and include a group 
of large molecules that vary in size, shape, and interac­
tion with other body substances. They have a structural 
role, and the structures of individual connective-tissue 
polysaccharides are related to specific animal functions; 
hyaluronic acid, for example, the major component of 
joint fluid in animals, functions as a lubricating agent and 
shock absorber.
The connective-tissue heteropolysaccharides contain 

acidic groups (uronic acids or sulfate groups) and can bind 
both water and inorganic metal ions. They can also play 
a role in other physiological functions; e.g., in the accu- 
mulation of calcium before bone formation. Ion-binding 
ability also appears to be related to the anticoagulant ac­
tivity of the heteropolysaccharide heparin (see Table 9).

The size of the carbohydrate portion of glycoproteins 
such as gamma globulin or hen-egg albumin is usually 
between five and 10 monosaccharide units; several such 
units occur in some glycoprotein molecules. The func­
tion of the carbohydrate component has not yet been 
established except for glycoproteins associated with cell 
surfaces; in this case, they appear to act as antigenic deter­
minants— i.e., they are capable of inducing the formation 
of specific antibodies.

PREPARATION AND ANALYSIS
In general, monosaccharides are prepared by breakdown 
with acids of the polysaccharides in which they occur. Sug­
ars usually are difficult to obtain in crystalline form, and 
the crystallization process usually is begun by “seeding” 
a concentrated solution of the sugar with crystals. The 
techniques employed for Separation of monosaccharides 
depend to some extent on their physical and Chemical 
properties; Chromatographie procedures are often used.

Oligosaccharides and polysaccharides are prepared from 
natural sources by techniques that take advantage of size, 
alkaline stability, or some combination of these and other 
properties of the molecule of interest. It should be noted 
that preparation o f an Oligosaccharide or polysaccharide 
usually results in a range of molecular sizes of the desired 
molecule. The purity o f a carbohydrate preparation, which 
is frequently based on an analysis of its composition, is 
more easily established for monosaccharides and disaccha­
rides than for large, insoluble molecules such as cellulose.

Analytical techniques. A variety of organic Chemical 
analytical techniques are generally applicable to studies 
involving carbohydrates. Optical rotation, for example, 
once was frequently used to characterize carbohydrates. 
The ability to measure the rotation of the plane of po­
larized light transmitted through a solution containing a 
carbohydrate depends on finding a suitable solvent; water 
usually is used, with light at a wavelength of 589 mp 
(millimicrons). Optical rotation is no longer widely used 
to characterize monosaccharides. The magnitude and sign 
o fth e  optical rotation of glycosides, however, is useful

in assigning configuration (a or ß) to the hydroxyl group 
at the anomeric centre; glycosides of the a-configuration 
generally have rotations of higher magnitude than do the 
same glycosides of the ß-configuration. Optical rotation is 
not a completely additive property; a trisaccharide com­
posed of three glucose residues, for example, does not have 
a rotation three times that of one glucose molecule. Sugar 
alcohols cannot form ring structures; their rotation values 
are extremely small, suggesting a relationship between ring 
structure and the ability o f a carbohydrate to rotate the 
plane of polarized light. Certain types o f reactions (e.g., 
glycoside hydrolysis) can be monitored by measuring the 
change in optical rotation as a function of time. This 
technique is frequently used to examine the breakdown of 
disaccharides or Oligosaccharides to monosaccharide units, 
especially if a large change in the net optical rotation may 
be expected, as occurs in the hydrolysis o f sucrose.

Spectroscopie techniques. Several other optical tech­
niques used in chemistry have been applied to the analysis 
of carbohydrates. Infrared spectroscopy, used to measure 
vibrational and rotational excitation of molecules, and 
nuclear magnetic-resonance spectroscopy, which measures 
the excitation of certain components of molecules in a 
magnetic field induced by radio-frequency radiation, are 
valuable, although the similarity of the functional groups 
(i.e., the hydroxyl groups) limits use of the former technique 
for most sugars. Proton magnetic-resonance spectroscopy, 
nuclear magnetic resonance applied to protons (H atoms), 
is employed to identify the relative spatial arrangements 
of individual hydrogen atoms in a molecule. When they 
are precisely placed, the corresponding positions of the 
hydroxyl groups attached to the same carbon atom can be 
deduced. An extension of this technique utilizes the reso­
nance spectroscopy of carbon-13, a nonradioactive isotope 
of carbon, so that ring structures can be established with 
great accuracy. Both the proton and carbon magnetic 
resonance methods are best applied to monosaccharides; 
they are less valuable in studying polysaccharides because 
an individual hydrogen atom in a large molecule is too 
small for accurate detection.

Identification of subunits. The study o f polysaccharide 
structure usually focusses on the Chemical composition, 
the linkage between the monosaccharide units, and the 
size and shape of the molecule. The last two proper­
ties can be ascertained by techniques usually applied to 
large molecules; e.g., the most accurate molecular weight 
method measures the Sedimentation properties of the 
molecule in an applied gravitational field (e.g., the rate at 
which a solid material is deposited from a state of sus­
pension or solution in a liquid). Indications of the shape 
of polysaccharide molecules in solution are obtained from 
viscosity measurements, in which the resistance of the 
molecules to flow (viscosity) is equated with the end-to- 
end length of the molecule; the viscosity of hyaluronic 
acid, for example, shows a marked dependence on both 
concentration of the acid and the salt content of the so­
lution, and, under conditions approximating those found 
in biological systems, the molecule may be thought of as 
occupying a great deal of space. Alternatively, the compact 
nature of a glycogen molecule of equal molecular weight 
results in its accommodation to a much smaller space.

The identification of sugars in a mixture resulting from
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the hydrolytic breakdown of a heteropolysaccharide is 
most often carried out by chromatography of the mixture 
on paper, silica gel, or cellulose. Ready separations can 
be achieved between pentoses, hexoses and, for example, 
deoxy sugars; closely related compounds such as D-glucose 
and D-galactose also can be separated using Chromato­
graphie techniques. The linkage positions in polysaccha­
rides are usually determined using the methylation pro­

cedure described previously. The various monosaccharide 
methyl ethers are separated by gas-liquid chromatography.

Detailed statements about polysaccharide structure and 
function are limited by the Statistical nature of some mea- 
surements (e.g., branching frequency), the biological vari­
ability of parameters such as size and molecular weight, 
and incomplete information about associative interactions 
in living things. (E.A.D.)

LIPIDS
Lipids are a diverse group of organic compounds found 
in plants, in animals, and in microorganisms. They are 
greasy to the touch and insoluble in water but soluble in 
alcohol, ether, and other organic solvents. Lipids comprise 
one of the three large classes of foods and, with proteins 
and carbohydrates, are components of all living cells. The 
proportion of lipids in foodstuffs varies; it is 0.2 percent 
in white potatoes and 70 percent in some nut kerneis. 
Fats such as olive oil and cod-liver oil contain a mixture 
of fatty substances, lipids called triglycerides. Triglycerides 
compose almost 90 percent of the adipöse, or fat, tissue 
of animals. Contrary to populär opinion, adipöse tissue is 
an energy source and can be used when needed. Triglyc­
erides are sometimes called nature’s storehouse of energy 
because, on a weight basis, they contain more than twice 
as much energy as do carbohydrates and proteins.

As noted previously, lipids made by cells are important 
not only because they serve as an energy source but also 
because they form structural components. Lipids such as 
lecithin and eephalin, which are soluble in both water and 
fats, serve a vital role in the cell by binding water-soluble 
compounds such as proteins to lipid-soluble substances. 
Lecithin is an important structural component of the cell 
membrane, where it maintains continuity between the 
water and lipid phases inside and outside the cell. Certain 
enzymes depend upon their attachment to lipids such as 
lecithin to perform their function properly.

Variation The Structure of lipids varies from simple chainlike 
in lipid molecules consisting of hydrogen, carbon, and oxygen 
structure to complex ring, or cyclic, structures with side chains 

of varying composition and complexity. Many naturally 
occurring lipids are associated with proteins, in combina­
tions called lipoproteins. Lipids dealt with in the following 
section include neutral lipids (or triglycerides; i.e., fatty- 
acid esters of the alcohol glycerol), phosphoglycerides (or 
phospholipids; i.e., fatty-acid esters of glycerol and phos­
phoric acid or one of its derivatives), and sphingolipids 
(complex lipids containing compounds—sphingosine or 
phytosphingosine—other than glycerol). The characteris­
tics of fatty acids, which are components of many lipids, 
also are described. Lipoproteins are dealt with briefly. 
Sterols and carotenoids, also included here as lipids, are 
considered in detail in the related article Chemical com­
pounds: Isoprenoids; Steroids. Other related articles in­
clude metabolism and cells: Biological membrane.

General features
FUNCTION AND IDENTIFICATION OF LIPIDS

Lipids as food reserves in cells. The most important 
role of the fatty-acid components of neutral lipids in plant 
and animal tissues is to provide a fuel supply for cells; 
i.e., neutral lipids comprise a reserve supply of potential 
energy and are broken down, when needed, in such a 
manner that the energy liberated is employed to make 
an energy-rich compound called adenosine triphosphate 
(atp), which in turn is utilized in energy-requiring cellular 
processes such as muscle contraction and the synthesis of 
cell constituents. The energy in a fatty-acid molecule is 
transformed into atp by a process known as fatty-acid 
oxidation (or beta oxidation). For a detailed discussion of 
the mechanism of fatty-acid oxidation, see metabolism.

Triglycerides and fatty acids are formed during digestive 
processes in animals. After a mammal ingests a fatty meal, 
the fats are acted upon by digestive secretions containing 
the enzyme lipase, which breaks down at least part of the

triglycerides. The breakdown products and the remaining 
intact triglycerides then are absorbed through the intesti­
nal cell wall and are recombined, at least in part, to form 
triglycerides and phospholipids. These lipids, in the form 
of very small droplets (Chylomicrons), are transported in 
blood and in chyle (a milky fluid from the small intestine) 
to points of utilization or storage in the body.

One function of bile salts in digestion is to promote 
the linkage of (i.e., emulsify) lipid-soluble groups with 
water-soluble ones (such as those in enzymes) and also to 
increase the solubility of lipids in water. Both emulsifi- 
cation and solubilization are necessary because lipids are 
completely metabolized only at the lipid-water interface 
created by bile salts and by the salts of fatty acids (soaps), 
which are formed during the partial breakdown of lipids 
(see also Digestion and digestive systems).

If an animal ingests more energy-rich substances (e.g., 
fats, carbohydrates) than it can utilize, excess fatty acids 
combine with glycerol to form neutral lipids, which are 
stored in the animal; e.g., in adipöse tissue in mammals. If 
the energy requirements of the animal increase, the stored Neutral 
neutral lipids may then bè broken down, each molecule lipids as 
forming three molecules of fatty acid and one molecule of depot 
glycerol. The three molecules of fatty acid combine with material 
a protein (albumin) in mammalian blood plasma and are 
carried in the bloodstream to various tissues and organs 
that require energy. Neutral lipids probably also function 
as depots of concentrated energy in plant reproductive 
structures such as pollen grains and seeds; i.e., as food 
reserves for developing embryos.

The types of neutral lipids in an individual animal may 
vary according to the animal species and the composition 
of fats in the food it consumes. Fats used by or stored 
in animal tissues come from two sources—diet and enzy­
matic synthesis. The lipids synthesized from carbohydrates 
or proteins are characteristic of the animal species, whereas 
those resynthesized from dietary fats are characteristic of 
the food ingested. Many animals require some lipids con­
taining one or more specific fatty acids, usually linoleic, 
linolenic, and arachidonic, to prevent the development of 
an essential fatty-acid deficiency, which is manifested by 
skin lesions, scaliness, poor hair growth, and low growth 
rates. These fatty acids cannot be synthesized by the ani­
mal and must be supplied in the diet (see also nutrition: 
Nutritional diseases and disorders).

Lipids as structural components of cells. Neutral lipids. 
Subcutaneous deposits of neutral lipids insulate animals 
against cold because of the low rate of heat transfer in 
fats, a property especially important to animals commonly 
found in cold waters or cold climates; e.g., whales, wal- 
ruses, and bears. Neutral lipids also provide structural 
support or padding for organs.

Phosphoglycerides. Phosphoglycerides, or phospho­
lipids, are important constituents of cell membranes and 
of the membranes of cell components such as mitochon- 
dria; they function in the conduction of nerve impulses, in 
the insulation of nerve cells, in certain enzyme-catalyzed 
reactions within cells, and in blood coagulation and the 
transport of lipids from the liver to other tissues and Or­
gans in mammals.

Phosphoglycerides contain acidic (negatively charged) 
and basic (positively charged) groups as well as fatty-acid 
groups. Because they have both charged, water-attracting 
(hydrophilic) groups and lipid-attracting, water-repelling 
(hydrophobic) groups, phosphoglycerides are moderately 
soluble in both water and lipids and serve, therefore,
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an important role in the cell in binding both types 
of compounds together; lecithin is a naturally occurring 
phosphoglyceride of special importance in the cell mem­
brane because its hydrophilic groups maintain continuity 
between the water outside and that inside the cell, and 
its hydrophobic groups dissolve lipid materials, allowing 
them to enter the cell (see cells: Biological membrane).

Phosphoglycerides in blood bodies called platelets func­
tion in the process of blood-clot formation. Blood coag- 
ulation in mammals involves the conversion of a soluble 
protein (fibrinogen) into an insoluble derivative (fibrin 
clot). This reaction in part is catalyzed by the enzyme 
thrombin, which is derived from another protein (pro- 
thrombin) by the action of the enzyme prothrombinase. 
Prothrombinase in tum is formed by the interaction of two 
blood-plasma proteins, a phosphoglyceride, and calcium. 
The exact role of the phosphoglyceride in this reaction, 
however, has not yet been established with certainty.

Sphingolipids. Lipids found in nervous tissue (espe­
cially the brain) and necessary for its normal function 
include the sphingolipids, among them Sphingomyelins, 
cerebrosides, sulfatides, and gangliosides. Schwann cells, 
the source for the membranous sheath surrounding certain 
nerve fibres, release a lipid material (myelin) that contains 
Sphingomyelins. Myelination of nerve fibres is necessary 
for the normal development of nerve tissue, and absence 
or alteration of the myelination process may result in 
severe mental retardation in man. Sphingolipids have not 
been studied as exhaustively as some of the other lipids 
because they are difficult to isolate and separate into ho- 
mogeneous components.

Sterols and carotenoids. Sterols include cholesterol in 
vertebrates and saponins and digitaloids in plants; choles­
terol, with phospholipids, plays a role in membrane struc­
ture and an important role in the synthesis o f numerous 
other biologically active sterols, commonly referred to as 
steroids—e.g., bile acids, certain hormones, vitamin D. 
Carotenoids, widely distributed in living things, are pig­
ments (coloured molecules) and function in the photosyn- 
thetic process in plants. These substances are discussed in 
detail in Chemical compounds: Steroids; Isoprenoids.

PREPARATION AND ANALYSIS
The isolation and identifieation of lipids is a challenging 
task. The procedures involve the Separation of lipids from 
other cellular constituents using organic solvents (e.g, 
Chloroform, methanol), in which the lipids dissolve. Two 
solvents usually are used to separate lipids from other 
cellular constituents. One solvent, usually methanol, sep­
arates the lipoproteins into lipid and protein components; 
the other, usually chloroform, dissolves the lipids. After 
this mixture is treated to remove low-molecular-weight 
compounds, such as inorganic salts, amino acids, and sug­
ars, the lipids are separated by column chromatography 
into individual components. Ä typical Chromatographie 
Separation of the total lipids, however, does not necessarily 
result in Separation of the components into pure com­
pounds. Additional analytical techniques, such as thin- 
layer chromatography, mass spectrometry, infrared spec- 
trometry, and optical activity, are needed to establish the 
identity of each component.

Characteristics and classes of fatty acids
COMPOSITION AND STRUCTURE
The fatty acids of the naturally occurring lipids have an 
even number of carbon (C) atoms because they are syn­
thesized from acetyl groups, each of which contains two 
carbon atoms. Fatty acids with 16 (palmitic acid) and 18 
(stearic acid) carbon atoms are most commonly found in 
nature, but the reasons for their abundance have not yet 
been established. Fatty acids constitute important compo­
nents of lipids in plants, animals, and microorganisms. 
In most cases, they are not found in free form but, in­
stead, are bound to other compounds to form fatty-acid- 
containing lipids; e.g., neutral lipids (triglycerides), sterols, 
phosphoglycerides such as lecithin, and sphingolipids such 
as Sphingomyelin. Two typical fatty acids are palmitic and 
oleic.
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The most stable arrangement o f methylene groups 
(—CH2— groups), which comprise the hydrocarbon moi­
ety of the molecule, is represented in the formula for 
palmitic acid; the double bond (—C H =C H —) in the 
oleic acid molecule, whose structure differs from that of 
palmitic acid only in the double bond between carbon 
atoms 9 and 10 (the carbon in the carboxyl, or — COOH, 
group is number 1), changes the shape of the molecule 
from that of palmitic acid. The double bond, which in­
dicates that the acid contains two fewer hydrogen atoms 
than its counterpart (palmitic acid), makes the oleic acid 
molecule almost symmetrical because it is located exactly 
in the middle of the hydrocarbon chain. An additional 
change in the shape of fatty-acid molecules occurs in those 
acids that contain two double bonds, such as linoleic 
acid. Fatty-acid molecules containing one or more double 
bonds (—C H =C H —) are called unsaturated fatty acids; 
those without double bonds are called saturated fatty acids. 
Double bonds give rise to a phenomenon called geomet- 
rical isomerism; this means that the positions of certain 
atoms in the acid molecule may lie on the same side of 
an imaginary plane through the molecule, in which case a 
bond is said to be eis, or on opposite sides of the plane, in 
which case the bond is said to be trans. The unsaturated 
fatty acids of mammalian tissues usually contain cis dou­
ble bonds (see structural formulas for palmitic and oleic 
acids); in addition, fatty acids found in mammals usually 
consist of long, chainlike arrangements of the hydrocarbon 
portion of the molecule (e.g., as in palmitic acid) rather 
than branched or cyclic structures. On the other hand, 
fatty acids with cyclic and branched structures occur in 
plants and bacteria.

PRINCIPAL CLASSES
Saturated fatty acids. Typical naturally occurring satu­

rated fatty acids are chainlike (nonbranched) compounds 
with an even number of carbon atoms; e.g., palmitic 
acid, stearic acid. Names given to fatty acids other than 
the more commonly used, or trivial, names are called 
systematic names (rc-hexadecanoic acid for palmitic and 
fl-octadecanoic acid for stearic); they provide information 
about either the correct geometrie form of an unsaturated 
fatty acid or the exact location of substituted groups in 
the molecule.

Although palmitic acid and stearic acid are the major 
saturated fatty acids found in animal and plant tissues, 
significant amounts of other saturated fatty acids, such 
as myristic acid and lauric acid, occur in certain tissues, 
and lignoceric acid and behenic acid are found in high
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concentrations in brain sphingolipids. Small amounts of 
fatty acids with an odd number of carbon atoms also 
are known; e.g., pentadecanoic acid and heptadecanoic 
acid. A list of the most common saturated chainlike fatty 
acids (i.e., those containing 1 2  or more carbon atoms), 
including their usual sources, is presented in Table 10. 
There are several important short-chain fatty acids; these 
include butyric acid (which has four carbon atoms, or C4) 
and caproic acid (C6), which are important constituents 
of milk lipids, and octanoic acid (C8) and decanoic acid 
(C,o), which are present in palm oil.

CH3(CH2)4CH =  CHCH2CH =  CH(CH2)7COOH 

linoleic acid

CH3CH2CH =  CHCH2CH =  CHCH2CH =  CH(CH2)7COOH 

linolenic acid

CH3(CH2)4CH =  c h c h 2c h  =  c h c h 2c h  =  

CHCH2CH =  CH(CH2)3C 00H . 

arachidonic acid

Table 10: Some Naturally Occurring Saturated Fatty Acids

trivial name systematic name chain typical sources 
length*

Lauric acid n-dodecanoic acid 1 2 palm-kernel oil, nutmeg
Myristic acid n-tetradecanoic acid 14 palm-kernel oil, nutmeg
Palmitic acid w-hexadecanoic acid 16 olive oil, animal lipids
Stearic acid n-octadecanoic acid 18 cocoa butter, animal lipids
Behenic acid n-docosanoic acid 2 2 brain tissue, radish oil
Lignoceric acid «-tetracosanoic acid 24 brain tissue, carhauba wax
*In carbon atoms.

Mono-
and
polyunsat- 
urated 
fatty acids

Unsaturated fatty acids. Unsaturated fatty acids have 
structures similar to those of saturated ones but contain 
at least one or more olefinic, or double bond. Fatty acids 
with one double bond are called monounsaturated fatty 
acids; those with two or more are called polyunsaturated 
ones. The naturally occuring unsaturated fatty acids may 
be distinguished solely by the degree of unsaturation and 
usually contain one or two double bonds; fatty acids con­
taining acetylenic, or triple bonds (—O ^ C —), also have 
been found in nature.

Monounsaturated fatty acids (also called monoethenoic, 
monoenoic, ethylenic, olefinic, or alkenoic acids) contain 
two fewer hydrogen atoms (H) thanLdo corresponding 
saturated acids and thus have one double bond (i.e., 
—CH2—CH2 becomes — C H =C H —); monounsaturated 
acids comprise the largest group of unsaturated fatty acids. 
The major and most representative monounsaturated acids 
in animal and plant tissues, oleic acid and palmitoleic 
acid, have the following formulas:

CH3(CH2)7CH =  CH(CH2)7COOH 

oleic acid

CH3(CH2)5CH =  CH(CH2)7COOH. 

palmitoleic acid

These two widely distributed fatty acids exist in abun­
dant quantities in nature and have several common fea­
tures; i.e., a double bond between carbon atoms 9 arid 
10 (counting from the —COOH, or carboxyl, end) and a 
cis configuration at this double bond. Fatty acids with a 
double bond at other positions are listed in Table 11; e.g., 
nervonic acid has a double bond between carbon atoms 
15 and 16, as indicated by the systematic name, cis-15- 
tetracosenoic acid.

Table 11: Types of Monounsaturated Long-Chain Fatty Acids

trivial name systematic name chain
length*

typical source(s)

Palmitoleic acid c/s-9-hexadecenoic acid 16 marine algae, pine oil
Oleic acid c/s-9-octadecenoic acid 18 animal tissues, olive oil
Gadoleic acid cis-9-eicosenoic acid 2 0 fish oils (cod, sardine)
Erucic acid ci's-13-docosenoic acid 2 2 rapeseed oil
Nervonic acid ci's-15-tetracosenoic acid 24 elasmobranch fishes, brain
*In carbon atoms.

Polyunsaturated acids (also called polyethenoic, 
polyenoic, alkapolyenoic, alkadienoic, or alkatrienoic 
acids) are found in much smaller amounts in naturally 
occurring lipids than are monounsaturated ones. The for­
mulas o f the three common polyunsaturated fatty acids 
are given below.

Linoleic acid and arachidonic acid comprise most o f the 
polyunsaturated fatty acids found in animal tissues. The 
double bonds usually are located at specific positions, as 
in linoleic and arachidonic acids. The most important 
polyunsaturated acids, which contain 18 to 2 2  carbon 
atoms, are listed in Table 12.

Table 12: Types of Polyunsaturated Fatty Acids

trivial name systematic name chain
length*

typical source(s)

Linoleic acid cis-9-, cis-1 2 - 18 corn oil, animal
octadecadienoic acid tissues, bacteria

Linolenic acid cis-9-, cis-12-, cis-15- 18 animal tissues
octadecatrienoic acid

5,8,11-eicosatrienoic acid 2 0

8,11,14-eicosatrienoic acid 2 0 brain tissue
7,10,13-docosatrienoic acid 2 2 phospholipids
8,11,14-docosatrienoic acid 2 2

Arachidonic 5,8,11,14-eicosatetraenoic acid 2 0 liver, brain tissue
acid 4,7,10,13-docösatetraenoic acid 2 2 brain tissue

4,7,10,13,16,19- 2 2 brain tissue
docosahexaenoic acid

*In carbon atoms.

Alkyl-,
hydroxy-,
and
alicyclic-
substituted
fatty
acids

1 2 -methyltetradecanoic acid (anteiso)

An excellent source of alkyl-substituted fatty acids is the 
bacterium that causes human tuberculosis; the acid is called 
tuberculostearic acid, or d-(/ )-1 0 -methylöctadecanoic acid. 
Other saturated acids isolated from tubercle bacilli include 
phytomonic acid (a 1 0 - or 1 1-methylnonadecanoic acid), 
phthioic acid (a mixture containing fatty acids with 23 
to 31 carbon atoms), mycocerosic acid (a polymethylated 
fatty acid with 31 carbon atoms), and a number of alkyl 
branched-chain, unsaturated fatty acids.

Several hydroxy fatty acids (i.e., containing one —OH 
group) occur in various lipid sources. Ricinoleic acid and 
cerebronic acid are typical examples.

CH3(CH2)5CHCH2CH =  CH(CH2)7COOH 
I

OH

ricinoleic acid
(d-12-hydroxy-c/s-9-octadecanoic acid)

CH3(CH2)21CHCOOH
I

OH

cerebronic acid 
(2 -hydroxytetracosanoic acid)

Ricinoleic acid occurs in castor oil, and cerebronic acid 
is present in brain tissue; a-hydroxynervonic acid (an un-

Most mammals cannot synthesize linoleic acid, but they 
are able to convert it to other unsaturated acids; e.g., arachi­
donic acid and the eicosapolyenoic acids. The polyunsatu­
rated fatty acids in mammals therefore are derived largely 
from the diet, i.e., they are essential fatty acids.

Fatty acids with substituted groups. Alkyl-substituted, 
or alkylalkanoic, fatty acids have one alkyl group on the 
molecule. An alkyl group is a hydrocarbon group with the 
general formula CnH2n+1; the methyl group (— CH3) is the 
alkyl group in the example below. Methyltetradecanoic 
acid is found in butterfat.

CH3CH2CHCH2(CH2)9COOH
I

c h 3
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saturated fatty acid with 24 carbon atoms) also occurs in 
brain tissue. Very small amounts of other hydroxy fatty 
acids are found in animal and bacterial lipids.

Alicyclic-substituted fatty acids, which contain a cyclo- 
propane group

CH2 
/  \

h 2c  —  c h 2

attached at or near the centre of the molecule, occur in 
certain bacteria. One such acid, lactobacillic acid, com­
prises about 30 percent of the total fatty acids of the bac­
terium Lactobacillus arabinosus. Fatty acids containing 
cyclopropane groups have not yet been found in animal 
tissues. A series of compounds similar in structure has, 
however, been found in the chaulmoogra oils.

Several alicyclic acids, called prostaglandins, occur in 
seminal fluid and in certain glands of sheep and man. 
Hormone-like substances with widespread physiological 
effects, prostaglandins lower blood pressure, and stimulate 
the contraction of smooth muscles.

PHYSICAL AND CHEMICAL PROPERTIES
Solubility. Long-chain fatty acids (10 or more carbon 

atoms) are insoluble in water; short-chain fatty acids (two 
to eight carbon atoms) mix easily with water. The reason 
for the low solubility of long-chain fatty-acid molecules 
is that the methylene groups (—CH2—) comprising the 
hydrocarbon chain are not ionized (i.e., lack charge) and 
thus are nonpolar; they are more important in determin­
ing solubility properties of the acids than is the carboxyl 
(—COOH) component, which is ionized and therefore po­
lar. Common table salt is about 1,000 times more soluble 
in water than is stearic acid; glucose is about 3,300 times 
more soluble. Fatty acids dissolve in nonpolar solvents or 
solvents that are less polar than water.

Reactivity of the carboxyl group. The low water solu­
bility of fatty acids, which are members of a large group 
of organic acids known as carboxylic acids, makes diffi­
cult the determination of their properties as acids. Small 
amounts of fatty acids, which are weak acids compared 
with mineral acids such as hydrochloric and nitric, do 
not completely dissociate into ionized (charged) moieties 
in water. The carboxyl group (—COOH) is responsible 
for the acidic properties of fatty acids (see also Chemical 
compounds: Carboxylic acids and their derivatives). 

Chlorides, Most reactions at the carboxyl group of fatty acids ih- 
esters, volve the hydroxyl moiety (—OH) but are influenced
and amides by the carbonyl moiety (—C = 0 ). Several reactions are 

typical of fatty acids; e.g., formation of Chlorides, esters, 
and amides. Fatty-acid Chlorides, called acyl Chlorides, are 
formed by the reaction of a fatty acid with the compound 
thionyl chloride (SOCl2). Salts of fatty acids are formed 
in reactions with bases (e.g., sodium hydroxide), in which 
case the products are called soaps, or with alcohols to form 
esters. If palmitic acid reacts with the alcohol methanol 
(CH3OH), the product, called methyl palmitate, is the 
methyl ester of palmitic acid; the methyl esters of fatty 
acids are often used to determine the properties of the 
acids. The reaction of a fatty acid with ammonia in the 
presence of heat results in the formation of a product 
called an amide; the amides of fatty acids also are useful 
in characterizing them. Amides are found in nature.

Reactivity of the hydrocarbon chain. The most chemi- 
cally reactive part of a hydrocarbon chain of a fatty acid 
is the double bond. Halogens (e.g., chlorine, bromine, 
iodine) and their derivatives, called halides, react with un­
saturated fatty acids to remove the double bonds, thereby 
forming saturated acids; this is known as an addition re­
action. Halides such as hydriodic acid (Hl) readily attack 
a double bond to form derivative compounds.

In the presence of a suitable catalyst (e g., platinum oxide, 
palladium on charcoal), hydrogen undergoes an addition 
reaction with unsaturated fatty acids; that is, hydrogen is 
added to the positions at which double bonds are found. 
This hydrogenation reaction results in the formation of 
saturated fatty acids. The double bonds of polyunsaturated 
fatty acids are hydrogenated in a specific order; linolenic 
acid (a fatty acid with 18 carbon atoms and three doublé

bonds; Table 12), for example, is hydrogenated first at the 
bond between carbon atoms 12 and 13 to form a 9,15- 
octadecadienoic acid, which can then be further hydro­
genated to form a saturated acid.

Bond alternation, or any change involving double bonds 
such as those found in unsaturated fatty acids, also oc­
curs in living cells. The first type, called autoxidation, is 
a nonenzymatic process; the second, lipoxidation, is an 
enzyme-catalyzed reaction. Both involve oxygen.

Autoxidation* or rancidification, which occurs slowly and Autoxi- 
spontaneously in air, involves the absorption of oxygen by dation 
an unsaturated fatty-acid molecule, with the formation of 
a compound called a hydroperoxide, which decómposes. 
Autoxidation may occur during the drying or handling of 
certain oils, under adverse conditions of fat storage, and 
in certain mammalian deficiencies; i.e., vitamin E defi­
ciency. The acids that undergo autoxidation usually are 
the polyunsaturated ones; e.g., linoleic acid.

Lipoxidation contrasts with autoxidation in that an en­
zyme (lipoxidase) catalyzes the addition of oxygen to a 
double bond in linoleic acid. Lipoxidase is found in legume 
seeds (for example, soybeans) and in adipose (fat) tissue.

Derivatives of fatty acids 
and associated compounds
As was previously emphasized, naturally occurring fatty 
acids are normally found in cells bound to other sub­
stances to form triglycerides (neutral lipids), phosphoglyc­
erides (phospholipids), and sphingolipids. Neutral lipids 
are found almost exclusively in the cytoplasmic compart- 
ment of cells, phosphoglycerides and sphingolipids almost 
exclusively in the membranous structures. For metabolic 
aspects of these lipids, see metabolism.

NEUTRAL LIPIDS
General features. Triglycerides, or neutral lipids, are 

compounds consisting of glycerol and three fatty acids; 
the structural formula of a typical triglyceride, triolein, is 
shown below.

O
II

CH2OC(CH2)7CH =  CH(CH2)7CH3 (oleic acid)

O
II

CHOC(CH2)7CH =  CH(CH2)7CH3 (oleic acid)

O
II

CH2OC(CH2)7CH =  CH(CH2)7GH3 (oleic acid)
triolein

Triolein is called a simple triglyceride since it contains 
only one type o f fatty acid (oleic acid). Naturally occur­
ring triglycerides usually are mixed triglycerides; i.e., they 
contain more than one type of fatty acid. An example of 
a mixed triglyceride is palmitodiolein, the fatty-acid com­
position of which is, as the name indicates, one molecule 
of palmitic acid and two molecules of oleic acid.

O
II

CH2OC(CH2)14CH3 (palmitic acid)

O
II

CHOC(CH2)7CH =  CH(CH2)7CH3 (oleic acid)

O
II

CH2OC(CH2)7CH =  CH(CH2)7CH3 (oleic acid)

palmitodiolein

This triglyceride may have structural arrangements other 
than the one shown; ie ., the fatty-acid molecules may be 
arranged with palmitic acid occupying any of the two pos­
sible different positions. (There are only two chemically 
different positions since the top and the bottom positions 
in the above formula are undistinguishable.)
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Physical and Chemical characteristics. Triglycerides, 
called neutral lipids because they possess no charged 
groups, do not migrate in an electrical field and are in- 
söluble in water. Information about the structure of nat­
urally occurring mixed triglycerides containing different 
fatty acids may be obtained by Chemical, enzymatic, and 
physical methods. Chemical and enzymatic techniques are 
summarized below.

Triglyceride molecules undergo reactions with bases such 
as potassium hydroxide (KOH). The reaction, shown be­
low, often called a saponification reaction, results in the 
formation o f an alkali soap (potassium oleate) and glycerol.

containing two fatty acids (labeled diglycerides I and II) 
and two molecules o f free fatty acids (represented by the 
general formula i?COOH) from positions (1) and (3) of 
the triglyceride. The lipase next reacts with the two diglyc­
erides. A monoglyceride that contains one fatty acid at 
Position (2), and free fatty acids from positions (1) and (3) 
of the diglycerides are the products o f this second reaction. 
R i,-R29 and R 3 in the reaction sequence represent hydro­
carbon chains of fatty acid ester groups. The various prod­
ucts o f the enzyme-catalyzed reactions may be isolated 
and analyzed to provide information about the Chemical 
nature ofthe fatty acids at each of the three positions.

O
II

(1) CH20C(GH2)7CH =  CH(CH2)7CH3

I o
I II

3KOH +  (2) CH0C(CH2)7CH =  CH(CH2)7CH3

O
II

(3) CH2OC(CH2)7CH =  CH(CH2)7CH3 

triolein

o  c h 2o h
II I

3CH3(CH2)7CH =  CH(CH2)7COK+ c h o h

c h 2o h

notassium oleate elvcerol

If acid is added to a. solution containing the soap, free 
fatty acids are formed. The saponification reaction helps 
establish the general nature of the fatty acids associated 
with a specific triglyceride, but provides no information 
on their specific locations on the glycerol molecule [posi­
tions (1), (2), or (3) in the triolein formula above].

The distribution of fatty acids on the glycerol molecule 
is determined by using an enzyme (pancreatic lipase) that 
is found in mammals and plays a role in lipid digestion. 
Pancreatic lipase acts only at positions (1) and (3) of the 
triglyceride molecule in the sequence outlined below; the 
overall reaction occurs in two steps. The first products 
of the lipase reaction are two molecules of glycerol, each

O
II

1) CH2OG/?j

o
II

2) CHOC/?2

O
II

3) GH20C7?3 

triglyceride

pancreatic
lipase

o
CH2OC/?j c h , o h  

o

CHO C R 9

CH.OH

O O O
. II . II II

CUO CR2 +  Z?3c OH + R, COH

O

diglyceride I diglyceride II
\  pancreatic 

\  lipase

c h 2o h

o  o  o
II II II

CHO C R 2 +  R xc  OH +  R f i O U

CH„OH

fatty acids

PHOSPHOGLYCERIDES
The most simple phosphoglyceride contains fatty acids 
combined with glycerophosphate; i.e., glycerol, containing 
a molecule of phosphoric acid at position (3), as shown 
below in the general formula. R { and R2 represent hydro­
carbon chains of fatty-acid ester groups at positions (1) 
and (2) of glycerol; X  at position (3) may be a hydro­
gen atom or an organic compound (e.g., serine, inositol,

O
II

(1) ö  c h 2o c /g
II I V  1

(2) Z?2COCH O
I t

(3) CH2OPOA

OH
choline, glycerol, glycerophosphoric acid, or a diglyceride). 
Variations from the general structure occur; phospholipids 
called plasmalogens, for example, contain an unsaturated 
ether group in position (1) instead of a fatty-acid ester 
group, and other phospholipids called glyceryl ether phos­
pholipids contain a saturated ether group in position (1). 
The properties and characteristics of several phosphoglyc­
erides are summarized in the following sections.

The term phosphatidyl is used to describe the portion of 
the phosphoglyceride molecule containing the fatty-acid 
ester groups and glycerophosphate.

Phosphatidyl choline. Phosphatidyl choline, also known 
as lecithin, is the di fatty-acid derivative of glyceryl-3- 
phosphorylcholine and is perhaps the most representative 
of all the phosphoglycerides. A lecithin molecule has a 
nonpolar portion (the two fatty-acid ester groups), which 
is insoluble in water, and a polar portion (phosphorylcho- 
line), which is soluble in water. Since lecithin molecules 
contain both polar and nonpolar components, they can 
oriënt themselves in a specific way at oil-water or wa- 
ter-air interfaces. The nitrogen-containing component of 
lecithin (choline) is a strongly basic compound and has 
a positive charge; since phosphoric acid has a negative 
charge, lecithin has both acidic and basic groups and be- 
haves as a zwitterion (i.e., a dipolar ion).

In animal tissues, the fatty-acid ester groups of lecithin 
are specific with regard to type and position; e.g., reactions 
(see example below) using the enzyme phospholipase A

O

^  V  phospholipase A

(2) /GCOCH O *
I t

(3) CH20 P 0 C H 2CH2N+(CH3)3

o -

lecithin

O
II

c h 2o c  r , o
I II

HOCH + /? 2COH
unsaturated 

Ö free fatty acid
CH20 P 0 C H 2CH2N+(CH3)3

o -

monoglyceride fatty acids lysolecithin



896  Biochemical Components o f Organisms

(from snake venom) as a catalyst show that lecithins from 
different sources have saturated fatty acids predominately 
at position (1) and unsaturated fatty acids at position 
(2). The action of this enzyme on lecithin results in the 
liberation of the unsaturated fatty acid at position (2); the 
remainder of the molecule is called a lysolecithin. i?, and 
R2 represent hydrocarbon chains of fatty-acid ester groups 
in the equation. The reaction proceeds most efficiently 
in a diethyl ether solution, which removes liberated fatty 
acids from the surfaces of the enzyme molecules. The free 
fatty acid represents the unsaturated fatty-acid ester group 
at position (2) in lecithin; the lysolecithin has a saturated 
fatty acid ester group at position (1). The specificity of the 
fatty-acid positions may act in metabolic utilization.

Phosphatidyl ethanolamine. The structure of phos­
phatidyl ethanolamine, found in most sources containing 
phosphatidyl choline, is represented below; R x and R2 
represent hydrocarbon chains of fatty-acid ester groups. 
The fatty acids in phosphatidyl ethanolamine, as in 
phosphatidyl choline, usually occupy specific positions;

(1) c h 2o c o  r.
I 2 1

(2) R2OCOCH O
I t +

(3) c h 2o p o c h 2c h 2n h 3

o-
phosphatidyl ethanolamine

saturated fatty acids are located primarily at position
(1), unsaturated fatty acids at position (2). Ethanolamine

+ , 
(NH3CH2GH2OH) is a nitrogen-containing basic com­
pound derived from the amino acid serine. This phospho­
glyceride, unlike phosphatidyl choline, is not a zwitterion 
and exists in various ionic, or charged, forms.

Phosphatidyl serine. Although amino acids other than 
serine may occur in natural phospholipids, phosphatidyl 
serine is the most representative one. It is a minor Chemical 
component of cells, compared with phosphatidyl choline 
and phosphatidyl ethanolamine.

Plasmalogens. Plasmalogens are naturally occurring 
phosphoglycerides that, under certain conditions, release 
an organic compound called an aldehyde. The substituent 
at the (1) position in the general formula below is called 
a vinyl ether (—OCH=CHi?,); that on position (2) is a 
fatty-acid ester, usually of an unsaturated fatty acid. The 
nitrogen base (X) in most plasmalogens is ethanolamine; 
choline-containing plasmalogens occur in lesser amounts.

Another phospholipid, similar in general structure to 
plasmalogens, is found in eggs, brain tissue, and red blood 
cells of cows; it contains a saturated ether (—OCH2CH2i?) 
substituent instead of a vinyl ether.

O CH2OCH =  CH/?. 
ii i 2 1

fiX O C H  O
I 1 

CH.OPOA'
I
o-

general structure of plasmalogens

Phosphatidyl inositol. Phosphatidyl inositol, which is 
not present in large amounts in animals or plants, contains 
an alcohol (inositol) with a ring structure. Several similar 
compounds have been isolated from brain tissue, including 
phosphogylcerides containing inositol polyphosphates; e.g., 
L-myo-inositol-l,4,5-triphosphate and L-myo-inositol-2,4,- 
5-triphosphate. More complex inositol-containing phos­
pholipids may contain ethanolamine, tartaric acid, or the 
sugar galactose.

Minor phosphoglycerides. Not all of the glycerol- 
containing phospholipids are represented by the struc­
tures already described. Minor phosphoglycerides (e.g., 
phosphatidic acids, phosphatidylglycerol, and bisphospha- 
tidic acid), and usually are present in cells in very small 
amounts, less than 2 or 3 percent, and often occur in tis- 

Phospha- sues as salts. Phosphatidic acids, which are glycerol phos- 
tidic acids phate molecules containing two molecules of fatty acid, 

are important in the biosynthetic pathways that result

in the formation of phosphoglycerides and neutral lipids.
Small amounts of phosphatidic acids occur in mammals, 
but they are abundant in plants (e.g., cabbage). Cardi- 
olipin, or diphosphatidylglycerol, which is found in heart 
muscle, usually contains only unsaturated fatty acids; it 
has been used in the diagnosis of syphilis. Phosphatidyl­
glycerol, which occurs in a variety of sources, may be 
involved in both the synthesis and breakdown of phos­
phatidic acids.

SPHINGOLIPIDS
The sphingolipids, a group of complex lipids, contain 
either sphingosine or the closely related compound phy- 
tosphingosine instead of glycerol.

OH
I

CH3(CH2)12CH=CHCHCHCH2OH

n h 2

sphingosine

OH NH„
I I

CH3(CH2)14CHCHCH2OH

OH

phytosphingosine

Sphingosine is found in the sphingolipids of animals, 
phytosphingosine in those of plants. Animal sphingolipids 
occur in high concentration in the brain, in the periph­
eral nerves, and in the myelin sheaths surrounding nerve 
fibres; they occur in lower amounts in several other tis­
sues; e.g., liver, blood plasma, kidney. Sphingomyelins are 
the most frequently encountered sphingolipids in animals;
R  represents the hydrocarbon chain of a fatty-acid ester 
group in the formula below.

OH O
I t +

CH3(CH2)12CH=CHGHCHCH2OPOCH2CH2N(CH3)3

NH O
I _
C—O phosphorylcholine

R
a Sphingomyelin

Other sphingolipids include glycosphingolipids, or gly­
colipids, which contain a sugar instead óf the phosphoryl 
choline unit. A typical glycosphingolipid, present primar­
ily in brain tissue, is the O-galactosido derivative of TV-acyl 
sphingosine; it is generally called a cerebroside. The sugar 
component of the molecule is galactose, a hexose sugar 
(i.e., containing six carbon atoms). The fatty acids found 
in cerebrosides usually contain 24 carbon atoms and have 
either a double bond or a hydroxyl group. Some cere­
brosides contain sulfuric acid linked to galactose; these 
molecules are called sulfatides. Other glycosphingolipids 
are called gangliosides; they differ from the cerebrosides 
in the more complex Chemical nature of the sugar group 
on the sphingosine molecule. The various ganglioside 
molecules usually differ in the number of sugar molecules.

The neuraminic acid component, usually present as Sialic 
7V-acetyl-0-7V-diacetyl-, or A-glycolylneuraminic acid, is acids 
commonly known as a sialic acid. Naturally occurring 
sialic acids, which are found as components of ganglio­
sides and other complex molecules, are widely distributed 
in animal tissues and in bacteria.

ASSOCIATED COMPOUNDS! STEROLS AND CAROTENOIDS 
Widely distributed in nature, sterols and carotenoids usu­
ally are closely associated with the fatty-acid-containing 
lipids in cells. The most commonly occurring natural 
sterol in vertebrates is cholesterol, which is the starting 
substance, or precursor, for many other important bio­
logically active sterols (often referred to as steroids). The 
carotenoids, which are sometimes referred to as tetrater- 
penes (C40), are widely distributed in plants and microor­
ganisms and to a lesser extent in animals, in which they
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Centrifu­
gation

probably originate in dietary sources, since animals cannot 
synthesize them. A frequently encountered carotenoid is 
ß-carotene, a precursor o f  vitamin A alcohol, which func­
tions in mammalian vision. Other carotenoids function 
in photosynthesis in plants. These lipids are discussed in 
detail in Chemical compounds: Isoprenoids; Steroids.

Lipoproteins

Lipids in living cells normally are associated with proteins. 
Lipid-protein complexes, or lipoproteins, occur either as 
soluble components (e.g., those in the blood plasma of 
mammals or in egg yolk) or as more insoluble types (e.g., 
those in membranes o f cells). The discussion that follows 
is concerned primarily with composition, structure, and 
biological behaviour of the soluble lipoproteins in blood 
plasma, which are relatively easy to isolate and purify and 
thus have been studied extensively.

One outstanding feature of the association between lipids 
and proteins is the lack of significant Chemical bonds 
between them. Since lipids can be separated from the pro­
tein component, it is assumed that lipoproteins are held 
together by weak physical forces.

Lipoproteins isolated from various sources usually fall 
into one of two general groups. In one group are the highly 
ordered lipoproteins, which are characterized by high pro­
tein and low lipid content; the other group consists of 
disorganized lipoproteins, which are characterized by low 
protein and high lipid content. A large number of different 
lipoproteins have been isolated; their molecular weights 
and lipid contents vary over a wide range. A suitable 
characterization o f a lipoprotein includes several criteria; 
e.g., solubility characteristics, behaviour when spun in a 
centrifuge, and Chemical composition.

PHYSICAL CHARACTERISTICS
The physical character of lipoproteins resembles that of 
proteins. Lipoproteins that differ with respect to physical 
properties can be separated by differences in solubility, in 
electrophoretic behaviour (migration of a charged partiele 
in an electrical field), and in centrifugal behaviour. A 
well-established method for separating proteins (salt frac- 
tionation) is also useful for separating lipoproteins; it has 
been replaced to a great extent, however, by a more ef­
fective method, centrifugation, mentioned below. Another 
method now largely replaced by centrifugation involves 
the Separation, using ethanol, or protein components in 
human blood plasma to obtain two major lipoprotein 
fractions, designated as a y-lipoprotein and ß-lipoprotein.

Lipoproteins were first identified in human blood when 
it was spun in a centrifuge at extremely high speeds (ultra­
centrifugation). Lipoproteins separate from other serum

constitutents after 20 to 24 hours of centrifugation. The 
lipoproteins gather as a uniform layer at the top of the 
centrifuge tube. If the density of a solution containing the 
serum lipoproteins is adjusted by the addition of a soluble 
material such as a salt, so that the solution at the bottom 
of the tube has a higher density than that at the top, 
and if the mixture then is spun in an ultracentrifuge, the 
lipoproteins become distributed according to the densities 
of the components. The degree of Separation of various 
lipoproteins depends on the density adjustment of the 
solution before ultracentrifugation.
The physical characterization of low-density lipoproteins 

(i.e., high lipid content) is often expressed in Sf values; 
Sf indicates low density lipoprotein flotation rate in a 
sodium chloride solution of density 1.063 grams per cubic 
centimetre at 26° C (79° F) in a unit centrifugal field and 
is described in Svedberg units (10-13 centimetre/second/ 
dyne/gram).

CHEMICAL NATURE
The Chemical nature of the three groups of human blood- 
plasma lipoproteins, the very low density lipoproteins 
(vldl), the low-density lipoproteins (ldl,), and the high- 
density lipoproteins (hdl3), which differ from each other 
in various ways (e.g., types and amounts of both lipids 
and proteins, immunochemical properties), are summa­
rized in Table 13.

Table 13: Characteristics of Human Blood Plasma 
Lipoproteins
(a composite picture)

H D L3 L D L i V L D L

Lipid, in percent 37 48 90
Component lipids, in percent 

of total lipid
Phosphatidyl choline a a  ■ j a  
Sphingomyelin
Triglyceride 2 0 16 56
Cholesterol ester 24 1 2 8

Cholesterol 6 1 2 8

Free fatty acid 6 1 1

Protein, in percent 45 15 1 0

Water, in percent 18 37
Diameter, in angstrom units 84 185 500
Density, hydrated (grams per 1.13 1.04 0.91

cubic centimetre)
Molecular weight (approx.) 300,000 2 X 106 8  X 106

Variations in age and sex of individuals are reflected 
by differences in distribution of low-density lipoproteins 
(ldlJ and high-density lipoproteins (hdl3) in their blood 
serums. The chylomicrons occur as transient components 
produced during the intestinal absorption of lipids.

(D.J.H./Ed.)

NUCLEIC ACIDS
Nucleic acids are of interest because they provide the ge­
netic material of the cell and, by directing the process of 
protein synthesis, determine its inherited characteristics. 
Nucleic acids are naturally occurring complex phospho- 
rus compounds, acidic in character, and capable of being 
broken down chemically to yield phosphoric acid, sugars, 
and a mixture of organic bases (purines and pyrimidines). 
About 1868, nuclei isolated from pus cells were found 
to contain an unusual phosphorus compound, which 
was named nuclein. In later years, complex phosphorus- 
containing acid materials were also isolated from a wide 
variety of cells; these appeared to be chemically similar to 
nuclein and came to be called nucleic acids.

General considerations
CLASSIFICATION
There are two classes of nucleic acids: ribonucleic acids 
(rna) and deoxyribonucleic acids (dna). Both rna and 
dna are macromolecules that can be distinguished from 
each other by their base and sugar contents, dna, a major 
constituent of chromosomes in the nuclei of all cells, is

also found in other cellular components (e.g., mitochon- 
dria). rna is present in both the nucleus and cytoplasm 
of many cells. The bulk of cytoplasmic rna is associated 
with ribosomes, small particles composed of rna and pro­
teins that are the site of protein synthesis.

BASIC COMPONENTS
Nucleic acids are poly nucleotides, long chain compounds Poly- 
consisting of repeating structural units called nucleotides nucleotides 
(Figure 11). They may be composed of more than 
1,000,000 of these nucleotides. The nucleotides themselves 
consist of three subunits. Each of them contains a pentose 
(or five-carbon) sugar, a purine or pyrimidine base, and 
a phosphate residue. The pentose sugar is ribose in rna 
and 2-deoxyribose in dna. The major purine and pyrim­
idine bases are adenine, guanine, cytosine, and thymine 
(or uracil in rna).
The nucleotides that serve as physiological building 

blocks in the synthesis of nucleic acids often are esters 
(when an acid and an alcohol react they form water and 
an ester) not of phosphoric acid but of Condensed relatives 
of it, pyrophosphoric or triphosphoric acids.
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Figure 11: Portion of polynucleotide chain of deoxyribonucleic 
acid.
From J.D . Watson, Molecular Biology of the Gene, copyright © (1965),
W A. Benjamin, Inc., Menlo Park, California

Enzymatic breakdown of nucleic acids results in the re­
lease of nucleotide units in which a phosphate residue is 
attached to the deoxyribose sugar at one of two possible 
positions on the sugar molecule. These internucleotide 
linkages are known as phosphodiester bonds. The internu­
cleotide linkage is the same in rna.

It was the fact that adenine and thymine are present in 
approximately equal amounts in dna, as are guanine and 
cytosine, together with information from X-ray crystallog- 
raphy of dna that led Nobel Prize winners J.D. Watson 
and F.H.C. Crick to postulate that the dna molecule 
consists of two chains or Strands of polynucleotides coiled 
around each other to form a double helix, the bases of 
one strand being paired with complementary bases ofthe 
other by hydrogen bonds: adenine paired with thymine 
and cytosine with guanine. rna has unequal proportions 
of the four bases and, in addition, contains unusual bases 
(e.g., pseudouridine, various methylated purines).

Nucleic acids can be separated from other cellular con­
stituents by treating a tissue with cold acid. Most of the 
contents of the tissue go into solution, but both rna and 
dna are insoluble in cold acid and can be removed from 
the mixture, rna and dna, in turn, can be separated by 
treatment with alkali; in this case, rna is broken down 
by the alkali into nucleotide units, but dna remains un- 
changed. If acid is added to this mixture, dna precipitates 
(comes out of solution), and the rna nucleotide units 
remain in solution.

The dna found in cell nuclei (as chromosomes) and in 
other cell components usually is bound to proteins called 
histones. The protein bound to the dna in sperm cells 
is known as protamine. Bacterial dna is not associated 
with protein. DNA-protein complexes from animal tissues, 
known as deoxyribonucleoproteins, are molecules of very 
high molecular weight (from 10,000,000 to more than
100,000,000 times the weight of a hydrogen atom). Ap­
proximately 25 to 50 percent of the dry weight of this 
complex is nucleic acid.

Characteristics of DNA
PROPERTIES, STRUCTURE, AND BASE SEQUENCE

Physical properties. Many of the physical properties of 
dna depend on the methods used to purify it. If, for 
example, fragmentation of dna molecules by either me­
chanical means or enzymes is avoided, dna preparations 
of very high molecular weight (e.g., 120,000,000), corre­
sponding to a chromosome or to the entire nucleic acid 
complement of a virus or a bacterium, can be obtained. 
Solutions of such preparations are viscous, and almost any

manipulation(e.g., stirring) can break the molecules into 
fragments of lower molecular weight.

Because of their purine and pyrimidine base content, 
dna preparations absorb ultraviolet light. If a solution o f  
dna is heated to a critical temperature, it absorbs more 
ultraviolet light and becomes less viscous because the or- 
derly helical structure of the molecules breaks down, dna 
molecules become irregularly coiled structures during this 
process, which is called thermal denaturation of dna. 
The “melting” temperature at which thermal denaturation 
takes place is dependent on the base composition of the 
dna molecule, dna molecules with a high content of gua­
nine and cytosine, for example, are more stable at high 
temperatures than those high in adenine and thymine 
because the hydrogen bonding between guanine and cyto­
sine is stronger. At temperatures slightly above the melting 
temperature, the two Strands o f dna separate. If the dna 
solution is cooled slowly, sometimes recombination of the 
Strands and partial restoration of the double helix occurs.

If a concentrated salt solution is spun in a centrifuge at 
high speed for a long period of time, an equilibrium is 
eventually attained in which the concentration, and, there­
fore, the density, of the salt solution increases gradually 
from the top of the tube to the bottom. If the salt solution 
also contains dna, these molecules migrate to the level in 
the tube in which the density of the salt solution equals 
their own. This is an important method for determining 
with great precision the density of nucleic acids and for 
separating dna molecules of different densities. The den­
sity of dna molecules with a high proportion of guanine 
and cytosine is slightly greater than that of molecules 
with a lower proportion of these bases. Denaturation also 
causes a slight increase in density. Although dna usually 
is double-stranded, there are single-stranded forms (for 
example, the small bacterial virus designated q>X 174), 
which do not show the denaturation phenomena of the 
double-stranded molecules.

Structure. The long polynucleotide chains that comprise 
dna molecules would form flexible threadlike molecules, 
instead of coils, were it not for cross-links (hydrogen 
bonds) between bases of each chain. Measurements in­
dicate that the space between dna chains agrees with 
values calculated for hydrogen bond linkage of a purine 
base to a pyrimidine base (the space is too small for 
two purines and too large for two pyrimidines). Three 
crosslinks occur between a guanine residue (purine base) 
and its complementary base, cytosine (a pyrimidine), in 
two complementary chains; on the other hand, two cross­
links occur between adenine (purine base) and its comple­
mentary base, thymine (a pyrimidine). Each purine base 
is linked to its complementary pyrimidine base in the 
opposite chain by either two or three hydrogen bonds.
The sugar molecules (deoxyribose in dna) are linked by 

phosphodiester bonds to form the backbone of each dna 
chain. The bases, with their large hydrophobic (water- 
hating) surfaces, are stacked together on the inside of the 
molecule like a pile of coins. These two complementary 
chains coil around each other to form a double helix. In 
other words, dna resembles a spiral staircase in which the

From A. Kornberg, "The Synthesis of DNA." Copyright 
©  1968 by Scientific American, Inc. All rights reserved

Figure 12: DNA structure.
(C) Cytosine. (T) Thym ine. (A) Adenine. (G) Guanine. (P) Phosphate. 
(S) Deoxyribose (sugar).

Impor­
tance of 
hydrogen 
bonds

Double
helix
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bases are the steps and the sugar phosphate residues are 
the bannisters. The dna molecule derives stability from 
hydrogen bonding between base pairs in complementary 
chains from hydrophobic “base-stacking forces” between 
neighbouring bases on the same chain. The dna of mam­
malian chromosomes and DNA-containing viruses gener­
ally consist of long unbranched double-helical threads of 
the type described above. The dna of many viruses (in­
cluding cpX 174) and of mitochondria are circular, and, 
in some cases, there is evidence that such cyclic double 
helices are twisted into a supercoiled form. A single break 
in either chain of the helix releases the molecule, and an 
untwisted structure results.

Base sequence. The biological function of dna 
molecules, whether single- or double-stranded, cyclic or 
unbranched, is to provide a genetic message encoded in a 
sequence of purine and pyrimidine bases. Although there 
are ways to determine the sequences of the units in some 
macromolecules like proteins (see Proteins), it is extremely 
difficult to do so for dna molecules, which generally are of 
much higher molecular weight. In addition, nucleic acids 
are composed of fewer kinds of units (i.e., the purine and 
pyrimidine nucleotides) than are found in proteins (i.e., 
about 20 amino acids). It is also more difficult to obtain a 
single molecule of pure dna than it is to purify proteins. 
Progress has, however, been made in the base sequence 
determination of the relatively small dna of the (pX 174 
virus, which contains about 5,500 nucleotide units; thus 
far it has been possible to obtain only Statistical evidence 
abut the order in which these nucleotides are arranged. 
The usual experimental approach takes advantage of the 
fact tha the purine bases of dna are removed by acid, 
while the pyrimidine bases retain their original positions 
in the molecule. Pyrimidine nucleotides have been shown 
to occur frequently in clusters.

LABORATORY SYNTHESIS
Experiments with living cells have tended to confirm the 
hypothesis that dna is synthesized by a process in which 
the two Strands of an existing molecule separate while 
new complementary Strands are synthesized using the old 
Strands as templates, or patterns. For a detailed discussion 
of the biosynthesis of dna, see genetics and heredity: 
The gene. The product of dna synthesis in the cell is the 
formation of two molecules, each containing one strand 
from the original dna and a newly synthesized comple­
mentary strand.

Enzymes purified from mammalian and bacterial cells 
catalyze the synthesis of dna in the test tube. The reaction 
takes place only in the presence of the nucleoside triphos- 
phates of the four bases (adenine, cytosine, guanine, and 
thymine) and preformed dna, which serves as a template. 

Nearest That the product has the same nucleotide sequence as
neighbour the template has been demonstrated by the technique of
frequency “nearest neighbour frequency analysis.” One of the four 
analysis necleotides contains radioactive phosphorus. During dna 

synthesis these radioactive phosphorus residues form in- 
ternucleotide links with nucleotides next to them in the 
newly forming chain. The newly synthesized dna is de­
graded with enzymes that split the radioactive phosphorus 
from the molecule to which it was originally attached. The 
result is that the radioactive phosphorus becomes part of 
the structure of the nucleotide nearest the necleotide orig­
inally labelled. In this way it is possible to determine the 
frequency with which particular pairs of nucleotides are 
neighbours in polynucleotide chains. Such nearest neigh­
bour frequencies vary markedly from one dna source to 
another and are specific for each kind of dna. Generally, 
the dna produced by the DNA-synthesizing enzyme in the 
test tube cannot be shown to possess the biological activity 
of the template.
When single-stranded circular dna of the virus <pX 174 

is used as a template for dna synthesis, however, a com­
plementary (or —) strand is formed along the original (or 
+) strand. The free ends of the new (or —) strand can 
be joined by an enzyme to form a cyclic double-stranded 
molecule. If the cyclic double-stranded molecules are bro­
ken with another enzyme, random single breaks occur in 
a proportion of the molecules in either strand. The broken

molecules can be eliminated leaving a number of intact 
synthetic cyclic (—) Strands. When these are tested, they 
are found to be capable of infecting susceptible cells and 
of giving rise to a new generation of normal virus particles.

Characteristics of RNA
PROPERTIES, STRUCTURE, AND BASE SEQUENCE

Physical properties. Most dna molecules share a 
common genetic function and structural pattern. rna 
molecules, however, perform several functions in the cell, 
and their properties vary correspondingly. Three types of 
rna have been studied chemically: ribosomal rna (rRNA), 
transfer (soluble or adaptor) rna (tRNA), and viral rna. 
Messenger rna, despite its biological importance, has not 
yet been the subject of extensive Chemical investigation. 
The rna’s of some viruses (e.g., reovirus, wound tumour 
virus) have properties in common with dna, including a 
double helical structure and a critical melting temperature. 
Other viral rna’s (e.g., tobacco mosaic virus) and riboso­
mal rna, however, have less sharp melting characteristics 
and lack a complete double helical structure; instead the 
polynucleotide chains are folded back on themselves to 
provide small regions of base pairing and, therefore, hy­
drogen bonding and some helical sections. The small tRNA 
molecules are thought to be folded similarly into a clover- 
leaf structure, with regions of hydrogen bonding between 
base pairs forming hairpin-like helical sections.

The molecular weights of rna molecules vary according 
to their type and source. Ribosomal particles, for example, 
contain a large fraction of the rna in a cell; these particles 
can be split into two unequal subunits. The main compo­
nent of ribosomal rna from the larger of the subunits has 
a molecular weight of about 1 ,0 0 0 ,0 0 0 ; the rna from the 
smaller subunit has a molecular weight of about 800,000. 
Ribosomes also contain rna’s of lower molecular weight 
(about 60,000). Transfer rna is the smallest type of rna 
molecule; its molecular weight varies from about 25,- 
000 to 30,000. The molecular weights of messenger rna 
molecules vary over a wide range.

Structure and base sequence. Research involving rna 
structure has centred around tRNA (the type of rna to 
which amino acids are attached during protein biosynthes­
is), the smallest nucleic acids (70 to 80 nucleotide units). 
The different tRNA molecules (each of the approximately 
20 amino acids has at least one specific tRNA) in the cell 
can be separated and purified. In addition to their small 
size, tRNA molecules are distinguished from other forms 
of nucleic acids by their relatively high content of minor 
nucleotides (e.g., pseudouridine, methylated bases). The 
relative ease with which these minor nucleotides can be 
identified has been useful in sequence determinations. By 
using enzymes that catalyze different specific reactions for 
various lengths of time on one type of tRNA, fragments of 
the polynucleotide are produced and can be separated and 
analyzed to determine the sequence of nucleotides in the 
intact molecule.

LABORATORY SYNTHESIS
It has been suggested that rna is synthesized in the living 
cell by a process in which one of the two Strands of 
a dna molecule is used as a template (or pattem) for 
the formation of a complementary strand of rna. For 
specifics regarding the biosynthesis of rna, see genetics 
and heredity: The gene. Enzymes found in microorgan­
isms and in animal tissues can catalyze the synthesis of 
rna in the test tube. This synthesis occurs provided that 
a mixture of the proper nucleoside triphosphates and a 
small quantity of dna are present. The composition of the 
newly synthesized rna corresponds exactly to that of the 
dna template (with uracil replacing thymine), and nearest 
neighbour sequence analysis indicates a similar correspon­
dence in base sequence. In certain cases, a hybrid double 
helical molecule, which may form from template dna 
and the rna product, indicates an exact correspondence 
in structure between primer and product. In animal and 
bacterial cells infected with rna viruses, the rna of the 
vims acts as a template for the synthesis of more rna.

(J.N.D./R.Y.T./Ed.)
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VITAMINS
The substances commonly known as vitamins are diverse 
in Chemical structure and function. Originally defined as 
organic compounds obtainable in a normal diet and capa­
ble of maintaining life and promoting growth, vitamins are 
distinct from carbohydrates, fats, and proteins in function, 
as well as in the quantities in which organisms require 
them. In general terms, vitamins are organic substances 
that usually are separated into water-soluble (e.g., the B 
vitamins, vitamin C) and fat-soluble (e.g., vitamins A, D, 
E, K) groups; small quantities (from 0.00002 percent to 
0.005 percent of a diet) are necessary for normal health 
and growth in higher forms of animal life. A number of 
compounds (e.g., choline, carnitine) once grouped with 
vitamins no longer are considered vitamins (see below 
Vitamin-like substances). If a vitamin is absent from the 
diet or is not properly absorbed by an organism, a specific 
deficiency disease may develop.

The term vitamin originated from “vitamine,” a word 
first used in 1911 to designate a group of compounds con­
sidered vital for life; each was thought to have a nitrogen- 
containing component known as an amine. The final e of 
vitamine was dropped when it was discovered that not all 
of the vitamins contain nitrogen, and, therefore, not all 
are amines. The term accessory food factor sometimes is 
used instead of vitamin to refer to these substances.

Since they generally cannot be synthesized by an animal 
(or, if synthesized, the amounts are insufficiënt to meet 
body needs) and must be obtained from the diet or from 
some synthetic source, vitamins are called essential nutri­
ents. The requirements for some of the B vitamins may be 
met in part by bacterial synthesis in the intestines of some 
mammals. The amino acid tryptophan can be converted 
to nicotinic acid (or niacin, a water-soluble vitamin) and 
thus can serve as a source for part of the nicotinic acid 
required by an animal. Vitamin C (also a water-soluble vi­
tamin) can be synthesized by some organisms in sufficiënt 
amounts so that the dietary requirement is eliminated; 
vitamin C usually is considered a vitamin, however, be­
cause it must be included in the diet of man. Vitamins 
are distinct from many other compounds, which, although 
indispensable for proper animal functions, can be synthe­
sized in adequate quantities.

General characteristics

A provitamin is similar in structure to a specific vitamin 
and can be converted to it by a few metabolic reac­
tions (e.g., beta-carotene can be converted to vitamin A; 
7-dehydrocholesterol can be converted to vitamin D3). 
The amino acid tryptophan is called a precursor of the 
vitamin nicotinic acid because the conversion pathway is 
less direct than that of a provitamin. Antivitamins are 
compounds that prevent the normal function of certain 
vitamins. Antivitamins may act by binding a vitamin 
(e.g., the antivitamin avidin binds the vitamin biotin), by 
destroying a vitamin (e.g., the antivitamin thiaminase de­
stroys thiamine), or by inhibiting the coenzyme function 
of a vitamin. A coenzyme is, as noted previously, a heat 
stable compound that combines with the protein com­
ponent o f an enzyme (i.e., an organic catalyst) to form 
an active enzyme. Antivitamins that act by inhibiting the 
coenzyme function of a vitamin usually are known as 
antagonists or antimetabolites.
Letters originally were assigned to the vitamins, which 

were differentiated according to physiological function. As 
Chemical structures of the vitamins became known, how­
ever, they were also given names and now are commonly 
known either by letter or by name. Currently accepted 
names for the vitamins, established by international agree­
ment, are given in Tables 14 and 15.

BIOLOGICAL SIGNIFICANCE
Regulatory role. The vitamins regulate reactions that 

occur in metabolism, in contrast to other dietary compo­
nents known as macronutrients (e.g., fats, carbohydrates,

proteins), which are the compounds utilized in the re­
actions regulated by the vitamins. Absence of a vitamin 
blocks one or more specific metabolic reactions in a cell 
and eventually may disrupt the metabolic balance within 
a cell and in the entire plant or animal as well.

With the exception of vitamin C (ascorbic acid), all of 
the water-soluble vitamins have a catalytic function; i.e., 
they act as coenzymes of enzymes that function in energy 
transfer or in the metabolism of fats, carbohydrates, and 
proteins. The metabolic importance of the water-soluble 
vitamins is reflected by their presence in most plant and 
animal tissues involved in metabolism.

Some of the fat-soluble vitamins form part of the struc­
ture of biological membranes or assist in maintaining the 
integrity (and therefore, indirectly, the function) of mem­
branes. Some fat-soluble vitamins also may function at 
the genetic level by Controlling the synthesis of certain 
enzymes. The roles o f the fat-soluble vitamins have not 
yet been established with certainty. Unlike the water- 
soluble ones, fat-soluble vitamins are necessary for specific 
functions in highly differentiated and specialized tissues; 
therefore, their distribution in nature tends to be more 
selective than that of the water-soluble vitamins.

Sources. Vitamins, which are found in all living organ­
isms either because they are synthesized in the organism 
or are acquired from the environment, are not distributed 
equally throughout nature. Some are absent from certain 
tissues or species; for example, beta-carotene (provitamin 
A) is synthesized in plant tissues but not in animal tis­
sues. On the other hand, vitamins A and D3 occur only 
in animal tissues. Both plants and animals are important 
natural vitamin sources for man. Since vitamins are not 
distributed equally in foodstuffs, the more restricted the 
diet of an animal (man, for example), the more likely it 
is that he will lack adequate amounts of one or more vi­
tamins. Food sources of vitamin D are limited, but it can 
be synthesized in the skin through ultraviolet radiation 
(from the Sun) on the provitamin, 7-dehydrocholesterol; 
therefore, with adequate exposure to sunlight, the dietary 
intake of vitamin D is of little significance.

All vitamins either can be synthesized or produced com­
mercially from food sources and are available for human 
consumption in pharmaceutical preparations. Commer­
cial processing of food (e.g., milling of grains) frequently 
destroys (or removes) considerable amounts of vitamins. 
In most such instances, however, the vitamins are re­
placed by Chemical methods. Some foods are “fortified” 
with vitamins not normally present in them (eg., vitamin 
D is added to milk). Loss of vitamins may also occur 
when food is cooked (e.g., heat destroys vitamin A, water- 
soluble vitamins may be extracted from food to water and 
lost). Certain vitamins (e.g., B vitamins, vitamin K) can 
be synthesized by microorganisms normally present in the 
intestines of some animals; however, the microorganisms 
usually do not supply the host animal with an adequate 
quantity of a vitamin.

Requirements of living things. The vitamins required 
by most organisms are fairly well established. Vitamin 
requirements vary according to species and the amount of 
a vitamin required by a specific organism is difficult to 
determine because of the numerous factors involved (e.g., 
genetic Variation; presence of specific disease States; thera- 
peutic use of certain drugs that also may act as vitamin an­
tagonists; infestation with parasites; relative proportions of 
other dietary constituents, food additives, or contaminants; 
environmental stresses; and Stimulation of growth rate, as 
in animal husbandry). There is not uniform agreement 
concerning the vitamin requirements for man. Differences 
in opinion arise mainly from different ways by which 
requirements can be determined and from the scanty data 
available for the requirements for some of the vitamins. 
Recommended daily vitamin allowances, however, are 
sufficiently high to account for individual Variation and 
normal environmental stresses. For detailed information 
on vitamin requirements in man, see nutrition.

Factors
influencing
vitamin
require­
ments
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A number o f interrelationships exist among vitamins 
and between vitamins and other dietary constituents. The 
interactions may be synergistic {i.e., cooperative) or an- 
tagonistic, reflecting, for example, overlapping metabolic 
roles (of the B vitamins in particular), protective roles 
{e.g., vitamins A and E), or structural dependency {e.g., 
cobalt in the vitamin B12 molecule).

Results of deficiencies. An inadequate intake of a spe­
cific vitamin results in a characteristic deficiency disease 
(or hypovitaminosis); the severity of the disease depends 
upon the degree of vitamin deprivation (see Figure 13).

low intake (primary deficiency) 
or
high requirement (secondary deficiency)

* * * * * * lowering of blood and 
tissue levels of the vitamin

_ interference with. — ------- biochemical Symptoms
cell biochemical and (mostly reversible)

cellular function

interference with ■ 
] ff ^ \ Ni orgari function,

cell structure

- Symptoms usually 
reversible except 
in late stages

secondary effects 
(e.g., infection, 
bone fracture)

death

Figure 13: F low  of events resulting from vitamin deficiencies.

Symptoms
of
deficiencies

Primary
and
secondary
deficiencies

Symptoms may be specific {e.g., functional night blind- 
ness o f vitamin A deficiency) or nonspecific {e.g., loss 
of appetite, failure to grow). All Symptoms for a specific 
deficiency disease may not appear; in addition, the nature 
of the Symptoms may vary with the species. Some effects 
of vitamin deficiencies cannot be reversed by adding the 
vitamin to the diet, especially if damage to nonregenera­
tive tissue (e.g., cornea of the eye, nerve tissue, calcified 
bone) has occurred.
A vitamin deficiency may be “primary” (or dietary), in 

which case the dietary intake is lower than the normal re­
quirement of the vitamin. A “secondary” (or conditioned) 
deficiency may occur (even though the dietary intake is 
adequate) if a pre-existing disease or state of stress is 
present (e.g., malabsorption of food from the intestine, 
chronic alcoholism, repeated pregnancies and lactation). 
For more details on vitamin deficiencies in man, see nu­
trition: Nutritional diseases and disorders.

Evolution of vitamin-dependent organisms. Evolution of 
metabolic processes in primitive forms of life required the 
development of enzyme systems to catalyze the complex 
sequences of Chemical reactions involved in metabolism. 
In the beginning, the environment presumably could sup­
ply all the necessary compounds (including the vitamin 
coenzymes); eventually, these compounds were synthe­
sized within an organism. As higher forms of life evolved, 
however, the ability to synthesize certain of these vitamin 
coenzymes was gradually lost.

Since higher plants show no requirements for vitamins 
or other growth factors, it is assumed that they retain the 
ability to synthesize them. Among insects, however, nico­

tinic acid; vitamins B,, B2, B6, and C; and pantothenic acid 
are required by a few groups. All vertebrates, including 
man, require dietary sources of vitamins A, D, Bb B2, B6, 
and pantothenic acid; some vertebrates, particularly the 
more highly evolved ones, have additional requirements 
for other vitamins. The inability of man and a few other 
primates to synthesize vitamin C, however, may be a ge­
netic disease (i.e., an inborn error of metabolism), rather 
than the result of a true evolutionary process. For more 
details on the evolution o f primitive forms, see life.

METHODS USED IN VITAMIN RESEARCH
Determination of vitamin requirements. If a specific fac­

tor in food is suspected of being essential for the growth 
of an organism (either by growth failure or some other 
clinical Symptoms that are alleviated by adding a specific 
food to the diet) a systematic series of procedures (des­
cribed below) is used to characterize the factor.

The active factor (or principle) is isolated from specific 
foods and purified; then its Chemical structure is deter­
mined, and it is synthesized in the laboratory. Structural 
determination and synthesis, which may be achieved only 
after long and intensive research, must be completed be­
fore the function and the quantitative requirements of the 
factor can be established accurately. Established organic 
and analytical Chemical procedures are used to determine 
the structure of the factor and to synthesize it.

Biological studies may be performed to determine func­
tions, effects o f deprivation, and quantitative requirements 
of the factor in various organisms. The development in an 
organism of a deficiency either by dietary deprivation of 
the vitamin or by administration of a specific antagonist or 
antivitamin often is the method used. The obvious effects 
(e.g., night blindness, anemia, dermatitis) of the deficiency 
are noted. Less obvious effects may be discovered after 
microscopie examination of tissue and bone structures. 
Changes in concentrations of metabolites or in enzymatic 
activity in tissues, blood, or excretory products are ex- 
amined by numerous biochemical techniques (including 
the use of radioisotopes). The response of an animal to 
a specific vitamin of which it has been deprived usually 
confirms the deficiency Symptoms for that vitamin. Ef­
fects of deprivation of a vitamin sometimes indicate its 
general physiological function, as well as its function at 
the cellular level. Biochemical function often is studied by 
observing the response o f tissue enzymes (removed from a 
deficiënt host animal) after a purified vitamin preparation 
is added. The functions of most of the known vitamins 
have been reasonably well defined; however, the mecha­
nism o f action has not yet been established for some of 
them (e.g., vitamins A, E, C.)

The procedure for determining the amount of a vitamin 
required by an organism is less difficult for microorgan­
isms than for higher forms; in microorganisms, the aim is 
to establish the smallest amount of a vitamin that produces 
maximal growth (i.e., maximal rate of multiplication) of 
the organisms when it is added to the culture medium. 
Among vertebrates, particularly man, a number of proce­
dures are used together to provide estimates ofthe vitamin 
requirement. These procedures include determinations of: 
the amount of a vitamin required to eure a deficiency that 
has been developed under controlled, Standard conditions; 
the smallest amount required to prevent the appearance 
of clinical or biochemical Symptoms of the deficiency; the 
amount required to saturate body tissues (i.e., to cause 
“spillover” of the vitamin in the urine; valid only with 
the water-soluble vitamins); the amount necessary to pro­
duce maximum blood levels of the vitamin plus some 
tissue storage (applicable only to the fat-soluble vitamins, 
particularly vitamin A); the amount required to produce 
maximum activity of an enzyme system if the vitamin 
has a coenzyme function; the actual rate of utilization, 
and hence the requirement, in healthy individuals (as in­
dicated by measuring the excreted breakdown products of 
radioisotope-labelled vitamins).

The above procedures are practical only with small 
groups of animals or human subjects and thus are not 
entirely representative of larger populations of a particular 
species. A less precise (but more representative) method

Compar- 
isons of 
intake in 
human 
popula­
tions
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used among human populations involves comparing levels 
of dietary intake of a vitamin in a population that shows 
no deficiency Symptoms with levels o f intake of the vita­
min in a population that reveals clinical or biochemical 
Symptoms. The data for dietary intakes and incidence of 
deficiency Symptoms are obtained by surveys of represen­
tative segments of a population.

Determination of vitamin sources. A quantitative analy­
sis o f the vitamin content of foodstuffs is important in 
order to identify dietary sources of specific vitamins (and 
other nutrients as well). Three methods commonly used 
to determine vitamin content are described below.

Physicochemical methods. The amount of vitamin in a 
foodstuff can be established by studying the physical or 
Chemical characteristics o f the vitamin; e.g., a chemically 
reactive group on the vitamin molecule, fluorescence (for 
thiamin, riboflavin, vitamin A), absorption of light at a 
wavelength characteristic o f the vitamin (for most vitam­
ins), radioisotope dilution techniques (for vitamin B12). 
These methods are accurate and can detect very small 
amounts of the vitamin. Biologically inactive derivatives 
of several vitamins have been found, however, and may 
interfere with such determinations; in addition, these pro­
cedures also may not distinguish between bound (i.e., 
unavailable) and available forms o f a vitamin in a food.

Microbiological assay. Microbiological assay is applica­
ble only to the B vitamins. The rate of growth of a species 
of microorganism that requires a vitamin is measured in 
growth media that contain various known quantities of 
a foodstuff preparation containing unknown amounts of 
the vitamin. The response (measured as rate of growth) 
to the unknown amounts of vitamin is compared with 
that obtained from a known quantity of the pure vitamin. 
Depending on the way in which the food sample was pre­
pared, the procedure may indicate the availability of the 
vitamin in the food sample to the microorganism.
Animal assay. All of the vitamins, with the excep­

tion of vitamin B12, can be estimated by the animal- 
assay technique. One advantage of this method is that 
animals respond only to the biologically active forms of 
the vitamins. On the other hand, many other interfering 
and complicating factors may arise; therefore, experiments 
must be rigidly standardized and controlled. Simultaneous 
estimates usually are made using a pure Standard vitamin 
preparation (as a reference) and the unknown food (whose 
vitamin content is being sought); each test is repeated us­
ing two or more different amounts of both Standard and 
unknown in the assays listed below (i.e., growth, reaction 
time, graded response, all-or-none).

Types of In a growth assay, the rat, chick, dog (used specifically for 
animal niacin), and guinea pig (used specifically for vitamin C) 
assays usually are used. One criterion used in a vitamin assay is

increase in body weight in response to different amounts 
of a specific vitamin in the diet. There are two types of 
growth assay. In a prophylactic growth assay, the increase 
in weight of young animals given different amounts of the 
vitamin is measured. In a curative growth assay, weight 
increase is measured in animals first deprived of a vita­
min and then given various quantities of it. The curative 
growth assay tends to provide more consistent results than 
the prophylactic technique.

In a reaction time assay, an animal is first deprived of a 
vitamin until a specific deficiency Symptom appears; then 
the animal is given a known amount of a food extract 
containing the vitamin, and the deficiency Symptom dis- 
appears within a day or two. The time required for the 
reappearance of the specific Symptoms when the animal 
again is deprived of the vitamin provides a measure of the 
amount of vitamin given originally. The graded response 
assay, which may be prophylactic or curative, depends 
on a characteristic response that varies in degree with the 
vitamin dosage. An example of the use of this technique is 
an assay for vitamin D in which the measured ash content 
of a leg bone of a rat or chick is used to reflect the amount 
of bone calcification that occurred as a result of admin­
istration of a specific amount of vitamin D. In an all-or- 
none assay, the degree of response cannot be measured; 
an arbitrary level is selected to separate positive responses 
from negative ones. The percent of positively reacting

animals provides a measure of response; i.e., vitamin E 
can be measured by obtaining the percent of fertility in 
successfully mated female rats.

Biochemistry of the water-soluble vitamins
BASIC PROPERTIES
Although the vitamins included in this Classification are all 
water-soluble, the degree to which they dissolve in water is 
variable. This property influences the route of absorption, 
their excretion, and their degree of tissue storage and dis- 
tinguishes them from fat-soluble vitamins, which are han­
dled and stored differently by the body. The water-soluble 
vitamins (excluding vitamin C) popularly are termed the 
B-vitamins; these include B, (thiamine), B2 (riboflavin), B6 
(pyridoxine), niacin (nicotinic acid), B12 (cyanocobalamin), 
folie acid, pantothenic acid, and biotin. These relatively 
simple molecules contain the elements carbon, hydrogen, 
and oxygen; some also contain nitrogen, sulfur, or cobalt.

The water-soluble vitamins, inactive in their so-called 
free States, must be activated to their coenzyme forms 
(see Table 14); addition of phosphate groups occurs in the 
activation of vitamins B,, B2, and B6; a shift in structure Activation 
activates biotin, and formation of a complex between the 
free vitamin and parts o f other molecules is involved in the 
activation of nicotinic acid, pantothenic acid, folie acid, 
and vitamin B12. After an active coenzyme is formed, it 
must combine with the proper protein component (called 
an apoenzyme) before enzyme-catalyzed reactions can oc­
cur. Vitamin antagonists (or antimetabolites) function by:
(1) preventing coenzyme formation, (2) competing with 
the vitamin coenzyme for a site on the protein portion 
of the enzyme, (3) competing with a compound (whose 
transformation is catalyzed by the enzyme) for the ac­
tive centre on the enzyme, or (4) inactivating an already 
formed coenzyme.

Table 14: The Water-Soluble Vitamins

free form* coenzyme form
Thiamine (vitamin Bi) thiamine pyrophosphate (tpp) or

cocarboxylase

Riboflavin (vitamin B2)
lipothiamide pyrophosphate (ltpp) 
flavin mononucleotide (fmn) 
flavin-adenine dinucleotide (fad)

Pyridoxine or pyridoxolt (vitamin Be) pyridoxal phosphate or
also: Pyridoxal codecarboxylase

Pyridoxamine
Nicotinic acidt (niacin, vitamin PP) nicotinamide-adenine

also: Nicotinamide (niacinamide) dinucleotide (nad) 
nicotinamide-adenine

dinucleotide phosphate (nadp)
Cyanocobalamint (vitamin B12) several cobamide coenzymes

also: Aquocobalamin (vitamin Bi2a)
Hydrbxocobalamin (vitamin Bi2b) 
Nitrotocobalamin (vitamin Bi2c)

Pteroylglutamic acid (folie acid) tetrahydropteroylglutamic acid
(folie acid is now a general 
term for the family of pteroic 
acids and their salts)

Pantothenic acid coenzyme A
Biotin l'-N-carboxy biotin
Ascorbic acid (vitamin C) none yet established
*The names of the free forms of the first six vitamins are those approved thus 
far by the i u p a c - i u b  Commission of Nomenclature of Biological Compounds. 
Terms given in parentheses after the approved forms are older or “populär” 
terms. fConsidered to be the basic or Standard vitamin form. Those
following also have vitamin activity.

FUNCTIONS
The B-vitamin coenzymes function in enzyme Systems 
that transfer certain groups between molecules (see Figure 
14); as a result, specific proteins, fats, and carbohydrates 
are formed and may be utilized to produce body tissues 
(including blood cells) or to store or release energy. The 
pantothenic acid coenzyme functions in the Krebs tri- 
carböxylic acid (or citric acid) cycle, which interconnects 
carbohydrate, fat, and protein metabolism; this coenzyme 
(coenzyme A) acts at the hub of these reactions and thus is 
an important molecule in Controlling the interconversion 
of fats, proteins, and carbohydrates and their conversion 
into metabolic energy. Thiamine (Bj) and pyridoxine (B6) 
coenzymes control the conversion of carbohydrates and
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proteins respectively into metabolic energy during the cit­
ric acid cycle. Nicotinic acid (niacin) and riboflavin (B2) 
coenzymes facilitate the transfer of hydrogen ions or elec­
trons (negatively charged particles), which occurs during 
the reactions of the citric acid cycle. All of these coen­
zymes also function in transfer reactions that are involved 
in the synthesis of structural compounds; these reactions 
are not part of the citric acid cycle (see Figure 14).

carbohydrates fats

vit. B6 
f m n  
biotin 
folie acid

energy
(as atp )

proteins

pyruvate

vit. B

NAD
FAD
TPP
LTPP

CoA, FAD, NAD

acetyl CoA

CoA

nuclear proteins - f e | naCld

blood-forming elements

folie acid 
vit. B,2 
vit. B6

CoA— coenzyme A

TPP 
LTPP 
FAD —  
NAD 
NADP

vit. B0\

proteins
1

vit. B6
FMN 
biotin 
folie acid

citric acid 
cycle

energy (as a t p ) 

LTPP— lipothiamide pyrophosphate
FAD— flavine adenine dinucleotide 
FMN— flavine mononucleotide

NAD— nicotinamide-adenine 
dinucleotide
NADP— nicotinamide-adenine 
dinucleotide phosphate
TPP— thiamine pyrophosphate

Figure 14: Functions of B vitamin coenzymes in metabolism.

Although vitamin C (ascorbic acid) participates in some 
enzyme-catalyzed reactions, it has not yet been established 
that the vitamin is a coenzyme. Its function probably is 
related to its properties as a strong reducing agent (i.e., it 
readily gives electrons to other molecules).

METABOLISM
The water-soluble vitamins are absorbed in the animal 
intestine, pass directly to the blood, and are carried to the 
tissues in which they will be utilized. Vitamin B12 requires 
a substance known as “intrinsic factor for absorption.

Some of the B vitamins can occur in forms that cannot 
Utilization be used by an animal. Most of the nicotinic acid in some 

cereal grains (wheat, corn, rice, barley, bran), for example, 
is bound to another substance, and the complex is called 
niacytin; this compound is not absorbed in the animal 
intestine. Biotin can be bound by avidin, which is found 
in raw egg white; this complex cannot be absorbed or bro­
ken down by digestive-tract enzymes, and thus the biotin 
cannot be utilized. In animal products (e.g., meat), biotin, 
vitamin B6, and folie acid are bound to other molecules to 
form complexes or conjugated molecules; although none 
is active in the complex form, the three vitamins normally 
are released from the bound forms by the enzymes of 
the intestinal tract (for biotin and vitamin B6) or in the 
tissues (for folie acid) and thus can be utilized. The B 
vitamins are distributed in most metabolizing tissues of 
plants and animals.

Water-soluble vitamins usually are exereted in the urine 
of man. Thiamine (B,), riboflavin (B2), pyridoxine (B6), 
ascorbic acid (C), pantothenic acid, and biotin appear in 
urine as free vitamins (rather than as coenzymes); how­
ever, little free nicotinic acid is exereted in the urine. 
Products (also called metabolites) that are formed during

the metabolism of thiamine, nicotinic acid, and pyridox­
ine also appear in the urine. Urinary metabolites of biotin, 
riboflavin, and pantothenic acid also are formed, although 
they have not yet been characterized. Excretion of these 
vitamins (or their metabolites) is low when intake is just 
sufficiënt for proper body function. If intake begins to 
exceed minimal requirements, excess vitamins are stored 
in the tissues. Tissue storage capacity is limited, however, 
and, as the tissues become saturated, the rate of excretion 
increases sharply. This knowledge is valuable in establish- 
ing the nutritional status of an individual with respect 
to the vitamins. Unlike the other water-soluble vitamins, 
however, vitamin B12 is exereted solely in the feces. Some 
folie acid and biotin also are normally exereted in this 
way, Although fecal excretion of water-soluble vitamins 
(other than vitamin B12, folie acid, and biotin) occurs, their 
source probably is the intestinal bacteria (which synthesize 
the vitamins), rather than vitamins that have been eaten 
and utilized by an animal.

The water-soluble vitamins generally are not considered 
toxic if taken in excessive amounts. There is, however, Toxicity 
one exception in man; large amounts (50-100 milligrams) 
of nicotinic acid produce dilation o f blood vessels; in 
larger amounts, the effects are more serious and may 
result in impaired liver function. Thiamine given to an­
imals in amounts 100 times the requirement (i.e., about 
100 milligrams) can cause death from respiratory failure. 
Therapeutic doses (100-500 milligrams) of thiamine have 
no known toxic effects in man (except rare instances of 
anaphylactic shock in sensitive individuals). There is no 
known toxicity for any other B vitamins.

Biochemistry of fat-soluble vitamin groups

The four fat (lipid) soluble vitamin groups are A, D, E, 
and K; they are related structurally in that all have as a 
basic structural unit of the molecule a five-carbon isoprene 
segment, which is

CH3
I

—CH =  CH — C =  CH —

Each of the lipid-soluble vitamin groups contains several 
related compounds that have biological activity. The ac­
tive forms and the accepted nomenclature of individual 
vitamins in each vitamin group are given in Table 15. The 
potency of the active forms in each vitamin group varies, 
and not all of the active forms now known are available 
from dietary sources; i.e., some are produced synthetically.

Table 15: Lipid-Soluble Vitamins: 
Active Forms of Biological Importance

vitamin* provitamin
Vitamin A group
Retinol (vitamin A alcohol)
Retinal (vitamin A aldehyde, retinene) 
Retinyl ester (vitamin A ester) 
Retinoic acid (vitamin A acid)

Alpha- and beta-
carotene,
cryptoxanthin

Vitamin D group
Ergocalciferol (vitamin D2, calciferol) 
Cholecalciferol (vitamin D3)

Ergosterol
7-dehydrocholesterol

Vitamin E group
Alpha-tocopherol (vitamin E) 
Beta-tocopherol 
Gamma-tocophero 1 
Delta-tocopherol
Beta-tocotrienol (epsilon-tocopherol) 
Tocochromanol-3 (zeta-tocopherol) 
Plastochromanol-3 (eta-tocopherol)
Vitamin K group
Phylloquinone or Phylloquinone K (vitamin Ki [20]) t 
Menaquinone-4J or Menaquinone K4 (vitamin K2 [20]) 
Menaquinone- 6  or Menaquinone Ke (vitamin K2 [30]) 
Menaquinone (vitamin K3, menadione) 

also: vitamins K4, K5, Kö, K7

* Names of specific vitamins given are approved by the i u p a c - i u b  Commission 
of Nomenclature of Biological Compounds. Terms given in parentheses after the 
approved forms are older or “populär” terms. Since there is disagreement as to 
which name is more appropriate; alternate names are included. fNumber in 
brackets indicates total number of carbon atoms in side chain. JNumber refers 
to number of isoprenoid units in side chain.
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The characteristics of each lipid-soluble vitamin group are 
discussed below.

PRINCIPAL CHARACTERISTICS
Active forms of biological importance. Vitamin A group. 

Ten carotenes, coloured molecules synthesized only in 
plants, show vitamin A activity (i.e., function like vita­
min A); however, only the alpha- and beta-carotenes and 
cryptoxanthin are important to man, and beta-carotene is 

letinol the most active. Retinol (vitamin A alcohol) is considered 
the primary active form of the vitamin, although retinal, 
or vitamin A aldehyde, is the form involved in the visual 
process in the retina of the eye. A metabolite of retinol 
with high biological activity may be an even more direct 
active form than retinol. The ester form of retinol is 
the storage form of vitamin A; presumably, it must be 
converted to retinol before it is utilized. Retinoic acid is 
a short-lived product of retinol; only retinoic acid of the 
vitamin A group is not supplied by the diet.

Vitamin D group. Although about 10 compounds have 
vitamin D activity, the two most important ones are vi­
tamins D2 (or ergocalciferol) and D3 (or cholecalciferol). 
Vitamin D3 represents the dietary source, while vitamin D2 
occurs in yeasts and fungi. Both can be formed from their 
respective provitamins by ultraviolet irradiation; in man 
and other animals the provitamin (7-dehydrocholesterol), 
which is found in skin, can be converted by sunlight to 
vitamin D3 and thus is an important source of the vita­
min. Both vitamins D2 and D 3 can be utilized by the rat 
and man; however, chicks cannot use vitamin D2 effec­
tively. The form of the vitamin probably active in man is 
1 ,25-di-hydroxycholecalciferol.

Vitamin E group. The tocopherols are a closely related 
group of biologically active compounds that vary only in 
number and position of methyl (i.e., — CH3) groups in the 
molecule; however, these structural differences influence 
the biological activity of the various molecules. The ac­
tive tocopherols are named in order of their potency; i.e., 
alpha-tocopherol is the most active. Some metabolites of 
alpha-tocopherol (e.g., alpha-tocopherolquinone, alphato- 
copheronolactone) have activity in some mammals (e.g., 
rats, rabbits); however, these metabolites do not support 
all the functions attributed to vitamin E.

Vitamin K  group. Vitamin Kj (20) is synthesized by 
plants; the members of the vitamin K2 (30) series are of 
microbial origin. Vitamin K2 (20) is the important form 
in mammalian tissue; all other forms are converted to K2 
(20) from vitamin K3. Since vitamin K3 does not accumu- 
late in tissue, it does not furnish any dietary vitamin K. 
Vitamins K4, K5, Ké, and K7 have been synthesized and 
have vitamin K activity, but they are not found in nature. 

Interna- Units of activity. For many years, the unit o f measure- 
tional Unit ment for the activity of vitamins A, D, and Ê has been 

the International Unit (IU); this is analogous with the 
United States Pharmocopeia unit (usp), which is based on 
a measured biological activity. The weight equivalents of 
these vitamins are found in Table 16.

Table 16: Weight Equivalents of International Units of 
Vitamins A, D, and E

vitamin IU weight equivalents
Vitamin A 1 IU of all-trans retinol 0.300 micrograms

1 IU of all-trans retinyl acetate 0.344 micrograms
1 IU of beta-carotene 0.600 micrograms

Vitamin D 1 IU of pure crystalline vitamin D3 0.025 micrograms
Vitamin E 1 IU of synthetic /̂-alpha-

tocopherol acetate 1 milligram
1.1 IU of £//-alpha-tocopherol 
1.36 IU of the natural form d-alpha-

1 milligram

tocopherol acetate 1 milligram

Vitamin K activity is expressed only in micrograms. The 
activity of fat-soluble vitamins now is given on a weight 
basis (as is that of water-soluble vitamins) because pure 
vitamin preparations are available for Use as references.

FUNCTIONS
The vitamin A group has at least one known function. In 
the retina of the eye, retinal is combined with a protein

called opsin; the complex molecules formed as a result of 
this combination and known as rhodopsin (or visual pur- 
ple) are involved in dark vision. Other metabolic functions 
of vitamin A have not yet been defined with certainty. 
The vitamin D group is required for growth (especially 
bone growth or calcification). The vitamin E group also 
is necessary for normal animal growth; without these to­
copherols, animals are not fertile and develop abnormal- 
ities of the central nervous system, muscles, and organs 
(especially the liver). The vitamin K group is required for 
normal metabolism, including the conversion of food into 
cellular energy in certain biological membranes; vitamin 
K also is necessary for the proper clotting of blood.

Knowledge concerning the functions of the fat-soluble 
vitamins is not yet so extensive as that for the water- 
soluble ones. It appears, however, that most vitamins may 
be concerned with proper enzyme function.

METABOLISM
The fat-soluble vitamins are transported primarily by 
lymph from the intestines to the circulating blood. Bile 
salts are required for efficiënt absorption of fat-soluble 
metabolites in the intestine; anything that interferes with 
fat absorption, therefore, also inhibits absorption of the fat- 
soluble vitamins. Since a fatty acid (preferentially palmitic 
acid) is added to the vitamin A alcohol (retinol) molecule 
before it is transported by the lymph, this ester form pre­
dominates in the bloodstream during digestion. Vitamins 
D, E, and K do not require the addition of a fatty acid 
molecule for absorption. Small amounts of vitamin A al­
cohol (and possibly vitamin K) may be absorbed directly 
into the bloodstream; however, both vitamins A and D are 
bound to a protein during transport in the bloodstream.

Larger quantities of the fat-soluble vitamins than of 
water-soluble ones can be stored in the body. Vitamins 
A, D, and K are stored chiefly in the liver, with smaller 
amounts stored in other soft body tissues; however, most 
of the stored vitamin E is found in body fat, although 
large amounts also occur in the uterus of females and 
testis of males. The various forms of vitamin E are stored 
in tissues in different amounts; alpha-tocopherol is stored 
in higher concentrations than are the other forms. More 
vitamin A is stored (in ester form) than any other fat- 
soluble vitamin. Before its release in the bloodstream, the 
ester form of vitamin A is converted to retinol. In animals 
in the postabsorptive stage, retinol is the predominant 
form in the blood.

Excessive intakes of both vitamins A and D may produce 
toxicity (or hypervitaminosis A or D). Among natural 
foods, only seal liver and polar bear liver are known to 
contain sufficiently high concentrations of vitamin A to 
produce toxic effects. Toxicity of both vitamin A and 
vitamin D can easily occur, however, if pharmaceutical 
vitamin preparations are used in excess.

Toxic levels of vitamin A exceed the normal require­
ment by 100 times; i.e., about 500,000 IU each day for a 
period of several months. Toxicity in infants may occur 
with doses of 18,000 to 60,000 IU per day. Excessive 
doses of the natural vitamins Kj and K2 have no obvious 
effects except that resistance may develop to therapy with 
dicumarol compounds (anticoagulants); however, vitamin 
K3 is toxic to newborn infants if given in large doses. 
Vitamin E, even if given in large excess of the normal 
requirement, has no apparent obvious adverse effects.

Vitamin groups E and K belong to a class of organic 
compounds called quinones. These substances are changed 
to sügar-like substances known as alpha-lactones, which 
are exereted in the urine (probably as carbohydrates called 
glucurönides). Some vitamin K, also is exereted in the 
bile and thus appears in the feces. Vitamin A is broken 
down and exereted as a glucuronide and a number of 
compounds in bile (and, therefore, feces) and urine. Vi­
tamin D and its breakdown products are exereted only 
in the feces.

Vitamin-like substances

There are a number of organic compounds that, although 
related tó the vitamins in activity, cannot be defined as
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true vitamins; normally they can be synthesized by man 
in adequate amounts and therefore are not required in 
the diet. These substances usually are classified with the 
B vitamins, however, because of similarities in biological 
function or distribution in foods.

Choline. Choline appears to be an essential nutriënt for 
a number of animals (including some birds) and micro­
organisms that cannot synthesize adequate quantities to 
satisfy their requirements.
Choline is a constituent of an important class of lipids 

called phospholipids, which form structural elements of 
cell membranes; choline is a component of the acetyl­
choline molecule, which is important in nerve function. 
Choline also serves as a source of methyl groups (—CH3 
groups) that are required in various metabolic processes. 
The effects of a dietary deficiency of choline itself can 
be alleviated by other dietary compounds that can be 
changed into choline. Choline also functions in the trans­
port of fats from the liver; for this reason, choline may be 
called a lipotropic factor. A deficiency of choline in the 
rat results in an accumulation of fat in the liver. Choline 
deficiency Symptoms vary among species; it is not yet 
known if choline is an essential nutriënt for man since a 
dietary deficiency has not been demonstrated.

Myoinositol. The biological significance of myoinositol 
(also previously known as meso-inositol) has not yet been 
established with certainty. It is present in large amounts 
(principally as a constituent of phospholipids) in man. 
Inositol is a carbohydrate that closely resembles glucose 
in structure; inositol can be converted to phytic acid, 
which is found in grains and forms an insoluble (and thus

unabsorbable) calcium salt in the intestines of mammals.
Inositol has not yet been established as an essential nutri­
ënt for man; however, it is a required factor for the growth 
of some yeasts and fungi.

Para-aminobenzoic acid. Para-aminobenzoic acid (ab- 
breviated to paba) is required for the growth of several 
types of microorganisms; however, a dietary requirement 
by vertebrates has not yet been shown. The sulfa drug 
(sulfanilamide) can kill bacteria because it competes with 
paba for a position in a coenzyme that is necessary for 
bacterial reproduction. Although a structural unit of folie 
acid, paba is not considered a vitamin.

Carnitine. Camitine (originally called vitamin BT) is es­
sential for the growth of mealworms. The role of camitine 
in all organisms is associated with the transfer of fatty sub- Role of 
stances(e.g., fatty acids) from the bloodstream to active camitine 
sites of fatty acid oxidation within muscle cells. Camitine, 
therefore, regulates the rate of oxidation of these acids; this 
function may afford means by which a cell can rapidly 
shift its metabolic pattems (e.g., from fat synthesis to fat 
breakdown). Synthesis of camitine occurs in insects and 
in higher animals; therefore, it probably should not be 
considered a tme vitamin.

Lipoic acid. Lipoic acid has a coenzyme function sim­
ilar to that of thiamine. Although it is apparently an 
essential nutriënt for some microorganisms, no deficiency 
in mammals has yet been observed; therefore, lipoic acid 
is not considered a true vitamin.

Bioflavinoids. The bioflavinoids once were thought to 
prevent scurvy and were designated as vitamin Pc, but 
additional evidence refuted this claim. (M.J.B./Ed.)

HORMONES

Figure 15: The release of neurohormones from neurosecretory 
nerve cells.
(A) Nerve signals (arrow s) are translated into neurohorm ones, 
which enter the circulation at the neurohemai organ, reaching 
target cells via the bloodstream . (B ) Release of neurohorm one 
close to target cells without intervention of bloodstream.

Hormones are organic substances that are secreted by 
plants and animals and that function in the regulation 
of physiological activities and in maintaining homeosta- 
sis. They carry out their functions by evoking responses 
from specific organs or tissues that are adapted to react to 
minute quantities of them. The classical view of hormones 
is that they are transmitted to their targets in the blood­
stream after discharge from the glands that secrete them. 
This mode of discharge (directly into the bloodstream) is 
called endocrine secretion. The meaning of the term hor­
mone has been extended beyond the original definition of 
a blood-bome secretion, however, to include similar reg- 
ulatory substances that are distributed by diffusion across 
cell membranes instead of by a blood system.

General features
RELATIONSHIPS BETWEEN ENDOCRINE 
AND NEURAL REGULATION
Hormonal regulation is closely related to that exerted by 
the nervous system, and the two processes have generally 
been distinguished by the rate at which each causes effects, 
the duration of these effects, and their extent; i.e., the 
effects of endocrine regulation may be slow to develop but 
prolonged in influence and widely distributed through the 
body, whereas nervous regulation is typically concerned 
with quick responses that are o f brief duration and lo- 
calized in their effects. Advances in knowledge, however, 
have modified these distinctions.

N erve cells are secretory, for responses to the nerve 
im pulses that they propagate depend upon the produc­
tion  o f  Chemical transm itter substances, or neurohum ors, 
such as acetylcholine and noradrenaline (norepinephrine), 
w hich are liberated at nerve endings in m inute am ounts 
and have only a m om entary action. It now  has been  
established, how ever, that certain specialized nerve cells, 
called neurosecretory cells, can translate neural signals into  
Chemical stim uli by producing secretions called neuro­
horm ones. These secretions, which are often polypeptides 
(com pounds sim ilar to proteins but com posed  o f  fewer 
am ino acids), pass along nerve-cell extensions, or axons, 
and are typically released into the bloodstream  at special 
regions called neurohem ai organs, where the axon endings

are in close contact with blood capillaries (Figure 15A). 
Once released in this way, neurohormones function in 
principle similar to hormones that are transmitted in the 
bloodstream and are synthesized in the endocrine glands.

The distinctions between neural and endocrine regula­
tion, no longer as clear-cut as they once seemed to be, 
are further weakened by the fact that neurosecretory nerve 
endings are sometimes so close to their target cells that 
vascular transmission is not necessary (Figure 15B). There 
is good evidence that hormonal regulation occurs by dif­
fusion in plants and (although here the evidence is largely 
indirect) in lower animals (e.g., coelenterates), which lack 
a vascular system.

Hormones have a long evolutionary history, knowledge 
of which is important if their properties and functions 
are to be understood. Many important features of the 
vertebrate endocrine system, for example, are present in 
the lampreys and hagfishes, modern representatives of the 
primitively jawless vertebrates (Agnatha), and these fea­
tures were presumably present in fossil ancestors that lived 
more than 500,000,000 years ago. The evolution of the

THE EVOLUTION OF HORMONES
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endocrine system in the more advanced vertebrates with 
jaws (Gnathostomata) has involved both the appearance 
of new hormones and the further evolution of some of 
those already present in agnathans; in addition, extensive 
specialization of target organs has occurred to permit new 
pattems of response.

ole in T he factors in volved  in  the first appearance o f  the vari- 
tiemical ous horm ones is largely a m atter for conjecture, although  
jgulation horm ones clearly are only  on e m echanism  for Chemical 

regulation, diverse form s o f  w hich are found in living 
things at all stages o f  developm ent. Other m echanism s 
for Chemical regulation include Chemical substances (so- 
called organizer substances) that regulate early em bryonic  
developm ent and the pherom ones that are released by 
social insects as sex attractants and regulators o f  the social 
organization. Perhaps, in  som e instances, Chemical regu­
lators including horm ones appeared first as m etabolic by- 
products. A  few such substances are know n in physiolog­
ical regulation: carbon d ioxide, for exam ple, is involved  
in the regulation o f  the respiratory activity o f  which it is 
a product, in insects as w ell as in vertebrates. Substances 
such as carbon d ioxide are called parahorm ones to  dis­
tinguish them  from  true horm ones, w hich are specialized  
secretions.

The hormones of vertebrates
HORMONES OF THE PITUITARY GLAND
The pituitary gland, or hypophysis (Figure 16), which 
dominates the vertebrate endocrine system, is formed of 
two distinct components. One is the neurohypophysis,

From E.J.W . Barrington, Hormones and Evolution, 
p. 29, fig. 4; The English Universities Press Ltd.

Figure 16: Elements in a generalized mammalian pituitary 
gland.

w hich form s as a dow ngrow th o f  the floor o f  the brain 
and gives rise to  the m ed ian  em inence and the neural 
lobe; these structures are neurohem ai organs. T he other 
is the adenohypophysis, w h ich  develops as an upgrowth 
from  the buccal cavity (m ou th  region) and usually in­
cludes tw o glandular portions, the pars distalis and the 
pars interm edia, w h ich  secrete a num ber o f  horm ones. 
The horm ones secreted by the adenohypophysis are pro­
tein  or polypeptide in  nature and vary in  com plexity; as 
a result, their Chemical Constitution has not always been 
as fully characterized as has that o f  structurally sim pler 
m olecules o f  som e other endocrine secretions. Functional 
analysis o f  these horm ones also is difficult, for the targets 
o f  certain h orm ones o f  the adenohypophysis, called tropic, 
or trophic, horm ones, are other endocrine glands. The 
action  o f  such tropic h orm ones can  be understood only in  
the light o f  the m ode o f  function  o f  the endocrine glands 
they regulate.

Adenohypophysis. Growth hormone (somatotropin;
STH ). G row th horm one is a protein, the primary struc­
ture o f  w hich has been  fully established for the hum an  
and bovine form s o f  the horm one. It is probably univer- 
sally distributed in  gnathostom es (vertebrates w ith jaws), 
in w hich it is essential for the m aintenance o f  growth, but

Table 17: Some Physicochemical Properties of 
Growth Hormones of Mammals

human monkey bovine sheep pig whale
Molecular weight 21,500 23,000 45,000 47,800 41,600 39,900
Isoelectric point (pH) 4.9 5.5 6 . 8 6 . 8 6.3 6 . 2
Sedimentation

coëfficiënt 2.18 1 . 8 8 3.19 2.76 3.02 2.84
Diffusion coëfficiënt 8 . 8 8 7.20 7.23 5.25 6.54 6.56
Disulfide linkages 2 4 4 5 3 3
Source: G.H. Li, P erspectives in B io logy an d M edicine, 11, 1968.

its presence in agnathans (jawless vertebrates) has not yet 
been established with certainty. The physical and Chemi­
cal properties of growth hormone (Table 17), which differ 
from species to species, are associated with marked dif­
ferences in biological activity. Only part of the molecule, 
however, is actually responsible for its biological activity, 
for up to 25 percent of it can be lost without causing any 
decline in potency. Man responds to growth hormones ob­
tained from other primates, but the rat responds to those 
from a wide range of species. Even more striking, growth 
of teleost (bony) fishes, which stops if the pituitary gland is 
removed, can be restarted by treatment with mammalian 
growth hormone; on the other hand, preparations of pitu­
itary glands from these fishes have no effect on the growth 
of mammals. The growth hormones of lungfishes, which 
are closely related to the terrestrial vertebrates, and of 
sturgeons, which are primitive members of the evolution­
ary line that led to bony fishes, affect mammalian growth, 
perhaps because these hormones have a more generalized 
molecular structure.

Growth is such a complex process that definition of the 
growth hormone’s mode of action is difficult. One of its Effects 
known effects is an increase in the rate of protein syn- of growth 
thesis, which is to be expected, since growth involves the hormone 
deposition of new protein material. In addition, growth 
hormone affects the metabolism of certain ions (includ­
ing sodium, potassium, and calcium), promotes the re­
lease of fats from fat stores, and influences carbohydrate 
metabolism in ways that tend to cause an increase in 
the level of glucose in the bloodstream. The last action 
creates a demand for an increased output of insulin (a 
hormone secreted by the pancreas), which acts to return 
the blood-glucose level to normal. Prolonged treatment of 
dogs with growth hormone can overstrain the pancreatic 
tissue in which insulin is synthesized and bring about a di- 
abetic condition, in which insulin is formed in inadequate 
quantities. It is unlikely, however, that this is a factor in 
establishing diabetes mellitus in man. Excess secretion of 
growth hormone does, however, have damaging effects in 
man, for it produces overgrowth of the skeleton. If this 
occurs in youth, before the closure of the epiphyses (ends) 
of the long bones, it results in gigantism. If it occurs 
afterward, it causes acromegaly, in which the disturbance 
is more serious, with enlargement of the bones and soft 
tissues, and consequent distortion of the skull.

Prolactin. Prolactin is a protein hormone that in sheep 
has a molecular weight of about 23,000 (based on a 
molecular weight for hydrogen of one). It is doubtful that 
it is present in agnathans, but it is widely distributed in 
jawed vertebrates. In female mammals, prolactin initiates 
and maintains the secretion of milk, the mammary glands 
having been previously prepared for this function by the 
action of other hormones. In the female rat prolactin 
also maintains the secretion of the hormone progesterone, 
which is formed by the corpus luteum, an endocrine gland 
of the ovary; i.e., prolactin, termed luteotropin in the rat, 
is a gonadotropin (see below Hormones o f the reproductive 
system) in this animal, because its target is an endocrine 
gland. Evidence is accumulating that the molecular struc­
tures of prolactin and growth hormone are similar. This 
explains why they show some overlap in biological prop­
erties; in particular, administration of prolactin promotes 
some growth in many terrestrial vertebrates. Human 
growth hormone has prolactin-like luteotropic properties, 
and it is not yet certain that man actually has a distinct 
prolactin hormone.
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Prolactin itself shows remarkable variety in biological ac­
tion from one vertebrate group to another. It promotes the 
production of so-called crop-milk with which pigeons feed 
their young, and the associated changes in structure and 
arrangement of the wall o f the crop provide a convenient 
means to assay the hormone. In certain newts (Triturus 
species) prolactin induces the change of behaviour that 
drives young animals into the water (water-drive action). 
In bony fishes, prolactin is concerned with the regulation 
of the level of sodium in blood plasma; it therefore is 
essential in some teleost species (e.g., Poecilia lattipinna) 
for the maintenance of life in fresh water. Although other 
teleosts (e.g., eels) can survive in fresh water after hy- 
pophysectomy, this means only that prolactin is but one 
factor in a complex regulatory mechanism involving sev­
eral factors. Mammalian prolactin can regulate sodium 
metabolism when given to eels and can maintain the life of 
hypophysectomized Poecilia. Yet, although other convinc- 
ing evidence suggests that the hormone must be present in 
the pituitaries of these teleosts, preparations of their glands 
tested on pigeons do not have a typical crop-stimulating 
action. This evidence is best accounted for by supposing 
that the prolactin molecule has undergone evolutionary 
changes in its molecular structure and biological proper­
ties and has also established specific adaptive relationships 
with target organs such as the crop and mammary glands.
Adrenocorticotropic hormone (ACTH; corticotropin). 

acth is present in all jawed vertebrates but has not yet 
been decisively demonstrated in agnathans. It regulates 
the activity of part of the outer region (cortex) of the 
adrenal glands (considered below under Hormones of the 
adrenal glands). In mammals its action on the adrenal 
cortex is limited to areas called the zona reticularis and 
zona fasciculata, in which important Steroid hormones 
(e.g., Cortisol and corticosterone, known as glucocorti­
coids) are formed; acth does not affect the synthesis of 
the mineralocorticoid hormone aldosterone, which takes 
place chiefly in the outer cortical region (zona glomeru- 
losa). Evidence strongly suggests that the action of acth 
is mediated by a substance known as camp (cyclic 3',5'- 
adenosine monophosphate), the rate of synthesis of which 
increases in adrenal tissue in the presence of acth; camp 
in tum promotes synthesis of -enzymes necessary for the 
formation of Cortisol and corticosterone. The relationship 

Negative between acth and the adrenal cortex is an example of 
feedback the negative feedback characteristic of endocrine systems;

i.e., a decrease in the level of ghicocorticoids circulating 
in the bloodstream evokes an increase in the secretion 
of acth, which, by stimulating the secretory activity of 
its target gland (the adrenal cortex), tends to restore to 
normal the level of glucocorticoids in the bloodstream. 
The release of acth can also be influenced by the level o f 
circulating adrenaline, which is not surprising in view o f 
the close functional relationship between the hormones of 
the adrenal cortex and medulla.
The acth of mammals is a polypeptide molecule con­

sisting of 39 amino acids, only the first 20 of which 
are required for full activity. This region, often referred 
to as the active centre, is constant in composition in all 
mammals studied thus far; the remainder of the molecule 
varies slightly in amino-acid composition among differ­
ent species. Since, however, the mammalian hormone is 
active in all vertebrates, acth structure probably varies 
little from one class to another. The concept that biolog­
ical activity is localized in an active centre of a complex 
molecule is applicable to other polypeptide and protein 
hormones, including growth hormone, whose structure, as 
noted previously, can be partly lost without causing loss of 
activity. The concept of an active centre, however, raises 
the question o f the function of the rest of the molecule. 
It may serve as the site o f antigenic properties or of 
structural features important in establishing relations with 
specialized receptors in target cells.

Thyrotropin (thyroid-stimulating hormone; TSH). Thy- 
rotropin regulates the thyroid gland through a feedback 
relationship similar to that for acth; thyrotropin increases 
the secretion of the hormones from the thyroid gland and, 
if its action is prolonged, evokes increase in cell number 
(hyperplasia) and increase in size of the gland. One con­

sequence of an overactive thyroid in man is a buiging 
of the eyes (exophthalmos). The cause of this is obscure, 
although it has been thought to result from the action of 
a distinct exophthalmos-producing substance that, while 
closely associated with thyrotropin, can be chemically 
separated from it. Thyrotropin, which is probably absent 
from agnathans, is a glycoprotein; i.e., a protein combined 
with carbohydrate. Its molecular weight is estimated to be 
about 26,000 to 30,000 in mammals. Some variability oc­
curs in the degree of response obtained when a hormonal 
preparation from one species is tested on other species.
This suggests, as with prolactin, that it has undergone 
molecular evolution.

Follicle-stimulating hormone (FSH), fsh is termed a 
gonadotropin because it is concerned with the regulation 
of the activity of the gonads, or sex organs, which are 
endocrine glands as well as the sources of eggs and sperm, Function 
fsh stimulates development of the graafian follicle, a o f fsh 
small vesicle containing an egg, in the ovary of the female 
mammal; in the male, it promotes the development of 
the tubules ofth e  testes and the differentiation of sperm. 
fsh, like thyrotropin, is a glycoprotein, with an estimated 
molecular weight (in man) of 41,000 to 43,000. The effects 
of fsh are discussed further in Hormones o f the reproduc­
tive system, below.

Luteinizing hormone (LH; interstitial-cell-stimulating 
hormone; ICSH). Luteinizing hormone is another go­
nadotropin, a glycoprotein with a molecular weight of
26,000 in man. In the female mammal it promotes the 
transformation, following release of the egg (ovulation), of 
the graafian follicle into the corpus luteum, an endocrine 
gland; its complex functional interrelationship with fsh is 
dealt with below in Hormones o f the reproductive system.
In the male, luteinizing hormone promotes the develop­
ment of the interstitial tissue (Leydig cells) of the testes 
and hence promotes the secretion of the male sex hor­
mone, testosterone. It may be associated with fsh in this 
function. The interrelationship of lh and fsh has made 
it difficult to establish with certainty that two separate Effects 
hormones exist, particularly since both are glycoproteins. of msh 
Although the existence of two hormones has been es­
tablished in mammals, the Situation in lower vertebrates 
is not yet certain. All vertebrates undoubtedly have go- 
nadotropic activity in their pituitary glands; but, although 
FSH-like and LH-like effects are detectable, it is not yet 
clear that two distinct hormones always exist.

An unexpected property of mammalian fsh and lh is 
that both have a thyrotropic action (i.e., stimulate secre­
tion of thyroid hormones) in lower vertebrates. This so- 
called heterothyrotropic effect has led to the supposition 
that fsh, lh, and thyrotropin may have evolved by mod­
ification of a common ancestral glycoprotein molecule, 
resulting in an overlap of properties. Similar examples are 
pointed out in later sections.

Melanocyte-stimulating hormone (MSH; intermedin). This 
hormone, secreted by the pars intermedia region of the 
pituitary gland, regulates colour changes in animals by pro­
moting the concentration of pigment granules in pigment- 
containing cells (melanocytes, chromatophores) in the skin 
of lower vertebrates; msh acts in conjunction with the 
nervous system in bony fishes and reptiles. No response 
involving physiological colour change is found in birds 
and mammals, although the hormone is secreted by them, 
even in species in which a pars intermedia region is no 
longer distinguishable in the adenohypophysis. The reason 
for the presence of msh in birds and mammals is not clear 
since the function of the hormone in these animals has 
not yet been established. msh is known to influence the 
behaviour of mammals and the total amount of pigment 
in their skin, which darkens in man after administration of 
large doses of the hormone. This type of change, however, 
which results from a change in the total amount of pig­
ment present, is called a morphological colour change, in 
contrast to the physiological one that occurs in the skin of 
lower vertebrates.
As noted above, msh exists in two forms. a-MSH contains 

13 amino acids, which are found in the same sequence in 
all species studied thus far; ß-MSH has 18 amino acids, in se­
quences that differ in different species. Remarkable are the
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ormone amino acid sequence

c t h : Ser Tyr Ser M et Glu His Phe Arg Try G ly Lys Pro Val Gly Lys Lys
(pig, sheep, beef) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Ipha-MSH : CHaCO Ser Tyr Ser M et Glu His Phe Arg Try G ly Lys Pro Val N H 2
(pig, beef, horse) 1 2 3 4 5 6 7 8 9 10 11 12 13

eta-MSH: Asp Glu Gly Pro Tyr Lys M et Glu His Phe Arg Try G ly Ser Pro Pro Lys Asp
(pig) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

eta-MSH: Asp Ser G ly Pro Tyr Lys M et Glu His Phe Arg Try G ly Ser Pro Pro Lys Asp
(beef) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

eta-MSH: Asp G lu Gly Pro Tyr Lys M et Glu His Phe Arg Try Gly Ser Pro Arg Lys Asp
(horse) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

eta-MSH: Ala G lu Lys Lys Asp Glu G ly Pro Tyr Arg M et Glu His Phe Arg Try Gly Ser Pro Pro Lys Asp
(human) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Figure 17: Relationships between the structure of melanocyte-stimulating hormones (M SH) 
and the first 19 amino acids of adrenocorticotropin (A C TH ).
Adapted from R.S. Harris, ed., Vitamins and Hormones (1961); Academie Press

facts that the 13 amino acids of <x-msh are identical with the 
first 13 amino acids of acth and that both a and ß forms 
of msh have a heptapeptide (seven-amino-acid) sequence 
that has some melanocyte-stimulating activity, and that is 
identical with an amino-acid sequence of acth (see Figure 
17). This close correspondence in sequence can hardly be 
coincidental and suggests, as has been postulated above for 
fsh, lh, and thyrotropin, that acth and a- and ß-MSH 
may have differentiated within the adenohypophysis by 
evolutionary modification of a common ancestral molecule. 
A change in biological activity results from modifications 
in the amino-acid composition; ß-MSH preparations from 
the pig and the horse, for example, are five times more 
effective than those of the ox in evoking pigment dispersion 
in frogs. msh molecules do not show acth activity, which 
is dependent on the presence of amino acids that occur in 
the region of the molecule not found in msh. On the other 
hand, acth does have a slight effect on pigment dispersion, 
presumably because its structure contains the heptapeptide 
sequence mentioned above.

Evidence shows that each o fth e  adenohypophysial hor­
mones is secreted by a specific cell type. The cell types 
can be differentiated by staining sections of the pituitary 
gland, and known changes in the output of an individual 
hormone, induced experimentally or correlated with phases 
in the life cycle, can be shown to correspond with changes 
in the appearance of the corresponding cell type.

Regulation The regulation of the activity of the secretory cells of the 
Df adeno- adenohypophysis depends upon its association with the floor 
nypo- of the brain and results from the existence of a neurose-
physial cretory system located mainly, perhaps entirely, in the hy-
ictivity pothalamic region there. Much remäins to be learned about 

this system, which involves the passage into the adenohy­
pophysis of neurosecretions from the hypothalamus called 
hypothalamic releasing factors. Chemical characterization 
of these factors shows them to be simple polypeptides, in 
which respect they resemble the hypothalamic polypeptide 
hormones (discussed in the next section). This neurosecre­
tory system is best understood in mammals, in which good 
evidence has been found for the existence of a separate 
releasing factor for each hormone secreted by the pars dis- 
talis region of the adenohypophysis; a similar arrangement 
probably exists in other gnathostomes. The Situation in ag­
nathans is obscure, but the anatomical organization of the 
pituitary glands of these animals implies at least some form 
of Chemical communication between the hypothalamus and 
the pituitary gland.
Chemical communication is achieved by two routes. One 

route is by the entry of neurosecretory-cell fibres from 
the hypothalamus into the adenohypophysis, so that the 
hypothalamic factors, when released, are either in imme­
diate contact with the secretory cells (Figure 15B) or in 
blood capillaries very closely related to them. This route 
is characteristic of the pars intermedia region, in which 
neurosecretory fibres from the hypothalamus control the 
functioning of the secretory cells. If the pars intermedia is 
separated from its direct connection with the floor of the 
brain, for example, msh secretion in amphibians increases, 
and prolonged darkening of the skin results. Secretory ac­
tivity of the pars intermedia cannot then be regulated again 
until the nerve fibres have regenerated.

Direct innervation similar to that of the pars interme­
dia is also found in the pars distalis of bony fishes. Here

neurosecretory fibres arise from a localized region of the 
hypothalamus, called the nucleus lateralis tuberis, and end 
in contact either with the various types of secretory cells 
or with blood capillaries related to them. The other route 
of Chemical communication to the pars distalis is found in 
many fishes and in all terrestrial vertebrates; it is a vascular 
route that depends upon the median eminence, which lies 
at the front end of the neurohypophysis (see Figure 16). 
The median eminence is a neurohemai organ containing a 
capillary bed into which hypothalamic neurosecretory fibres 
discharge their releasing factors. These are then transmitted 
through blood vessels known as the hypophysial portal Sys­
tem, into the capillaries of the pars distalis, where each fac­
tor influences its specific target cells (compare Figure 15A).

Both hypothalamic neurosecretory routes have the same 
physiological significance; i.e., they provide Chemical com­
munication between the adenohypophysis and the central 
nervous system, thus making it possible for the latter to 
regulate the activity of the gland (and also of the endocrine 
glands its tropic hormones influence) in response to the 
demands of both the internal and external environments. 
The hypothalamic neurosecretory system is also involved 
in the function of the negative-feedback mechanisms that 
regulate the secretion of the tropic hormones. As already 
mentioned for acth, the secretions of tropic hormones 
from the adenohypophysis are controlled by bloodstream 
levels of the hormones secreted by their target glands; the 
hormones of the target glands may act directly on specific 
adenohypophysial cells or indirectly by influencing the out­
put of releasing factors from the hypothalamus.

Neurohypophysis and the polypeptide hormones of the 
hypothalamus. Another neurosecretory system, which in­
volves the hypothalamic region of the brain and the neu­
rohypophysis of the pituitary gland, originates in groups of 
neurosecretory cells in the hypothalamus called, in mam­
mals, the nucleus supraopticus and the nucleus paraven- 
tricularis and, in lower vertebrates, the nucleus preopticus. 
Neurohormones from these regions pass along the axons of 
the neurosecretory cells to the neural lobe (see Figure 16) 
bound to a protein called neurophysin (molecular weight 
of 20,000 to 25,000). In the neural lobe, which is the 
neurohemai organ of this neurosecretory system, the hor­
mones separate from neurophysin and are released into the 
bloodstream.

In most mammals, the neurohormones are oxytocin and 
arginine vasopressin. Both have relatively simple and very 
similar molecular structures; each is composed of nine 
amino acids arranged as a ring, which is formed by the link­
age of two molecules of the amino acid cysteine (a disulfide 
linkage —S—S—), and a short side chain (Table 18). The 
two hormones differ in structure only at amino acids num­
bered 3 and 8. In some species of the family Suidae (pig, 
peccary, hippopotamus) arginine vasopressin is replaced by 
lysine vasopressin; in others, both may be present. The dif­
ference between the two vasopressin hormones is that one 
has the amino acid lysine (Lys) at position 8; the other has 
arginine (Arg). Both the Vasopressins and oxytocin show 
some overlap of activity, which is a consequence of the 
similarities in their molecular structures. Preparations of 
the three hormones evoke responses from the mammalian 
kidney, from the epithelial-cell layer of the frog bladder, 
and from the smooth muscle in blood vessels, uterus, and 
milk glands. The slight Variation in amino-acid composi-

Arg Arg Pro 
17 18 19
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tion, however, affects the levels o f  the responses; i.e., the 
Vasopressins differ slightly from each other in response, and 
oxytocin  differs markedly from both. Each, therefore, is said 
to have a characteristic pharmacological Spectrum, and all 
have som e m edical use.

The primary actions o f  oxytocin are the promotion o f  
uterine contraction (o f  value in obstetrical m edicine) and 
the release o f  m ilk during suckling. The Stimulation exerted 
upon the nipples during suckling leads to the transmission 
o f  nerve im pulses to the hypothalamus. These bring about 
the discharge o f  oxytocin , which causes contraction o f the 
sm ooth m uscle o f  the sm all ducts o f  the mammary glands 
and the release o f  milk. Although the Vasopressins cause 
an increase in blood pressure in m am m als through vaso- 
constriction (i.e., contraction o f  blood vessels), this action 
requires a high concentration o f  horm one and is probably 
not a norm al physiological effect. The primary action of the 
Vasopressins is on the kidneys; it brings about a reduction 
in the output o f  urine. As a result arginine vasopressin is 
com m only called the antidiuretic horm one (adh). A lack 
o f  this horm one in man results in a copious flow o f  urine, 
a condition  called diabetes insipidus, which is readily allevi- 
ated by preparations containing arginine vasopressin from  
bovine sources.

The antidiuretic action o f  vasopressin is thought to de­
pend upon its binding to the outer surface o f  the kidney 
tubule, resulting in an increase in the uptake o f  sodium  
from the urine into the tubule cells and, concurrently, an 
increase in the uptake o f  water. The am ount o f  water, 
however, is greater than can be accounted for merely by 
increased diffusion o f  sodium  into tubule cells, suggesting 
that adh increases either the number o f  or the size o f  pores 
on the surfaces o f  the cells. O ne stim ulus that increases the 
release o f  vasopressin is a rise in the concentration o f  cer­
tain substances— chloride, for exam ple— in blood plasma. 
These substances act directly upon the neurosecretory cells, 
although other receptors may also be involved. Another 
Stimulus is a lowering o f  plasma volum e, which probably 
acts chiefly through receptors in the vascular system, par­
ticularly in the heart and in the carotid blood sinuses. Both 
conditions necessitate increased retention o f  fluid; as soon  
as norm al conditions are restored in the bloodstream, the 
secretion o f  adh is reduced by negative feedback.

O xytocin and the Vasopressins are members o f  a series 
o f  horm ones o f  which seven members have thus far been 
fully characterized. The existence o f  others is suspected (see 
Table 18). All show the sam e molecular structure but differ 
with respect to individual am ino acids. The horm ones are 
believed to have been derived from each other by m utations 
that resulted in One am ino-acid Substitution at a time; the 
starting point in the series is  arginine vasotocin, which is 
the only óne o f  the series found in agnathans. Two types 
o f  m olecule are found in gnathostom es— a result, presum ­
ably, o f  a genetic duplication that established two lines o f  
evolution. O ne line (basic vasopressor principles) is consti­
tuted m ainly o f  arginine vasotocin, which is present in all 
gnathostom es except m amm als; am ino-acid Substitution in 
the m olecule gave rise to  the Vasopressins o f  m amm als. The 
second line (neutral oxytocin-like principles) is represented 
by oxytocin , isotocin , glum itocin, and m esotocin. Each evo­
lutionary line tends to have characteristic m olecules, but the  
m olecular history in the second line is not clear. O xytocin  
is thought to exist in som e lower gnathostom es, and it is 
not yet certain whether it or m esotocin is phylogenetically  
the older m olecule.

The functions o f  the hypothalam ic polypeptide horm ones 
in lower vertebrates are not yet clear, except to som e extent 
in am phibians, in which arginine vasotocin evokes the so- 
called Brunn (water-balance) response; that is, water accu- 
m ulates w ithin the body as a result o f  a com bination o f  
increased water uptake through the skin and the wall o f  the 
bladder and decreased urinary output. This response, which  
also involves the uptake o f  sodium  by the skin, is found  
only in the m ore terrestrial m embers o f  the Am phibia, in  
which it is an adaptation that enables them  to conserve wa­
ter. It is not yet know n whether or not comparable adaptive 
specializations are associated with the m olecules character­
istic o f  the other groups o f  lower vertebrates. There is som e  
evidence that hypothalam ic polypeptides may be involved  
in the m ovem ents o f  water and ions (charged particles) in  
fishes. Changes in the functions o f  the polypeptide hypotha­
lam ic horm ones during vertebrate evolution have occurred, 
partly as a result o f  evolution o f  their targets; e.g., water 
balance in am phibians is m ediated by a horm onal m olecule  
that was already present in agnathans and was thus a part 
o f  the earliest horm onal endow m ent o f  vertebrates.

Table 2: The Structure and Distribution of the Hypothalamic Polypeptide 
Hormones of Vertebrates*

Basic Vasopressor Principles
1. Arginine vasotocin____

Cys Tyr Ile Gin Asn Cys Pro Arg Gly(NH2)
1 2 3 4 5 6 7 8 9

Exists in all fishes; possibly in all vertebrates, at some stage of development
2. Arginine vasopressin

I I
Cys--------------------Phe------------------- ---------------------Cys-----------— — Arg---------------------1
Exists in most mammals except the pig family

3. Lysine vasopressin
i ' : i

Cys— --------------Phe------------------------------------------Cys------------------- Lys— — —------------1
Exists in mammals of the pig family 

Neutral Oxytocinlike Principles
4. Oxytocin

I----------------------------------------------    1
Cys------------------- Ile---------------------------------  Cys----------Leu-----------------------1
Exists in mammals, birds, reptiles, amphibia (?), Dipnoi (?), and holocephalians (?)

5. 8 Ile oxytocin (Mesotocin)
r i

Cys------------------- Ile--------------------------------------------Cys------------------- Ile------------------------ 1
Exists in reptiles, amphibia, and Dipnoi

6. 4 Ser, 8 Ile oxytocin (ichthyotocin, isotocin)
i ; i

Cys--------------------Ile • Ser------------------------------ Cys--------------------Ile------------------------ 1
Exists in teleost, holostean, and brachiopterygian fishes

7. 4 Ser, 8 GlutNPb) oxytocin (glumitocin)
r---------------------------------------------------------------------- 1

Cys------------------- Ile • Ser------------------------- — Cys---------------------Gin----------------------1
Exists in elasmobranch fishes, particularly the skate

8. Unknown elasmobranch oxytocic principle ( e o p i) (Val, Ser peptide[s]?).
Exists in Squalus acanth ias and perhaps other sharks

♦Amino acids indicated only by lines are the same as those present in arginine 
vasotocin.
Source: Hoar and Randall (eds.), Fish Physiology, 1969.
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HORMONES OF THE THYROID GLAND
Biosynthesis. The two thyroid hormones, thyroxine 

(3,5,3',5'-tetraiodothyronine) and 3,5,3'-triiodothyronine, 
are formed by the addition of iodine to an amino-acid 
(tyrosine) component of a glycoprotein called thyroglob­
ulin. Thyroglobulin is stored within the gland in follicles 
as the main component of a substance called the thyroid 
colloid. This arrangement, which provides a reserve of 
thyroid hormones, perhaps reflects the frequent scarcity 
of environmental iodine, particularly on land and in fresh 
water. Iodine is most abundant in the sea, where thyroidal 
biosynthesis probably first evolved. Although the possi­
bility that the thyroid hormones originated as metabolic 
by-products is suggested by the widespread occurrence in 
animals of the binding of iodine to tyrosine, the binding 
commonly results only in the formation of iodotyrosines, 
not the thyroid hormones. On present evidence, only the 
vertebrates and the closely related protochordates have a 
mechanism to synthesize significant amounts óf biologi­
cally active thyroid hormones.

The synthesis of thyroid hormones in vertebrates begins 
with the active uptake by thyroid-gland cells of inorganic 
iodide circulating in the bloodstream; the inorganic io­
dide is oxidized (combined with oxygen) during a reaction 
catalyzed by an enzyme (iodide peroxidase). The product 
of this reaction (active iodine) combines with tyrosine 
components of the thyroglobulin molecule to form two 
compounds (3-monoiodotyrosine and 3,5-diiodotyrosine), 
which then join to form the active hormones. The syn­
thesis of the thyroid hormones is inhibited by certain 
Chemical agents called goitrogens, which reduce the output 
of thyroid hormones, thereby causing, through negative 
feedback, an increased output of thyrotropin and hence 
an enlargement of the thyroid gland (see below). Some 
goitrogens (e.g., thiocyanates) reduce or inhibit the uptake 
of iodide; others (e.g., thiourea, thiouracil) inhibit the per­
oxidase system and thus prevent the binding of iodine to 
thyroglobulin.

Release of the thyroid hormones into the bloodstream 
begins when the thyroid cells take up droplets of the stored 
thyroid colloid. The thyroglobulin in these droplets is then 
hydrolyzed (broken down in a reaction involving the ele­
ments of water) by an enzyme to form both iodotyrosines 
and the hormones. Normally, only the latter pass out of 
the cells in significant quantities. The iodine is removed 
from the iodotyrosines, which are not hormonally active, 
by an enzyme (deiodinase), and the iodine thus is con- 
served and used again. The hormones, usually bound to 
proteins (globulin and albumin) in the bloodstream, where 
they constitute the protein-bound iodine of the plasma, 
must be unbound from the proteins before they can func­
tion. The iodine is removed from the hormones largely 
in the liver and in the kidneys, and most of it returns to 
the thyroid gland, an economy that again emphasizes the 
need for Conservation; some iodine, however, is lost in the 
alimentary tract.

Synthesis of the thyroid hormones is regulated by the 
level of circulating hormones (i.e., a negative-feedback 
mechanism) operating, as indicated earlier, partly by direct 
action on the thyrotropin-secreting cells of the pituitary 
gland and partly by indirect action on the hypothalamus 
and its thyrotropin-releasing factor. Thyrotropin attachés 
to the cells of the thyroid gland and may exert its effect by 
stimulating camp synthesis. It causes resorption of thyroid 
colloid and increases the rates of both glucose metabolism 
and protein synthesis as secretion of thyroid hormones 
increases in response to it. After the thyroid gland of 
the rat has been under thyrotropin Stimulation for two 
or three hours, an increase in the size of the cells of 
the gland occurs, along with an increase in iodide uptake 
into them; prolonged thyrotropin action causes a marked 
enlargement of the gland (goitre), which in man may be­
come extemally apparent as a swelling. Goitres, which are 
of various types, result from a negative-feedback reaction 
that attempts to maintain output from the thyroid gland.

Effects. One established effect o f the thyroid hormones 
in mammals is an increase in metabolic rate and in oxygen 
consumption, but the effects of the hormones undoubt- 
edly are more wide-ranging than this. On the one hand,

impairment of the thyroid function in mammals results in 
disturbances in the processes of growth and maturation. 
Both growth and maturation disturbances occur in the 
cretinous dwarfism resulting from thyroid deficiency in 
newborn infants; on the other hand, the metabolic effect is 
not apparent in lower vertebrates (e.g., fish), even though 
treatment of these animals with thyroid hormones pro­
motes an increase in the growth rate, provided pituitary 
growth hormone is also secreted. In addition, evidence 
suggests that, in lower vertebrates, the thyroid hormones 
are active during moments of stress in the life cycle (e.g., 
migration and reproduction) and affect the activity of the 
central nervous system. Disturbance of thyroid output also 
affects reproduction in mammals, impairing the function­
ing of the ovary, for example, and causing irregularities of 
the ovarian cycle.

The complex effects of thyroid hormones are well docu­
mented in the metamorphosis, or change in body form, 
of the amphibian tadpole into a frog. Metamorphosis, 
which involves a diversity of integrated morphological and 
biochemical changes, requires the presence of the thyroid 
gland and depends upon a delicate balance between the 
changing output of its hormones and changing sensitivities 
of the target tissues. Studies involving the tail of the frog 
tadpole show that the thyroid hormones directly promote 
the formation of the enzymes needed for reduction of 
the tail and suggest that the diverse effects produced in 
vertebrates by the thyroid hormones might depend upon 
their capacity to regulate protein metabolism, in which 
case the target cells would have to be adapted to respond 
by appropriate patterns of enzyme synthesis.

Ultimobranchial tissue and calcitonin. The discovery 
of calcitonin (thyrocalcitonin) in 1961 demonstrated the 
importance of comparative studies in endocrinology. It 
originally had been thought that this hormone, which is 
present in preparations made from mammalian thyroid 
glands, was secreted by the parathyroid glands, which in 
some species are combined with the thyroid gland. Later, 
the hormone was concluded to be a secretion of the thy­
roid gland itself. In fact, calcitonin is not a product of 
either of them. lts actual source is the ultimobranchial tis­
sue, represented in vertebrates from fishes upward by the 
ultimobranchial gland, which develops from the hinder 
part of the pharynx. Ultimobranchial tissue is the source 
of distinctive cells (called light, C, or parafollicular cells), 
which are found in the thyroid gland of mammals; in 
birds, however, the ultimobranchial gland is separate, thus 
making it possible to remove the gland and to show that it 
is the source of the hormone. The molecular structure of 
hog calcitonin is that o f a polypeptide, containing 32 ami­
no acids and having a molecular weight of about 3,600. 
The calcitonin of the salmon, which is more potent than 
that of the pig, has the same number (but some different 
types) of amino acids, and the molecular weight is 3,427.

Calcitonin lowers the level of calcium in the blood (hy- 
pocalcemic action) when it rises above the normal level. 
Its secretion probably is regulated by a negative-feedback 
relationship between the gland and the blood plasma. The 
hormone affects bone, which is an active tissue. It under- 
goes not only growth but also remodelling as it adapts to 
the changing patterns of stress to which it is subjected; its 
calcium exchanges continuously with that of the plasma. 
The effect of calcitonin is to decrease the mobilization 
(resorption) of calcium from the skeleton into the blood 
plasma. In this respect, as is discussed in the next section, 
it is opposite in direction to the effect of parathormone 
of the parathyroid glands. Little is known of the action 
of calcitonin in the lower vertebrates, but its presence in 
fish raises interesting functional problems. Elasmobranch 
fishes (e.g., sharks) lack bone, and many bony fishes have 
a type of bone that cannot be remodelled; the hormone, 
therefore, cannot act in these vertebrates as it does in 
higher ones. It is possible that in these fishes the hormone 
may control the level of plasma calcium by regulating its 
movement across cell membranes.

PARATHORMONE OF THE PARATHYROID GLAND
The parathyroid glands, which are found only in terres­
trial vertebrates (amphibians, birds, reptiles, and mam-
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mals), develop from certain pharyngeal pouches, which 
are embryonic remnants of the gill slits of fish. The par­
athyroid glands secrete a hormone called parathormone 
(pth), which is a polypeptide of variable amino-acid com­
position. pth, which consists of 83 to 85 amino acids in 
the human, regulates calcium metabolism in conjunction 
with calcitonin; its evolution in terrestrial vertebrates may 
have been an adaptation to the increased demand for con­
tinuous skeletal adjustments imposed by the evolution o f 
terrestrial locomotion. Skeletal adjustments must be made 
without disturbing the delicate calcium balance of the rest 
of the body, for calcium is involved in maintaining the 
transport of substances through cell membranes; hence, it 
has an important role in muscle contractility, excitability 
of motor end plates in the nervous system, and coagula- 
tion of blood.

Removal of the parathyroid glands in mammals causes 
a fall in the level of calcium in the blood plasma, which, 
if sufficiently severe, is accompanied by convulsions and 
other Symptoms resulting from increased excitability of 
the motor nerves. These Symptoms can be corrected 
by injection of appropriate preparations of parathyroid 
glands. The activity of the glands, like that of the ulti­
mobranchial tissue, is regulated by negative feedback; i.e., 
lowering of the plasma calcium level increases the output 
of parathormone (but decreases the output of calcitonin). 
The hypercalcemic effect (i.e., increase in level of blood 
calcium) of the hormone depends largely upon its action 
on bone, since it promotes the transfer of calcium from 
this tissue into the plasma, probably by a direct action 
on the active bone-forming cells (osteocytes). In addition, 
however, parathormone promotes the formation of new 
bone tissue, and thus also increases its metabolic activity 
and the tumover of its structural material. Other effects of 
parathormone, at least in part, contribute to the elevation 
of plasma calcium; i.e., pth increases both the absorption 
of calcium by the intestine and its resorption by the kid- 
ney tubule. Since, however, the hypercalcemia induced by 
the hormone results in more of it passing into the kidney 
tubule, the net result may be increased excretion of cal­
cium despite the increased resorption. Other actions of the 
hormone, less easy to relate to its well-defined influence 
upon calcium metabolism, include a regulatory influence 
upon the level of magnesium in blood plasma and upon 
the rate o f removal of phosphate from urine.

In general, therefore, the action of parathormone is op­
posite in direction to that of calcitonin. Parathormone 
keeps the level of blood calcium up to its normal value; 
on the other hand, calcitonin ensures, through its hypocal- 
cemic action, that the level does not rise far above this 
critical point. The combined actions of the two hormones 
serve to illustrate the importance of endocrine regulation 
in homeostasis. Vitamin D is a third factor in calcium 
regulation; its absence in young children results in skeletal 
malformations (rickets). Parathormone is unable to reg­
ulate the absorption and mobilization o f calcium in the 
absence o f vitamin D, which is also associated with the 
hormone in promoting mobilization of magnesium from 
bone and perhaps in the movement of phosphate within 
the kidney tubule.

HORMONES OF THE PANCREAS
Insulin. The vertebrate pancreas contains, in addition 

to the zymogen cells that secrete digestive enzymes, groups 
of endocrine cells called the islets of Langerhans. Certain 
of these cells (the B, or beta, cells) secrete the hormone 
insulin, inadequate production of which is responsible for 
the condition called diabetes mellitus. Insulin and the 
characteristic B cells are present in gnathostomes and in 
agnathans; in the latter, however, the islet cells are not 
associated with zymogen cells to form a typical pancreas. 
Insulin is, as mentioned earlier, a polypeptide molecule 
comppsed of two chains of amino acids, an A chain of 
21 amino acids containing an intrachain disulfide linkage 
(—S—S—) and a B chain of 30 amino acids. The two 
chains are linked by two other disulfide linkages, the de­
struction of which destroys the activity of the molecule. 
It is thought that the molecule first appears in the B cell 
as the single-chain compound proinsulin, which is dis-

rupted by an enzyme-catalyzed reaction to form the two 
chains of the active hormone. As with other polypeptide 
hormones, extensive Variation in amino-acid composition 
of the molecule occurs among different species, with the 
differences tending to be greater between the more widely 
separated species— e.g., between fish and mammal. The 
variations in amino-acid composition have little effect on 
the biological activity of the molecules, but certainly in­
fluence their immunological reactions; this suggests that 
the two properties depend on the amino-acid sequences at 
different parts of the molecule.

Injection of insulin lowers blood-sugar (glucose) levels, 
but this so-called hypöglycemic effect is only one expres­
sion of the wide-ranging influence of insulin on storage 
and mobilization of energy, in which the target tissues of 
primary importance are muscle, adipöse (fat) tissue, and 
liver. The actions of insulin on these tissues are varied. 
First, it promotes the use of the sugar glucose as an ener­
gy source; at the same time, it encourages the storage of 
excess carbohydrate as glycogen, the storage carbohydrate 
of animals. Second, insulin reduces the use of fat as an 
energy source and promotes its storage. Third, it reduces 
the use of protein as an energy source and promotes the 
formation of proteins from amino acids.

Insulin probably acts on carbohydrate metabolism in 
muscle by increasing the ability of glucose to pass through 
the muscle-cell membranes. This effect depends on a 
specific interaction between the cell membrane and the 
hormone; although the same effect occurs in adipöse (fat) 
tissue, it does not occur either in the liver or in the central 
nervous system, despite the latter’s complete dependence 
upon glucose for its energy supply. After the entry of 
glucose into a muscle cell, phosphate is added to the 
molecule, and two compounds form in succession, first 
glucose-6-phösphate, then glucose-1-phosphate; after these 
reactions, the metabolism of glucose is probably aided 
by two secondary actions of insulin (see also metabo­
lism). The hormone stimulates the synthesis of an enzyme 
(glycogen synthetase), thus promoting the Transformation 
of glucose-1-phosphate into glycogen; it also aids in the 
breakdown of glucose, thus providing energy to the cell. 
All of these effects contribute to the hypöglycemic (blood- 
glucose-lowering) action of the hormone. Insulin has oth­
er effects on muscle cells—it slows the breakdown of fat 
and increases the formation of proteins from amino acids. 
Insulin affects carbohydrate and protein metabolism in 
adipöse tissue much as it does in muscle and also pro­
motes storage of fat.

The action of insulin in liver differs from that in muscle 
in that it has no direct influence upon the transport of glu­
cose into liver cells; probably, however, insulin promotes 
the metabolism of glucose within liver cells in much the 
same way that it does in those of muscle, resulting in 
increased uptake of glucose from the bloodstream. In ad­
dition, insulin decreases gluconeogenesis (the formation of 
glucose in the liver from amino acids and other noncarbo- 
hydrate sources). These various effects cause a decrease in 
the level of blood glucose. Other actions of the hormone 
upon the liver include, as in adipöse tissue, increases in 
fat deposition and protein synthesis.
The diverse effects of insulin apparently are adaptively 

linked to regulating the storage and release o f energy, but 
it is difficult to judge whether or not all of the effects 
result from a single mode of action of the hormone. 
The interaction of insulin with the muscle-cell membrane 
suggests that all of its effects might be produced by sim­
ilar interactions between it and membranes within cells. 
The mechanism, however, has not yet been established 
with certainty.

The B cells of the islets of Langerhans respond directly 
through negative feedback to the level of glucose in the 
blood that reaches them; i.e., an increase in blood glucose 
above the normal level (80 to 100 milligrams per 100 
millilitres in man) brings about increased synthesis and 
release of insulin with the result that the level of blood 
glucose falls. As a consequence, the rate of insulin output 
then decreases. This, however, is only part of the complex 
hormonal mechanism that regulates carbohydrate metab­
olism. Another factor is the hormone glucagon, which is
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insulin in 
liver
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secreted in the islets of Langerhans by a second cell type, 
the A (alpha, or A2) cells. (The function of a third type, 
the D (gamma, or A,) cells, has not yet been established.)

Glucagon. Glucagon, which is present in gnathostomes 
but absent from agnathans, is a polypeptide molecule 
consisting of 29 amino acids. It strongly opposes the ac­
tion of insulin, primarily through a hyperglycemic (blood- 
glucose-raising) effect that results from its promotion of 
the breakdown of glycogen (glycogenolysis) in the liver, a 
process that results in the formation of glucose. Glucagon 
exerts its action by increasing the availability of the en­
zyme required for the reaction by which glucose units are 
released from the glycogen molecule. It also reduces the 
rate of synthesis of glycogen, promotes the breakdown of 
protein, promotes the use of fat as an energy source, and 
evokes increased glucose uptake by muscle cells. The last 
effect, however, may be a consequence of hyperglycemia 
induced by the increased secretion of insulin.

Another form of glucagon, called gastronintestinal gluca­
gon, is secreted into the blood when glucose is ingested. 
Its only action appears to be to stimulate insulin secre­
tion, an effect that may provide information to the islet 
cells of the pancreas about the entry of glucose into the 
bloodstream. It is also possible that pancreatic glucagon, 
which is secreted in the islets by the A cells, may directly 
stimulate the release of insulin from the adjacent B cells 
without actually entering the bloodstream.

A number of other hormones also influence the release 
of insulin, mainly through their own actions upon blood- 
sugar levels. Growth hormone, thyroxine, adrenaline, and 
cortisol, e.g., may increase insulin release because they 
can promote a rise in blood sugar through effects upon 
carbohydrate metabolism. Growth hormone and cortisol 
can also probably act directly upon the B cells.

The complexity and delicacy of the control of metabo­
lism by insulin and other hormones in mammals illustrate 
again the importance of homeostasis, the control of which 
may not be as well organized in the lower vertebrates. 
Some of the responses in mammals, however, do occur 
in lower forms; for example, removal of pancreatic islet 
tissue from fishes produces hyperglycemia. Thyroxine in- 
duces hyperglycemia in amphibians, and corticosteroids 
promote gluconeogenesis in them. Far more information 
is needed, however, before the evolution of these remark­
able regulating mechanisms can be determined.

HORMONES OF THE ADRENAL GLANDS
Chromafïin tissue of the medulla. The adrenal gland of 

mammals is composed of an outer region, the cortex, which 
consists of adrenocortical tissue that secretes steroid hor­
mones (steroids are fat-soluble organic compounds), and 
an inner region, the medulla, which is composed o f chro- 
maffin tissue, so called because its cells contain granules 
that can be characteristically coloured by certain reagents. 
Chromaffin tissue secretes two hormones, adrenaline (epi- 
nephrine) and noradrenaline (norepinephrine), which are 
members of a class of compounds called catecholamines. 
Both chromaffin and adrenocortical tissues are present in 
gnathostomes and probably in agnathans (although the 
evidence on the latter point is not yet decisive), but the 
tissues vary in the degree to which they are associated, 
being completely separated in elasmobranch fishes.

Noradrenaline and adrenaline are each composed of a 
benzene ring containing two hydroxyl (— OH) groups and 
an amine (NH2-containing) side chain as shown below:
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Figure 18: The structures of noradrenaline and adrenaline.

During the synthesis of these hormones, a sequence of 
enzyme-catalyzed reactions in the chromafïin granules of 
the secretory tissue transforms tyrosine into a compound 
commonly called dopa (dihydroxyphenylalanine), which 
then forms dopamine; dopamine then is hydroxylated 
(i.e., an —OH group is added) to form noradrenaline. 
Adrenaline is formed from noradrenaline by methylation 
(the addition of a methyl, or — CH3, group), a reaction 
that occurs outside the granules of the chromafïin cells. 
Noradrenaline (but not adrenaline) is also formed in cer­
tain neurons (nerve cells), where it functions as one of the 
Chemical Transmitter substances.

After their release, both hormones are so rapidly me- 
tabolized that they probably remain in the bloodstream 
only for a few seconds. The first step in the breakdown, 
which usually occurs in the liver and kidneys, is meth­
ylation of one of the hydroxyl groups of the benzene 
ring; the products (metanephrine or normetanephrine), or 
compounds derived from them, are exereted in the urine. 
Small quantities (about 2 to 5 percent o f the daily secre­
tion of the gland in man) of nonmetabolized hormones 
are also found in the urine.

Table 19: Effects of Adrenaline and 
Noradrenaline in Man

adrenaline noradrenaline

Heart rate increase decrease
Cardiac output increase variable
Total peripheral resistance decrease increase
Blood pressure rise greater rise
Respiration stimulates stimulates
Skin vessels constriction less constriction
Muscle vessels dilation constriction
Bronchus dilation less dilation
Eosinophil count increase no effect
Metabolism increase slight increase
Oxygen consumption increase no effect
Blood sugar increase slight increase
Central nervous system anxiety no effect
Uterus in late pregnancy inhibits stimulates
kidney vasoconstriction vasoconstriction

Source: G.H. Bell, J.N. Davidson, and H. Scarborough,
T ex tbook  o f P h ysio logy  an d  B ioch em istry , 7th ed., 1968.

Adrenaline and noradrenaline evoke diverse and Effects of 
widespread responses but differ from each other in certain noradrena- 
of their effects (see Table 19 for their effects on man), line and 
Both influence the heart and blood vessels in ways which, adrena- 
although opposed to each other in a few respects, generally line 
result in an increase in blood pressure and in output of 
blood from the heart. Both hormones also have metabolic 
actions. Adrenaline, for example, like glucagon, stimulates 
glycogenolysis (breakdown of glycogen to glucose) in the 
liver, which results in the raising of the level of blood 
sugar; in addition, it increases oxygen consumption and 
the output of blood from the heart, probably contributing 
thereby to the regulation of body temperature in mam­
mals. Adrenaline has effects upon the nervous system, 
which are recognizable subjectively in man by feelings of 
anxiety and of increased mental alertness.

The chromaffin tissue is closely related to the sympathetic 
nerves of the autonomie nervous system, which innervates 
the components o f circulation and digestion and Controls 
their involuntary functions; in fact, the two may be said 
to form a sympatheticochromaffin complex. It is generally 
assumed that this complex acts to increase the capacity 
of the animal for effective action in emergencies. At such 
times, cardiac output increases, blood is distributed with 
maximum effectiveness, respiration is enhanced, and the 
nervous system is stimulated. The sympathetic nerves ini­
tiate these reactions and directly promote the release of 
adrenaline and noradrenaline because these nerves direct­
ly innervate the chromafïin cells. The hormones are thus 
able to develop and prolong an integrated set of responses; 
noradrenaline functions both as a neurohumor Chemical 
transmitter ofthe sympathetic nervous system and also as 
a hormone of the chromafïin tissue.

The fact that adrenaline and noradrenaline* which have 
very similar molecular structures (see above), can exert 
different actions is probably in part a consequence of the
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specialization of their target tissues. It has been suggested 
by some researchers that the target tissues possess two dif­
ferent kinds of receptors, the alpha type, which responds 
to noradrenaline, and the beta type, which responds to 
adrenaline. Evidence for this theory is that adrenaline has 
a vasodilator effect {i.e., it expands blood vessels), which 
can be blocked by certain drugs, and noradrenaline has 
an opposing vasoconstrictor effect, which can be blocked 
by other drugs. The actions of both hormones are thought 
to be mediated by camp; alpha responses are associated 
with reduced synthesis of this mediator and beta ones with 
increased synthesis.

The interpretation of the function of these hormones in 
mammals has not yet been established as applicable to 
lower vertebrates in which the hormones are present, but 
they are known to influence metabolism and heartbeat in 
some genera. It is possible that in early stages of vertebrate 
evolution, the sympatheticochromaffm complex evoked 
more generalized physiological responses than it now does 
and that more precise action developed in mammals as 
part of their high level of homeostatie organization. Lab­
oratory studies show that even in mammals the complex 
is not essential for life; animals from which it has been re­
moved, however, are much less able to resist environmen­
tal stresses than are those whose complex is functional.

Adrenocortical tissue of the cortex. The adrenocortical 
tissue develops from coelomic epithelium (a cell layer 
surrounding the body cavity, or coelom). In this respect 
it resembles the endocrine tissue of the gonads, a resem- 
blance emphasized by the fact that both the adrenocortical 
hormones (corticoids) and the sex hormones are steroids 
produced by similar metabolic pathways (the structures of 
some steroid hormones are illustrated below).
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Figure 19: Som e steroid horm ones of vertebrates.
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Many steroids have been isolated from the adrenal cortex, 
but in most vertebrate groups only three of them are active 
as hormones; they are cortisol (hydrocortisone; compound 
F), corticosterone (compound B), and aldosterone. Their 
biosynthesis is outlined in Figure 20.

The principal sterol of animals is cholesterol, which is 
formed by a complex series of reactions from a two-carbon 
compound (acetate). Progesterone, which is derived from

acetate estriol - 4 - estrone .w estradiol-170I
t Ai A

1
cholesterol —-  pregnenolone testosterone

f  ■ , t lprogesterone —►“17a-hydroxy progesterone — androstene-3,17-dione - |
I I
I ' ■

tcortisol
Figure 20: Metabolic pathways involved in the biosynthesis of 
steroid horm ones. Broken lines indicate that more than one 
step is involved.
Adapted from D.M. Greenberg, ed., Metabolic Pathways (1960); Academie Press

cholesterol, can be used to form either corticosterone and 
aldosterone or cortisol. All three corticoids are bound to 
proteins during transfer in the bloodstream to their targets; 
cortisol, for example, is bound to a glycoprotein called 
transcortin. Some inactivation of the corticoids takes place 
in the kidney and in the alimentary tract, but most o f it 
occurs in the liver. The metabolic products, which even­
tually appear in the urine, provide a basis for determina­
tion of the output of adrenocortical hormones in man.

The normal secretion of the hormones is best determined 
by direct measurement of the contents of the venous blood 
leaving the adrenal gland. In man, the daily secretion 
rates of the hormones, as determined by this procedure, 
are cortisol, 20 milligrams; corticosterone, two to five 
milligrams; aldosterone, 75 to 150 micrograms (one mi­
crogram =  1,000,000th of a gram). Very small amounts of 
aldosterone are secreted, because the molecule has a high 
level of activity. Animal tissues maintained in culture fluid 
together with compounds from which the hormones are 
formed (e.g., acetate, cholesterol, or progesterone contain­
ing radioactive isotopes of carbon or hydrogen) show that 
cortisol and corticosterone are produced in all vertebrates, 
including the agnathans, although the proportion of each is 
species-dependent; elasmobranch fishes are unique, how­
ever, in having 1-a-hydroxycorticosterone as the principal 
hormone. Aldosterone is produced by all terrestrial verte­
brates. It has also been found in bony fishes, although its 
function in them has not yet been established as a hor­
monal one. The presence of aldosterone has not yet been 
established in elasmobranchs and agnathans, but whether 
or not this particular molecule occurs in them, the ability 
to synthesize corticoids must have evolved very early in 
vertebrate history.

In contrast to the chromafïin tissue of the adrenal me­
dulla, the adrenocortical tissue is essential for life. Two 
primary functions of the corticosteroids are distinguishable 
in mammals. One, which contributes to the regulation 
of carbohydrate metabolism, is an action of cortisol and 
corticosterone, which are therefore called glucocorticoids.
These hormones promote gluconeogenesis (formation of 
glucose) in the liver and are thus important in maintain­
ing normal blood-sugar levels, particularly during glucose 
shortage; lack of them results in low levels of blood 
sugar and an increase in the sensitivity of the liver to 
insulin (whose effect there is to decrease gluconeogene­
sis). In addition, lack of the glucocorticoids is associated 
with a decrease in the entry of amino acids into muscles 
and an increase in their uptake by the liver, where en­
zymes required to convert amino acids to glucose must be 
synthesized.

In contrast to glucocorticoid action is the so-called miner- 
alocorticoid action of aldosterone, which is manifested 
in mammals in the regulation of sodium metabolism. In 
the absence of aldosterone, sodium is lost from the body 
by excretion in urine; secondary consequences include a 
decrease in blood volume and in the filtration rate of sub­
stances through kidney structures called glomeruli. Corti­
sol and corticosterone also play a minor part in mineral 
regulation, so that slight overlap in function occurs be­
tween the two corticoid types.

The action of aldosterone is exerted mainly upon the 
distal segment of the nephron (kidney tubule), where it 
promotes an increase in the permeability of the tubule 
membrane to the passage of sodium, and also an increase 
in the quantity of sodium removed into the blood from

Y
1 l-deoxycorticosterone
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the fluid passing through the kidney tubule. At the same 
time, potassium and hydrogen pass into the fluid from the 
blood. Aldosterone also exerts other effects. It promotes 
sodium retention in salivary glands, in sweat glands, and 
in the colon of the large intestine; it also promotes the 
excretion of magnesium in the urine. The effects of al­
dosterone result in an increase in the rate of synthesis of 
enzymes required to transport these substances through 
membranes.

Other actions of the corticoids are apparent in patients 
suffering from Addison’s disease, which is caused by a 
general deficiency in corticoid production. A deficiency 
of corticoids causes disturbances in urinary output and 
fat metabolism, diminished resistance to stress, muscu­
lar weakness, and nervous disturbances manifested by 

tesis- depression and a general lack of mental alertness. The
ance to adrenocortical hormones, then, like the hormones of the
tress chromaffin tissue of the medulla, are involved in resistance

to stress. It has been postulated that the response to alarm 
stimuli initially involves both the sympatheticochromaffin 
complex and the adrenocortical secretion; then a stage 
of full resistance occurs that may be followed by mental 
exhaustion if the alarm stimuli are prolonged. Although 
a close functional relationship is known to exist between 
the adrenocortical and chromaffin tissues in mammals, 
the function of the corticoids in the lower vertebrates has 
not yet been established. Indications are, however, that 
the general pattern o f action may be similar; for example, 
the cortisol type o f corticoid promotes gluconeogenesis 
in fish and removal of adrenocortical tissue impairs the 
metabolism bf water and ions in the eel. Any interpreta­
tion of corticoid action in teleost, or bony, fishes has to 
incorporate prolactin, for, as has been noted previously, 
this hormone also influences the movement of ions.

In contrast to the chromaffin cells, the adrenocortical 
cells are not innervated. Both cortisol and corticosterone 
production are regulated by the action of acth from 
the pituitary gland on the zona reticularis and the zona 
fasciculata. The regulation of aldosterone secretion in the 
zona glomerulosa, however, is associated with the so-called 
renin-angiotensin system, which is best characterized in 
mammals. Renin, an enzyme with a molecular weight of 
about 40,000, is formed in the kidney and is released 
into the bloodstream, where it catalyzes the formation 
of angiotensin, a polypeptide molecule. Angiotensin acts 
upon smooth muscle and raises blood pressure. In man 
it reduces sodium excretion, probably by a direct action 
on kidney filtration, and may, in fact, be a true hormone, 
acting to aid sodium retention. In addition, however, an­
giotensin contributes to sodium retention by increasing 
aldosterone secretion. The exact physiological significance 
of the renin-angiotensin system is not yet known. In one 
form or another the system is probably widely distributed 
in vertebrates.

HORMONES OF THE REPRODUCTIVE SYSTEM
The hormones of the reproductive system of vertebrates 
(sex hormones) are steroids that are secreted, like those of 
the adrenal cortex, by tissues derived from the coelomic 
epithelium. Both types of secretory tissues also share bio- 
synthetic pathways (see above Adrenocortical tissue of the 
cortex).

Female hormones. The sex hormones, together with the 
hypothalamic region of the forebrain and the pituitary 
gland, form a regulatory system, which is most complex 
in the female mammal. It is common for sexual activi­
ty of vertebrates to be cyclical and for the cycles to be 
coordinated with the seasons of the year; this ensures that 
the young are born at the most favourable time. In mam­
mals, however, reproduction is complicated by the need 
to provide for the intrauterine life ofthe developing fetus 
and to ensure that interference by another generation of 
embryos cannot occur.

Estrogens. Two types of gonadal hormone, estrogens 
and progestins (Figure 18) are secreted in the female mam­
mal. Estrogens are substances that evoke the cyclical onset 
of heat, or estrus, during which the animal is sexually 
active and receptive to the male. Estrus in this sense is 
not found in human females, but estrogens contribute to

the events of the menstrual cycle, bringing about cyclical 
changes in the reproductive system that are comparable 
with those accompanying estrus in other mammals.

Hormones are secreted from the mammalian ovary by Types of 
the ovarian follicle, or vesicle, including the granulosa cells estrogens 
immediately surrounding the ovum, or egg, and the cells 
of the theca, which forms a supporting outer Wall for the 
follicle. The main estrogen secreted is called ß-estradiol.
The close relationship between the female and the male 
sex hormones is revealed by the fact that testosterone (the 
main male hormone) is an intermediate compound in the 
pathway that leads to the synthesis of estradiol, although 
another route, which avoids the formation of testosterone, 
is possible. Other estrogens are also known; the most 
familiär ones in man and other mammals, estrone and 
estriol, are much less active than estradiol, estriol being 
the weakest. Estrone can be converted to estradiol and 
vice versa in the ovary and in other tissues; e.g., estradiol 
is converted, particularly in the liver, to estriol, which 
is an excretory product. The metabolism of these com­
pounds is complex; they may be combined in part with 
other substances, or they may pass through the bile into 
the intestine for reabsorption and circulation through the 
body before excretion in the urine occurs. Their urinary 
concentrations provide an important clinical index of re­
productive function.

Estrogens are concerned not only with reproductive be­
haviour but also with the general maintenance of the 
sexual organization o fth e  female. When estradiol is ad- 
ministered to a mammal, the hormone becomes bound to 
uterine tissue, where it increases the rates of protein syn­
thesis, of uptake of water and glucose, and, eventually, of 
growth of the lining epithelium and underlying muscular 
tissue (endometrium) of the uterus. Estradiol also evokes 
changes in the vagina, including hardening of the epithe­
lium, a phenomenon that, in the laboratory rat, is used 
to determine its sexual condition. Estradiol and other es­
trogens have also been found in fishes and in other lower 
vertebrates. As with the corticosteroids, the sex hormones 
evolved very early in vertebrate history. Indeed, they have 
even been identified in invertebrates— in the eggs of the 
lobster, for example, and in the ovaries of starfishes, where, 
however, they may be no more than by-products of the 
metabolism of other steroids. Estrogenic activity is not 
necessarily restricted to steroids; for example, the estrogen 
mirestrol from a Thailand plant is not a steroid, nor is the 
very potent synthetic estrogen, stilbestrol, which is widely 
used in medicine.

Progestins. Progestins, of which the most important 
is progesterone, are concerned with the maintenance of 
pregnancy. Progesterone, therefore, evolved in viviparous 
mammals; i.e., those that produce living young. Its Chem­
ical origin is demonstrable, since it is also an important 
intermediate compound in the biosynthetic pathways lead­
ing to corticoid and estrogen production. Mammals thus 
converted to hormonal use a substance that was synthes­
ized by vertebrates long before the evolution of terrestrial 
vertebrates.

Some progesterone is probably formed in the ovarian fol­
licle, but the main site of production is the corpus luteum, 
which is formed by a transformation o f the follicle after 
ovulation; the secretory cells are formed from granulosa 
cells. The functions of the two important follicular phases, 
preceding and following ovulation, therefore, are contin­
uous. The hormone is metabolized in several ways, but 
one important product is pregnanediol; formed mainly in 
the liver, it appears in part in the urine, where it can be 
measured to determine the degree of ovarian function.

The transformation of the follicle into the corpus luteum Role of 
is an important turning point in the diphasic menstrual proges- 
cycle of women and in the ovarian cycles of other mam- terone 
mals, from which the human cycle evolved. Progesterone 
prepares the uterus for the implantation of fertilized eggs, 
and it is also needed for the maintenance of pregnancy 
once implantation has taken place. It evokes a reduction 
in the ability of the uterine walls to contract, a prolifera- 
tion of the glands of the endometrium, and the formation 
of glycogen. In addition, through its feedback action upon 
pituitary secretion, progesterone inhibits further ovulation
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(see below), thus ensuring undisturbed fetal development. 
Ovulation in women occurs at about the middle of the 
monthly cycle, and the follicular phase is succeeded by the 
luteal phase. The vaginal bleeding at the end of the cycle is 
an indication that ovulation has not been followed by imr 
plantation of a fertilized egg and is immediately followed 
by the inception of a new cycle. If implantation does take 
place, the uterus provides metabolic support for the fetus 
until birth (see also reproduction and reproductive 
Systems: Menstruation).
The vertebrate reproductive cycle depends upon delicate 

interrelationships between the sex hormones and the pitui­
tary gonadotropic hormones (fsh and lh). As mentioned, 
it is uncertain whether or not there are two distinct gon­
adotropins in lower forms, but their separate action is 
well defined in mammals. Broadly speaking, fsh (follicle- 
stimulating hormone), with some support from lh (lutein­
izing hormone), promotes growth and secretory activity 
of the follicle. The increasing output of estrogen from the 
ovary eventually tends, by feedback to the pituitary gland, 
to reduce fsh output and to stimulate the secretion of 
lh; it is a sudden peak release of the latter hormone that 
evokes ovulation in many mammals. In others, such as the 
cat and rabbit, however, ovulation occurs as a response to 
the stimulus of copulation. Although some progesterone 
may be secreted by the granulosa cells of the follicle, the 
development of the corpus luteum greatly increases its 
secretion. Luteotropic activity in one form or another (the 
action of prolactin, for example, in the rat) is important in 
the early stage of this phase. Progesterone, in conjunction 
with the estrogen that is also being secreted (in part, prob­
ably, by the corpus luteum), suppresses further ovulation. 
This interaction of the two hormones is the basis of the 
design of contraceptive pills.

The corpus luteum continues to function during preg­
nancy, supplemented (in eutherian, or placental, mam­
mals but not in marsupials) by endocrine secretions of 
the placenta (the organ through which contact between 
mother and fetus is maintained). The hormonal activity 
of the placenta varies with the species; in man, for exam­
ple, the placenta secretes two gonadotropins called human 
chorionic gonadotropin (hcg) and human placental lac- 
togen (hpl). hcg, like the pituitary gonadotropins, is a 
glycoprotein, with a molecular weight o f25,000 to 30,000. 
hpl is a protein, with a molecular weight variously esti­
mated at about 19,000 or 30,000. One or perhaps both of 
these hormones, which become detectable during the ear­
ly weeks of human pregnancy, probably stimulate luteal 
secretion. After two months the human placenta begins to 
manufacture estrogen and progestin; as a consequence, the 
corpus luteum is no longer needed for the maintenance of 
pregnancy. Much of the estrogen, although synthesized in 
the placenta, is derived from a compound (dehydroepian- 
drosterone) formed in the adrenal glands of the fetus. The 
placenta and the fetus thus form an integrated endocrine 
complex, a striking index of the high level of specializa­
tion found in the regulation of mammalian reproduction. 
(See also REPRODUCTION and reproductive SYSTEMS! 
Pregnancy.)

The placenta probably secretes a luteotropin in all mam­
malian species, thereby contributing to Prolongation of 
the life o f the corpus luteum. In the mare and the monkey 
the placenta also secretes estrogen and progesterone, as in 
man, but in the mouse and rabbit it secretes only estrogen, 
and in the hamster and rat it secretes neither. In these last 
four species and in others like them, in which the pla­
centa cannot substitute completely for the corpus luteum, 
ovariectomy (removal of the ovaries) of a pregnant female 
leads to the termination of pregnancy unless progesterone 
is administered to the female.

The interrelationships between the ovarian and the pitui­
tary hormones are based upon negative feedback involving 
both the cells o f the pituitary and those of the hypothala­
mus, which contains centres that are excited or inhibited 
by gonadotropin released from the pituitary gland. It is 
the hypothalamic involvement that enables vertebrate re­
productive cycles to be adjusted by the central nervous 
system relative to external stimuli, particularly the sea­
sonal fluctuations o f daylight and other environmental

factors that determine the onset of reproduction in many 
vertebrate species.

Male hormones. The sex hormones of the male follow 
a much simpler pattem than do those of the female, al­
though the same principle of interaction exists between 
the pituitary gland and the gonads; The latter organs, 
the testes, secrete steriods called androgens, which are re- Androgens 
sponsible for the maintenance of male characteristics and 
behaviour. fsh (follicle-stimulating hormone) from the 
pituitary gland stimulates the growth o f  the seminiferous 
tubules that constitute much of the structure of the testes 
and promotes within them the cell divisions that result in 
the production of mature sperm. lh (luteinizing hormone) 
from the pituitary gland promotes the development with­
in the testes of endocrine tissue, which is composed o f  
groups of cells (interstitial tissue) between the seminifer­
ous tubules. The interstitial tissue of certain bony fishes, 
however, is represented by cells, called lobule boundary 
cells, situated within the tubule tissue.
Under the influence o f lh (often called icsh, or interstitial- 

cell-stimulating hormone, in males), the interstitial tissue 
secretes the steroid hormone testosterone, which is the 
most important vertebrate androgen. The fact that it is 
an intermediate compound in the metabolic pathway of 
estrogen synthesis accounts for the origin of some forms 
of abnormal sexual organization in man; for example, 
the testes may secrete predominantly estrogen instead of 
androgen, resulting in markedly female appearance and 
behaviour in a male. Although testosterone may be secret­
ed by the adrenal cortex, occasionally producing sexual 
disturbances, the amount of secretion is not normally 
significant. Testosterone, which is bound to a protein as 
it circulates in human blood, can be converted to the 
compound (androstenedione) from which it is formed, 
especially in the liver and in muscle; both compounds are 
metabolized, mainly in the liver, to substances that are 
exereted in urine. Very small quantities of testosterone can 
also be exereted in urine, and the quantities of testosterone 
and compounds derived from it frequently are measured 
to provide an index of testicular condition.

In addition to promoting male characteristics, male be­
haviour, and the maintenance of the spermatic tubules, 
testosterone, in the presence of normal amounts of growth 
hormone, also promotes growth of the bony skeleton. The 
reason for rapid growth at puberty is that the secretion of 
androgen markedly increases. The hormone brings about 
the closure of the epiphyses (ends) of the long bones, 
which completes the process of growth (estrogens have a 
similar action in the female). Thus, as often occurs among 
animals, growth ceases before full reproductive activity is 
attained, and competition between two processes, both of 
which make heavy demands upon the resources of the 
body, is avoided.

HORMONES OF THE DIGESTIVE SYSTEM
In vertebrates, the muscular and secretory activities of the 
alimentary canal and its associated glands are regulated by 
nervous and hormonal mechanisms. The hormones com­
prise a self-contained complex that functions at a relatively 
primitive level of organization and is distinguished by pe­
culiar features; for example, specialized glandular tissues 
that secrete the hormones cannot be identified, although 
certain cells that can be seen in the wall of the alimentary 
canal are thought to be involved in their production. In 
addition, the digestive hormones regulate the system that 
produces them and are largely independent of the rest of 
the endocrine system, although Certain relationships may 
not yet have been discovered.

The functions of digestive hormones are best under- Functions 
stood in mammals, in whom at least three are well o f digestive 
characterized; the existence of others has been postulated. hormones 
The three hormones—gastrin, secretin, and cholecystoki- 
nin/pancreozymin (CCK-PZ)—-are polypeptide molecules 
whose amino-acid sequences are known. When food enters 
the stomach, the wall of its pyloric end (the area at which 
the stomach joins the small intestine) releases a hormone 
called gastrin, which promotes the flow of acid from the 
gastric glands in the stomach. These glands also release 
pepsinogen, which is the inactive form of the protein-
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digesting enzyme pepsin, but this process is primarily un­
der nervous control. The entry of the acidified stomach 
contents into the first part of the small intestine (duoden­
um) releases secretin and cholecystokinin/pancreozymin. 
Secretin evokes the discharge of fluid and bicarbonate 
ions from the pancreas (hydrelatic action) and promotes 
the secretion of bile from the liver (chloretic action). 
Cholecystokinin/pancreozymin, so-called because its two 
main actions were formerly attributed to two separate hor­
mones, evokes the release of enzymes from the pancreas 
(ecbolic action) and causes contraction of the gallbladder 
(cystokinetic action), thereby promoting the entry of bile 
into the duodenum.
Little is known regarding hormonal control of alimen­

tary activities in lower vertebrates; however, hydrelatic, 
ecbolic, and cystokinetic activities are present in prepa­
rations of the alimentary tracts of both agnathans and 
gnathostomes, indicating that substances able to regulate 
digestive activity appeared very early in the evolution 
of the vertebrate alimentary tract. Evidence suggests that 
the appearance of these hormones may have resulted in 
molecular diversification similar to examples previously 
discussed. The structure of the glucagon molecule from 
the pancreas, for example, is similar to that of secretin 
in that each molecule includes the same 15 amino acids 
located in the same positions. It has therefore been sug­
gested that the two hormones may have evolved from a 
common ancestral molecule.

ENDOCRINE-LIKE GLANDS AND SECRETIONS
In addition to the well-defined hormones, other sub­
stances, which are found in blood and in tissues and are 
of uncertain function, may be concerned in various ways 
with physiological regulation in vertebrates, although their 
hormonal status has not yet been established.

Blood contains kinins, which are polypeptides that orig­
inate in the blood and perhaps elsewhere; bradykinin, 
for example, causes contraction o f most smooth muscles 
and has a very potent action in dilating certain blood 
vessels. Its function, which is not yet established, may be 
to regulate the rate of blood flow or to participate in the 
inflammatory response of an animal to injury.

Some endocrine-like glands are associated with organs. 
One example in mammals is the carotid bodies, which 
are found on the carotid arteries that supply blood to the 
head. The carotid glands are stimulated by a decrease in 
the oxygen content of the blood and are considered to be 
the source of a substance, the nature of which has not yet 
been established with certainty, that promotes the process 
of red-blood-cell formation (erythropoiesis).

The pineal organ is an endocrine-like body found in the 
brain of all vertebrates. In lower vertebrates, it contains 
sensory and supporting cells and functions as a light- 
sensitive organ; in higher vertebrates, beginning with am­
phibians, the pineal gland has secretory functions, and in 
mammals, it is exclusively a secretory organ, producing 
from an amino acid (tryptophan) the compound serotonin 
(5-hydroxytryptamine, or 5HT) and a derivative of sero­
tonin called melatonin. Preparations of melatonin, when 
given to amphibians, stimulate the concentration of pig­
ment granules in chromatophores, an effect comparable 
with that o f intermedin (msh) but much more power­
ful. The normal physiological function of melatonin in 
higher vertebrates has not yet been established, although 
involvement in the regulation of reproduction is suspect­
ed. Serotonin is widely distributed in animals, especially 
in the brain and alimentary, tract of vertebrates; it may 
function as a neurohumor in the invertebrate mollusks, 
but its significance in other animals is not yet certain.

The thymus is essential for the normal development in 
mammals of the system responsible for immunological 
responses. Its removal in newborn mice results in a de­
ficiency of one type of white blood cells (lymphocytes) 
and a consequent likelihood o f early death from infection. 
Preparations of thymus glands from various species con­
tain a protein component, called thymosin, that promotes 
the development of lymphocytes. Although thymosin is 
sometimes regarded as a possible thymus hormone, the 
evidence is not yet complete.

The urohypophysis, an organ found only in elasmo­
branch and bony fishes, probably developed independent- 
ly in each group. The neurosecretory cells comprising the 
urohypophysis are concentrated at the hind end of the 
spinal cord, where they are associated with a vascular 
plexus to form a neurohemai organ. The urohypophysis 
resembles the neurosecretory system of the hypothalamus 
and the neural lobe (see above Neurohypophysis and the 
polypeptide hormones o f the hypothalamus), but its func­
tions have not yet been established.

The corpuscles of Stannius, found only in bony fishes, 
are sac-like bodies in the kidney. Although they were once 
thought to be a form of adrenocortical tissue, they differ 
from it in embryological origin as well as in cytological 
characteristics; moreover, although the corpuscles of Stan­
nius are capable of limited steroid biosynthesis, they cannot 
convert cholesterol into corticoids, a process that occurs in 
adrenocortical tissue. Evidence suggests that these corpus­
cles secrete some substance, as yet uncharacterized, which 
plays a part in maintaining ionic homeostasis, perhaps in 
conjunction with the corticoid hormones.

The hormones of invertebrates

Some form of endocrine regulation probably occurs in all 
invertebrates; in arthropods (as exemplified in insects and 
crustaceans) it attains a level of complexity similar to that 
of vertebrates.

HORMONES OF INSECTS
Insects secrete hormones from neurosecretory cells and 
also from endocrine glands. Important neurosecretory 
centres occur in the pars intercerebralis region of the brain. 
The several cell types found in these centres indicate that 
more than one hormone is produced there.

Neurohormones. One of the brain hormones is thora- 
cotropic hormone. This is released from nerve endings lo­
cated in a neurohemai organ called the corpus cardiacum; 
the relationship between the corpus cardiacum and the 
brain closely parallels that between the neural lobe ofthe  
pituitary gland and the hypothalamic region o f the brain 
of vertebrates. The thoractropic hormone is transferred in 
the blood to the thoracic glands in the body region called 
the thorax. It stimulates the production and release from 
the glands of ecdysone, a hormone that initiates molting, 
which is the periodic shedding o f the outer skeleton that 
typically occurs in insects and other arthropods. The tho- 
racotropic hormone is probably a polypeptide molecule.

A neurosecretion of the insect brain distinct from the 
thoracotropic hormone and called bursicon acts direct­
ly on the adult cuticle (skin) o f arthropods to stimulate 
darkening and hardening processes. Bursicon is almost 
certainly a polypeptide, with a molecular weight of about
40,000. The brain o f insects also produces a third neu- 
rohormone, which has a hyperglycemic (increase in level 
of blood glucose) effect in a tissue mass called the fat 
body, and a fourth neurohormone, which acts on the 
malpighian tubules (exeretory organs) and rectum to fa­
cilitate the removal of excess fluid taken in with food; 
these two hormones, which may actually be one hormone 
with two effects, are also probably polypeptides. Another 
more active hyperglycemic hormone is formed within the 
corpora cardiaca, perhaps under the control of cerebral 
neurosecretion.

Molting hormones. Ecdysone is a steroid compound 
derived from cholesterol. Two forms are found in in­
sects—a-eedysone and ß-eedysone; eedysones of unknown 
biological significance are also present in plants. Unlike 
vertebrates, insects cannot synthesize cholesterol, and they 
thus must obtain it from their food. Evidence concerning 
the mode of action of ecdysone indicates that it has a 
direct action upon the synthesis of the ribonucleic acid 
(rna) that Controls protein synthesis in the cell.

The distinction in insects between molts that occur with­
in the larval stage of development and those that result in 
the transformation of larvae to other stages (pupae, adults) 
in the life cycle is controlled by another hormone, called 
juvenile hormone, which is secreted in epithelial glands, 
called the corpora allata, near the brain. The hormone
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Controls the appearance of juvenile characters in larval 
stages, presumably by suppressing the activity of genes 
concerned with the expression of adult characters; reduc­
tion in the amount o f or absence ofthe hormone at later 
molts results in the appearance of mature characters. The 
hormone nevertheless may continue to function in adults 
and often is necessary for normal egg production in fe­
males. Juvenile hormone is a lipoidal (fatlike) compound 
of similar structure from all sources. Many synthetic com­
pounds mimic its effect, as do certain natural products—  
e.g., substances in the balsam fir tree (Abies). Substances 
that mimic the action of juvenile hormone sometimes are 
used as insecticides, for if they are present in abnormal 
amounts in the later stages of the life cycle, they kill the 
insects.

Pheromones. Pheromones are important as insect sex 
attractants and as regulators of the social organization of 
social insects; e.g., bees. The sex attractant ofthe female 
silk moth (Bombyx mori) is called bombykol. A related 
compound, gyptpl, is the sex attractant of the female 
gypsy moth (Porthetria di spar), and gyplure is a synthetic 
compound that acts as an even more powerful attractant. 
The use of these compounds in the Chemical control of 
insect pests is probably more promising than is the use of 
juvenile hormone.

The odour of the sex attractant of the honeybee (Apis 
mellifera), 9-oxodecenoic acid, stimulates the olfactory re­
ceptors of the drones (males). Secreted by the queen bee in 
the hive, the pheromone inhibits the development of the 
ovaries of the worker bees (sterile females) but is entirely 
effective only when it acts in conjunction with another 
inhibitory pheromone, 9-hydroxydecenoic acid. Removal 
o fth e  queen from the hive results in the building of 
new queen cells by the workers and the development 
of functional ovaries in the drones. The mechanism by 
which these inhibitory substances function is not yet un­
derstood; some effect upon the nervous system presum­
ably is involved.

HORMONES OF CRUSTACEANS

The endocrine systems of crustaceans resemble those of 
insects; important differences occur, however, implying 
extensive independent evolution in the two groups. The 
main sources of neurohormones are groups of cells (the 
X-organs) located in the optie ganglia of the eyestalks; the 
most important neurohemai organ is the sinus gland be- 
side the eyestalks. Less important neurosecretory centres 
and neurohemai organs also occur. The pericardial organ 
of decapods, for example, is a group of nerve fibres and 
nerve endings in the walls of the pericardium, which en- 
closes the heart; the pericardial organ secretes a substance, 
perhaps a polypeptide neurohormone, that accelerates the 
heartbeat.

In crustaceans, neurosecretory control is exerted over 
many functions, including the movement of pigment in 
the chromatophores, which determine body colour, and 
in the retina of the compound eye. Neurosecretions also 
regulate molting and the metabolic functions associated 
with it by actions exerted upon the so-called Y-organ in 
the head; this organ so closely resembles the thoracic gland 
of insects that the two may share a common ancestry. 
In crustaceans, however, the neurosecretion inhibits secre­
tions from the Y-organ, and the molt is initiated by the 
withdrawal of the inhibitory hormone (in insects, the tho- 
racotropic hormone from the corpus cardiacum stimulates 
the secretion of the molting hormone, ecdysone, from the 
thoracic gland). Neurosecretory hormones of crustaceans 
have diverse Chemical and biological characteristics but 
apparently are polypeptides, as are the neurosecretory hor­
mones of vertebrates.

Unlike insects, crustaceans have an androgenic gland, 
which typically is located on the genital duct (vas deferens) 
of the male. The androgenic gland secretes a hormone, 
possibly steroid in nature, that Controls both the differen- 
tiation of the gonad of the male into a testis and the male 
characteristics of its limbs. The absence of the androgenic 
gland in the female results in the formation of an ovary, 
which subsequently synthesizes one or more hormones 
that, in female amphipods, promote the development of

brood chambers (in which the young are hatched) and 
other structures associated with reproduction.

OTHER INVERTEBRATE HORMONES

The characterization of the hormones of other inverte­
brates awaits further study. Evidence indicates that the 
brain o f polychaete worms produces neurosecretions that 
regulate growth and reproduction; in Ner eis and Nephtys 
the neurosecretory fibres apparently have a close and pre­
sumably functional relationship with an epithelial gland 
(infracerebral organ), which is formed from coelomic epi­
thelium and is situated on the wall o f the brain.

Neurosecretory cells probably are present in mollusks 
such as gastropods and lamellibranchs. Experimental stud­
ies indicate an endocrine relationship in gastropods be­
tween the gonad (ovotestis) and possible neurosecretory 
cells in the tentacles and the brain; one ganglion of the 
gastropod Lymnaea may secrete a neurohormone with 
a diuretic (urine producing) action. Epithelial glands in 
mollusks are important; in the cephalopods, which are 
the most advanced invertebrates in some respects, optie 
glands on the optie stalks (eyestalks) secrete a hormone 
that promotes development and maturation of the gonads. 
In immature cephalopods the activity of the glands is 
inhibited by the central nervous system, apparently by a 
Chemical mediator that diffuses from nerve fibres.

The nerve net, which constitutes the very primitive 
nervous system of the coelenterates, probably the most 
primitive multicellular animals, apparently contains neu­
rosecretory cells; indirect but convincing evidence suggests 
that the cells release a secretion that promotes growth and 
inhibits sexual reproduction.

The hormones of plants

Growth in plants is regulated by four categories of phyto- 
hormones—auxins, gibberellins, cytokinins, and inhibitors.

GROWTH PROMOTERS
Auxins. The distribution of auxins, which promote the 

length wise growth of plants, is correlated with the dis­
tribution of the growth regions of the plant. The most 
important auxin, whose structure is represented below, is 
ß-indolylacetic acid ( ia a ), which is formed either from the 
amino acid tryptophan or from the breakdown of carbo­
hydrates known as glycosides. The hormone affects plants 
by its action on Chemical bonds of carbohydrates com- 
prising plant cell walls. The process permits the cells to be 
irreversibly deformed and is accompanied by the entry of 
water and the synthesis of new cell-wall material. Many 
animal hormones may exert their effects by influencing 
protein synthesis, and evidence suggests that auxins may 
act in a similar way.

Many other naturally occurring and synthetic compounds

kinetin (6-furfurylaminopurine) abscisic acid
Figure 21: The structures of plant hormones.
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called auxins also have growth-promoting properties, but 
they are not always as active as iaa. Some of these com­
pounds, however, resist the enzymatic destruction that is 
the normal fate of iaa within the plant; this feature is of 
great value in research and in horticulture, because aux­
in action can be prolonged. Other auxin-like compounds 
are used as selective weed killers (e.g., to disturb the leaf 
growth of dicotyledonous plants either in fields contain­
ing monocotyledonous cereal crops or on lawns) and as 
agents that remove leaves from dicotyledonous plants (de- 
foliating agents).
The hormonal characteristics of iaa are readily demon­

strated in grass seedlings, in which the hormone is syn­
thesized at the tip of the coleoptile (the protective sheath 
of the emerging plumule, or embryonic bud) and passes 
downward to its point of action in the growing region, 
where it evokes elongation of the coleoptile cells; growth 
stops if the tip is removed. The movement of the hormone 
downward from the tip of the coleoptile depends upon 
an interaction between the hormone and the cells through 
which the movement normally takes place.

In addition to promoting normal growth in plant length, 
auxins influence the growth of sterns toward the light 
(phototropism) and against the force of gravity (geotrop- 
ism). The phototropic response occurs because greater 
quantities of auxin are distributed to the side away from 
the light than to the side toward it; the geotropic response 
occurs because more auxin accumulates along the low­
er side of the coleoptile than along the upper side. The 
downward growth of roots is also associated with a greater 
quantity of auxin in their lower halves. This effect, which 
is the opposite to that found in coleoptiles, is attributed 
to an inhibitory action of auxins on root growth, but this 
aspect of auxin action is not yet fully understood. Auxins 
have actions other than those associated with promoting 
growth; e.g., they play a role in cell division, in cell differ- 
entiation, in fruit development, in the formation of roots 
from cuttings, and in leaf fall (abscission). In experimental 
conditions, auxins tend to inhibit the progress of plant 
aging, perhaps because of their stimulating effect upon 
protein synthesis.

Gibberellins. Gibberellins are named after the fungus 
Gihberella fujikuroi, which produces excessive growth and 
poor yield in rice plants. One gibberellin is gibberellic acid 
(GA3), which is present in higher plants as well as in fungi; 
many related compounds have structural variations that 
correlate with marked differences in effectiveness.

Gibberellins, abundant in seeds, are also formed in young 
leaves and in roots; they move upward from the roots 
in the xylem (woody tissue) and thus do not show the 
movement characteristic of auxins. Evidence suggests that 
gibberellins promote the growth of main sterns, especial­
ly when applied to the whole plant. Unlike the auxins, 
gibberellins have little effect upon pieces of coleoptile in 
tissue culture. Gibberellins promote the growth of dwarf 
peas and are involved in the bolting (elongation) of ro- 
sette plants such as the carrot. Elongation of rosette plants 
occurs after exposure to certain environmental Stimula­
tion (e.g., cold, or long periods of daylight), which is 
accompanied by an increase in the gibberellin content of 
the affected plant. In experimental conditions gibberellins 
tend, like auxins, to retard senescence.

Cytokinins. Cytokinins are compounds derived from a 
nitrogen-containing compound (adenine). One cytokinin 
is 6-furfurylaminopurine (kinetin); other compounds de­
rived from adenine with effects similar to those of kinetin, 
and certain compounds derived from another nitrogen- 
containing compound, urea, are conveniently referred to 
as cytokinins, although not all are natural products. Cy­
tokinins are synthesized in roots, from which, like the 
gibberellins, they move upward in the xylem and pass 
into the leaves and the fruit. Required for normal growth 
and differentiation, cytokinins act, in conjuriction with 
auxins, to promote cell division and to retard senescence, 
which, at least in its early stages, is an organized phase 
of metabolism and not just a breakdown of tissue. An 
example of senescence is the yellowing of isolated leaves, 
which occurs as proteins are broken down and Chlorophyll 
is destroyed. Cytokinins, which prevent yellowing by sta-

bilizing the content of protein and Chlorophyll in the leaf 
and the structure of chloroplasts, are used commercially 
in the storage of green vegetables.

GROWTH INHIBITORS
Growth inhibitors of various types have been identified in 
plants. The best characterized one is abscisic acid, which 
is chemically related to the cytokinins. It is probably 
universally distributed in higher plants and has a variety 
of actions; for example, it promotes abscission (leaf fall), 
the development of dormancy in buds, and the formation 
of potato tubers. The mode of action of abscisic acid has 
not yet been clarified but is thought to involve the direct 
inhibition of the synthesis of rna and protein.

Another growth inhibitor is ethylene, which is a natural 
product of plants, formed possibly from linolenic acid (a 
fatty acid) or from methionine (an amino acid). Ethylene 
promotes abscission in senescent leaves, perhaps by facil- 
itating the destruction of auxin. lts effects extend beyond 
that of inhibiting growth; in fruit, for example, ethylene is 
regarded as a ripening hormone. Involved in its action in 
fruit is another factor, perhaps auxin or another growth- 
regulating hormone, which influences the ethylene sensi­
tivity of the tissues.

The hormonal interaction conspicuous in animals is Hormonal 
found also in plants; one example is the control of ab- inter- 
scission, which requires the synthesis of enzymes at an action 
abscission zone, at the base o fth e  structure concerned, 
to catalyze reactions involving breakdown of cell walls.
Auxin reaching the abscission zone from the tip of the 
structure promotes abscission; if auxin reaches the struc- 
türe from the opposite direction, however, it tends to in­
hibit the process, probably by its influence on metabolism.
Other hormones are also involved in abscission; ethylene 
stimulates the synthesis of the enzymes, and abscisic acid 
accelerates the associated senescence. Gibberellin tends to 
inhibit abscission by promoting growth.
Another example of hormonal interaction occurs during 

the germination of cereal seeds. The embryo (germ) is first 
activated by uptake of water, which enables it to produce 
gibberellin. Gibberellin acts on the living cells (aleurone 
layer) surrounding the food reserves (endosperm). This 
action induces the aleurone cells to produce enzymes that 
break down starch to sugars and release tryptophan from 
the protein of the endosperm. The tryptophan migrates 
to the coleoptile tip and is transformed into indolylacetic 
acid, which in turn moves to the growth zone and weakens 
the cell walls, thus permitting water uptake.

The target tissues probably play a role in such sequential 
actions, and it is likely that changes in their responsive­
ness to hormonal action, perhaps correlated with envi­
ronmental stimuli, contribute to adaptive integration. The 
similarities in the hormonal mechanisms of plants and 
animals, two groups that are so profoundly different in 
their structure and mode of life, effectively illustrate the 
fundamental uniformity of biological organization.

(E.J.W.B.)
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j. s t a n e k , m . c e r n y , and J. p a c a k  (eds.), T h e  M o n o sa cch a ­
r id es  (1963); and T h e  O lig o sa cc h a r id e s  (1965), Standard refer­
ence works translated from Czech, detailing structure, reaction, 
and properties of monosaccharides and Oligosaccharides; r .l . 
w h i s t l e r  and m .l . w o l f r o m  (eds.), M e th o d s  in  C a rb o h yd ra te  
C h e m is try , 5 vol. (1962-65), a necessary reference work for 
research workers in the field, detailing laboratory procedures 
for monosaccharide and polysaccharide preparations; and r .l . 
w h i s t l e r  and c .l . s m a r t , P o ly sa c ch a r id e  C h e m is try  (1953), a 
summary of Chemical information on polysaccharides up to 
1952, with emphasis on homopolymers such as starch and cel­
lulose since few detailed structures were known at that time.

(E.A.D./Ed.)
L ip id s . c o m m i s s i o n  o n  b i o c h e m i c a l  n o m e n c l a t u r e , “The 

Nomenclature o f  Lipids,” B io c h e m is try , 6: 3287-3292 (1967), 
nomenclature as approved by this international commission; 
e .j . m a s o r o , P h y s io lo g ic a l C h e m is try  o f  L ip id s  in  M a m m a ls  
(1968), a well-written introduction to lipid chemistry and 
metabolism in mammals; k .s . m a r k l e y  (ed.), F a tty  A cid s, 2nd 
rev. ed., pt. 1-3 (1960-64), an excellent and extensive discussion 
o f fatty acid chemistry; l .l . m . v a n  d e n n e n , “Phospholipids and 
Biomembranes,” P ro g ress  in  th e  C h e m is try  o f  F a ts  a n d  O th er  
L ip id s , vol. 8, pt. 1 (1965), detailed treatment o f the chemistry 
and biochemistry o f  phospholipids as related to cell membranes; 
d . c h a p m a n , I n tro d u c tio n  to  L ip id s  (1969), a brief account 
o f the chemistry o f  simple and complex lipids, with particu­
lar attention to fatty acids, glycerides, phosphoglycerides, and 
sphingolipids; e . t r i a  and a .m . s c a n u  (eds.), S tru c tu ra l a n d  
F u n c tio n a l A sp e c ts  o f  L ip o p ro te in s  in L iv in g  S y s te m s  (1969),

an excellent treatise describing and summarizing the status of 
the physical and Chemical nature of lipid-protein complexes in 
naturally occurring systems; “Chromatography,” P ro g ress  in  th e  
C h e m is try  o f  F a ts  a n d  O th e r  L ip id s ,  vol. 8, pt. 3 (1969), three 
excellent articles on thin-layer, paper, and column chromatog­
raphy; and A d v a n c e s  in  L i p id  R e se a rc h  (irreg.), collections of 
scholarly papers appearing approximately annually.

(D.J.H./Ed.)

N u c le ic  a c id s:  e . c h a r g a f f  and j .n . d a v i d s o n  (eds.), T h e  N u ­
c le ic  A c id s: C h e m is tr y  a n d  B io lo g y , 3 vol. (1955-60), a classical 
modern text, basic chemistry valid but biological sections out of 
date; E. c h a r g a f f , E s s a y s  o n  N u c le ic  A c id s  (1963); d . c o h e n , 
T h e  B io lo g ic a l  R o le  o f t h e  N u c le ic  A c id s  (1965), a short genera! 
monograph; j .n . d a v i d s o n  and w .e . c o h n  (eds.), P ro g ress  in  
N u c le ic  A c id  R ese a rc h  a n d  M o le c u la r  B io lo g y , 11 vol. (1963- 
71), series of essays published irregularly; d .w . h u t c h i n s o n , 
N u c le o tid e s  a n d  C o e n z y m e s  (1964), an elementary monograph; 
j.c. KENDREW , T h e  T h re a d  o f  L ife : A n  I n tr o d u c tio n  to  M o le c u la r  
B io lo g y  (1966), a populär book based on a series of TV programs; 
a . k o r n b e r g , E n z y m a t ic  S y n th e s is  o f  D N A  (1962), three clas­
sical lectures; g . Pa r k e r , w .a . R e y n o l d s , and r . R e y n o l d s , 
D N A : T h e  K e y  to  L ife  (1966), a programmed series of questions 
and answers; r .m .s . s m e l l i e , A  M a tte r  o f  L ife : D N A  (1969), a 
populär paperback; and t .l .v . u l b r i c h t , In tr o d u c tio n  to  N u ­
c le ic  A c id s  a n d  R e la te d  N a tu r a l  P r o d u c ts  (1966), an elementary 
monograph. College-level textbooks on this subject include: 
j .n . d a v i d s o n , T h e  B io c h e m is tr y  o f  th e  N u c le ic  A c id s , 6th ed. 
(1969); e . H a r b e r s , g .f . D O M AG K, and w. m u l l e r , I n tro d u c tio n  
to  N u c le ic  A c id s: C h e m is try , B io c h e m is tr y  a n d  F u n c tio n s  (1968; 
orig. pub. in German, 1964); v .m . i n g r a m , T h e  B io sy n th e s is  
o f  M a c r o m o le c u le s  (1965); a .m . m i c h e l s o n , T h e  C h e m is tr y  o f  
N u c le o s id e s  a n d  N u c le o tid e s  (1963); a .r . p e a c o c k e  and r .b . 
d r y s d a l e , T h e  M o le c u la r  B a s is  o f  H e r e d ity  (1965); s t e p h e n  
n e i d l e  (ed.), T o p ic s  in  N u c le ic  A c id  S tr u c tu r e  (1981).

(J.N.D./R.Y.T./Ed.)

V ita m in s :  j .l . r o d a l e  e t al:, C o m p le te  B o o k  o f  V ita ­
m in s  (1966), and j . m a r k s , V ita m in s  in  H e a lth  a n d  D is ­
e a se  (1968), are among various populär works on vi­
tamins. The following references are more advanced and 
require some background knowledge of biochemistry: g .h . 
b e a t o n  and e .w . m c h e n r y  (ed.), N u tr it io n :  A  C o m p re h e n ­
s iv e  T rea tise , vol. 2, V ita m in s , N u tr ië n t R e q u ire m e n ts  a n d  
F o o d  S e le c tio n  (1964), a discussion of the requirements 
and metabolism of vitamins and of deficiency diseases; 
s .a . k o s e r , V ita m in  R e q u ir e m e n ts  o f  B a c te r ia  a n d  Y e a s ts  (1968), 
on the requirements and metabolism of vitamins in micro­
organisms; f .a . R o b i n s o n , T h e  V ita m in  C o fa c to rs  o f  E n z y m e  
S y s te m s  (1966), on the coenzyme function of vitamins; w .h . 
s e b r e l l , j r . and r .s . h a r r i s  (eds.), vols. 1-5, p . g y o r g y  and 
w .n . p e a r s o n  (eds.), vol. 6, 7, T h e  V ita m in s , 2nd ed. (1967), on 
the chemistry, biochemistry, and metabolism of vitamins, see 
esp. vol. 6 and 7 for a discussion of the methodology used in 
vitamin research; a .f . w a g n e r  and k . f o l k e r s , V ita m in s  a n d  
C o e n z y m e s  (1964), a text with emphasis on molecular struc­
ture, organic synthesis and biosynthesis, Chemical reactions, 
and metabolic roles of vitamins; r o m a n  j . k u t s k y , H a n d b o o k  
o f  V ita m in s , M in e ra ls , a n d  H o r m o n e s , 2nd ed. (1981).

(M.J.B.)

H o rm o n e s:  e .j .w . b a r r i n g t o n , H o r m o n e s  a n d  E vo lu tio n  
(1964), f o r  s t u d e n t s  a n d  g e n e r a l  r e a d e r s ,  c o n c e r n e d  w i t h  t h e  
m o l e c u l a r  s t r u c t u r e  a n d  m o d e  o f  a c t i o n  o f  h o r m o n e s  i n  r e ­
l a t i o n  t o  e v o l u t i o n a r y  t h e o r y ;  g . k . b e n s o n  a n d  j.g . Ph i l l i p s  
( e d s .) ,  H o r m o n e s  a n d  th e  E n v ir o n m e n t (1970), a  w i d e - r a n g in g  
r e v i e w  a n d  r e s e a r c h  s y m p o s i u m ,  p r i m a r i l y  f o r  s p e c i a l i s t s  b u t  
a l s o  o f  g e n e r a l  i n t e r e s t ;  w . r . b u t t , H o r m o n e  C h e m is tr y  (1967), 
a  c o r r e l a t i o n  o f  r e s e a r c h  o n  t h e  m a j o r  m a m m a l i a n  h o r m o n e s ,  
r e q u i r i n g  s o m e  k n o w l e d g e  o f  c h e m i s t r y ;  r .e . c o u p l a n d , T h e  
N a tu r a l H is to r y  o f  th e  C h ro m a ffin  C e ll  (1965), a n  i n t e g r a t e d  
t r e a t m e n t  o f  r e s e a r c h  o n  s t r u c t u r e  a n d  f u n c t i o n ,  c o n s i d e r e d  a t  
a l l  l e v e l s  o f  a n a ly s i s ,  f r o m  t h e  g r o s s  a n a t o m i c a l  t o  t h e  m o le c u la r ;  
j .  EBLiNG a n d  k .c . H iG H N A M , C h e m ic a l C o m m u n ic a tio n  (1969), 
a  c o n c i s e  e l e m e n t a r y  i n t r o d u c t i o n  f o r  h i g h  s c h o o l  a n d  f i r s t - y e a r  
u n i v e r s i t y  s t u d e n t s ;  b .e . f r y e , H o r m o n a l C o n tr o l in  V er teb ra tes  
(1967), a n  e l e m e n t a r y  i n t r o d u c t i o n ,  w i t h  e m p h a s i s  o n  g e n e r a l  
p r in c i p l e s  a n d  p h y s io l o g ic a l  a d a p t a t i o n ;  m . g ä b e , N e u ro se cre ­
tio n  (1966), a n  a u t h o r i t a t i v e  a n d  c o m p r e h e n s i v e  t r e a t m e n t  f o r  
a d v a n c e d  s t u d e n t s ;  G .w . h a r r i s , N e u r a l C o n tr o l o f  th e  P i tu i ta r y  
G la n d  (1955), a n  a u t h o r i t a t i v e  m o n o g r a p h  f o r  s t u d e n t s  a n d  
r e s e a r c h  w o r k e r s ;  m . p i c k f o r d , T h e  C e n tr a l R o le  o f  H o r m o n e s  
( 1969), a n  e l e m e n t a r y  t r e a t m e n t  f o r  s t u d e n t s  a n d  g e n e r a l  r e a d ­
e r s  w i t h  s o m e  k n o w l e d g e  o f  v e r t e b r a t e  b i o lo g y ;  a n d  c .t . s a w i n , 
T h e H o rm o n e s:  E n d o c r in e  P h y s io lo g y  (1969), a  c l e a r  t r e a t m e n t  
o f  h o r m o n e  a c t i o n  f o r  u n i v e r s i t y  s t u d e n t s .

(E.J.W.B./Ed.)
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The Biological Sciences

Biology may be defined as an area of learning that 
deals with all of the physicochemical aspects of life. 
But as a result of the modern tendency to unify 

scientific knowledge and investigation, there has been an 
overlapping of the field of biology with other scientific 
disciplines. Modem principles o f other Sciences—chem­
istry and physics, for example—are integrated with those 
of biology in such areas as biochemistry and biophysics.

Because biology is such a broad subject, it is subdivided 
into separate branches for convenience of study. Despite 
apparent differences, all the subdivisions are interrelated 
by basic principles. Thus, though it was once the custom 
to separate the study o f plants (botany) from that of ani­
mals (zoology), and the study of the structure of organisms 
(morphology) from that of function (physiology), the cur­
rent practice is to investigate those biological phenomena 
that all living things have in common.

Biology is often approached today on the basis of levels 
that deal with fundamental units of life. At the level of 
molecular biology, for example, life is regarded as a man- 
ifestation of Chemical and energy transformations that oc­
cur among the many Chemical constituents that comprise 
an organism. As a result of the development of more pow­
erful and precise laboratory instruments and techniques, 
it is now possible to understand and dehne more exactly 
not only the invisible ultimate physiochemical organiza­
tion (ultrastructure) of the molecules in living matter but 
also how living matter reproduces at the molecular level.

Cell biology, the study of the fundamental unit of struc­
ture and function in a living organism, may be said to 
have begun in the 17th Century, with the invention of the 
compound microscope. Before that, the individual organ­
ism was studied as a whole (organismic biology), an area 
of research still regarded as an important level of biological 
organization. Population biology deals with groups or pop­
ulations of organisms that inhabit a given area or region. 
Included at this level are studies of the roles that specific 
kinds of plants and animals play in the complex and self- 
perpetuating interrelationships that exist between the liv­
ing and nonliving world, as well as studies of the built-in 
Controls that maintain these relationships naturally.

These broadly based levels may be further subdivided 
into such specializations as morphology, taxonomy, bio­
physics, biochemistry, genetics, eugenics, and ecology.

In another way of Classification, a field of biology may be 
especially concerned with the investigation of one kind of 
living thing— e.g., botany, the study of plants; zoology, the 
study of animals; ornithology, the study of birds; ichthy- 
ology, the study of fishes; mycology, the study of fungi; 
microbiology, the study of microorganisms; protozoology, 
the study of one-celled animals; herpetology, the study of 
amphibians and reptiles; entomology, the study of insects; 
and physical anthropology, the study of man. For a list of 
both Macropcedia and Micropcedia articles on the subject 
areas, see Propcedia: Part Three.

The article is divided into the following sections:
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Basic concepts of biology
BIOLOGICAL PRINCIPLES

Homeostasis. The concept of homeostasis— i.e., that all 
living things maintain a constant internal environment—  
was first suggested by Claude Bernard, a 19th-century 
French physiologist, who stated that “all the vital mech­
anisms, varied as they are, have only one object: that of 
preserving constant the conditions of life.”

As originally conceived by Bernard, homeostasis applied 
to the struggle o f a single organism to survive. The concept 
was later extended to include any biological system from 
the cell to the entire biosphere, all the areas of the Earth 
inhabited by living things.

Unity. Alt living organisms, regardless o f their uhique- 
ness, have certain biological, Chemical, and physical char­
acteristics in common. All, for example, are composed 
of the same basic units, or cells, and the same Chemi­
cal substances, which, when analyzed, exhibit noteworthy 
similarities, even in such disparate organisms as bacteria 
and man. Furthermore, since the action of any organism 
is determined by the manner in which its cells interact 
and since all cells interact in much the same way, the 
basic functioning of all organisms is also similar.

There is not only unity of basic living substance and 
functioning but also unity of origin of all living things. 
According to a theory proposed in 1855 by Rudolf Vir- 
chow, a German pathologist, “all living cells arise from 
pre-existing living cells.” This theory appears to be true for 
all living things at the present time under existing environ­
mental conditions. If, however, life originated more than 
once in the past, the fact that all organisms have a same- 
ness of basic structure, composition, and function would 
seem to indicate that only one original type succeeded.
A common origin of life would explain why in man 

or slime mold—and in all forms of life in between—the 
same Chemical substance, deoxyribonucleic acid (dna), in 
the form of genes accounts for the ability of all living 
matter to replicate itself exactly and to transmit genetic 
information from parent to offspring. Furthermore, the 
mechanisms for this transmittal follow a pattern that is 
the same in all organisms.

Whenever a change in a gene (a mutation) occurs, there 
is a change of some kind in the organism that contains the 
gene. It is this universal phenomenon that gives rise to the 
differences (variations) in populations of organisms from 
which nature selects for survival those that are best able 
to cope with changing conditions in the environment.

Evolution. In his theory of natural selection, which is 
discussed in greater detail later, Charles Darwin suggested 
that “survival of the fittest” was the basis for organic 
evolution (the modification of living things with time). 
Evolution itself is a biological phenomenon common to 
all living things, even though it has led to their differences. 
Evidence to support the theory of evolution has come pri­
marily from the fossil record, from comparative studies of 
structure and function, and from studies o f embryological 
development.

Diversity. Despite the basic biological, Chemical, and 
physical similarities found in all living things, a diversity 
of life exists not only among and between species but 
also within every natural population. The phenomenon of 
diversity has had a long history of study because so many 
of the variations that exist in nature are visible to the eye. 
The fact that organisms changed during prehistorie times 
and that new variations are constantly evolving can be 
verified by paleontological records as well as by breeding 
experiments in the laboratory. Long after Darwin had 
assumed that variations existed, biologists discovered that 
they are caused by a change in the genetic material (dna). 
This change can be a slight alteration in the sequence of 
the constituents of dna (nucleotides), a larger change such 
as a structural alteration of a chromosome, or a complete 
change in the number of chromosomes. In any case, a 
change in the genetic material in the reproductive cells 
manifests itself as some kind of structural or Chemical 
change in the offspring. The consequence of such a muta­
tion depends upon the interaction of the mutant offspring 
with its environment.

It has been suggested that sexual reproduction became 
the dominant type of reproduction among organisms be­
cause of its inherent advantage of variability, which is the 
mechanism that enables a species to adjust to changing 
conditions. New variations are potentially present in genet­
ic differences, but how preponderant a Variation becomes 
in a gene pool depends upon the number of offspring the 
mutants or variants produce (differential reproduction). It 
is possible for a genetic novelty (new Variation) to spread 
in time to all members of a population, especially if the 
novelty enhances the population’s chances for survival in 
the environment in which it exists. Thus, when a species 
is introduced into a new habitat, it either adapts to the 
change by natural selection or by some other evolutionary 
mechanism or else it eventually dies off. Because each new 
habitat means new adaptations, habitat changes have been 
responsible for the millions of different kinds of species 
and for the heterogeneity within each species.

The total number o f animal and plant species is esti­
mated at between 2,000,000 and 4,500,000; authoritative 
estimates of the number o f extinct species range from
15,000,000 up to 16,000,000,000. Although the use of 
Classification as a means o f producing some kind of order 
out of this staggering number of different types of organ­
isms appears as early as the book of Genesis—with refer­
ences to cattle, beasts, fowl, creeping things, trees, etc.—- 
the first scientific attempt at Classification is attributed to 
the Greek philosopher Aristotle, who tried to establish a 
system that would indicate the relationship of all things 
to each other. He arranged everything along a scale, or 
“ladder of nature,” with nonliving things at the bottom; 
plants were placed below animals, and man was at the top. 
Other schemes that have been used for grouping species 
include large anatomical similarities, such as wings or fins, 
which indicate a natural relationship, and also similarities 
in reproductive structures.

At the present time taxonomy is based on two major 
assumptions: one is that similar body construction can be 
used as a criterion for a Classification grouping; the other 
that, in addition to structural similarities, evolutionary and 
molecular relationships between organisms can be used as 
a means for determining Classification.

Behaviour and interrelationships. As was mentioned 
earlier, the study of the relationships of living things to 
each other and to their environment is known as ecology. 
Because these interrelationships are so important to the 
welfare of Earth and because they can be seriously dis- 
rupted by man’s activities, ecology is becoming one of the 
most important branches of biology.

Continuity. Whether an organism is man or a bacteri­
um, its ability to reproduce is one of the most important 
characteristics of life. Because life comes only from preex- 
isting life, it is only through reproduction that successive 
generations can carry on the properties of a species.

THE STUDY QF STRUCTURE
Living things are defined in terms of the activities or 
functions that are missing in nonliving things. The life 
processes of every organism are carried out by specific 
materials assembled in definite structures. Thus, a living 
thing can be defined as a system, or structure, that re- 
produces, changes with its environment over a period of 
time, and maintains its individuality by constant and con­
tinuous metabolism. This pattern of action or function 
results from and occurs in a pattern of organization.

Cells and their constituents. Knowledge ofthe structure 
and function of the cell has resulted from technological 
developments and methods.

Biologists once depended on the light microscope to 
study the morphology of cells found in higher plants and 
animals. The functioning of cells in unicellular and in 
multicellular organisms was then postulated from obser­
vation of the structure; the discovery of the chloroplastids 
in the cell, for example, led to the investigation of the pro­
cess of photosynthesis. With the invention of the electron 
microscope, the fine organization of the plastids could be 
utilized for further quantitative studies of the different 
parts of this process.

Quantitative studies make use of histochemistry to identi-

Adjusting
to
changing
conditions
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fy proteins, carbohydrates, and other Chemical constituents 
of cells. Histochemistry has also been used to identify rna 
and dna in various cell parts.

Tracing A valuable method useful in tracing the movement of 
the move- substances in living matter is radioautography: when ra- 
ment of dioactive nutrients, which can be incorporated into cells, 
substances are injected into animals, they give off detectable rays 

by which their presence and location can be determined. 
Thymidine, for example, can be made radioactive and, 
when injected, becomes part of the dna being synthesized 
in the nucleus before cell division; the nuclei then can 
be identified by their radioactivity and the process of the 
origin of new dna studied. Radioautography has been 
used to locate the site of protein synthesis and enzyme 
storage in cells.
Advanced technological developments—the microspec- 

trophotometer, the X-ray probe, laser beam, computer, 
stereoscopic microscope, quartz-fibre microbalance, and 
television microscopy—are used to study the action of 
enzymes in living cells. The elucidation of such processes 
as lipid synthesis, active transport of large particles from 
the blood into cells, and continuous formation o f taste 
cells has been dependent on similar Instrumentation.

Tissues and organs. Early biologists viewed their work 
as a study of the organism. The organism, then considered 
the fundamental unit of life, is still the prime concern of 
some modern biologists, and the maintenance of organ­
isms is still an important part of biological research.

In 1912 an experiment showed that cells can be kept 
alive indefinitely if proper conditions are maintained. Util- 
izing stringent laboratory techniques, workers have kept 
bits of chicken heart tissue alive for more than 30 years. 
Techniques for keeping organs alive in preparation for 
transplants stem from such experiments.

Modem biological research deals with the study of struc­
ture and function at all levels of biological organization 
from the molecule to the organism. Electronics, mathe- 
matics, and computers have become increasingly impor­
tant in solving problems at all of these levels.

THE STUDY OF FUNCTION
To maintain life, an organism not only repairs or replaces 
(or both) its structures by a constant supply ofthe materials 
of which it is composed but also keeps its life processes in 
Operation by a steady supply of energy. The initial source 
of this energy is the environment outside of the organism. 
The process by which the organism provides the neces­
sary raw materials for the continuation of life is called 
nutrition. Plants obtain their nutrients from water, from 
minerals, and from the carbohydrates they manufacture. 
Animals, which cannot manufacture their own food, need 
at least the following kinds of nutrients: water, minerals, 
organic carbon, organic nitrogen, vitamins, certain amino 
acids, and fatty acids.

Many experiments have been directed toward solving the 
problem of biological differentiation. It has been deter­
mined that, although all genes of an organism are present 
in every cell, they do not all act at the same time: some 
genes act only at certain times during development; others 
never act in some cells. Whether a gene is active is some­
times the result of an interaction between cells. Cells seem 
to develop differently in different locations. How this is 
controlled is not definitely known; one possibility is the 
presence of an electrical communication between cells or 
of a substance that diffuses out of the cell. The latter idea 
is suggested by experiments demonstrating that the forma­
tion of the tissues of organs such as the eye, kidney, and 
liver are directly influenced by the tissues bordering them. 
Many of these experiments make use o f tissue culture 
techniques, which permit the growth of cells outside of the 
body. It is possible to grow a single embryonic muscle cell 
into a colony of differentiated muscle. It is through such 
experiments that the questions about development and its 
implications may eventually be answered. (E.R.G.)

The history of biology

There are moments in the history of all Sciences when 
remarkable progress is made in relatively short periods of

time. Such leaps in knowledge result in great part from 
two factors: one is the presence of a Creative mind—a Creative 
mind sufficiently perceptive and original to discard hith- minds and 
erto accepted ideas and formulate new hypotheses; the technology 
second is the technological ability to test the hypotheses by 
appropriate experiments. The most original and inquiring 
mind is severely limited without the proper tools to con­
duct an investigation; conversely, the most sophisticated 
technological equipment cannot of itself yield insights into 
any scientific process.
An example o fth e  relationship between these two fac­

tors was the discovery of the cell. For hundreds o f years 
there had been speculation concerning the basic structure 
of both plants and animals. Not until optical instruments 
were sufficiently developed to reveal cells, however, was it 
possible to formulate a general hypothesis, the cell theory, 
that satisfactorily explained how plants and animals are 
organized. Similarly, the significance of Gregor Mendel’s 
studies on the mode of inheritance in the garden pea 
remained neglected for many years, until technological 
advances made possible the discovery ofthe chromosomes 
and the part they play in cell division and heredity. More­
over, as a result of the relatively recent development of 
extremely sophisticated instruments, such as the electron 
microscope and the ultracentrifuge, biology has moved 
from being a largely descriptive Science—one concerned 
with entire cells and organisms—to a discipline that in­
creasingly emphasizes the subcellular and molecular as­
pects of organisms and attempts to equate structure with 
function at all levels o f biological organization.

THE EARLY HERITAGE
Although it is not known when the study of biology 
originated, early man must have had some knowledge of 
the animals and plants around him. His very survival 
depended upon the accurate recognition of nonpoisonous 
food plants and upon an understanding of the habits of 
dangerous predators. Archaeological records indicate that 
even before the development o f civilization, man had do­
mesticated virtually all the amenable animals available to 
him and had developed an agricultural system sufficiently 
stable and efficiënt to satisfy the needs of large numbers 
of people living together in communities. It is clear, there­
fore, that much of the history of biology predates the time 
at which man began to write and to keep records.

Earliest biological records. Biological practices among 
Assyrians and Babylonians. Much of the earliest recorded 
history of biology is derived from bas-reliefs the Assyrians 
and Babylonians made of their cultivated plants and from 
carvings depieting their veterinary medicine. Illustrations 
on certain seals reveal that the Babylonians had learned 
that the date palm reproduces sexually and that pollen 
could be taken from the male plant and used to fertilize 
female plants. Although a precise dating of these early 
records is lacking, a Babylonian business contract of the 
Hammurabi period (c. 1800 bc) mentions the male flower 
of the date palm as an article of commerce, and descrip- 
tions of date harvesting date back to about 3500 bc.

Another source of information concerning the extent of 
biological knowledge of these early peoples was the dis­
covery of several papyri that pertain to medical subjects; 
one, believed to date back to 1600 bc, contains anatom- 
ical descriptions; another (c. 1500 bc) indicates that the 
importance of the heart had been recognized. Because 
these ancient documents, which contained mixtures of 
fact and superstition, probably summarized then-current 
knowledge, it may be assumed that some of their contents 
had been known by earlier generations.

Biological knowledge of Egyptians, Chinese, and Indians.
Papyri and artifacts found in tombs and pyramids indicate 
that the Egyptians also possessed considerable medical 
knowledge. Their well-preserved mummies demonstrate 
that they had a thorough understanding of the preservative 
properties of herbs required for embalming; plant neck- 
laces and bas-reliefs from various sources also reveal that 
the ancient Egyptians were well aware of the medicinal Early use 
value of certain plants 2,000 years before Christ. Even of medici- 
earlier (c. 2800 bc), a work now ascribed to the Chinese nal plants 
emperor Shen Nung described the therapeutic powers of
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numerous medicinal plants and included descriptions of 
many important food plants, such as the soybean. Further­
more, the ancient Chinese not only utilized the silkworm 
Bombyx mori to produce silk for commerce but also 
understood the principle o f biological control, employing 
one type of insect, an entomophagous (insect-eating) ant, 
to destroy insects that bored into trees.
As early as 2500 bc the people of northwestern India 

had a well-developed Science of agriculture. The ruins at 
Mohenjodaro have yielded seeds of wheat and barley that 
were cultivated at this time. Millet, dates, melons, and 
other fruits and vegetables, as well as cotton, were known 
to this civilization. Plants were not only a source of food, 
however. A document, believed to date back to the 6th 
Century bc, described the use of about 960 medicinal 
plants and included information on such topics as anat­
omy, physiology, pathology, and obstetrics.

The Greco-Roman world. Although the Babylonians, 
Assyrians, Egyptians, Chinese, and Indians amassed much 
biological information, they lived in a world believed to be 
dominated by unpredictable demons and spirits. Hence, 
learned men in these early cultures directed their studies 
toward an understanding of the supematural, rather than 
the natural, world. Anatomists, for example, dissected an­
imals not to gain an understanding of their structure but 
to study their organs in order to predict the future. With 
the emergence of the Greek civilization, however, these 
mystical attitudes began to change. Around 600 bc there 
arose a school of Greek philosophers who believed that ev­
ery event has a cause and that a particular cause produces 
a particular effect. This concept, known as causality, had 
a profound effect on subsequent scientific investigation. 
Furthermore, these philosophers assumed the existence of 
a “natural law” that govems the universe and can be 
comprehended by man through the use of his powers of 
observation and deduction. Although they established the 
Science of biology, the greatest contribution the Greeks 
made to Science was the idea of rational thought.

Theories about man and the origin of life. One of the 
earliest Greek philosophers, Thaies of Miletus (c. 7th Cen­
tury bc), maintained that the universe contained a Creative 
force that he called physis, an early progenitor ofthe term 
physics; he also postulated that the world and all living 
things in it were made from water. Anaximander, a stu­
dent of Thaies, did not accept water as the only substance 
from which living things were derived; he believed that in 
addition to water, living things consisted of earth and a 
gaslike substance called apeiron, which could be divided 
into hot and cold. Various mixtures of these materials 
gave rise to the four elements: earth, air, fire, and water. 
Although he was one of the first to describe the Earth as a 
sphere rather than as a flat plane, Anaximander proposed 
that life arose spontaneously in mud and that the first ani­
mals to emerge had been fishes covered with a spiny skin. 
The descendants of these fishes eventually left water and 
moved to dry land, where they gave rise to other animals 
by transmutation (the conversion of one form into anoth­
er). Thus, an early evolutionary theory was formulated.
At Crotone in Southern Italy, where an important school 

of natural philosophy was established by Pythagoras about 
500 bc, one of his students, Alcmaeon, investigated ani­
mal structure and described the difference between arteries 
and veins, discovered the optie nerve, and recognized the 
brain as the seat of the intellect. As a result of his studies 
of the development of the embryo, Alcmaeon may be 
considered the founder of embryology.

Although the Greek physician Hippocrates, who estab­
lished a school of medicine on the Aegean island of Cos 
around 400 bc, was not an investigator in the sense 
of Alcmaeon, he did recognize through observations of 
patients the complex interrelationships involved in the 
human body. He also understood how the environment 
can influence human nature and suggested that sharply 
contrasting climates tend to produce a powerful type of 
inhabitant, while an even, temperate climate is conducive 
to indolence.

Hippocrates and his predecessors were all concerned with 
the central philosophical question of how the cosmos and 
its inhabitants were created. Although they accepted the

physis as the Creative force, they differed with regard to the 
importance of the roles played by earth, air, fire, water, 
and other elements. Although Anaximenes, for example, 
who may have been a student of Anaximander, adhered 
to the then-populär precept that life originated in a mass 
of mud, he postulated that the actual Creative force was 
to be found in the air and that it was influenced by 
the heat o fth e  Sun. Members of the Hippocratic school 
also believed that all living bodies were made up of four 
humours—blood, black bile, phlegm, and yellow bile—  
which supposedly originated in the heart, spieen, brain, 
and liver, respectively. An imbalance of the humours was 
thought to cause an individual to be sanguine, melancholy, 
phlegmatic, or choleric. The persistence of these words 
in current vocabulary attests to the lengthy popularity of 
the idea o f humoral influences. For centuries it was also 
believed that an imbalance in the humours was the cause 
of disease, a belief that resulted in the common practice 
of bloodletting to get rid of excessive humours.
Aristotelian concepts. Around the middle of the 4th 

Century bc, ancient Greek Science reached a climax with 
Aristotle, who was interested in all branches of knowledge, 
including biology. Using his own observations and theo­
ries, Aristotle was the first to attempt a system of animal 
Classification, in which he contrasted animals containing 
blood with those that were bloodless. The animals with 
blood included those now grouped as mammals (except 
the whales, which he placed in a separate group), birds, 
amphibians, reptiles, and fishes. The bloodless animals 
were divided into the cephalopods, the higher crustaceans, 
the insects, and the testaceans, the last group being a col­
lection of all the lower animals. His careful examination 
of animals led to the understanding that mammals have 
lungs, breathe air, are warm-blooded, and suckle their 
young. Aristotle was the first to show any understanding 
of an overall systematic taxonomy and to recognize units 
of different degrees within the system.
The most important part of Aristotle’s work was that de- 

voted to reproduction and the related subjects of heredity 
and descent. He identified four means of reproduction, 
including the abiogenetic origin of life from nonliving 
mud, a belief held by Greeks of that time. Other modes 
of reproduction recognized by him included budding 
(asexual reproduction), sexual reproduction without copu­
lation, and sexual reproduction with copulation. Aristotle 
described sperm and ova and believed that the menstrual 
blood of viviparous organisms (those that give birth to 
living young) was the actual generative substance.

Although Aristotle recognized that species are not stable 
and unalterable and although he attempted to classify the 
animals he observed, he was far from developing any pre- 
Darwinian ideas concerning evolution. In fact, he rejected 
any Suggestion of natural selection and sought teleological 
explanations {i.e., all phenomena in nature are shaped by 
a purpose) for any given observation. Nevertheless, many 
important scientific principles, some of which are often 
thought o f as 20th-century concepts, can be ascribed to 
Aristotle. The following are a few such: (1) Using birds 
as an example, he formulated the principle that all or­
ganisms are structurally and functionally adapted to their 
habits and habitats. (2) Nature is parsimonious; it does 
not expend unnecessary energy. (3) In classifying animals, 
Aristotle rejected the idea of dividing them solely by their 
external structures (e.g., animals with wings and those 
without wings). He recognized instead a basic unity of 
plan among diverse organisms, a principle that is still con- 
ceptually and scientifically sound. Further, Aristotle also 
believed that the entire living world could be described 
as a unified organization rather than as a collection of 
diverse groups. (4) By his observations, Aristotle realized 
the importance of structural homology, basically similar 
organs in different animals, and functional analogy, dif­
ferent structures that serve somewhat the same function—  
e.g., the hand, claw, and hoof are analogous structures. 
These principles constitute the basis for the biological field 
of study known as comparative anatomy. (5) Aristotle’s 
observations also led to the formulation of the principle 
that general structures appear before specialized ones and 
that tissues differentiate before organs.
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Botanical investigations. Of all the works of Aristotle 
that have survived, none deals with what was later differ­
entiated as botany, although it is believed that he wrote 
at least two treatises on plants. Fortunately, however, the 
work of Theophrastus, one of Aristotle’s students, has 
been preserved to represent plant Science of the Greek 
period. Like Aristotle, Theophrastus was a keen observer, 
although his works do not express the depth of original 
thought exemplified by his teacher. In his great work, De 
histöria et causis plantarum (The Calendar o f Flora, 1761), 
in which the morphology, natural history, and therapeutic 
use of plants are described, Theophrastus distinguished 
between the external parts, which he called organs, and 
the internal parts, which he called tissues. This was an 
important achievement because Greek scientists of this 
period had no established scientific terminology by which 
a specific structure could be referred to with a scientific 
term. For this reason, both Aristotle and Theophrastus 
were obliged to write very long descriptions of structures 
that can be described rapidly and simply today. Because 
of this difficulty, Theophrastus sought to develop a sci­
entific nomenclature by giving special meaning to words 
that were then in more or less current use; for example, 
karpós for fruit and perikarpion for seed vessel.
Although he did not propose an overall Classification 

system for plants, over 500 of which are mentioned in 
his writings, Theophrastus did unite many species into 
what are now considered genera. In addition to writing 
the earliest detailed description of how to pollinate the 
date palm by hand and the first unambiguous account of 
sexual reproduction in flowering plants, he also recorded 
observations on seed germination and development.

Post-Grecian biological studies. With Aristotle and 
Theophrastus, the great Greek period of scientific inves­
tigation came to an end. The most famous of the new 
centres of learning were the library and museum in Alexan­
dria. From 300 bc until around the time of Christ all 
significant biological advances were made by physicians at 
Alexandria. One of the most outstanding of these men was 
Herophilus, who dissected human bodies and compared 
their structures to those of other large mammals. He recog­
nized the brain, which he described in detail, as the centre 
of the nervous system and the seat of intelligence. Based 
on his knowledge, he wrote a general anatomical treatise, 
a special one on the eyes, and a handbook for midwives.

Erasistratus, a younger Contemporary and reputed rival 
of Herophilus who also worked at the museum in Alexan­
dria, studied the valves of the heart and the circulation 
of blood. Although he was wrong in supposing that blood 
flows from the veins into the arteries, he was correct in 
assuming that small interconnecting vessels exist. He thus 
suspected (but did not see) the presence of capillaries; 
he thought, however, that . the blood changed into air, 
or pneuma, when it reached the arteries, to be pumped 
throughout the body.

Perhaps the last o f  the ancient biological scientists of 
note was Galen of Pergamum, a Greek physician who 
practiced in Rome during the middle of the 2nd Century 
ad . His early years were spent as a surgeon at the gladi- 
atorial arena, which gave him the opportunity to observe 
details o f human anatomy. But this was an age when it 
was considered improper to dissect human bodies, and, 
as a result, detailed study was not possible. Thus, though 
Galen’s research on animals was thorough, his knowledge 
of human anatomy was faulty. Because his work was ex­
tensive and clearly written, Galen’s writings, nevertheless, 
dominated medicine for centuries to come.

The Arab world and the European Middle Ages. After 
Galen there were no further biological investigations for 
many centuries. It is sometimes claimed that the rise of 
Christianity was the cause of the decline in Science; this, 
however, is not a tenable viewpoint, for Science was al­
ready virtually dead by the end of the 2nd Century ad, a 
time when Christianity was still an obscure sect. It is true, 
however, that the rise of Christianity did not favour the 
questioning attitude of the Greeks.
Arab domination of biology. During the almost 1,000 

years that Science was dormant in Europe, the Arabs, who 
by the 9th Century had extended their sphere of influence

as far as Spain, became the Custodians of Science and 
dominated biology, as they did other disciplines. At the 
same time, as the result o f a revival of learning in China, 
new technical inventions flowed from there to the West.
The Chinese had discovered how to make paper and how 
to print from movable type, two achievements that were 
to have an inestimable effect upon learning. Another im­
portant advance that also occurred during this time was 
the introduction into Europe from India of the so-called 
Arabic numerals.

From the 3rd until the 1 Ith Century biology was essen­
tially an Arab Science. Although they themselves were not 
great innovators, they discovered the works of such men as 
Aristotle and Galen, translated them into Arabic, studied 
them, and wrote commentaries about them. Of the Arab 
biologists, al-Jähiz, who died about 868, is particularly 
noteworthy. Among his biological writings is Kitäb al- 
hayawän (“Book of Animals”), which, although revealing 
some Greek influence, is primarily an Arabic work. In 
it, the author emphasized the unity of nature and recog­
nized relationships between different groups of organisms.
Because al-Jähiz believed that the Earth contained both 
male and female elements, he found the Greek doctrine 
of spontaneous generation (life emerging from mud) to be 
quite reasonable.

Ibn Slnä, or Avicenna as he is better known, was an 
outstanding Persian scientist around the beginning of the 
1 Ith Century; he was the true successor to Aristotle. His 
writings on medicine and drugs, which were particularly 
authoritative and remained so until the Renaissance, did 
much to bring the works of Aristotle back to Europe, 
where they were translated into Latin from Arabic.

Development of botany and zoology. During the 12th 
Century the growth of biology was sporadic. Nevertheless, 
it was during this time that botany was developed from 
the study of plants with healing properties; similarly, from 
veterinary medicine and the pleasures of the hunt came zo­
ology. Because of the interest in medicinal plants, herbs in 
general began to be described and illustrated in a realistic 
manner. Although Arabic Science was well developed dur­
ing this period and was far in advance of Latin, Byzantine, 
and Chinese cultures, it began to show signs of decline.
Latin learning, on the other hand, rapidly increasing, was 
best exemplified perhaps by a mid-13th-century German 
scholar, Albertus Magnus (Albert the Great), who was 
probably the greatest naturalist of the Middle Ages. His 
biological writings (De vegetabilibus, seven books, and De 
animalibus, 26 books) were based on the classical Greek 
authorities, predominantly Aristotle. But in spite of this 
classical basis, a significant amount of his work contained 
new observations and facts; for example, he described 
with great accuracy the leaf anatomy and venation ofthe  
plants he studied.

Albert was particularly interested in plant propagation 
and reproduction and discussed in some detail the sexu- 
ality of plants and animals. Like his Greek predecessors, 
he believed in spontaneous generation; he also believed 
that animals were more perfect than plants because they 
required two individuals for the sexual act. Perhaps one of 
Albert’s greatest contributions to medieval biology was the 
denial of many superstitions believed by his contempo- 
raries, a skepticism that, together with the reintroduction 
of Aristotelian biology, was to have profound effects on 
subsequent European Science.

One of Albert’s pupils was Thomas Aquinas, who en- 
deavoured to reconcile Aristotelian philosophy and the 
teachings of the church. Because Aquinas was a ratio­
nalist, he declared that God created the reasoning mind; 
hence, by true intellectual processes of reasoning, man 
could not arrivé at a conclusion that was in Opposition 
to Christian thought. Acceptance of this philosophy made 
possible a revival of rational learning that was consistant 
with Christian belief.

Revitalization o f anatomy. Italy, during the Middle Revival of 
Ages, became the most active scientific centre, although rational 
its major interests were concentrated on agriculture and learning 
medicine. A development of particular significance at 
this time was the introduction of dissection into medical 
schools, a step that revitalized the study o f anatomy. Be-
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cause of what it reveals about medieval anatomy in gen­
eral, the work of Mondino dei Liucci, the most famous of 
the Italian anatomists at the beginning of the 14th Century, 
is particularly important. First, because there was no way 
of preserving cadavers, organs that spoiled quickly had to 
be dissected rapidly. Furthermore, it was the custom for 
the teacher to leave the actual dissection to an underling, 
who, not wishing to offend the teacher, agreed with all 
of his Statements. Thus, although Mondino performed all 
of his own dissections and, from his observations, could 
have corrected the errors of the Greeks and Arabs, he did 
not choose to contradict any of the authorities. Even when 
the authorities contradicted themselves, Mondino sought 
to harmonize their views. Perhaps Mondino exemplifies 
the difficulty that was so characteristic of the era; namely, 
the problem of breaking away from established authority.

The Renaissance. Resurgence of biology. Beginning in 
Italy during the 14th Century there was a general ferment 
within the culture itself, which, together with the rebirth 
of learning (partly as a result of the rediscovery of Greek 
work), is referred to as the Renaissance. Interestingly, it 
was the artists, rather than the professional anatomists, 
who were intent upon a true rendering of the bodies of 
animals and men and thus were motivated to gain their 
knowledge firsthand by dissection. No individual better 
exemplifies the Renaissance than Leonardo da Vinci, 
whose anatomical studies of the human form during the 
late 1400s and early 1500s were so far in advance of 
the age that they included details not recognized until a 
Century later. Furthermore, while dissecting animals and 
examining their structure, Leonardo compared them to 
the structure of man. In doing so he was the first to 
indicate the homology between the arrangements of bones 
and joints in the leg of the human and that of the horse, 
despite the superficial differences. Homology was to be­
come an important concept in uniting outwardly diverse 
groups of animals into distinct units, a factor that is of 
great significance in the study of evolution.

Other factors had a profound effect upon the course 
of biology in the 1500s, particularly the introduction of 
printing around the middle of the Century, the increasing 
availability of paper, and the perfected art of the wood 
engraver, all of which meant that illustrations as well as 
letters could be transferred to paper. In addition, after the 
Turks had conquered Byzantium in 1453, many Greek 
scholars took refuge in the West; the scholars of the West 
thus had direct access to the scientific works of antiquity, 
rather than indirect access through Arabic translations.
Advances in botany. Otto Brunfels, the German the­

ologian and botanist, published in 1530 a book about 
medicinal herbs, Herbarum vivae eicones, which, with its 
fresh and vigorous illustrations, contrasted sharply with 
earlier texts, whose authors had been content merely to 
copy from old manuscripts. In addition to books on the 
same subject, Hieronymus Bock (Latinized to Tragus) and 
Leonhard Fuchs also published around the mid-1500s de- 
scriptive, well-illustrated texts about common wild flow- 
ers. The books published by the three men, who are 
often referred to as the German fathers of botany, may 
be considered the forerunners of modern botanical floras 
(treatises on or lists of the plants of an area or period).

Throughout the 16th Century, interest in botanical study 
also existed in such other countries as the Netherlands, 
Switzerland, Italy, and France. During this time there 
was a great improvement in the Classification of plants, 
which had been described in ancient herbals merely as 
trees, shrubs, or plants and, in later books, were either 
listed alphabetically or arranged in some arbitrary group­
ing. The necessity for a systematic method to designate 
the increasing number of plants being described became 
obvious. Accordingly, using a binomial system very simi­
lar to modern biological nomenclature, Gaspard Bauhin, 
a Swiss botanist of the late 16th and early 17th centuries, 
designated plants by a generic and a specific name. Al­
though affinities between plants were indicated by the use 
of common generic names, Bauhin did not speculate on 
their common kinship.

Pierre Belon, a French naturalist who travelled exten- 
sively in the Middle East, where he studied the flora,

illustrates the wide interest of the 16th-century biologists. 
Although his botanical work was limited to two volumes, 
one on trees and one on horticulture, his books on travel 
included numerous biological entries, and his two books 
on fishes reveal much about the current state of systemat- 
ics, including not only fishes but also such other aquatic 
creatures as mammals, crustaceans, mollusks, and worms. 
In his LH istoire de la nature des oyseaux (“Natural His­
tory of Birds”), however, in which Belon’s taxonomy was 
remarkably similar to that being used today, he showed 
a clear grasp of comparative anatomy, particularly of the 
skeleton, Publishing the first picture of a bird skeleton 
beside a human skeleton to point out the homologies. 
Numerous other European naturalists who travelled ex- 
tensively also brought back accounts of exotic animals 
and plants, and most of them wrote voluminous records 
of their excursions. Two other factors contributed signifi- 
cantly to the development of botany at this time: first was 
the establishment of botanical gardens by the universities, 
as distinct from the earlier gardens that had been estab­
lished for medicinal plants; second was the collection of 
dried botanical specimens, or herbaria.

It is perhaps surprising that the great developments in 
botany during the I6th Century had no parallel in zoology. 
Instead, there arose a group of biologists known as the En- 
cyclopedists, best represented by Conrad Gesner, a 16th- 
century Swiss naturalist, who compiled books on animals 
that were illustrated by some of the finest artists of the 
day (Albrecht Dürer, for example). But because the de- 
scriptions of many of the animals were grossly inaccurate, 
in many cases continuing the legends of the Greeks, apart 
from their aesthetic value the books did little to advance 
zoological knowledge.
Advances in anatomy. Like that of botany, the begin­

ning of the scientific study of anatomy can be traced to a 
combination of humanistic learning, Renaissance art, and 
the craft of printing. Although Leonardo da Vinci initi­
ated anatomical studies of human cadavers, his work was 
not known to his contemporaries. Rather, the appellation 
father of anatomy must be accorded to the Belgian anat­
omist Andreas Vesalius, who studied at the rather conser­
vative schools in Louvain and Paris, where he became a 
successful teacher very familiär with Galen’s work. As a 
result of disagreements with his superiors, however, Vesa­
lius moved at the end of 1537 to Padua, where he became 
noted for far-reaching teaching reforms. Most important, 
Vesalius abolished the practice of having someone eise do 
the actual dissection; instead, he dissected his own cadav­
ers and lectured to students from his findings. His text, 
De humani corporis fabrica libri septem (1543; “Seven 
Books on the Structure of the Human Body”), was the 
first modern book on the subject of anatomy and, as such, 
constituted a foundation of great importance for biology. 
Perhaps Vesalius’ greatest contribution, however, was that 
he inspired a group of younger scientists to be critical 
and to accept a description only after they had verified it. 
Thus, as anatomists became more questioning and critical 
of the works of others, the stranglehold of Galen was 
finally broken. Of Vesalius’ successors, Michael Servetus, 
a Spanish theologian and physician, discovered the pul­
monary circulation of the blood from the right chamber 
of the heart to the lungs and stated that the blood did not 
pass through the central septum (wall) of the heart, as had 
previously been believed.

ADVANCES TO THE 20TH CENTURY
Seventeenth-century advances in biology included the es­
tablishment of scientific societies for the dissemination of 
ideas and progress in the development of the microscope, 
through which man discovered a hitherto invisible world 
that had far-reaching effects on biology. Systematizing and 
classifying, however, dominated biology throughout much 
of the 17th and 18th centuries, and it was during this time 
that the importance of the comparative study of living 
organisms, including man, was realized. During the 18th 
Century the long-held idea that living organisms could 
originate from nonliving matter (spontaneous generation) 
began to crumble, but it was not until after the mid- 
19th Century that it was finally disproved by Louis Pas-
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teur. Biological expeditions added to the growing body of 
knowledge of plant and animal forms and led to the 19th- 
century development of the theory of evolution. The 19th 
Century was one of great progress in biology: in addition to 
the formulation of the theory of evolution, the cell theory 
was established, the foundations for modern embryology 
were laid, and the laws of heredity were discovered.

The discovery of the circulation of blood. William Har- 
vey, an Englishman who studied at Padua with one of 
Vesalius’ students, is credited with the discovery of the 
circulation of the blood. Prior to Harvey, the Aristotelian- 
Galenistic theory of circulation supposed that the blood 
sucked up by the heart during its expansion ebbed away 
during contraction; further, the theory also suggested that 
the blood flowed through pores between the two halves 
of the heart and that the heart produced a vital heat, 
which was tempered by the air from the lungs. In his 
own work, however, Harvey demonstrated that the heart 
expands passively and contracts actively. Also, by mea- 
suring the amount of blood flowing from the heart, he 
concluded that the body could not continuously produce 
that amount. Finally, he was able to show that blood 
was returned to the heart through the veins, postulating a 
connection (the capillaries) between the arteries and veins 
that was not to be discovered for another Century. Harvey 
was also interested in embryology, to which he made a 
significant contribution by suggesting that there is a stage 
(the egg) in the development of all animals during which 
they are undifferentiated living masses. A biological dic­
tum, ex ovo omnia (“everything comes from the egg”), is 
a summation of this concept.

The establishment of scientific societies. A develop­
ment of great importance to Science was the establishment 
in Europe of academies or societies; they consisted of 
small groups of men who met to discuss subjects of mutual 
interest. Although some of the groups enjoyed the finan­
cial patronage of princes and other wealthy members of 
society, the members’ interest in Science was the sole sus- 
taining force. The academies also provided freedom of ex­
pression, which, together with the stimulus of exchanging 
ideas, contributed greatly to the development of scientific 
thought. One of the earliest of these organizations was the 
Italian Academy of the Lynx, founded in Rome around 
1603. Galileo Galilei made a microscope for the society; 
another of its members, Johannes Faber, an entomologist, 
gave the instrument its name. Other academies in Europe 
included the French Academy of Science (founded in 
1666), a German Academy in Leipzig, and a number of 
small academies in England that in 1662 became incorpo­
rated under royal charter as the Royal Society of London, 
an organization that was to have considerable influence 
on scientific developments in England.

In addition to providing a forum for the discussion of sci­
entific matters, another important aspect of these societies 
was their publications. Before the advent of printing there 
were no convenient means for the wide dissemination of 
scientific knowledge and ideas; hence, scientists were not 
well informed about the works of others. To correct this 
deficiency in Communications, the early academies initi­
ated several publications, the first of which, Journal des 
Savants, was published in 1665 in France. Three months 
later, the Royal Society of London originated its Philo­
sophical Transactions. At first this publication was de- 
voted to reviews of work completed and in progress; later, 
however, the emphasis gradually changed to accounts of 
original investigations that maintained a high level of sci­
entific quality. Gradually, specialized joumals of Science 
made their appearance, though not until at least another 
Century had passed.

The development of the microscope. The magnifying 
power of segments of glass spheres was known to the As­
syrians before the time of Christ; during the 2nd Century 
ad, Claudius Ptolemy, an astronomer, mathematician, 
and geographer at Alexandria, wrote a treatise on opties 
in which he discussed the phenomena of magnification 
and refraction as related to such lenses and to glass 
spheres filled with water. Despite this knowledge, how­
ever, glass lenses were not used extensively until around 
1300, when some anonymous person in vented spectacles

for the improvement of vision. This invention aroused 
curiosity concerning the property of lenses to magnify, 
and in the 16th Century several papers were written about 
such devices. Then, near the end of the 16th Century, it 
was discovered that if certain lenses are mounted together 
in a tube, they form what physicists now call a Galilean 
telescope when viewed through one end, and a Galilean 
microscope when viewed through the other. When, in the 
early 1600s, Galileo used this instrument to examine the 
stars and planets, he was able to record such new discover­
ies as the rings of Saturn and the four satellites of Jupiter. 
Although Galileo is often credited with making the first 
biological observations with the microscope, he did not 
make any further contributions to its development.

Following subsequent technological improvements in the 
instrument and the development of a more liberal atti­
tude toward scientific research, five microscopists emerged 
who were to have a profound affect on biology: Marcello 
Malpighi, Antonie van Leeuwenhoek, Jan Swammerdam, 
Nehemiah Grew, and Robert Hooke.

Malpighi 's animal and plant studies. Marcello Malpighi, 
an Italian biologist and physician, conducted extensive 
studies in animal anatomy and histology (the microscopie 
study of the structure, composition, and function of tis­
sues). He was the first to describe the inner (malpighian) 
layer of the skin, the papillae of the tongue, the outer part 
(cortex) of the cerebral area of the brain, and the red blood 
cells. He wrote a detailed monograph on the silkworm; a 
further major contribution was a description of the devel­
opment of the chick, beginning with the 24-hour stage. 
In addition to these and other animal studies, Malpighi 
made detailed investigations in plant anatomy. He sys­
tematically described the various parts of plants, such as 
bark, stem, roots, and seeds, and discussed such processes 
as germination and gall formation; he may even have sus­
pected that plants were made up of cells, a concept that 
had not yet been introduced. Many of Malpighi’s draw- 
ings of plant anatomy remained unintelligible to botanists 
until the structures were rediscovered in the 19th Century. 
Although Malpighi was not a technical innovator, he does 
exemplify the functioning of the educated 17th-century 
mind, which, together with curiosity and patience, resulted 
in many advances in biology.

The discovery o f “animalcules. ” Antonie van Leeuwen­
hoek, a Dutchman who spent most of his life in Delft, sold 
cloth for a living. As a young man, however, he became 
interested in grinding lenses, which he mounted in gold, 
silver, or copper plates. Indeed, he became so obsessed 
with the idea of making perfect lenses that he neglected his 
business and was ridiculed by his family and neighbours. 
Using single lenses rather than compound ones (a System 
of two or more), Leeuwenhoek achieved magnifications 
from 40 to 270 diameters, a remarkable feat for hand- 
ground lenses. Among his most conspicuous observations 
was the discovery in 1675 of the existence in stagnant wa­
ter and prepared infusions of many protozoans, which he 
called animalcules. He observed the connections between 
the arteries and veins; gave particularly fine accounts of 
the microscopie structure of muscle, the lens of the eye, 
the teeth, and other structures; and recognized bacteria 
of different shapes, postulating that they must be on the 
order of 25 times as small as the red blood cell. Be­
cause this is the approximate size of bacteria, it indicates 
that his observations were correct. Leeuwenhoek’s fame 
was Consolidated when he confirmed the observations of 
a student that male seminal fluid contains spermatozoa. 
Furthermore, he discovered spermatozoa in other animals 
as well as in the female tract following copulation; the 
latter destroyed the idea held by others that the entire fu­
ture development of an animal is centred in the egg, and 
that sperm merely induce a “vapour,” which penetrates 
the womb and effects fertilization. Although this theory of 
preformation, as it is called, continued to survive for some 
time longer, Leeuwenhoek initiated its eventual demise.
Leeuwenhoek’s animalcules raised some disquieting 

thoughts in the minds of his contemporaries. The the­
ory of spontaneous generation, held by the ancient world 
and passed down unquestioned, was now being criticized. 
Christiaan Huygens, a scientific friend of Leeuwenhoek,
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hypothesized that these little animals might be small 
enough to float in the air and, on reaching water, re­
produce themselves. At this time, however, criticism of 
spontaneous generation went no further.

Swammerdam’s innovative techniques. In contrast to 
Leeuwenhoek, who was virtually unschooled, his Con­
temporary fellow countryman Jan Swammerdam was an 
educated and highly systematic worker who confined his 
attention to studying relatively few organisms in great 
detail. He employed highly innovative techniques; for ex­
ample, he injected wax into the circulatory system to hold 
the blood vessels firm, he dissected fragile structures under 
water to avoid destroying them, and he used micropipettes 
to inject and inflate organisms under the microscope. In 
1669 Swammerdam published Algemeene Verhandeling 
van bloedeloose diertjens (The Natural History o f Insects, 
1792), in which he described the structure of a large num­
ber of insects as well as spiders, snails, scorpions, fishes, 
and worms. He regarded all of these animals as insects, 
distinguishing between them according to their mode of 
development. Although this Classification was erroneous, 
Swammerdam did discover a great deal of information 
concerning insect development.

Unfortunately, Swammerdam was subject to fits of men­
tal instability, which, combined with financial difficulties, 
led to periods o f depression. It was while in a state of 
mental disturbance that he produced his classic Ephemeri 
vita (“Life o fth e  Ephemera”) in 1675, a book about the 
life o f the may fly noteworthy for its extremely detailed 
illustrations. Sometime after his death at the age of 43, 
Swammerdam’s works were published collectively as the 
Bijbel der Natuure (1737; “Bible of Nature”), which is 
considered by many authorities to be the finest collection 
of microscopie observations ever produced by one man.

Grew’s anatomical studies o f plants. Nehemiah Grew 
was educated at Cambridge and is regarded by some as one 
of the founders of plant anatomy. In 1672 he published the 
first of his great books. An Idea of a Philosophical History 
of Plants, followed in 1682 by The Anatomy of Plants. Al­
though Grew clearly recognized cells in plants, referring to 
them as vesicles, or bladders, their biological significance 
evaded him. He is best known for his recognition of flow- 
ers as the sexual organs of plants and for his description of 
their parts. He also described the individual pollen grains 
and observed that they are transported by bees, but he 
did not realize the significance of this observation. Twelve 
years after the publication of The Anatomy of Plants, a 
German physician utilized Grew’s anatomical studies in 
experiments to verify sexual reproduction in plants.

The discovery o f cells. Of the five microscopists, Robert 
Hooke was perhaps the most intellectually preeminent. As 
curator of instruments at the Royal Society of London, 
he was in touch with all new scientific developments and 
exhibited interest in such disparate subjects as flying and 
the construction of clocks. In 1665 Hooke published his 
Micrographia, which was primarily a review of a series 
of observations that he had made while following the de­
velopment and improvement of the microscope. Hooke 
described in detail the structure of feathers, the stinger of a 
bee, the radula, or “tongue,” of mollusks, and the foot of 
the fly. It is Hooke who coined the word cell; in a draw­
ing of the microscopie structure of cork, he showed walls 
surrounding empty spaces and refers to these structures 
as cells. He described similar structures in the tissue of 
other trees and plants and discerned that in some tissues 
the cells were filled with a liquid while in others they were 
empty. He therefore supposed that the function of the 
cells was to transport substances through the plant. 

Contribu- Although the work of any of the classical microscopists 
tions of the seems to lack a definite objective, it should be remembered 
classical that these men embodied the concept that observation
micro- and experiment were of prime importance, that mere hy-
scopists pothetical, philosophical speculations were not sufficiënt.

It is remarkable that so few men, working as individuals 
totally isolated from each other, should have recorded so 
many observations of such fundamental importance. The 
great significance of their work was that it revealed, for 
the first time, a world in which living organisms display 
an almost incredible complexity.

Unfortunately, work with the compound microscope lan- 
guished for nearly 200 years, mainly because the early 
lenses tended to break up white light into its constituent 
parts. This technical problem was not solved until the 
invention of achromatic lenses, which were introduced 
about 1830. In 1878 a modern achromatic compound 
microscope was produced from the design of the Ger­
man physicist Emst Abbe. Abbe subsequently designed 
a substage illumination system, which, together with the 
introduction of a new substage condenser, paved the way 
for the biological discoveries of that era.

The development of taxonomie principles. In 1687 in 
England Isaac Newton, mathematician, physicist, and as- 
tronomer, published his great work Principia, in which he 
described the universe as fixed, with the Earth and other 
heavenly bodies moving harmoniously in accordance with 
mathematical laws. This approach of systematizing and 
classifying was to dominate biology in the 17th and 18th 
centuries. One reason was that the 16th-eentury “fathers 
of botany” had been content merely to describe and draw 
plants, assembling an enormous and diverse number that 
continued to increase as explorations of foreign countries 
made it evident that every country had its own native 
plants and animals.

Aristotle began the process of Classification when he used 
mode of reproduction and habitat to distinguish groups of 
animals. Indeed, the words genus and species are trans­
lations of the Greek genos and eidos used by Aristotle.
As mentioned earlier, it was the Swiss botanist Bauhin 
who introduced a binomial system of Classification, using 
a generic name and a specific name. Most Classification 
schemes proposed before the 17th Century were confused 
and unsatisfactory, however.

The use o f structure for classifying organisms. Two sys- 
tematists of the 17th and 18th centuries were John Ray 
and Carolus Linnaeus, also known as Carl von Linné.
Ray, an English naturalist who studied at Cambridge, was 
particularly interested in the work of the ancient compilers 
of herbals, especially those who had attempted to formu­
late some means of Classification. Recognizing the need The need 
for a Classification system that would apply to both plants for a 
and animals, Ray employed in his Classification schemes common 
extremely precise descriptions for genera and species. By classifica- 
basing his System on structures, such as the arrangement tion System 
of toes and teeth in animals, rather than colour or habi­
tat, Ray introduced a new and very important concept to 
taxonomie biology.

Reorganization of groups o f organisms. Prior to Lin­
naeus, a Swedish botanist and taxonomist, most tax- 
onomists started their Classification systems by dividing all 
the known organisms into large groups and then subdi- 
viding these into progressively smaller groups. Unlike his 
predecessors, Linnaeus began with the species, organizing 
them into larger groups or genera, then arranging analo­
gous genera to form families and related families to form 
orders and classes. Probably utilizing the earlier work of 
Grew and others, Linnaeus chose the structure of the re­
productive organs of the flower as a basis for grouping the 
higher plants. Thus he distinguished between plants with 
real flowers and seeds (phanerogams) and those lacking 
real flowers and seeds (cryptogams), subdividing the for­
mer into hermaphroditic (bisexual) and unisexual forms.
For animals, following Ray’s work, Linnaeus relied upon 
teeth and toes as the basic characteristics of mammals; he 
used the shape of the beak as the basis for bird Classifica­
tion. Having demonstrated that a binomial Classification 
system based on concise and accurate descriptions could 
be used for the grouping of organisms, Linnaeus estab­
lished taxonomie biology as a discipline.

Later developments in Classification were initiated by 
three French biologists, the Comte de Buffon, Jean- 
Baptiste Lamarck, and Georges Cuvier, all of whom made 
lasting contributions to biological Science, particularly in 
comparative studies. Subsequent systematists have been 
chiefly interested in the relationships between animals and 
have endeavoured to explain not only their similarities 
but also their differences in broad terms that encompass, 
in addition to structure, composition, function, genetics, 
evolution, and ecology.
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The development of comparative biological studies. Once 
the opprobrium attached to the dissection of human bod­
ies had been dispelled in the 16th Century, anatomists 
directed their efforts toward a better understanding of hu­
man structure. In doing so they generally ignored other 
animals, at least until the latter part of the 17th Century, 
when biologists began to realize that important insights 
could be gained by comparative studies of all animals, 
including man. One of the first of such anatomists was 
Edward Tyson, an English physician who studied the 
anatomy of an immature chimpanzee in detail and com­
pared it with that of man. In making further comparisons 
between the chimpanzee and other primates, Tyson clearly 
recognized points of similarity between these animals and 
man. Not only was this a major contribution to physical 
anthropology but also an indication—nearly two centuries 
before Darwin—of the existence of relationships between 
man and other primates.

Among those who gave comparative studies their greatest 
impetus was Georges Cuvier, a French naturalist who uti­
lized large collections of biological specimens sent to him 
from all over the world to work out a systematic organiza­
tion of the animal kingdom. In addition to establishing a 
connection between systematic and comparative anatomy, 
he believed that there was a “correlation of parts” accord­
ing to which a given type of structure (e.g., feathers) is 
related to a certain anatomical formation (e.g., a wing), 
which in turn is related to other specific formations (e.g., 
the collarbone), and so on. In other words, he feit that 
a great deal of anatomical information could be deduced 
about an organism even if the whole specimen were not 
available. This was to be of great practical importance 
in the study of fossils, in which Cuvier played a leading 
role. Indeed, the 1812 publication of Cuvier’s Recherches 
sur les ossemens fossiles de quadrupèdes (translated as 
Research on Fossil Bones in 1835) laid the foundation 
for the Science of paleontology. But in order to reconcile 
his scientific findings with his personal religiöus beliefs, 
Cuvier postulated a series of catastrophic events that could 
account for both the presence of fossils and the immutabil- 
ity of existing species.

The study of the origin of life. Spontaneous generation. 
If a species can develop only from a preexisting species, 
then how did life originate? Among the many philosoph­
ical and religiöus ideas advanced to answer this question, 
one of the most populär was the theory of spontaneous 
generation, according to which, as already mentioned, liv­
ing organisms could originate from nonliving matter. With 
the increasing tempo of discovery during the 17th and 
18th centuries, however, investigators began to examine 
more critically the Greek belief that flies and other small 
animals arose from the mud at the bottom of streams and 
ponds by spontaneous generation. Then, when Harvey an­
nounced his biological dictum ex ovo omnia (“everything 
comes from the egg”), it appeared that he had solved the 
problem, at least insofar as it pertained to flowering plants 
and the higher animals, all of which develop from an 
egg. But Leeuwenhoek’s subsequent disquieting discovery 
of animalcules demonstrated the existence of a densely 
populated but previously invisible world of organisms that 
had to be explained.

A 17th-century Italian physician and poet, Francesco 
Redi, was one of the first to question the spontaneous 
origin of living things. Having observed the development 
of maggots and flies on decaying meat, Redi in 1668 de- 
vised a number of experiments, all pointing to the same 
conclusion: if flies are excluded from rotten meat, maggots 
do not develop. On meat exposed to air, however, eggs 
laid by flies develop into maggots. But renewed support 
for spontaneous generation came from the publication in 
1745 of a book, An Account of Some New Microscopical 
Discoveries, by John Turberville Needham, an English 
Catholic priest; he found that large numbers of organisms 
subsequently developed in prepared infusions of many 
different substances that had been exposed to intense 
heat in sealed tubes for 30 minutes. Assuming that such 
heat treatment must have killed any previous organisms, 
Needham explained the presence of the new population 
on the grounds of spontaneous generation. The experi­

ments appeared irrefutable until Lazzaro Spallanzani, an 
Italian biologist, repeated them and obtained conflicting 
results. He published his findings around 1775, claiming 
that Needham had not heated his tubes long enough nor 
had he sealed them in a satisfactory manner. Although 
Spallanzani’s results should have been convincing, Need­
ham had the support of the influential French naturalist 
Buffon; hence the matter of spontaneous generation re­
mained unresolved.

The death o f spontaneous generation. After a number 
of further investigations had failed to solve the problem, 
the French Academy o f  Sciences, in January 1860, offered 
a prize for contributions that would “attempt, by means 
of well-devised experiments, to throw new light on the 
question of spontaneous generation.” In response to this 
challenge, Louis Pasteur, who at that time was a chemist, 
subjected flasks containing a sugared yeast solution to a 
variety of conditions. Pasteur was able to demonstrate 
conclusively that any microorganisms that developed in 
suitable media came from microorganisms in the air, not 
from the air itself, as Needham had suggested. Support for 
Pasteur’s findings came in 1876 from an English physicist, 
John Tyndall, who devised an apparatus to demonstrate 
that air had the ability to carry particulate matter. Be­
cause such matter in air reflects light when the air is 
illuminated under special conditions, Tyndall’s apparatus 
could be used to indicate when air was pure. Tyndall 
found that no organisms were produced when pure air 
was introduced into media capable of supporting the 
growth of microorganisms. It was these results, together 
with Pasteur’s findings, that put an end to the doctrine of 
spontaneous generation.

When Pasteur later showed that parent microorganisms 
generate only their own kind, he thereby established the 
study of microbiology. Moreover, he not only succeeded 
in convincing the scientific world that microbes are living 
creatures, which come from preexisting forms, but also 
showed them to be an immense and varied component 
of the organic world, a concept that was to have impor­
tant implications for the Science of ecology. Further, by 
isolating various species o f bacteria and yeasts in different 
Chemical media, Pasteur was able to demonstrate that 
they brought about Chemical change in a characteristic 
and predictable way, thus making a unique contribution 
to the study of fermentation and to biochemistry.

The origin o f primordial life. In the 1920s a Soviet 
biochemist, A.I. Oparin, and other scientists suggested 
that life may have come from nonliving matter under 
conditions that existed on the primitive Earth, when the 
atmosphere consisted of the gases methane, ammonia, 
water vapour, and hydrogen. According to this concept, 
energy supplied by electrical storms and ultraviolet light 
may have broken down the atmospheric gases into their 
constituent elements, and organic molecules may have 
been formed when the elements recombined.

Some of these ideas have been verified by advances in 
geochemistry and molecular genetics; experimental efforts 
have succeeded in producing amino acids and proteinoids 
(primitive protein compounds) from gases that may have 
been present on the Earth at its inception, and amino acids 
have been detected in rocks that are more than 3,000,- 
000,000 years old. With improved techniques it may be 
possible to produce precursors of or actual self-replicating 
living matter from nonliving substances. But whether it 
is possible to create the actual living heterotrophic forms 
from which autotrophs supposedly developed remains to 
be seen.

Although it may never be possible to determine experi­
mentally how life originated or whether it originated only 
once or more than once, it would now seem—on the basis 
of the ubiquitous genetic code found in all living organ­
isms on Earth—that life appeared only once and that all 
the diverse forms of plants and animals evolved from this 
primitive creation.

Biological expeditions. Although a number of 16th- and 
17th-century travellers provided much valuable informa­
tion about the plants and animals in the Orient, America, 
and Africa, most of this information was collected by 
curious individuals rather than trained observers. A devel-
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opment that occurred during the 18th and 19th centuries 
was the organization of scientific expeditions, usually un­
der the auspices of a particular govemment. The most no­
table o f these efforts were the voyages of the “Endeavour,” 
the “Investigator,” the “Beagle,” and the “Challenger,” all 
sponsored by the English govemment.

Captain James Cook sailed the “Endeavour” to the South 
Sea islands, New Zealand, New Guinea, and Australia in 
1768; the voyage provided Joseph Banks, a young nat­
uralist, with the opportunity to make a very extensive 
collection of plants and notes, which helped establish him 
as a leading biologist. Another expedition to the same 
area in the “Investigator” in 1801 included a botanist, 
Robert Brown, whose work on the plants of Australia and 
New Zealand became a classic; especially important were 
his descriptions of how certain plants adapt to different 
environmental conditions. Brown is also credited with dis­
covering the cell nucleus and analyzing sexual processes 
in higher plants.

One of the most famous biological expeditions of all time 
was that o f the “Beagle” in 1831, the members including 
Charles Darwin. Although Darwin’s primary interest at 
the time was geology, his visit to the Galäpagos Islands 
aroused his interest in biology and caused him to speculate 
about their curious insular animal life and the significance 
of isolation in space and time for the formation of species. 
During the “Beagle” voyage, Darwin collected specimens 
of and aceumulated copious notes on the plants and 
animals of South America and Australia, for which he 
received great acclaim on his retum to England.
The voyage of the “Challenger” from 1872 to 1876 was 

organized by the British Admiralty to study oceanography, 
meteorology, and natural history. Under the leadership of 
Charles Wyville Thomson, the chief naturalist, vast col­
lections of plants and animals were made, the importance 
of plankton (minute free-floating aquatic plants and ani­
mals) as a source of food for larger marine organisms was 
recognized, and many new planktonic species were discov­
ered. A particularly significant aspect ofthe “Challenger” 
voyage was the interest it stimulated in the new Science of 
marine biology.

In spite of these expeditions, the contributions made by 
individuals were still very important. Such an individual 
was the English naturalist Alfred Rüssel Wallace, who un- 
dertook explorations of the Malay Peninsula from 1854 
to 1862. In 1876 he published his book The Geograph­
ical Distribution o f Animals, in which he divided the 
landmasses into six zoogeographical regions and described 
their characteristic fauna. Wallace also contributed to the 
theory of evolution, Publishing in 1870 a book expressing 
his views, Contributions to the Theory of Natural Selection.

The development of the cell theory. Although the mi­
croscopists of the 17th Century had made detailed descrip­
tions of plant and animal stmcture and though Hooke had 
coined the term cell for the compartments he had observed 
in cork tissue, their observations lacked an underlying 
theoretical unity. It was not until 1838 that Matthias J. 
Schleiden, a German botanist interested in plant anatomy, 
stated* “the lower plants all consist of one cell, while the 
higher ones are composed of (many) individual cells.” 
When Schleiden’s friend, the German physiologist Theodor 
Schwann, extended the cellular theory to include ani­
mals, he thereby brought about a rapprochement between 
botany and zoology. The formation of the cell theory—all 
plants and animals are made up of cells—marked a great 
conceptual advance in biology, and it resulted in renewed 
attention to the living processes that go on in cells.
In 1846, after several investigators had described the 

Streaming movement of the cytoplasm in plant cells, Hugo 
von Mohl, a German botanist, coined the word proto- 
plasm to designate the living substance of the cell. The 
concept of protoplasm as the physical basis of life led to 
the development of cell physiology.

A further extension of the cell theory was the devel­
opment of cellular pathology by Rudolf Virchow, who 
established the relationship between abnormal events in 
the body and unusual cellular activities. This gave a new 
direction to the study of pathology and resulted in ad­
vances in medicine.

The detailed description of cell division was contributed 
by Eduard Strasburger, a German botanist, who observed 
the mitotic process in plant cells and further demonstrated 
that nuclei arise only from preexisting nuclei. The parallel 
work in mammals was done by the German anatomist 
Walther Flemming, who published his most important 
findings in Zellsubstanz, Kern und Zelltheilung (“Cell 
Substance, Nucleus and Cell Division”) in 1882.

The theory of evolution. As knowledge of plant and an­
imal forms aceumulated during the 16th, 17th, and 18th 
centuries, a few biologists began to speculate about the an- 
cestry of these organisms, though the prevailing view was 
that promulgated by Linnaeus— namely, the immutability 
of the species. Among the early speculations voiced during 
the 18th Century, Erasmus Darwin, an English physician 
and the grandfather of Charles Darwin, concluded that 
species descend from common ancestors and that there is 
a struggle for existence among animals. A French natu­
ralist, Jean-Baptiste Lamarck, who was probably the most 
important of the 18th-century evolutionists, recognized the 
role of isolation in species formation; he also saw the unity 
in nature and conceived the idea o f the evolutionary tree.

A complete theory of evolution was not announced, how­
ever, until the publication in 1859 of Charles Darwin’s 
On the Origin d f  Species by Means o f Natural Selection 
or the Preservation o f Favoured Races in the Struggle for 
Life. In his book Darwin stated that all living creatures 
multiply so rapidly that, if left unchecked, they would 
soon overpopulate the world. According to Darwin, the 
checks on population size are maintained by competition 
for the means of life. Hence, if any member of a species 
differs in some way that makes it better fitted to survive, 
then it will have an advantage that its offspring would be 
likely to perpetuate. Darwin’s work reflects the influence 
of a British economist, Thomas Robert Malthus, who Influ- 
in 1838 published an essay on population in which he ences on 
warned that if man multiplies more rapidly than his food Darwin’s 
supply, competition for existence would result. Darwin work 
was also influenced by a British geologist, Charles Lyell, 
who realized from his studies of geological formations that 
the relative ages of deposits could be estimated by means 
of the proportion of living and extinct mollusks. But it 
was not until after his travels in the “Beagle” in 1831, 
during which he observed a great richness and diversity of 
island fauna, that Darwin began to develop his theory of 
evolution. Alfred Rüssel Wallace had reached conclusions 
similar to those of Darwin following his studies of plants 
and animals in the Malay Peninsula. A short paper deal­
ing with this subject sent by Wallace to Darwin finally 
resulted in the publication of Darwin’s own theories.
Conceptually, the theory was of the utmost significance, 

accounting as it did for the formation of new species.
Following the subsequent discovery of the chromosomal 
basis of inheritance and the laws of heredity, it could 
be seen that natural selection does not involve the sharp 
alternatives of life or death but results from the differen­
tial survival of variants. Today, the universal principle of 
natural selection, which is the central concept of Darwin’s 
theory, is firmly established.

The study of the reproduction and development of 
organisms. Preformation versus epigenesis. A question 
posed by Aristotle was whether the embryo is preformed 
and therefore only enlarges during development or whether 
it differentiates from an amorphous beginning. Two con­
flicting schools of thought had been based on this question: 
the preformation school maintained that the egg contains 
a miniature individual that develops into the adult stage 
in the proper environment; the epigenesis school believed 
that the egg is initially undifferentiated and that develop­
ment Occurs as a series of steps. Prominent supporters of 
the preformation doctrine, which was widely held until 
the 18th Century, included Malpighi, Swammerdam, and 
Leeuwenhoek. In the 19th Century, as criticism of prefor­
mation mounted, Karl Ernst von Baer, an Estonian em­
bryologist, provided the final evidence against the theory.
His discovery of the mammalian egg and his recognition 
of the formation o f the germ layers out of which the 
embryonic organs develop laid the foundations of modern 
embryology.
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The fertilization process. Despite the many early de­
scriptions of spermatozoa, their essential role in fertiliza­
tion was not proven until 1879, when Hermann Fol, a 
Swiss physician and zoologist, observed the penetration of 
a Spermatozoon into an ovumi Prior to this discovery, 
during the period from 1823 to 1830, the existence of 
the sexual process in flowering plants had been demon­
strated by Giovanni Battista Amici, an Italian astronomer 
and botanist, and confirmed by others. The discovery of 
fertilization in plants was of great importance to the de­
velopment of plant hybrids, which are produced by cross- 
pollination between different species; it was also of great 
significance to the studies of genetics and evolution.

The universal occurrence and remarkable similarity of 
the fertilization process, regardless of the organism in 
which it occurs, provoked many of the leading investiga- 
tors of the time to search for the underlying mechanism. 
It was realized that there must be some way by which 
the number of chromosomes is reduced before fertiliza­
tion; otherwise the chromosome number would double 
every time a Spermatozoon fused with an egg. In 1883 
Edouard van Beneden, a Belgian cytologist, showed that 
the eggs and spermatozoa in the worm Ascaris contain 
half the number of chromosomes found in the body cells. 
To account for the halving of the chromosomes in the 
sex cells, a process that is called meiosis, in 1887 August 
Weismann, a German biologist, suggested that there must 
be two different types of cell division, and by 1900 the 
details of meiosis had been elucidated.

The study of heredity. Pre-Mendelian theories o f hered­
ity. The fundamental laws of heredity were discovered in 
1865 by Gregor Mendel, an Austrian monk and biologist, 
but his work was ignored until its rediscovery in 1900. 
There were, however, a number of views on the subject 
that had been expressed long before Mendel. The Greek 
philosophers, for example, believed that the traits of indi­
viduals were acquired from contact with the environment 
and that such acquired characteristics could be inherited 
by offspring. Because Lamarck was the most famous pro­
ponent of the inheritance of acquired characteristics, the 
theory is called Lamarckism. This concept, which em­
phasized the use and disuse of organs as the significant 
factor in determining the characteristics of an individual, 
postulated that any alterations in the individual could 
be transmitted to the offspring through the gametes. Yet 
the inheritance of acquired characteristics has never been 
experimentally verified, despite many attempts. Further­
more, many of Lamarck’s examples, such as the long 
neck of the giraffe, can be more satisfactorily explained by 
means of natural selection.

In 1885 Weismann suggested that hereditary characteris­
tics were transmitted by what he called germ plasm—as 
distinguished from the somatoplasm (body cells)—which 
linked the generations by a continuous stream of dividing 
germ cells. In stating definitely seven years later that the 
material of heredity was in the chromosomes, Weismann 
anticipated the chromosomal basis of inheritance.

Francis Galton, a 19th-century English anthropologist, 
made a number of important contributions to genetics, 
one of which was a study of the hereditary nature of 
ability, from which he developed the concept that judi- 
cious breeding could improve the human race (eugenics). 
Galton’s most significant work was the demonstration 
that each generation of ancestors makes a proportionate 
contribution to the total makeup of the individual. Thus, 
he suggested that i f  a tall man marries a short woman, 
each should contribute half of the total heritage, and the 
resultant offspring should be intermediate between the 
two parents.

Mendelian laws o f heredity. The fame of Gregor 
Mendel, the father of genetics, rests on experiments he did 
with garden peas, which possess sharply contrasting char­
acteristics— e.g., tall versus short; round seed versus wrin- 
kled seed. When Mendel fertilized short plants with pollen 
from tall plants, he found the offspring (first filial gener­
ation) to be uniformly tall. But if he allowed the plants 
of this generation to self-pollinate (fertilize themselves), 
their offspring (the second filial generation) exhibited the 
characters of the grandparents in a rather consistent ratio

of three tall to one short. Furthermore, if allowed to self- 
pollinate, the short plants always bred true— i.e., never 
produced anything but short plants. From these results 
Mendel developed the concept of dominance, based on 
the supposition that each plant carried two trait units, one 
of which dominated the other. Nothing was known at that 
time about chromosomes or meiosis, yet Mendel deduced 
from his results that the trait units, later called genes, 
could be a kind of physical partiele that was transmitted 
from one generation to another through the reproductive 
mechanism.
MendeFs most important concept was the idea that the 

paired genes present in the parent separate or segregate 
during the formation of the gametes. Moreover, in later 
experiments in which he studied the inheritance of two 
pairs of traits, Mendel showed that one pair of genes is in­
dependent of another. Thus, the principles of Segregation 
and of independent assortment were established.

MendeFs findings were ignored for 35 years, probably for 
two reasons. Because the distinguished Swiss botanist Karl 
Wilhelm von Nägeli failed to recognize the significance 
of the work after Mendel had sent him the results, he 
did nothing to encourage Mendel. Nägeli’s great prestige 
and the lack of bis endorsement indirectly weighed against 
widespread recognition of MendeFs work. Moreover, when 
the work was published, little was known about the cell, 
and the processes of mitosis and meiosis were completely 
unknown. MendeFs work was finally rediscovered in 1900, 
when three botanists independently recognized the worth 
of his studies from their own research and cited his publi­
cation in their work.

Elucidation of the hereditary mechanism. By 1901 it 
was understood how the hereditary units postulated by 
Mendel are distributed; it was also known that the so- 
matic (body) cells have a double, or diploid, complement 
of chromosomes, while the reproductive cells have a sin­
gle, or haploid, chromosome number. The experimental 
demonstration of the chromosomal basis for heredity had 
been firmly established by the German biologist Theodor 
Boveri soon after the turn of the Century and subsequently 
confirmed by others. To account for the large number 
of observed hereditary characters, Boveri suggested that 
each chromosome in a pair can exchange the hereditary 
factors it carries with those of the other chromosome. At 
first the U.S. geneticist Thomas Hunt Morgan dismissed 
this concept, but later, when he found that it agreed with 
his own laboratory findings, Morgan and his collaborators 
assigned the hereditary units (genes) specific positions, or 
loci, within the chromosomes. With the genes established 
as the carriers of hereditary traits, William Bateson, an 
English biologist, coined the name genetics for the experi­
mental study of heredity and evolution.

BIOLOGY IN THE 20TH CENTURY
Just as the 19th Century can be considered the age öf 
cellular biology, the 20th Century has been characterized 
by developments in molecular biology.

Important conceptual developments. By utilizing mod­
ern methods of investigation, such as X-ray diffraction 
and electron microscopy, to explore levels of cellular or­
ganization beyond that visible with a light microscope— 
i.e., the ultrastructure of the cell—new concepts of cellu­
lar function have been produced. Not only has the study 
of the molecular organization o f the cell probably had 
the greatest impact upon biology during the 20th Century 
but it also has led directly to the convergence of many 
different scientific disciplines in order to acquire a better 
understanding of life processes.

Another 20th-century development has been the realiza- 
tion that man is as dependent upon the Earth’s natural 
resources as are other animals. The progressive destruc­
tion of the environment can be attributed, in part, to 
an increase in population pressure as well as to certain 
technological advances. Thus, though lifesaving advances 
in medicine have resulted in a dramatic drop in the death 
rate, they have also been a factor contributing to the 
explosive increase in the human population. Moreover, 
Chemical contaminants being introduced into the environ­
ment by manufacturing processes, pesticides, automobile
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emissions, and other means are seriously endangering all 
forms of life. It is for these reasons that biologists are be­
ginning to pay much greater attention to the relationships 
of living things to each other as well as to their biotic and 
abiotic environments,

Intradisciplinary work. There are many important cat­
egories in the biological Sciences. Botany, zoology, and 
microbiology deal with types of organisms and their rela­
tionships with each other. Such disciplines are subdivided 
into more specialized categories; for example, ichthyology 
is the study of fishes, algology the study of algae. All of 
them draw upon paleontology, taxonomy, morphology, 
and evolution.

Disciplines such as embryology and physiology, which 
deal with the development and function of an organism, 
may be divided further according to the kind of organ­
ism studied; for example, invertebrate embryology and 
mammalian physiology. In the past few decades, many 
developments in physiology and embryology have resulted 
from studies in cell biology, biophysics, and biochemistry. 
This has given rise to cell physiology, cytochemistry, and 
ultrastructural studies, which aim at correlating structure 
with function. Ecology, the study of the relations of a 
group of organisms to its environment, includes both the 
physical features of the environment and other organisms 
that may compete for food and shelter. Ecology may 
be subdivided according to the environment—for exam­
ple, freshwater ecology and marine ecology—and draws 
upon animal behaviour. One aspect of cell biology, for­
merly called cytology, is the investigation of the structure, 
composition, and function of cells; biochemistry and bio­
physics provide important information.

Thus, biology encompasses a number of disciplines; in 
fact, it has become common to divide biology into its sev­
eral levels of organization rather than separating the dis­
ciplines. It is useful, for example, to differentiate between 

Importance organismic biology, the study of the whole organism, and 
of tech- cell biology. Similarly the technological advances of the
nological 20th Century have allowed increased understanding of the
advances molecules comprising living things and their aggregation 

and organization into such structures as chromosomes and 
membranes. Knowledge of this aspect, called molecular 
biology, represents the molecular level of organization. 
The fourth level, population biology, involves the complex 
interaction of population of animals and plants with the 
environment.

Relations with other disciplines. In the 17th Century, 
with the invention of the microscope, which made pos­
sible study of the cellular level of organization, biology 
began to receive the benefits of scientific developments in 
physics. In the 18th Century such developments in chem­
istry as a better understanding of the nature of oxygen, 
carbon dioxide, and water began to have important im- 
plications for biology. Today, through the disciplines of 
biochemistry and biophysics, both chemistry and physics 
have continued to make significant contributions to biol­
ogy, particularly in the area of molecular biology.

Biology is also very closely related to the disciplines of 
medicine and agriculture, out of which it developed as 
an independent discipline. In a sense, the roles have been 
reversed in the 20th Century, for it is basic research being 
conducted in biology that is contributing to major ad­
vances currently being made in medicine and agriculture. 
It was biological research in the structure and function of 
viruses, for example, that led directly to the development 
of a vaccine against Poliomyelitis.

Another scientific discipline, that of geology, is closely re­
lated to the biological study of paleontology. The technique 
of radiocarbon dating, which was developed by chemists 
to determine the age of biological remains, has been of 
great use in the fields of archaeology and anthropology 
as well as biology. A new discipline, space biology, has 
arisen through the activities of the scientists and engineers 
concerned with the exploration of space. The conceptual 
framework of biology has had to be altered to accommo- 
date newly discovered facts. In the process biology has 
received contributions from and made contributions to 
many other disciplines, in the humanities as well as in the 
Sciences. (S.H.J./E.R.G.)

Changing social and scientific values. The biologist’s 
role in society as well as his moral and ethical responsibil­
ity in the discovery and development of new ideas has led 
to a reassessment of his social and scientific value systems.
A scientist can no longer ignore the consequences o f his 
discoveries; he is as concerned with the possible misuses 
of his findings as he is with the basic research in which 
he is involved. This emerging social and political role of 
the biologist and all other scientists requires a weighing of 
values that cannot be done with the accuracy or the ob- 
jectivity of a laboratory balance. As a member of society, 
it is necessary for a biologist now to redefine his social 
obligations and his functions, particularly in the realm of 
making judgments about such ethical problems as man’s 
control of his environment or his manipulation of genes 
to direct further evolutionary development.

Coping with problems of the future. As a result of recent 
discoveries concerning hereditary mechanisms, genetic en- Genetic 
gineering, by which human traits are made to order, may engineering 
soon be a reality. As desirable as it may seem to be, such 
an accomplishment would entail many value judgments.
Who would decide, for example, which traits should be 
selected for change? In cases of genetic deficiencies and 
disease, the desirability of the change is obvious, but the 
possibilities for social misuse are so numerous that they 
may far outweigh the benefits.
Probably the greatest biological problem of the future, 

as it is of the present, will be to find ways to curb 
environmental pollution without interfering with man’s 
constant effort to improve the quality of his life. Many 
scientists believe that underlying the spectre of pollution 
is the problem of surplus human population. A rise in 
population necessitates an increase in the operations of 
modern industry, the waste products of which increase the 
pollution of air, water, and soil. With predictions that, at 
the present rate of reproduction, the Earth’s population 
will be approximately 7,000,000,000 by the year 2000, the 
question of how many people the resources of the Earth 
can support is one of critical importance.

Although the Solutions to these and many other Prob­
lems are yet to be found, they do indicate the need for 
biologists to work with social scientists and other mem­
bers of society in order to determine the requirements 
necessary for maintaining a healthy and productive planet.
For although many of man’s present and future problems 
may seem to be essentially social, political, or economic 
in nature, they have biological ramifications that could 
affect the very existence of life itself. (E.R.G.)

The study of biological structure and function
MORPHOLOGY
Morphology is a term used in biology for the study not 
only of shape and structure in plants, animals, and micro­
organisms but also of the size, shape, structure, and rela­
tions of the parts comprising them. The term morphology 
connotes the general aspects of biological form and ar­
rangement of the parts of a plant or an animal. The term 
anatomy also refers to the study of biological structure 
but usually connotes study of the details of either gross or 
microscopie structure. In practice, however, the two terms 
are used almost synonymously.

Typically, morphology is contrasted with physiology, 
which deals with studies of the functions of organisms and 
their parts; function and structure are so closely interre- 
lated, however, that their Separation is somewhat artificial. 
Morphologists were originally concerned with the bones, 
muscles, blood vessels, and nerves comprising the bodies 
of animals and the roots, sterns, leaves, and flower parts 
comprising the bodies of higher plants. The development 
of the light microscope made possible the examination of 
some structural details of individual tissues and single cells; 
the development of the electron microscope and of meth­
ods for preparing ultrathin sections of tissues created an 
entirely new aspect of morphology—that involving the de­
tailed structure of cells. Electron microscopy has gradually 
revealed the amazing complexity of the many structures 
comprising the cells of plants and animals. Other physi­
cal techniques have permitted biologists to investigate the
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morphology of complex molecules such as hemoglobin, 
the gas-carrying protein o f blood, and deoxyribonucleic 
acid (d n a ), of which most genes are composed. Thus, 
morphology encompasses the study of biological structures 
over a tremendous range of sizes, from the maeroscopic 
to the molecular.

A thorough knowledge o f structure (morphology) is of 
fundamental importance to the physician, to the veteri- 
narian, and to the plant pathologist, all of whom are con- 
cemed with the kinds and causes of the structural changes 
that result from specific diseases.

Historical background. Evidence that prehistorie man 
appreciated the form and structure of his Contemporary 
animals has survived in the form of paintings on the walls 
of caves in France, Spain, and elsewhere. During the early 
civilizations of China, Egypt, and the Near East, as man 
learned to domesticate certain animals and to cultivate 
many fruits and grains, he also acquired knowledge about 
the structures of various plants and animals.

Aristotle was interested in biological form and structure, 
and his Histöria animalium contains excellent descrip­
tions, clearly recognizable in extant species, of the animals 
of Greece and Asia Minor. He was also interested in de­
velopmental morphology and studied the development of 
chicks before hatching and the breeding methods of sharks 
and bees. Galen was among the first to dissect animals 
and to make careful records of his observations of internal 
structures. His descriptions of the human body, though 
they remained the unquestioned authority for more than
1,000 years, contained some remarkable errors, for they 
were based on dissections of pigs and monkeys rather 
than of humans.

A lthough it is difficult to  p in poin t the em ergence o f  m od­
ern m orphology as a Science, on e o f  the early landmarks 
was the publication  in 1543 o f  De humani corporis fabrica 
by A ndreas V esalius, w hose careful d issections o f  hum an  
bodies and accurate drawings o f  his observations revealed 
m any o f  the inaccuracies in  G alen ’s earlier descriptions o f  
the hum an body.

In 1661 an Italian physiologist, Marcello Malpighi, the 
founder of microscopie anatomy, demonstrated the pres­
ence of the small blood vessels called capillaries, which 
connect arteries and veins. The existence of capillaries 
had been postulated 30 years earlier by the English physi­
cian William Harvey, whose classic experiments on the 
direction of blood flow in arteries and veins indicated 
that minute connections must exist between them. Be­
tween 1668 and 1680, the Dutch microscopist Antonie 
van Leeuwenhoek used the recently invented microscope 
to describe red blood cells, human sperm cells, bacteria, 
protozoans, and various other structures.

Cellular components—the nucleus and nucleolus of plant 
cells and the chromosomes within the nucleus—and the 
complex sequence of nuclear events (mitosis) that occur 
during cell division were described by various scientists 
throughout the 19th Century. Organographie der Pflanzen 
(1898-1901; Organography of Plants, 1900-05), the great 
work of a German botanist, Karl von Goebel, who was 
associated with morphology in all its aspects, remains a 
classic in the field. The Scot John Hunter and the French- 
man Georges Cuvier were early 19th-century pioneers 
in the study of similar structures in different animals— 
i.e., comparative morphology. Cuvier in particular was 
among the first to study the structures of both fossils 
and living organisms and is credited with founding the 
Science of paleontology. A British biologist, Sir Richard 
Owen, developed two concepts of basic importance in 
comparative morphology— homology, which refers to in- 
trinsic structural similarity, and analogy, which refers to 
superficial functional similarity. Although the concepts 
antedate the Darwinian view of evolution, the anatomical 
data on which they were based became, largely as a result 
of the work of the German comparative anatomist Carl 
Gegenbaur, important evidence in favour of evolutionary 
change, despite Owen’s steady unwillingness to accept the 
view of diversification of life from a common origin.

O ne o f  the m ajor thrusts in Contemporary m orphology  
has been the elucidation  o f  the m olecular basis o f  cellular 
structure. T echniques such as electron m icroscopy have

revealed the complex details o f cell structure, provided a 
basis for relating structural details to the particular func­
tions of the cell, and shown that certain cellular compo­
nents occur in a variety of tissues. Studies of the smallest 
components of cells have clarified the structural basis not 
only for the contraction of muscle cells but also for the 
motility of the tail of the sperm cell and the hairlike pro­
jections (cilia and flagella) found on protozoans and other 
cells. Studies involving the structural details of plant cells, 
although begun somewhat later than those concerned with 
animal cells, have revealed fascinating facts about such 
important structures as the chloroplasts, which contain 
Chlorophyll that functions in photosynthesis. Attention has 
also been focussed on the plant tissues composed of cells 
that retain their power to divide (meristems), particularly 
at the tips of sterns, and their relationship with the new 
parts to which they give rise. The structural details of bac­
teria and blue-green algae, which are similar to each other 
in many respects but markedly different from both higher 
plants and animals, have been studied in an attempt to 
determine their origin.

Morphology continues to be of importance in taxonomy 
because morphological features characteristic of a particu­
lar species are used to identify it. As biologists have begun 
to devote more attention to ecology, the Identification 
of plant and animal species present in an area and per­
haps changing in numbers in response to environmental 
changes has become increasingly significant.

Fundamental concepts. Homology and analogy. Ho­
mologous structures develop from similar embryonic sub­
stances and thus have similar basic structural and develop­
mental patterns, reflecting common genetic endowments 
and evolutionary relationships. In marked contrast, ana­
logous structures are superficially similar and serve similar 
functions but have quite different structural and develop­
mental patterns. The arm of a man, the wing of a bird, 
and the pectoral fins of a whale are homologous struc­
tures in that all have similar patterns of bones, muscles, 
nerves, blood vessels, and similar embryonic origins; each, 
however, has a different function. The wings of birds and 
those of butterflies, in contrast, are analogous structures— 
i.e., both allow flight but have no developmental processes 
in common.

The terms homology and analogy are also applied to the 
molecular structures of cellular constituents. Because the 
hemoglobin molecules from different vertebrate species 
contain remarkably similar sequences of amino acids, 
they may be termed homologous molecules. In contrast, 
hemoglobin and hemocyanin, the latter of which is pre­
sent in crab blood, are termed analogous molecules be­
cause they have a similar function (oxygen transport) but 
differ considerably in molecular structure. Corresponding 
similarities occur in the structures of other proteins from 
different species— e.g., cytochrome c and other enzymes 
(biological catalysts) such as the lactic dehydrogenases in 
birds and mammals.

Body plan and symmetry. The bodies o f most animals 
and plants are organized according to one of three types 
of symmetry: spherical, radial, or bilateral. A spherically 
symmetrical body is similar throughout and can be cut in 
any plane through the centre to yield two equal halves. 
A few of the simplest plants and animals are spherically 
symmetrical—e.g., protozoans such as Radiolaria and He- 
liozoia. Radially symmetrical bodies, such as those of 
starfishes and mushrooms, have a distinguishable top and 
bottom and usually have a cylindrical shape, with the body 
parts radiating from the central axis. A starfish can be cut 
into two equal halves by any plane that includes the line, 
or axis, running through its centre from top to bottom. 
The anterior, or oral, end usually contains the mouth; a 
posterior, or aboral, end may have an anus. In the bilat- 
erally symmetrical body of higher animals including man, 
only a cut from head to foot exactly in the centre divides 
the body into equivalent halves. An anterior, or head, end 
and a posterior, or tail, end can be distinguished; and the 
dorsal, or back, side can be distinguished from the ventral, 
or belly, side. But because some intemal organs of man 
are not symmetrical (e.g., the heart), even the right and 
left halves of the human body are not exactly equivalent.
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A few organisms—amoebas, slime molds, and certain 
sponges—with an irregulär form, or one that changes as 
the organism moves, have no plane of symmetry.

Morphological basis o f Classification. The features that 
distinguish closely related species of plants and animals 
are usually superficial differences such as colour, size, and 
proportion. In contrast, the major divisions, or phyla, of 
the plant and animal kingdoms are distinguished by char­
acteristics that, though usually not unique to a single di­
vision or phylum, occur in unique combinations in each.

One morphological feature useful in classifying animals 
and in determining their evolutionary relationships is the 
presence or absence of cellular differentiation— i.e., ani­
mals may be either single celled or composed of many 
kinds of cells specialized to perform particular functions. 
Some multicellular animals have only two embryonic cell, 
or germ, layers: an ectoderm (outer layer) and an endo­
derm (inner layer), which lines the digestive tract. Other 
animals have these, in addition to a mesoderm, which 
lies between the ectoderm and endoderm. Animals may 
have one of two types of body cavity. The bodies of the 
Coelenterata (invertebrates such as the jellyfish) and other 
primitive many-celled animals consist of a double-walled 
sac surrounding a single cavity with a mouth. Higher an­
imals have two cavities, and their bodies are constructed 
on a so-called tube-within-a-tube plan. An inner tube, or 
digestive tract, is lined with endoderm and opens at each 
end to form the mouth and the anus. An outer tube, or 
body wall, is covered with ectoderm. Between the two 
tubes a second cavity, or coelom, lies within the mesoderm 
and is lined by it. Another major distinguishing morpho­
logical feature of animal phyla is the presence or absence 

Segmen- of Segmentation. The members of several phyla have bod- 
tation and ies characterized by the presence of a row of segments, or 
cephaliza- body units, ofthe same fundamental structure. Segmented 
tion animals include the vertebrates, the annelids (invertebrates

such as the earthworm), and the arthropods (invertebrates 
such as insects); in some segmented animals such as man 
and most vertebrates, however, the segmental character of 
the body is obscured. An evolutionary tendency in many 
animal phyla has been the progressive differentiation of 
the anterior end to form a head with conspicuous sense 
organs and an accumulation of nervous tissues, a brain; 
the tendency is termed cephalization. Some morphologi­
cal structures are found only in one phylum; for example, 
only the Coelenterata have stinging cells (nematocysts); 
the Echinodermata (invertebrates such as starfishes) have 
a peculiar water vascular system, and only the Chordates 
(e.g., reptiles, birds) have a dorsally located, hollow nerve 
cord.

Like animals, plants may be either single celled or com­
posed o f many kinds of specialized cells. The bodies of 
most ofthe lower plants, such as algae and fungi, are com- 
prised of the least differentiated and least specialized type 
of plant cells, parenehyma cells. The embryonic tissues of 
higher plants, unlike those of animals, remain extremely 
active throughout the life of the plant. In addition, the 
different types of cells characteristic of the body of higher 
plants arise from meristems, specific regions in the plant 
body where cells divide and enlarge. In all but the sim­
plest forms, the plant body is composed of various types 
of cells associated in more or less definite ways to form 
Systems of units called tissue Systems—e.g., the vascular 
system consisting of conductive tissues. The arrangement 
of the components of the vascular system is a distinguish­
ing morphological feature of various plant groups. The 
character and relative extent of the two phases in the 
life history o f a plant—the sexual phase, or gametophyte, 
and the sporophyte—vary considerably among the plant 
groups and are useful in distinguishing them.

Areas of study. Anatomy. The best known aspect of 
morphology, usually called anatomy, is the study of gross 
structure, or form, of organs and organisms. It should not 
be inferred however, that even the human body, which 
has been extensively studied, has been so completely ex- 
plored that nothing remains to be discovered. It was found 
only in 1965, for example, that the nerve to the pineal 
gland, which lies on the upper surface of the brain of 
mammals, is a branch from the sympathetic nerves; the

sympathetic nerves receive nerve impulses from a small 
branch of the nerves that transmit impulses from the eye 
to the brain (optie nerves). Thus the pineal gland responds 
by a very indirect route to quantitative changes in the 
environmental lighting and secretes appropriate amounts 
of the substance it forms, the hormone melatonin.

Detailed comparisons of the morphological features of 
different animals, termed comparative anatomy, provide 
strong arguments for the evolutionary relationships among 
different species. In the course of evolution, animals and 
plants tend to undergo adaptive morphological changes 
that enable them to survive under certain environmental 
conditions. As a result, animals only remotely related evo­
lutionarily may come to resemble each other superficially 
because of common adaptations to similar environments, 
a phenomenon known as convergent evolution. Structural 
similarities— streamlined shape, dorsal fins, tail fins, and 
flipper-like forelimbs and hindlimbs, for example—have 
evolved in such varied animal groups as the dolphins 
and porpoises, both o f  which are mammals; the extinct 
ichthyosaurs, which were reptiles; and both the bony and 
cartilaginous fishes. In a like manner, the mole, an in- 
sectivore, and the gopher, a rodent, have both evolved 
shovellike forelimbs, an adaptation for digging.

An opposite phenomenon, divergent evolution, occurs 
when animals originally closely related adapt to different 
environments and come to be superficially quite different. 
Although sea lions and seals, for example, are camivores 
and thus closely related to bears, cats, and dogs, their adap­
tations to an aquatic existence have resulted in morpho­
logical characteristics distinct from those of the terrestrial 
carnivores. In the course of mammalian evolution, many 
features have changed to permit specific animal groups to 
adapt to particular environments—e.g., the number and 
shape of the teeth, the length and number of bones in the 
limbs, the number and attachment sites of muscles, the 
thickness and colour of the hair or für, and the length and 
shape of the tail.

Careful study of adaptive morphological aspects has 
permitted inferences about the course of the evolution­
ary history of various animals and of their successive 
adaptations to changing environments. The present-day 
Australian tree-climbing kangaroos, for example, are the 
descendents of a ground-dwelling marsupial, from whom 
evolved forms that began to live in trees and eventually 
developed limbs adapted to tree climbing. But the events 
may have occurred in the reverse sequence; that is, special­
ized limbs may have evolved before the animal adopted 
an arboreal mode of life. In any event, some of the tree- 
dwelling kangaroos subsequently left the trees, became 
readapted to life on the ground (i.e., their hindlegs became 
adapted for leaping), and then went back to the trees but 
with legs so highly specialized for leaping as to be useless 
in grasping a tree trunk; consequently, present-day tree 
kangaroos climb by bracing their feet against a tree trunk, 
as do bears. Careful comparisons of the feet of the many 
kinds of living Australian marsupials reveal the stages in 
this complicated process of adaptation and re-adaptation.

Changes in genes (mutations) constantly occur and may 
cause a decrease in size and function of an organ; on the 
other hand, a change in the environment or in the mode 
of life of a species may make an organ unnecessary for 
survival. As a result, many plants and animals contain 
organs or parts of organs that are useless, degenerate, un- 
dersized, or lacking some essential part when compared to 
homologous structures in related organisms. The human 
body, for instance, has more than 100 such organs—e.g., 
the appendix, the fused tail vertebrae (coccyx), the wis­
dom teeth, the muscles that wiggle the ears, and the hair 
on the body.
The parts o f a seed plant include roots, sterns, leaves, 

and reproductive organs in the flowers. The evolution of 
specialized conducting tissues called xylem and phloem 
has enabled seed plants to survive on land and to attain 
large sizes. Roots anchor the plant; enable it to maintain 
an upright position; and absorb water, minerals, and other 
nutrients from the soil. The roots of plants such as carrots, 
beets, and yams serve as sites for food storage. The stem 
links the roots with the leaves, where photosynthesis oc-
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curs, and its xylem and phloem are continuous with those 
of root and leaf. The stem supports leaves, flowers, and 
fruits. Each year, the sterns of woody plants add a layer 
of xylem and phloem, the annual ring, the width of which 
varies with climatic conditions. A leaf consists of a petiole 
(stalk), by which it is attached to the stem, and a blade, 
typically broad and flat, that contains bundles, or veins, of 
xylem and phloem on the undersurface. The flower con­
tains pollen-producing anthers and egg-producing ovules. 
After fertilization the base of the flower, or ovary, enlarges 
and forms the fruit, which is a mature ovary containing 
seeds, or mature ovules. The bodies of ferns and mosses 
also are composed of roots, sterns, and leaves, but those 
of lower plants such as mushrooms and kelps are much 
more simple and lack true roots, sterns, and leaves.

Histology. A major trend in the evolution of both plants 
and animals has resulted in the specialization of cells and 
a division of labour among them. The cells comprising a 
tree or a man are quite different; each is specialized to 
carry out certain functions. Although specialization may 
permit a cell to function efficiently, it also increases the 
interdependence of body parts; an injury to or the de­
struction of one part, therefore, may result in death of 
the whole organism. The study of the structure and ar­
rangement of tissues, defined as groups or layers of cells 
that together perform certain special functions, is termed 
histology. Each kind of tissue is composed of cells with 
characteristic features such as size, shape, and relationship 
to adjacent cells and may also contain noncellular mate­
rial—connective tissue fibres or a bony material.

Morphologists usually separate animal tissues into six 
Types of groups; epithelial, connective, muscular, blood, nervous, 
tissues and and reproductive tissues. The cells composing epithelial 
their roles tissues form a continuous layer or sheet that either covers 

the surface of the body or lines some cavity within the 
body, thus protecting the underlying cells from mechani­
cal and Chemical injury or from invasion by microorgan­
isms. Epithelial tissues absorb nutrients and water, secrete 
a wide variety of substances, and may play a role in 
the reception of sensory stimuli. The connective tissues— 
bone, cartilage, ligaments, and fibrous connective tissue— 
support and hold together the other cells of the body. The 
cells of the connective tissues secrete large quantities of 
nonliving material (matrix), the characteristics of which 
largely determine the nature and the function of the spe­
cific types of connective tissue; the matrix secreted by fi­
brous connective tissue cells, for example, is a thick matted 
network of microscopie fibres surrounding the connective 
tissue cells. Connective tissue holds skin to muscle, keeps 
glands in position, makes up the tough outer walls of 
the blood vessels, and forms a sheath around nerve fibres 
and muscle cells. Tendons are flexible, cable-like cords of 
specialized fibrous connective tissue that join muscles to 
each other or muscle to bone. Ligaments are somewhat 
elastic cords of specialized fibrous connective tissue that 
join one bone to another.

Muscular tissues are composed o f elongated, cylindrical, 
or spindle-shaped cells, each of which contains many small 
fibres called myofibrils. Muscle cells perform mechanical 
work by contracting—that is, by becoming shorter and 
thicker. The three types of vertebrate muscles include the 
cardiac muscle, which is found only in the walls of the 
heart; smooth muscles, which are found in the walls of the 
digestive tract and in other internal organs; and skeletal 
muscles, which make up the bulk of the muscle masses 
attached to the bones of the body. Skeletal and cardiac 
muscles have alternating light and dark stripes the relative 
sizes of which change during the contraction process. Ev­
idence from electron microscopy indicates that two types 
of filaments occur in muscle; during contraction, one type 
of filament slides past the other.

Nerve tissue is made of cells, called neurons, which are 
specialized to conduct nerve impulses. Two or more thin 
hairlike fibres, called axons and dendrites, extend from 
the enlarged cell body containing the nucleus. The neu­
rons extending from the spinal cord to the end of an 
appendage (e.g., arm, leg) may extend to a metre (about 
three feet) or more in man and to several metres in an 
elephant or a whale.

Egg cells in the female and sperm cells in the male are re­
productive tissues adapted for the production of offspring.
The egg cell is modified by the accumulation of consider­
able amounts of yolk and other food reserves. The highly 
specialized Spermatozoon contains a tail, the beating of 
which propels it to the egg.

Blood is composed of red cells, which are specialized 
for the transport of oxygen and carbon dioxide, and 
white cells, which engulf bacteria and produce antibodies 
(proteins formed in response to foreign substances called 
antigens). Blood also contains platelets, small fragments 
of cells from the bone marrow that play a key role in 
initiating the clotting of blood.

The cells of higher plants may be differentiated into 
meristematic, protective, fundamental, and conductive tis- Types 
sues. Meristematic tissues, which are composed of small, of plant 
thin-walled cells with few or no vacuoles (cavities), differ- tissues 
entiate into the other types of plant tissue and are found in 
the rapidly growing parts of the plant— e.g., at the tips of 
roots and sterns. Protective tissues are composed of thick- 
walled cells that protect the underlying thin-walled cells 
from mechanical abrasion and dehydration; examples of 
protective tissues include the epidermis of leaves and the 
cork layers of sterns and roots. The fundamental tissues 
comprising the body of a plant include the soft parts of the 
leaf, the components of the pith and the cortex of sterns, 
the roots, and the soft parts of flowers and fruits. These 
tissues function in the production and storage of food.
Two types of conductive tissues occur in higher plants: 
xylem conducts water and dissolved salts, and phloem 
conducts dissolved organic materials such as sugars. Both 
types are composed of elongated cells that fuse end to end 
with other cells to form the sieve tubes through which 
substances are transported in phloem and xylem vessels.

Cytology. The living material of most organisms is or­
ganized into discrete units termed cells; the study of their 
features is known as cytology. The cellular contents, when 
viewed through a microscope at low magnification, usually 
appear to consist of granules or fibrils of dense material, 
droplets of fatty substances, and fluid-filled vacuoles sus­
pended in a clear, continuous, semifluid substance called 
cytoplasm. The remarkable structural complexity of the 
cell is more fully revealed at the higher magnifications 
attainable with the electron microscope; structural details 
of various cellular components, or organeiles, as revealed 
by the technique known as X-ray diffraction analysis, 
have provided information concerning the relationships 
between the structures of the cellular components and of 
the molecules comprising them. Although most cells have 
certain features in common, the kinds and amounts of 
components vary considerably. Cellular components in­
clude structures such as mitochondria, chloroplasts, endo- 
plasmic reticulum, Golgi complex, lysosomes, oil droplets, 
granules, and fibrils. The membrane around the cell is 
a three-layered structure called a unit membrane; simi­
lar membranes surround many cellular components—e.g., 
the mitochondria.

A small spherical or oval organeile, the nucleus, is typ­
ically found near the centre of a cell. The genes within 
the nucleus control the development of the various traits 
of the cell by Controlling the synthesis of specific pro­
teins. The nuclear components are separated from those 
of the cytoplasm by the nuclear membrane. The structure 
of the nucleolus, a spherical body within the nucleus, is 
extremely variable in most cells. Although more than one 
nucleolus may occur in a nucleus, each cell of an animal or 
plant species has a fixed number of nucleoli. The nucleoli 
apparently play a role in the synthesis of the ribonucleic 
acid (rna) constituent of the cellular components called 
ribosomes, which function in protein synthesis. Adjacent 
to the nucleus in the cells of animals and certain lower 
plants are two small, Cylindrical bodies, the centrioles, 
which, during cell division, separate, migrate to opposite 
sides of the cell, and organize a structure called a spindle 
between them.

Within the cytoplasm of both plant and animal cells are 
components called mitochondria, which may be shaped 
like spheres, rods, or threads. Each mitochondrion is 
bounded by a double membrane, the outer layer of which
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forms the smooth outer boundary of the mitochondrion; 
the inner layer, folded repeatedly into shelflike folds called 
cristae, contains enzymes that play an essential role in the 
conversion of the energy of foodstuffs into the energy used 
for cellular activities. The cells of most plants contain plas- 
tids, small bodies involved in the synthesis and storage of 
foodstuffs. The most important plastids, the chloroplasts, 
function in trapping the energy of sunlight during photo­
synthesis. They are disk-shaped structures with a platelike 
arrangement of tightly stacked membranes.

The cytoplasmic components important in protein syn­
thesis, the ribosomes, are composed of nucleic acid and 
protein. Clusters of five or more ribosomes, termed 
polysomes, appear to be the functional unit in protein 
synthesis.

Lysosomes are membrane-bound structures containing a 
variety of enzymes that can break down the large molec­
ular constituents of the cell. The membrane surrounding 
lysosomes presumably prevents the enzymes from digest- 
ing the cell contents before the cell dies.

Embryology. The structures and the relationships 
among the various parts of a mature plant or animal are 
usually better understood if the successive developmental 
stages are studied. Thus, morphologists have traditionally 
been interested in the study of embryos and their devel­
opmental patterns— i.e., the Science of embryology.

Development typically begins in animals with the cleav- 
age, or division, of the fertilized egg (zygote) to form a 
hollow ball of cells called the blastula; the blastula then 
develops into a hollow cuplike body of two layers of cells, 
the gastrula, from which the embryo ultimately is formed. 
At one time, the techniques available to embryologists 
enabled them to study only whole embryos at different 
developmental stages. The Science of experimental embry­
ology began during the first half of the 20th Century, when 
microsurgical techniques became available either for the 
removal and study of certain structures from tiny embryos 
or for their transplantation to other regions of the embryo. 
Advances in understanding the mechanism by which bi­
ological information is transferred in dna and the means 
by which this information results in the production of spe­
cific proteins have led to efforts to describe development 
in biochemical terms. Although hypotheses regarding the 
reasons for the appearance of a specific enzyme or some 
other protein at a specific time during development have 
been formulated and tested, the biochemical basis of mor- 
phogenesis itself—that is, the reason for the development 
of particular structures— has not yet been established.
The development of the seed plant is basically different 

from that of an animal. The egg cell of a seed plant is 
retained within the enlarged lower part, or ovary, of the 
seed-bearing organ (pistil) of a flower; two sperm nuclei 
pass through a structure called a pollen tube to reach the 
egg. One sperm nucleus unites with the egg nucleus to 
form the zygote from which the new plant will develop; 
the second sperm nucleus unites with two nuclei, called 
polar nuclei, to form a body called a triploid endosperm, 
the cells of which divide to form a nutritive mass within 
the seed. The zygote undergoes several cell divisions to 
form the embryo, which is surrounded by the endosperm. 
The embryo develops one or two seed leaves, or cotyle- 
dons, which may become thick and fleshy with stored 
foodstuffs. The epicotyl, which consists of a growing point 
enclosed by a pair of folded miniature leaves, develops 
above the point of attachment of the seed leaves. Below 
the seed leaves extends the hypocotyl, the tip, or radicle, 
of which forms the primary root of the embryonic plant. 
The factors involved in initiating and Controlling mor- 
phogenesis in plants have been studied by growing cells, 
tissues, and organs derived from plants. Indeed, an entire 
carrot plant has been grown from one cell of a mature 
carrot; this provides striking evidence that the cell from 
the adult plant contains all of the genetic information 
needed to produce an entire plant, including roots, sterns, 
and leaves. The technique of growing plants from isolated 
plant parts has been useful in studies involving the char­
acteristics of embryonic growth, the correlated growth of 
plant parts, and the nature of differentiation and regener- 
ation (the replacement of lost parts).

Methods in morphology. Chemical techniques. The 
methods of investigating gross structure depend on careful 
dissection, or cutting apart, of an organism and on accu­
rate descriptions of the parts. The study of the structure 
of tissues and cells has been extended by the techniques 
of autoradiography and histochemistry. In the former, a 
tissue is supplied with a radioactive substance and allowed 
to utilize it for an appropriate period of time, after which 
the tissue is prepared and placed in contact with a spe­
cial photographic emulsion. Silver grains in the emulsion 
in contact with radioactive substances darken; thus, the 
location of the dark spots indicates the position at which 
the radioactive substance was concentrated in the tissue. 
Histochemistry involves the differential staining of cells 
(i.e., using dyes that stain specific structural and molecular 
components) to reflect the Chemical differences of the con­
stituents. By choosing appropriate dyes, the histochemist 
is able, for example, to determine the acidity or alkalinity 
of the Chemical compounds comprising cell components. 
In addition, dyes that stain specific molecular constituents 
such as glycogen, dna, rna, and protein also are used. 
The histochemist is able to locate a specific enzyme in 
a thin slice of tissue, to provide the specific substance 
with which the enzyme reacts to form a product, and to 
add a compound that reacts with the product to form 
an insoluble coloured compound the location of which 
is relatively easy to determine. In this way, information 
has been obtained about the specific location of enzymes 
within the cell.

Microscopie techniques. Histologists and cytologists uti­
lize microscopie techniques—light microscopy, phase con­
trast microscopy, interference microscopy, polarization 
microscopy, fluorescent microscopy, and electron mi­
croscopy—to investigate certain aspects of cell structure. 
Phase contrast microscopy is widely used to study the 
structure of living cells because, with such apparatus, inter­
nal structures can be observed without killing and staining 
the cell. In addition, motion pictures of dividing cells or 
moving cells can be made using phase contrast microscopy.

The interference microscope involves passing two sepa­
rate beams o f light through the specimen. With the appro­
priate instrument, the mass of material per unit area of 
the specimen can be determined, and contour mapping of 
small objects is possible.

Crystalline or fibrous elements, both of which are char­
acterized by an orderly or layered molecular structure, 
are studied with a polarizing microscope; the polarizing 
microscope has been particularly useful in studying the 
detailed structure of bone.

In fluorescence microscopy, the images seen are molecules 
of fluorescent dyes added to cells that attach to specific 
cellular components. Appropriate filters are required to 
insure that only the light of longer wavelength contributes 
to the image. Fluorescent antibodies have been used to 
locate specific kinds of proteins and other materials in 
certain cells of a tissue or in certain regions of a cell. 
The antibodies are prepared by injecting into a rabbit an 
antigen (e.g., the protein myosin), which stimulates white 
blood cells called lymphocytes to synthesize antibodies 
that react specifically with the antigen. After the antibodies 
are isolated and purified, the fluorescent dye, fluorescein, 
becomes attached to them by a Chemical reaction. If the 
fluorescent antibodies are spread over a tissue, they attach 
specifically to the molecules that stimulated their forma­
tion (myosin). The fluorescence microscope reveals the 
sites containing the antigen-antibody complex as bright 
luminescent areas in a dark background.

In the scanning electron microscope, a moving spot of 
electrons (negatively charged particles) is used to scan an 
object and to produce an image similar to that which ap­
pears on a television screen. In this manner, photographs 
with a three-dimensional appearance can be produced. 
With the transmission electron microscope, a beam of 
electrons passes through an object, such as a cell, and is 
focussed on the other side onto a fluorescent screen or a 
photographic plate. The beam of electrons in the scanning 
electron microscope is focussed and then scanned across 
the specimen. The electrons that leave the specimen, 
which are not necessarily the same electrons that strike it,
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are then used to control the beam of a cathode-ray picture 
tube. Scanning electron microscopes allow photographs to 
be taken not only of large molecules such as dna but of 
very small objects—individual atoms of elements such as 
uranium or thorium.

(C.A.V.)

PHYSIOLOGY
The word physiology was first used by the Greeks around 
600 bc to describe a philosophical inquiry into the nature 
of things. The use of the term with specific reference to 
vital activities of healthy humans, which began in the 
16th Century, also is applicable to many current aspects of 
physiology. In the 19th Century, curiosity, medical neces­
sity, and economie interest stimulated research concerning 
the physiology of all living organisms. Discoveries o f unity 
of structure and functions common to all living things 
resulted in the development of the concept of general 
physiology, in which general principles and concepts appli­
cable to all living things are sought. Since the mid-19th 
Century, therefore, the word physiology has implied the 
utilization of experimental methods, as well as techniques 
and concepts of the physical Sciences, to investigate causes 
and mechanisms o f the activities o f all living things.

Historical background. The philosophical natural his­
tory that comprised the physiology of the Greeks has 
little in common with modem physiology. Many ideas 
important in the development of physiology, however, 
were formulated in the books of the Hippocratic school of 
medicine (before 350 bc), especially the humoral theory of 
disease in the treatise De natura hominis (“On the Nature 
of Man”). Other contributions were made by Aristotle 
(Lykaion, about 325 bc) and Galen of Pergamum (c. ad 
130-c. 200). Significant in the history of physiology was 
the teleology of Aristotle, who assumed that every part 
of the body is formed for a purpose and that function, 
therefore, can be deduced from structure. The work of 
Aristotle was the basis for Galen’s De usu partium  (“On 
the Use of Parts”) and a source for many early misconcep- 
tions in physiology. The tidal concept of blood flow, the 
humoral theory of disease, and Aristotle’s teleology, for 
example, led Galen into a basic misunderstanding of the 
movements of blood that was not corrected until William 
Harvey’s work on blood circulation in the 17th Century.

The publication in 1628 of Harvey’s Exercitatio Anato- 
mica de Motu Cordis et Sanguinis in Animalibus (An 
Anatomical Dissertation Upon the Movement of the Heart 
and Blood in Animals) usually is identified as the be­
ginning of modem experimental physiology. Harvey’s 
study was based only on anatomical experiments; de­
spite increased knowledge in physics and chemistry dur­
ing the 17th Century, physiology remained closely tied to 
anatomy and medicine. In 1747 in Berne, Switzerland, 
Albrecht von Haller, eminent as anatomist, physiologist, 
and botanist, published the first manual for physiology. 
Between 1757 and 1766 he published eight volumes en- 
titled Elementa Physiologiae Corporis Humani (Elements 
o f Human Physiology); all were in Latin and characterized 
his definition of physiology as anatomy in motion. At the 
end of the 18th Century, Antoine Lavoisier wrote about 
the physiological problems of respiration and the produc­
tion of heat by animals in a series of memoirs that still 
serve as a foundation for understanding these subjects.

Physiology as a distinct discipline utilizing Chemical, 
physical, and anatomical methods began to develop in the 
19th Century. Claude Bernard in France; Johannes Müller, 
Justus von Liebig, and Carl Ludwig in Germany; and Sir 
Michael Foster in England may be numbered among the 
founders of physiology as it now is known. At the begin­
ning of the 19th Century, German physiology was under 
the influence of the romantic school of Naturphilosophie. 
In France, on the other hand, romantic elements were 
opposed by rational and skeptical viewpoints. Bernard’s 
teacher, Francois Magendie, the pioneer of experimental 
physiology, was one of the first men to perform ex­
periments on living animals. Both Müller and Bernard, 
however, recognized that the results of observations and 
experiments must be incorporated into a body of scientific 
knowledge, and that the theories of natural philosophers

must be tested by experimentation. Many important ideas 
in physiology were investigated experimentally by Bernard, 
who also wrote books on the subject. He recognized cells 
as functional units of life and developed the concept of 
blood and body fluids as the internal environment (milieu 
intérieur) in which cells carry out their activities. This 
concept of physiological regulation of the internal environ­
ment occupies an important position in physiology and 
medicine; Bernard’s work had a profound influence on 
succeeding generations of physiologists in France, Russia, 
Italy, England, and the United States.
Müller’s interests were anatomical and zoological, whereas 

Bemard’s were Chemical and medical, but both men 
sought a broad biological viewpoint in physiology rather 
than one limited to human functions. Although Müller 
did not perform many experiments, his textbook Hand­
buch der Physiologie des Menschen für Vorlesungen and 
his personal influence determined the course of animal 
biology in Germany during the 19th Century.

It has been said that, if Müller provided the enthusiasm 
and Bernard the ideas for modern physiology, Carl Ludwig 
provided the methods. During his medical studies at the 
University of Marburg in Germany, Ludwig applied new 
ideas and methods of the physical Sciences to physiology. 
In 1847 he in vented the kymograph, a cylindrical drum 
that still is used to record muscular motion, changes in 
blood pressure, and other physiological phenomena. He 
also made significant contributions to the physiology of 
circulation and urine secretion. His textbook of physiol- 
ogy, published in two volumes in 1852 and 1856, was 
the first to stress physical instead of anatomical orienta­
tion in physiology. In 1869 at Leipzig, Ludwig founded 
the Physiological Institute (neue physiologische Anstalt), 
which served as a model for research institutes in med­
ical schools all over the world. The Chemical approach 
to physiological problems, developed first in France by 
Lavoisier, was expanded in Germany by Justus von Liebig, 
whose books on Organic Chemistry and its Applications 
to Agriculture and Physiology (1840) and Animal Chem­
istry (1842) created new areas of study both in medical 
physiology and agriculture. German schools devoted to 
the study of physiological chemistry evolved from Liebig’s 
laboratory at Giessen.
The British tradition of physiology is distinct from that 

of the Continental schools. In 1869 Sir Michael Foster 
became Professor of Practical Physiology at University 
College in London, where he taught the first laboratory 
course ever offered as a regulär part of instruction in 
medicine. The pattern Foster established still is followed 
in medical schools in Great Britain and the United States. 
In 1870 Foster transferred his activities to Trinity College 
at Cambridge, England, and a postgraduate medical school 
emerged from his physiology laboratory there. Although 
Foster did not distinguish himself in research, his labora­
tory produced many of the leading physiologists of the late 
19th Century in Great Britain and the United States. In 
1877 Foster wrote a major book (Textbook of Physiology), 
which passed through seven editions and was translated 
into German, Italian, and Russian. He also published 
Lectures on the History of Physiology (1901). In 1876, 
partly in response to increased Opposition in England to 
experimentation with animals, Foster was instrumental in 
founding the Physiological Society, the first organization 
of professional physiologists. In 1878, again due largely to 
Foster’s activities, the Journal o f Physiology, which was 
the first journal devoted exclusively to the publication of 
research results in physiology, was initiated.
Foster’s teaching methods in physiology and a new evo­

lutionary approach to zoology were transferred to the 
United States, in 1876 by Henry Newell Martin, a profes­
sor of biology at Johns Hopkins University in Baltimore, 
Md. The American tradition drew also on the Continen­
tal schools. S. Weir Mitchell, who studied under Claude 
Bernard, and Henry P. Bowditch, who worked with Carl 
Ludwig, joined Martin to organize the American Physio­
logical Society in 1887, and in 1898 the society sponsored 
publication of the American Journal o f Physiology. In 1868 
Eduard Pflüger, professor at the Institute of Physiology at 
Bonn, founded the Archiv für die gesammte Physiologie,
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which became the most important joumal of physiology 
in Germany.

Physiological chemistry followed a course partly indepen­
dent Of physiology. Müller and Liebig provided a stronger 
relationship between physical and Chemical approaches to 
physiology in Germany than prevailed elsewhere. Felix 
Hoppe-Seyler, who founded his Zeitschrift für physiolo­
gische Chemie in 1877, gave identity to the Chemical 
approach to physiology. The American tradition in phys­
iological chemistry initially followed that in Germany; in 
England, however, it developed from a Cambridge labo­
ratory founded in 1898 to complement the physical ap­
proach started earlier by Foster.

Physiology in the 20th Century is a mature Science; dur­
ing a Century of growth, physiology became the parent 
of a number of related disciplines, of which biochemistry, 
biophysics, general physiology, and molecular biology are 
the most vigorous examples. Physiology, however, retains 
an important position among the functional Sciences that 
are closely related to the field of medicine. Although many 
research areas, especially in mammalian physiology, have 
been fully exploited from a classical-organ and organ- 
system point of view, comparative studies in physiology 
may be expected to continue. The solution of the major 
unsolved problems of physiology will require technical and 
expensive research by teams of specialized investigators. 
Unsolved problems include the unravelling of the ultimate 
bases of the phenomena of life. Research in physiology 
also is aimed at the integration of the varied activities of 
cells, tissues, and organs at the level of the intact organism. 
Both analytical and integrative approaches uncover new 
Problems that also must be solved. In many instances, 
the solution is of practical value in medicine or helps 
to improve the understanding of both human beings and 
other animals.

Intradisciplinary work. The anatomical and medical 
origins of physiology still are reflected in university courses 
and textbooks that concentrate on functional organ sys- 

Functional terns of animals; e.g., frog, dog, cat, and rat. The trend in 
and com- physiology, however, is to emphasize function rather than 
parative structure; i.e., comprehensive functional specializations 
emphasis such as nutrition, transport, metabolism, and information 

have replaced earlier structural studies of organ systems. 
This trend can be explained in part by the fact that the 
analysis of an organ system typically involves studies at 
the levels of cells and molecules, and functional emphasis 
accommodates such studies better than the organ-system 
approach.

Early in the 20th Century, the emphasis on cells as 
units of function resulted in a view that all physiology is 
essentially cell physiology and that all teaching therefore 
should pivot around the properties of cells. In later years 
successful analyses of cellular mechanisms involving syn­
thesis, control, and inheritance led to similar emphasis at 
a new and more fundamental level, the molecules that 
comprise cells. The study of physiology now encompasses 
molecules, cells, organs, and many types of animals, in­
cluding man. The comparisons resulting from such studies 
not only strengthen human physiology but also generate 
new problems that extend into evolution and ecology. 
Much of the impetus for comparative physiology has re­
sulted from the economic or medical importance to man 
of parasites, insects, and fishes.

Most of the physiology of microorganisms and plants de­
veloped independently of animal physiology. The concept 
of comparative biochemistry provided the foundations for 
a physiology of microorganisms that extended beyond 
the parasitic forms that are of medical importance and 
resulted in recognition of the fundamental roles of mi­
croorganisms in the biosphere. Botanists and agriculturists 
explore the physiology of higher plants, but fundamental 
differences in the modes of life of animals and plants leave 
little common ground above the molecular and cellular 
levels. In a little-known textbook, Claude Bernard stated 
that there is only one way to live, only one physiology 
of all living things. The goal of general physiology is to 
abstract this single physiology from the physiologies of all 
types of organisms. Although common or general features 
usually are found at the cellular and molecular levels

of organization, multicellular structures also are studied.
Processes that underlie cell function are emphasized in 
an approach based on analyses in terms o f physical and 
Chemical principles.

Areas of study. Metabolism. In the late 19th Century 
the principle of Conservation of energy was derived in 
part from observations that fermentation and muscle con­
traction are essentially problems in energetics. Biological 
energetics began with studies that established the basic 
equation of respiration as:

Fuel +  oxygen —> carbon dioxide +  water +  heat.

It was realized that the heat produced in fermentation 
and the work performed during muscle contraction must 
originate in similar processes, and that fuel in the equa­
tion above is a source of potential energy. Early in the Calori- 
20th Century studies of animal calorimetry verified these metry 
concepts in man and other animals. Calorimetry studies 
showed that the energy produced by the metabolism of 
foodstuffs in an animal equals that produced by the com­
bustion of these foodstuffs outside the body. After these 
studies, measurement of the basal metabolic rate (bmr) 
was used in the diagnosis o f certain diseases, and data 
relating the composition of foodstuffs to their value as 
sources of metabolic energy were obtained.

Early in the 20th Century it was established that measur- 
able amounts of the carbohydrate glycogen are converted 
to lactic acid in frog muscles contracting in the absence 
of oxygen. This observation and studies of alcoholic fer­
mentation confirmed that the energy for fermentation or 
muscle contraction depends on a series of reactions now 
known as glycolysis. In order to show that the conversion 
of glycogen to lactic acid could provide the necessary 
energy for muscular contraction, extremely delicate mea- 
surements of the heat produced by contracting muscles 
were required. As a result o f glycolysis studies, adeno­
sine triphosphate (atp) was recognized as an important 
molecule in cellular energy transfer and utilization; e.g., 
movement, generation of electricity, transport of mate­
rials across cell membranes, and production of light by 
cells. Soon it was discovered that a muscle protein called 
myosin acts as an enzyme (organic catalyst) by liberating 
the energy stored in atp and that atp in tum can modify 
the physical properties of myosin molecules. It was also 
shown that a muscle fibre has an elaborate and ordered 
structure, which is based on a precise arrangement of 
myosin and another muscle protein called actin.

Glycolysis is an anaerobic process (i.e., it does not require 
oxygen) and may represent one of the oldest mechanisms 
for cellular energy transfer, since the process could have 
evolved before there was free oxygen in the Earth’s atmo­
sphere. Most cells, however, derive their energy from a 
series of reactions involving oxygen and called the Krebs 
tricarboxylic acid cycle. The enzymes for the cycle are 
part of the structure of a mitochondrion, which is an elab­
orate cellular component filled with membranes and often 
shaped like a very small bean. In the course of the oxida­
tion, three molecules of energy-rich atp are generated for 
each oxygen atom used to form a molecule of water. The 
mitochondrion, therefore, is the cellular site of respiratory 
combustion first clearly demonstrated in whole animals 
by Lavoisier.

The ultimate source of foodstuffs used by animals is 
plants. Early 19th-century studies of photosynthesis were 
closely related to those of respiration and began with 
Joseph Priestley’s demonstration that plants could restore 
the air used during respiration or combustion. The most 
important equations for living things therefore, are mutu- 
ally inverse. In respiration:

(CH20)„ +  nÖ2 -+ nC0 2 +  nU20  +  heat.
carbo- oxygen carbon water
hydrate dioxide

In photosynthesis:
nC 0 2 +  nH20  +  light (CU2ö )n +  n 0 2.

In the 1930s, it was shown that photosynthesis involves 
Splitting hydrogen from water and that the oxygen lib- 
erated in photosynthesis comes from water. During the 
light reactions, light energy is captured by a green pigment
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called Chlorophyll and used to generate reactive hydrogen 
and atp that are used during dark reactions in which 
carbohydrates and other cell constituents are synthesized. 

Integration The classical fields of organ-system physiology have a 
of classical, role subsidiary to that of cellular metabolism. Feeding and 
Chemical, digestion, for example, become a means for the enzyme- 
and com- catalyzed breakdown of organic compounds into relatively 
parative small molecules that can be transported readily; nutri- 
approaches tion, therefore, is a way to supply animals with sufficiënt 

sources of energy and specific substances that they cannot 
synthesize. Comparative animal studies, which were of 
practical importance in the discovery of some vitamins, 
led also to the general observation that the specific nutri­
ënt requirements of animals are consequences of a slow 
evolutionary deterioration in which synthetic abilities are 
lost through changes or mutations in hereditary material.

Nutrition and digestion, however, also have been impor­
tant in obtaining information at the cellular and molecular 
levels. It was through studies of digestion, for example, 
that the existence and nature of enzymes were first dis­
closed clearly. In addition, early recognition of similarities 
between digestion and fermentation foreshadowed knowl­
edge of the important role of fermentation in cellular 
metabolism. Finally, the study of vitamin nutrition was 
closely integrated with that of cellular oxidation, in which 
certain vitamins play an essential catalytic role.

In intact organisms, the Chemical activities of individual 
cells do not interfere with the functions of the organism. 
Much of the study of physiology now is concerned with 
the ways by which cells obtain their nutrients and dispose 
of their waste products. Knowledge of the mechanism 
of protein synthesis and its connections with inheritance 
and cellular control mechanisms have initiated new in- 
quiries into functions at all levels; i.e., cells, organs, and 
organisms.

Transport. Many important advances in surgery and 
Circulation medicine have been based on the physiology of circula- 
of blood tion, which was first studied in 1628. The measurement 

of blood pressure, for example, was introduced on a prac- 
ticable basis late in the 19th Century and has become an 
important part of medical diagnosis. The physiology of 
circulation is concerned with the origin of blood pressure 
in the force of the heartbeat and the regulation of heart 
rate, blood pressure, and the flow of blood.

Variations in heart rate that led Aristotle to consider the 
heart as the seat of the emotions—a myth that persists 
even now—were among the phenomena whose expla­
nation revealed the existence of the autonomie nervous 
system. Variations in heart rate are less important to the 
circulatory system, however, than is the ability of the heart 
to adjust the strength of its beat to meet certain demands 
of the body.

The peripheral control of blood pressure and blood flow 
depends upon a maze of interacting control mechanisms, 
most significant of which are direct control of the diam­
eter of small arterial branches that enlarge or dilate in 
response to Chemical products formed during metabolism. 
Increased metabolic activity of tissues such as muscles or 
the intestine, therefore, automatically induces increased 
blood flow through the dilated vessels. This action, which 
could result in a fall in blood pressure, is offset by central- 
reflex Controls that constrict arterial branches not dilated 
as a result of local Chemical effects. Certain regions of 
the skin and the intestines serve as reservoirs for blood 
that may be diverted to muscles or the brain if necessary. 
Peripheral control may break down if excessive demands 
are made upon it in hot weather (heat stroke), during 
vigorous exercise after meals (muscle cramp), and after 
extensive loss of blood or tissue damage (wound shock) 
or extreme emotion with consequent activation of the au­
tonomie nervous system (emotional shock). A remarkable 
adaptation occurs in air-breathing vertebrates—reptiles, 
birds, and mammals—which dive for food or protection. 
During a dive, the flow of blood to all parts of the body 
except the brain and the heart is reduced substantially. 
The energy for muscle contraction is provided by the 
anaerobic process of glycolysis because the oxygen in the 
blood goes to the brain and heart, which cannot function 
without a constant supply of oxygen.

Comparative studies have disclosed two major pattems 
in circulatory systems. Among vertebrates and a few in­
vertebrates—notably annelid worms and cephalopod mol­
lusks—the blood flows entirely in closed channels or 
vessels, never coming into direct contact with cells and tis­
sues; blood pressure and the velocity of flow are high and 
relatively constant, and the volume of blood is small. In 
many invertebrates—especially arthropods and mollusks 
other than cephalopods—the blood flows for part o f its 
course in large sinuses or lacunae and comes directly into 
contact with the tissues. Blood pressure and the velocity 
of flow are low and variable in these invertebrates, and the 
large volume of blood is comparable to the total volume 
of all body fluids in vertebrates.

Consideration of the blood as a transport system has 
centred especially on the transport of oxygen and carbon 
dioxide. The colour of blood changes as it passes through 
the lungs; venous blood is dark purple and arterial blood 
is bright red because o f the properties o f a blood pigment 
called hemoglobin. The complete stmeture of hemoglobin 
now has been determined, and minute variations in this 
structure have enabled man to study fundamental ques­
tions of heredity at the molecular level. The development 
of blood-banks and the techniques involved in blood 
transfusions depend on knowledge of the physical, Chem­
ical, and biological properties of blood. These properties 
include a remarkable diversity of hemoglobin, both among 
individuals and species and also within an individual dur­
ing development. In many instances variations in protein 
composition better adapt a species to its circumstances.

Studies of membrane transport at the cellular level are Transport 
an important part of general physiology. Although quan- through 
titative theories of diffusion and osmosis that developed cell 
around 1900 were applied to cell physiology, a number of membranes 
phenomena (e.g., movement through membranes of cer­
tain ions and other compounds of biological importance) 
did not behave according to established physical princi­
ples. As a result of studies of osmotic and ionic regulation 
in freshwater animals, the concept of active transport was 
formulated. Crucial to the acceptance of this concept were 
studies with frog skin, which can transport sodium ions 
against Chemical and electrical forces; the transport, spe­
cific for sodium ions, is dependent on a continuing input 
of metabolic energy. Efforts have been directed toward 
establishing a molecular mechanism that may involve an 
enzyme found in surface membranes of cells. This enzyme 
breaks down atp and releases the energy in the molecule 
only if sodium and potassium ions are present.

Information transfer. The physiology of animals differs 
from that of plants in the rapid response of animals to 
stimuli. René Descartes, responsible for the concept of the 
reflex that dominated neurophysiology for most of its his­
tory, thought a sensory impulse was “reflected” from the 
brain to produce a reaction in muscles. Later studies of 
the effects of ions on nerves suggested that a nerve must 
be surrounded by a membrane and that a nerve impulse 
results from a change in the ability of the membrane to 
allow passage of potassium ions. When it was shown that 
nerves are made up of thousands of tiny fibres, which 
are processes that extend from cells located in the brain 
or spinal cord, the nerve impulse hypothesis was applied 
to individual nerve fibres rather than to whole nerves.
Electronic technology provided the techniques and giant 
nerve fibres of squids provided the experimental mate­
rial that enabled two Nobel prize winners for physiology,
Alan Lloyd Hodgkin and Andrew Fielding Huxley, to 
extend this hypothesis into a theory of the excitation of 
nerve cells in which sodium ions and potassium ions play 
principal roles.

The reflex concept, however, was not dependent on un- Reflex 
derstanding the molecular basis of excitation, conduction, concept 
and transmission. Early in the 20th Century the role of 
interaction of nervous centres in Controlling muscle con­
tractions was established. The reflex now is conceived as a 
unit in which nerve impulses initiated in sensory neurons 
or nerve cells are conducted to a centre in the brain or 
spinal cord. In the centre, impulses initiated in motor 
neurons are conducted to muscles and induce a reflex 
response. Two processes can occur in the centre; one is
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associated with central excitatory States, the other with 
central inhibitory States. The net effect of any stimulus 
or group of stimuli, therefore, can be interpreted as an 
interaction of these opposing States in the centre.

After the demonstration that the effects of the vagus nerve 
in slowing the heart are mediated by a Chemical substance, 
subsequently identified as acetylcholine, the concept of 
Chemical transmission of nervous impulses was extended 
to the central nervous system. Typically, transmission of 
excitation from cell to cell is accomplished by the libera­
tion of a Chemical transmitter from a nerve ending.

The reflex concept gave rise to premature attempts to 
develop a psychology based on reflexes. These attempts 
(behaviourism) were advanced by the Russian I.P. Pavlov’s 
discovery of conditioned responses. Originally known as 
conditioned reflexes, these responses have been found in 
most animals with central nervous Systems. More complex 
than simple reflexes, their mechanism has not yet been 
established with certainty.

The analysis of sensory functions also extends to the 
cellular level. Sense organs are diverse in structure and 
sensitivity to specific Stimuli. It may be that the com­
mon molecular basis for the differences in sensitivity is a 
change in permeability of a special region of the mem­
brane surrounding a sensory cell. This change in perme­
ability could allow a nerve fibre to become excited and 
initiate a nerve impulse. Neurophysiology has borrowed 
from, and contributed to, the information theory used in 
Communications engineering. The function of sense or­
gans is to gather information both from the environment 
and the organism. The central nervous System integrates 
this information and translates it into a program of re­
sponse involving the entire organism. In addition, the 
brain can store information previously received (memory) 
and has the ability to initiate actions without obvious ex­
terna! Stimulation (spontaneity). Some aspects of memory 
and integrative function have been modelled in electronic 
computers; in fact the development of computers was 
closely connected with the development of ideas about the 
functions of the central nervous system.
The analytical interpretation of central nervous function 

remains, however, a complex and difficult field, even 
though recent progress has brought closer together the 
study of behaviour in terms of nerve function and behav­
ioral models. Considerable effort now is directed to the 
localization of brain function. Although specific centres 
for reception of sensory information and integration of 
motor programs are known, the integrative functions that 
tie them together, as well as the functions of memory, are 
not so well established.
Regulation. The concept of internal regulations is at­

tributed to Claude Bernard, who thought of blood as an 
internal environment in which cells function; according 
to Bernard, maintenance of the internal environment at 
a constant level was a major responsibility of all body 
functions. Bernard showed in studies of the formation and 
breakdown of glycogen in the liver that internal organs 
can secrete materials into the blood. Other investigators 
demonstrated such a secretion and used the word hormone 
to describe the substance. One classical study concerned 
control of the secretion of digestive fluids by the pancreas; 
an active substance secretin was purified, as have been a 
number of similar materials from the digestive tract. The 
field of endocrinology now is a major part of physiology.

The endocrine system complements the nervous system 
in control and coordination. Hormones, liberated into 
blood and other body fluids by endocrine glands and 
transported throughout the body, usually act either on 
specific target organs or on certain activities of many or­
gans. Nervous coordination most often is concerned with 
rapid responses of short duration; endocrine coordination, 
however, usually is involved in slower responses of longer 
duration. Stationary-state regulation, or homeostasis, de­
pends on the action of hormones at many points. The 
hormones insulin and glucagon, both formed in special­
ized endocrine tissue in the pancreas, control the level of 
sugar in blood. Vasopressin from the pituitary gland at 
the base of the brain and aldosterone from the adrenal 
glands near the kidneys control salt and water balance of

the blood. Hormonal regulation, however, is not confined 
to homeostasis. The cyclic events of the female reproduc­
tive cycles in mammals, for example, are determined by 
a complex sequence of endocrine interactions involving 
hormones of the pituitary gland and the ovary.
The pervasive regulatory action of hormones is part of 

a large system of interactions to which the term feedback 
generally is applied., Hormones involved in homeostatic 
regulation, for example, influence their own secretion. The 
secretion of certain steroid hormones, which have a signif­
icant action on the conversion of amino acids to glycogen, 
is controlled by another hormone called the adrenocorti- 
cotropic hormone (acth), which is formed in the anterior 
pituitary gland. In turn the secretion of acth is controlled 
by a releasing factor formed in the midbrain and liber­
ated from the stalk of the pituitary gland. acth liberation 
normally is controlled by the concentration of steroids in 
the blood, so that an increase in steroid concentration 
inhibits acth secretion; this negative feedback, however, 
may be overcome in certain conditions of intense nervous 
Stimulation.
A similar pattern of releasing factors, by which the ner­

vous system interacts with the endocrine system, also is 
known for other anterior pituitary hormones; e.g., those 
involved in the reproductive cycle and in responses of 
the thyroid gland to temperature changes. In addition, 
neurosecretory cells— nerve cells specialized for endocrine 
function—liberate hormones (e.g., vasopressin) that act 
directly on a specific target. Comparative studies show 
that neurosecretory cells are important in developmental 
and regulatory functions of most animals. Discrete en­
docrine glands, however, occur less frequently; in insects 
and crustaceans, cycles of growth, molting (shedding of 
the cuticle), and development are controlled by hormones. 
The Identification of insect hormones may be useful in 
Controlling pests through specific interference with pro­
cesses of growth and development.

(B.T.S.)

TAXONOMY
Taxonomy, the Science of Classification in a broad sense, 
is usually restricted to biological Classification and specif­
ically to the Classification of plants and animals. The 
term is derived from the Greek taxis (“arrangement”) and 
nomos (“law”). Taxonomy is, therefore, the methodology 
and principles of systematic botany and zoology and sets 
up arrangements of the kinds of plants and animals in 
hierarchies of superior and subordinate groups.

Popularly, classifications of living organisms arise accord­
ing to need and are often superficial. Anglo-Saxon terms 
such as worm and fish have been used to refer, respec­
tively, to any creeping thing—snake, earthworm, intestinal 
parasite, or dragon—and to any swimming or aquatic 
thing. Although the term fish is common to the names 
shellfish, crayfish, and starfish, there are more anatomical 
differences between a shellfish and a starfish than there 
are between a bony fish and a man. Vernacular names 
vary widely. The American robin (Turdus migratorius), 
for example, is not the English robin (Erithacus rubecu- 
la), and the mountain ash (Sorbus) has only a superficial 
resemblance to a true ash.

Biologists, however, have attempted to view all living or­
ganisms with equal thoroughness and thus have devised a 
formal Classification. A formal Classification provides the 
basis for a relatively uniform and internationally under­
stood nomenclature, thereby simplifying cross-referencing 
and retrieval of information.

The usage of the terms taxonomy and systematics with 
regard to biological Classification varies greatly. American 
evolutionist Ernst Mayr has stated that “taxonomy is the 
theory and practice of classifying organisms” and “syste­
matics is the Science of the diversity of organisms”; the 
latter in such a sense, therefore, has considerable interre- 
lations with evolution, ecology, genetics, behaviour, and 
comparative physiology that taxonomy need not have.

Historical background. People who live close to nature 
usually have an excellent working knowledge of the ele­
ments of the local fauna and flora important to them and 
also often recognize many of the larger groups of living

Interaction
of
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things (e.g., fishes, birds, and mammals). Their knowledge, 
however, is according to need, and such people general- 
ize only rarely.

From the Greeks to the Renaissance. The first great 
generalizer in Classification was Aristotle, who virtually 
invented the Science of logic, of which for 2,000 years Clas­
sification was a part. Greeks had constant contact with the 
sea and marine life, and Aristotle seems to have studied it 
intensively during his stay on the island of Lesbos. In his 
writings, he described a large number of natural groups, 
and, although he ranked them from simple to complex, 
his order was not an evolutionary one. He was far ahead 
of his time, however, in separating invertebrate animals 
into different groups and was aware that whales, dolphins, 
and porpoises had mammalian characters and were not 
fish. Lacking the microscope, he could not, o f course, deal 
with the minute forms of life.

The Aristotelian method dominated Classification until 
the 19th Century. His scheme was, in effect, that the 
Classification of a living thing by its nature— i.e., what it 
really is, as against superficial resemblances— requires the 
examination of many specimens, the discarding of variable 
characters (since they must be accidental, not essential), 
and the establishment of constant characters. These can 
then be used to develop a definition that States the essence 
of the living thing—what makes it what it is and thus 
cannot be altered; the essence is, of course, immutable. 
The model for this procedure is to be seen in mathe- 
matics, especially geometry, which fascinated the Greeks. 
Mathematics seemed to them the type and exemplar of 
perfect knowledge, since its deductions from axioms were 
certain and its definitions perfect, irrespective of whether 
a perfect geometrical figure could ever be drawn. But the 
Aristotelian procedure applied to living things is not by 
deduction from stated and known axioms; rather, it is 
by induction from observed examples and thus does not 
lead to the immutable essence but to a lexical defini­
tion. Although it provided for centuries a procedure for 
attempting to define living things by careful analysis, it 
neglected the Variation of living things. It is of interest that 
the few people who understood Charles Darwin’s Origin 
of Species in the mid-19th Century were empiricists who 
did not believe in an essence of each form.

Aristotle and his pupil in botany, Theophrastus, had no 
notable successors for 1,400 years. In about the 12th Cen­
tury ad, botanical works necessary to medicine began to 
contain accurate illustrations of plants, and a few began to 
arrange similar plants together. Encyclopaedists also began 
to bring together classical wisdom and some Contempo­
rary observations. The first flowering of the Renaissance 
in biology produced, in 1543, Andreas Vesalius’ treatise 
on human anatomy and, in 1545, the first university 
botanie garden, founded in Padua, Italy. After this time, 
work in botany and zoology flourished. John Ray sum­
marized in the late 17th Century the available systematic 
knowledge, with useful classifications. He distinguished the 
monocotyledonous plants from the dicotyledonous ones 
in 1703, recognized the true affinities of the whales, and 
gave a workable definition of the species concept, which 
had already become the basic unit of biological Classifica­
tion. He tempered the Aristotelian logic of Classification 
with empirical observation.

The Linnaean system. Carolus Linnaeus, who is usually 
regarded as the founder of modern taxonomy and whose 
books are considered the beginning of modern botanical 
and zoological nomenclature, drew up rules for assigning 
names to plants and animals and was the first to use 
binomial nomenclature consistently (1758). Although he 
introduced the Standard hierarchy of class, order, genus, 
and species, his main success in his own day was providing 
workable keys, making it possible to identify plants and 
animals from his books. For plants he made use of the 
hitherto neglected smaller parts of the flower.

Linnaeus attempted a natural Classification but did not 
get far. His concept of a natural Classification was Aris­
totelian; i.e., it was based on Aristotle’s idea of the es­
sential features of living things and on his logic. He was 
less accurate than Aristotle in his Classification of animals, 
breaking them up into mammals, birds, reptiles, fishes,

insects, and worms. The first four, as he defined them, 
are obvious groups and generally recognized; the last two 
incorporate about seven of Aristotle’s groups.

The Standard Aristotelian definition of a form was by 
genus and differentia. The genus defined the general kind 
of thing being described; the differentia gave its special 
character. A genus, for example, might be “Bird” and the 
species “Feeding in water,” or the genus might be “Ani­
mal” and the species “Bird.” The two together made up 
the definition, which could be used as a name. Unfor­
tunately, when many species of a genus became known, 
the differentia became longer and longer. In some of his 
books Linnaeus printed in the margin a catch name, the 
name of the genus and one word from the differentia 
or from some former name; in this way he created the 
binomial, or binary, nomenclature. Thus, modern man is 
Homo sapiens, Neanderthal man Homo neanderthalensis, 
the gorilla Gorilla gorilla, and so on.

Classification since Linnaeus. Classification since Lin­
naeus has incorporated newly discovered information and 
more closely approaches a natural system. When the life 
history of barnacles was discovered, for example, they 
could no longer be associated with mollusks because it 
became clear that they were arthropods (jointed-legged an­
imals such as crabs and insects). Jean-Baptiste Lamarck, 
an excellent taxonomist despite his misconceptions about 
evolution, first separated spiders and crustaceans from 
insects as separate classes; he also introduced the distinc­
tion, no longer accepted by all workers as wholly valid, 
between vertebrates— i.e., those with backbones, such as 
fishes, amphibians, reptiles, birds, and mammals—and in­
vertebrates, which have no backbones. The invertebrates, 
defined by a feature they lack rather than by those they 
have, constitute in fact about 90 percent of the diversity of 
all animals. The mixed group “Infusoria,” which included 
all the microscopie forms that would appear when hay 
was let stand in water, was broken up into empirically 
recognized groups by the French biologist Felix Dujardin. 
The German biologist Emst Haeckel proposed the term 
Protista in 1866 to include chiefly the unicellular plants 
and animals because he realized that, at the one-celled 
level, there could no longer be a clear distinction between 
plants and animals.

The process of clarifying relationships continues—only 
in 1898 were agents of disease discovered (vimses) that 
would pass through the finest filters, and it was not until 
1935 that the first completely purified vims was obtained. 
Primitive spore-bearing land plants (Psilophyta) from the 
Cambrian Period, which dates from 570,000,000 years ago, 
were discovered in Canada in 1859. The German botanist 
Wilhelm Hofmeister in 1851 gave the first good account 
of the alterations of generations in various nonflowering 
(cryptogamous) plants, on which many major divisions of 
higher plants are based. The phylum Pogonophora (beard- 
worms) was recognized only in the 20th Century.

The immediate impact o f Darwinian evolution on Classi­
fication was negligible for many groups of organisms, and 
unfortunate for others. As taxonomists began to accept 
evolution, they recognized that what had been described 
as natural affinity— i.e., the more or less close similar­
ity of forms with many of the same characters—could 
be explained as relationship by evolutionary descent. In 
groups with little or no fossil record, a change in inter­
pretation rather than alteration of classifications was the 
result. Unfortunately, some authorities, believing that they 
could derive the group from some evolutionary princi­
ple, would proceed to reclassify it. The Classification of 
earthworms and their allies (Oligochaeta), for example, 
which had been studied by using the most complex organ­
ism easily obtainable and by then arranging progressively 
simple forms below it, was changed after the theory of 
evolution appeared. The most simple oligochaete, the tiny 
freshwater worm Aeolosoma, was considered to be most 
primitive, and classifiers arranged progressively complex 
forms above it. Later, when it was realized that Aeolosoma 
might well have been secondarily simplified (i.e., evolved 
from a more complex form), the tendency was to start 
in the middle of the series, and work in both directions. 
Biassed names for the major subgroups (Archioligochaeta,
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Neoligochaeta) were widely accepted, when in fact there 
was no evidence for the actual course of evolution of this 
and other animal groups. Groups with good fossil records 
suffered less from this type of reclassification because good 
fossil material allowed the placing of forms according to 
natural affinities; knowledge of the strata in which they 
were found allowed the formulation of a phylogenetic tree 
(i.e., one based on evolutionary relationships), or dendrite 
(also called a dendrogram), irrespective of theory.
The long-term impact of Darwinian evolution has been 

different and very important. It indicates that the basic 
arrangement of living things, if enough information were 
available, would be a phylogenetic tree rather than a set of 
discrete classes. Many groups are so poorly known, how­
ever, that the arrangement of organisms into a dendrite 
is impossible. Extensive and detailed fossil sequences—  
the laying out of actual specimens—must be broken up 
arbitrarily. Many groups, especially at the species level, 
show great geographical Variation, so that a simple def­
inition of species is impossible. Difficulties of Classifica­
tion at the species level are considerable. Many plants 
show reticulate (chain) evolution, in which species form, 
then subsequently hybridize, resulting in the formation 
of new species. And because many plants and animals 
have abandoned sexual reproduction, the usual criteria for 
the species—interbreeding within a pool of individuals— 
cannot be applied. Nothing about the viruses, moreover, 
seems to correspond to the species of higher organisms.

The objectives of biological Classification. A Classifica­
tion or arrangement of any sort cannot be handled with­
out reference to the purpose or purposes for which it is 
being made. An arrangement based on everything known 
about a particular dass of objects is likely to be the most 
useful for many particular purposes. One in which objects 
are grouped according to easily observed and described 
characteristics allows easy identification of the objects. If 
the purpose of a Classification is to provide information 
unknown to or not remembered by the user but relating 
to something the name of which is known, an alpha- 
betical arrangement may be best. Specialists may want a 
Classification relating only to one aspect of a subject. A 
chemist analyzing the essential oils of plants, for instance, 
is interested only in the oil content of plants and probably 
requires such information in far greater detail than would 
anyone eise.

Classification is used in biology for two totally different 
purposes, often in combination, namely, identifying and 
making natural groups. The specimen or a group of simi­
lar specimens must be compared with descriptions of what 
is already known. This type of Classification, called a key, 
provides as briefly and as reliably as possible the most 
obvious characteristics useful in identification. Very often 
they are set out as a dichotomous key with opposing pairs 
of characters. The butterflies of a region, for example, 
might first be separated into those with a lot of white on 
the wings and those with very little; then each group could 
be subdivided on the basis of other characters. One disad- 
vantage of such classifications, which are useful for well- 
known groups, is that a mistake may produce a ridicu- 
lous answer, since the groups under each division need 
have nothing in common but the chosen character (e.g., 
white on the butterfly wings). In addition, if the group 
being keyed is large or given to great Variation, the key 
may be extremely complex and may rely on characters 
difficult to evaluate. Moreover, if the form in question is 
a new one or one that is not in the key (being, perhaps, 
unrecorded from the region to which the key applies), it 
may be identified incorrectly. Many unrelated butterflies 
have a lot of white on the wings—a few swallowtails, the 
well-known cabbage whites, some of the South American 
dismorphiines, and a few satyrids. Should identification 
of an undescribed form of fritillary butterfly containing 
much white on the wings be desired, the use of a key 
could result in an incorrect identification of the butterfly. 
In order to avoid such mistakes, it is necessary to consider 
many characters of the organism: not merely one aspect 
of the wings but their anatomy and the features o fthe  
various stages in the life cycle.

Unfortunately, little is known about many of the vast

variety of living things. In poorly known groups—and 
most living things are poorly known—the first objective 
is identification. There are, for example, about 250,000 
species of beetles; many are known only from a single 
specimen of the adult. In such groups the tendency is 
to produce classifications which, though purporting to be 
natural ones, are actually dichotomous keys. Although 
most common earthworms have on each body segment 
four pairs of special bristles (chaetae) that are used in lo­
comotion, some species have many chaetae arranged in a 
complete ring around the body on each segment (perichae- 
tine condition). Because the chaetae are an easily observed 
character, the latter species were once placed together as 
a natural group, the family Perichaetidae; knowledge of 
other aspects of earthworm anatomy, however, made it 
obvious that several different groups had independently 
evolved the perichaetine condition. Many current so-called 
natural groups, especially those at the lower levels of Clas­
sification, are probably not natural at all but are based on 
some easily observed characters.

A natural Classification is advantageous in that it groups 
together forms that seem fundamentally to be related. In­
formation utilized in the definition of a group thus need 
not be repeated for each constituent. This provides conci- 
sion and efficiënt information storage. A certain amount 
of prediction is also possible—a new form with a few 
ascertained characters similar to those of a natural group 
probably has other similar characters. As long as no dif­
ficult intermediary forms are found, all of the different 
types can be classified into definite discrete categories. 
Biological Classification has progressed from artificial or 
key classifications to a natural Classification; it has also 
been realized that division into sharply separated groups 
often is not possible. Formal Classification thus sometimes 
obscures actual relationships.

The taxonomie process. Basically, no special theory lies 
behind modern taxonomie methods. In effect, taxonomie 
methods depend on: (1) obtaining a suitable specimen 
(collecting, preserving and, when necessary, making spe­
cial preparations); (2) comparing the specimen with the 
known range of Variation of living things; (3) correctly 
identifying the specimen if it has been described, or prepar­
ing a description showing similarities to and differences 
from known forms, or, if the specimen is new, naming it 
according to internationally recognized codes of nomen­
clature; (4) determining the best position for the specimen 
in existing classifications and determining what revision 
the Classification may require as a consequence of the new 
discovery; and (5) using available evidence to suggest the 
course of the specimen’s evolution. Prerequisite to these 
activities is a recognized system of ranks in classifying; 
recognized rules for nomenclature; and a procedure for 
verification, irrespective of the group being examined. A 
group of related organisms to which a taxonomie name is 
given is called a taxon (plural taxa).

Ranks. The goal of classifying is to place an organism 
into an already existing group or to create a new group 
for it, based on its resemblances to and differences from 
known forms. To this end, a hierarchy of categories is 
recognized; for example, an ordinary fl owering plant, on 
the basis of gross structure, is clearly one of the higher 
green plants, not a fungus, bacterium, or animal, it can 
easily be placed in the Kingdom Plantae (or Metaphyta). 
If the body of the plant has distinct leaves, roots, a stem, 
and flowers, it is placed with the other true flowering 
plants in the division Magnoliophyta (or Angiospermae), 
one subcategory of the Plantae. If it is a lily, with sword- 
like leaves, with the parts of the flowers in multiples of 
three, and with one cotyledon (the incipient leaf) in the 
embryo, it belongs with other lilies, tulips, palms, orchids, 
grasses, and sedges in a subgroup of the Magnoliophyta, 
which is called the class Liliatae (or Monocotyledones).

In this class, it is placed, rather than with orchids or 
grasses, in a subgroup of the Liliatae, the order Liliales; 
this procedure is continued to the species level. Should the 
plant be different from any lily yet known, a new species 
is named, as well as higher taxa, if necessary. If the plant 
is a new species within a well-known genus, a new species 
name is simply added to the appropriate genus. If the
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plant is very different from any known monocot it might 
require, even if only a single new species, the naming of a 
new genus, family, order, or higher taxon; there is no re­
striction on the number of forms in any particular group. 
The number of ranks that is recognized in a hierarchy is 
a matter of widely varying opinion. Shown in Table 1 are 
seven ranks that are accepted as obligatory by zoologists 
and botanists. In botany, the term division is often used 
as an equivalent to the term phylum of zoology. The 
number of ranks is expanded as necessary by using the 
prefixes sub-, super-, and infra- (e.g., subclass, superorder) 
and by adding other intermediate ranks, such as brigade, 
cohort, section, or tribe. Given in full, the zoological hier­
archy for the timber wolf of the Canadian subarctic would 
be as follows:
Kingdom Animalia 

Subkingdom Metazoa 
Phylum Chordata 

Subphylum Vertebrata 
Superclass Tetrapoda 

Class Mammalia 
Subclass Theria 

Infraclass Eutheria 
Cohort Ferungulata 

Superorder Ferae 
Order Carnivora 

Suborder Fissipeda 
Superfamily Canoidea 

Family Canidae 
Subfamily Caninae 

Tribe (none described 
for this group)

Genus Canis 
Subgenus (none 
described for this 
group)

Species Canis 
lupus (wolf)

Subspecies Canis 
lupus occidentalis 
(northern timber 
wolf)

Although the name of the species is binomial (e.g., Canis 
lupus) and that of the subspecies trinomial (C. lupus occi­
dentalis for the northern timber wolf; C. lupus lupus for 
the northern European wolf), all other names are single 
words. In zoology, convention dictates that the names of 
superfamilies end in -oidea, and the code dictates that 
the names of families end in -idae, those of subfamilies 
in -inae, and those of tribes in -ini. Unfortunately, there 
are no widely accepted rules for other major divisions of 
living things because each major group of animals and 
plants has its own taxonomie history, and old names tend 
to be preserved. Apart from a few accepted endings, the 
names of groups of high rank are not standardized and 
must be memorized.

The discovery of the only living coelacanth fish of the 
genus Latimeria, in 1938, caused virtually no disturbance 
of the accepted Classification, since the suborder Coela- 
canthi was already well known from fossils. When certain 
unusual worms were discovered in the depths o f the 
oceans about ten years later, however, it was necessary to 
create a new phylum, Pogonophora, for them since they 
showed no close affinities to any other known animals. 
The phylum Pogonophora, as usually classified, has one 
class—the animals in the phylum are relatively similar— 
but there are two orders, several families and genera, and 
more than 100 species. Both of these examples have been 
widely accepted by authorities in their respective areas of 
taxonomy and may be considered stable taxa.

Table 1: Obligatory Hierarchy of Ranks

animals plants

Kingdom Animalia Plantae
Phylum Chordata Tracheophyta
Class Mammalia Pteropsida
Order Primates Coniferales
Family Hominidae Pinaceae
Genus H o m o Pinus
Species H o m o  sapien s (man) Pinu s strobu s (white pine)

It cannot be too strongly emphasized that there are no 
explicit taxonomie characters that dehne a phylum, class, 
order, or other rank. A feature characteristic of one phy­
lum may vary in another phylum among closely related 
members of a class, order, or some lower group. The 
complex carbohydrate cellulose is characteristic of two 
kingdoms of plants; among animals, however, cellulose 
occurs only in one subphylum of one phylum. It would 
simplify the work of the taxonomist if characters diagnos- 
tic of phylum rank in animals were always taken from 
one feature, the skeleton, for example; those of dass rank, 
from the respiratory organs; and so on down the taxo­
nomie hierarchy. Such a system, however, would produce 
an unnatural Classification.

The taxonomist must first recognize natural groups and 
then decide on the rank that should be assigned them. Are 
seasquirts, for instance, so clearly linked by the structure 
of the extraordinary immature form (larva) to the phylum 
Chordata, which includes all the vertebrates, that they 
should be called a subphylum; or should their extremely 
modified adult organization be deemed more important, 
with the result that seasquirts might be recognized as a 
separate phylum, albeit clearly related to the Chordata? At 
present, this sort of question has no precise answer.

Some biologists believe that “numerical taxonomy,” a 
system of quantifying characteristics of taxa and subjecting 
the results to multivariate analysis, may eventually pro­
duce quantitative measures of overall differences among 
groups, and that agreement can be achieved so as to 
establish the maximal difference allowed each taxonomie 
level. Although such agreement may be possible, many 
difficulties exist. An order in one authority’s Classification 
may be a superorder or class in another. Most of the es­
tablished classifications of the better known groups result 
from a general consensus among practicing taxonomists. 
It follows that no complete definition of a group can 
be made until the group itself has been recognized, after 
which its common (or most usual) characters can be for- 
mally stated. As further information is obtained about the 
group, it is subject to taxonomie revision.

Nomenclature. Communication among biologists re­
quires a recognized nomenclature, especially for the units 
in most common use. The internationally accepted tax­
onomie nomenclature is the Linnaean system, which, 
although founded on Linnaeus’ rules and procedures, has 
been greatly modified through the years. There are sepa­
rate international codes of nomenclature in botany (first 
published in 1901), in zoology (1906), and in microbiol­
ogy (bacteria and viruses, 1948). The Linnaean binomial 
system is not employed for viruses. There is also a code, 
which was established in 1953, for the nomenclature of 
cultivated plants, many of which are artificially produced 
and are unknown in the wild.

The codes, the authority for each of which sterns from 
a corresponding international congress, differ in various 
details, but all include the following elements: the naming 
of species by two words treated as Latin; a law of pri­
ority that the first validly published and validly binomial 
name for a given taxon is the correct one and that any 
others must become Synonyms; recognition that a valid 
binomen can apply to only one taxon, so that a name 
may be used both in botany and in zoology but for only 
one plant taxon and one animal taxon; that if taxonomie 
opinion about the status of a taxon is changed, the valid 
name can change also; and, lastly, that the exact sense in 
which a name is used be determined by reference to a 
type. Rules are also given for the obligate categories of the 
hierarchy and for what constitutes valid publication of a 
name. Finally, recommendations are given on the process 
of deriving names.

Linnaeus believed that there were not more than a few 
thousand genera o f living things, each with some clearly 
marked character, and that the good taxonomist could 
memorize them all, especially if their names were well 
chosen. Thus, although the naming of the species might 
often involve much research, the genus at least could be 
easily found.

At the present time, in many taxa, the species has a 
definite biological meaning—it is defined as a group of
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individuals that can breed among themselves but do not 
normally breed with other forms. Among microorganisms 
and other groups in which sexual reproduction need not 
occur, this criterion fails.

In botanical practice, matters more usually resemble the 
Linnean Situation. Many sorts of chromosomal variants 
(individuals with different arrangements of chromosomes, 
or hereditary material, which prevent interbreeding) and 
marked ecotypes (individuals whose external form is af­
fected by the conditions of soil, moisture, and other en­
vironmental factors), as well as other forms, that would 
clearly be classified as separate species by the zoologist 
may be lumped together unrecognized or considered sub­
species by the botanist. Botanists commonly use the terms 
variety and form to designate genetically controlled vari­
ants within plant populations below the subspecies level.

The use of a strictly biological species definition would 
enormously increase rather than reduce the number of 
names in use in botany. A recognized species of flower- 
ing plant may consist of several “chromosomal races”—  
i.e., identical in external appearance but genetically in- 
compatible and, thus, effectively separate species. Such 
various forms are often identifiable only by cytological 
examinationj which requires fresh material and extensive 
laboratory work. Many botanists have said that there has 
been so little stability in the accepted nomenclature that 
further upheavals would be intolerable and render identi­
fication impossible for many applied botanists who may 
not require such refinements. To postpone recognition of 
such forms, however, will probably cause upheaval in the 
future.

Some species of birds are widespread over the archipel- 
agos of the Southwest Pacific, where nearly every island 
may have a form sufficiently distinct to be given some 
kind of taxonomie recognition. For example, 73 races are 
currently recognized for the golden whistler (Pachycephala 
pectoralis). Before the realization that species could vary 
geographically, each island form was named as a separate 
species (as many of the races of P. pectoralis actually 
were). It is often believed—and often it is only belief rather 
than fact—however, that all of these now genetically iso­
lated populations arose as local differentiations of a single 
stock; thus, they are now usually classed in zoological 
usage as subspecies of one polytypic species. The term 
polytypic indicates that a separate description (and type 
specimen) is needed for each of the distinct populations, 
instead of one for the entire species. The use of a trino- 
mial designation for each subspecies (e.g., Pachycephala 
pectoralis bougainvillei) indicates that it is regarded as 
simply a local representative (in this case, on Bougainville 
Island in the Solomons) of a more widely distributed 
species. The decision on whether to consider such island 
forms as representatives of one species depends partly on 
whether, in the judgment of the taxonomist, populations 
from adjacent islands are sufficiently similar to allow free 
interbreeding.

Verification and validation by type specimens. The de­
termination of the exact organism designated by a partic­
ular name usually requires more than the mere reading 
of the description or the definition of the taxon to which 
the name applies. New forms, which may have become 
known since the description was written, may differ in 
characteristics not originally considered; or later workers 
may discover, by inspection of the original material, that 
the original author inadvertently confused two or more 
forms. No description can be guaranteed to be exhaustive 
for all time. Validation of the use of a name requires 
examination of the original specimen. It must, therefore, 
be unambiguously designated.

At one time an author might have taken his description 
from a series of specimens, or partly (or even wholly) from 
other authors’ descriptions or figures, as Linnaeus often 
did. Much of the controversy over the validity of certain 
names in current use, especially those dating from the 
late 18th Century, sterns from the difficulty in determining 
the identity of the material used by the original authors. 
In modern practice, a single type specimen must be des­
ignated for a new species or subspecies name. The type 
should always be placed in a reliable public institution,

where it can be properly cared for and made available to 
taxonomists. For many microorganisms, type cultures are 
maintained in qualified institutions. Because of the short 
generation time of microorganisms, however, they may 
actually evolve during storage.

A complex nomenclature is applied to the different sorts 
of type specimens. The holotype is a single specimen des­
ignated by the original describer of the form (a species or 
subspecies only) and available to those who want to verify 
the status of other specimens. When no holotype exists, as 
is frequently the case, a neotype is selected and so desig­
nated by someone who subsequently revises the taxon; the 
neotype occupies a position equivalent to that of the holo­
type. The first type validly designated has priority over all 
other type specimens. Paratypes are specimens used, along 
with the holotype, in the original designation of a new 
form; they must be part of the same series (i.e., collected 
at the same immediate locality and at the same time) as 
the holotype. For a taxon above the species level, the type 
is a taxon ofthe next lower rank (for a genus, for instance, 
it is a species); from the level o fth e  genus to that of the 
superfamily there are rules regarding the formation of a 
group name from the name of the type group. The genus 
Homo (man) is the type genus of the family Hominidae, 
for example, and the code forbids its removal from the 
family Hominidae as long as the Hominidae is treated as 
a valid family and the name Homo is taxonomically valid. 
Whatever the remainder of its contents, the family that 
contains the genus Homo must be the Hominidae. 

Indiscriminate collecting is of little use today, but huge 
areas of the Earth still are poorly known biologically, at 
least as far as many groups are concerned, and there re­
main many groups for which the small number of properly 
collected and prepared specimens precludes any thorough 
taxonomie analysis. Even in well-studied groups, such as 
the higher vertebrates, new methods of analyzing material 
often necessitate special collecting. The determination of 
Variation within species or populations may necessitate the 
study of more specimens than are available, even when 
(as is usual) the specialist can utilize material from many 
institutions. Usually, collecting is done to fill gaps (in 
geographical range, geological formations, or taxonomie 
categories) already brought to light by specialists reviewing 
the available material. The well-informed collector of liv­
ing things knows where to go, what to look for, and how 
to spot anything especially valuable or extraordinary.

The actual techniques of collecting and preserving vary 
greatly from one group of organisms to another—soil pro­
tozoa, fungi, or pines are neither collected nor preserved 
in the same manner as birds. Some animals can be pre­
served only in weak alcohol; others macerate (decompose) 
in it. Certain earthworms “preserved” in weak alcohol 
simply flow out of their own skins when lifted out. Special 
methods are used after long experience to preserve char­
acters of special value in taxonomy. Some methods make 
specimens difficult to observe; this is especially true of 
material that has to be sectioned or otherwise made into 
preparations suitable for microscopie observation.

After taxonomie material has been collected and pre­
served, its value can be lost unless it is accurately and com­
pletely labelled. Only rarely is unlabelled or insufficiently 
labelled material of any use. The taxonomist normally 
must know the locality of collection of each specimen (or 
lot of specimens), often the habitat (e.g., type of forest, 
marsh, type of seawater), the date, the name of the collec­
tor, and the original field number given to the specimen 
or lot. To this information is added the catalog number 
of the collection and the sex (if not already determined 
in the field and if relevant). The scientific identity of the 
specimen, as determined by an acknowledged specialist, is 
usually added to the label at the museum. Also included 
is the name of the specialist who identified the specimen. 
Later revisions of the Classification and additional knowl­
edge of the organism may result in later alterations of 
the scientific name, but the original labels must still be 
kept unaltered.

Other information may also be required; for example, 
the males and females of some insect groups are extremely 
different in appearance, and males and females o f the
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same species may have to be identified. The eapture of 
a pair in the wild actually in copulation gives a strong 
(but, surprisingly, not absolute) indication that the male 
and female belong to the same species; the labels o f each 
specimen (if they are separated) indicate the specimen 
with which it was mating.

Evaluating taxonomie characters. Comparison of ma­
terial depends to some extent on the purposes of the 
comparison. For mere identification, a suitable key, with 
attention given only to the characters in it, may be enough 
in well-known groups. If the form is likely to be a new 
one, its general position is determined by observing as 
many characters as possible and by comparing them with 
the definitions and descriptions in a natural Classification. 
The new specimen is compared with its nearest known 
relatives, usually with reference to type material. Any char­
acter may be of taxonomie use. In general, taxonomists 
tend to work from preserved material, so that their find­
ings can be checked. For extinct forms, of course, only 
preserved material (fossils) is available.

Many biochemical, physiological, or behavioral charac­
ters may be at least as good as anatomical characters 
for discriminating between closely related species or for 
suggesting relationships. There has been a tendency in 
recent years rather to discount anatomical characters, but 
when they are obtainable in quantity (as for most plants 
and animals), they probably represent as large a sample 
of the effects of the organism’s heredity as can be got, 
short of complete genetic analysis. Enthusiasts in genetics 
often stress that the only real basis for Classification is 
the actual genotype of each organism— i.e., the heredi­
tary information by which the organism is formed. It is 
impossible to obtain such information for extinct forms, 
and the time required to obtain it for most existing ones 
would be enormous, even if the techniques were avail­
able. An important development, however, has been the 
hybridization technique employing deoxyribonucleic acid 
(dna), the substance by which hereditary information is 
coded. With this technique, it has been possible to deter­
mine similarities in parts of dna molecules from different 
organisms but not the nature of their differences.

In making comparisons, resemblances resulting from 
convergence must be considered. Whales and bony fishes, 
for example, have similar body shapes for the same func­
tion—progression through water; their internal features, 
however, are widely different. In this case, the convergence 
is evident because of the large number of characters that 
link whales to other mammals and not to the fishes and 
because the fossil record for the vertebrates provides a fair 
indication of the actual evolutionary sequence from prim­
itive fishes through primitive amphibians to primitive rep­
tiles, mammal-like reptiles, and mammals. In the absence 
of a good fossil record it may be difficult or impossible to 
identify positively a case of convergence; yet it has been 
asserted that the occurrence of convergence must not be 
stated unless it has been “proved.” To obey this assertion 
would be to make the method of analysis dictate in part 
the results achieved.

In some forms, especially internal parasites, great mod­
ification has occurred in adapting to a parasitic way of 
life. The “root system” of the “tumour” (in reality a par­
asite) found under the abdomen (“tail”) of some crabs, 
for example, penetrates through the crab’s body; the par­
asite is unrecognizable as a close relative of the barnacles 
(crustaceans not far removed from the crabs themselves) 
without the free-swimming larval stage, which shows its 
affinities. Transient or inconspicuous characters may be 
of great importance in indicating affinities; the complete 
life cycle of a specimen may have to be observed before 
its affinities can be determined. Although such characters 
may be useless for identification and for definition of a 
natural group if only a few forms in a group show them, 
they may be of the utmost importance in understanding 
relationships. Characters are therefore weighted to some 
extent by the taxonomist according to their utility for dif­
ferent purposes. Any characters intrinsic to the organism 
can be used in Classification. Extrinsic characters, includ­
ing the position of fossils in a geological sequence and 
geographical distribution of fossil and recent forms, may

force the taxonomist to look more closely at the intrin­
sic characters.
Weighting or nonweighting (i.e., by the degree of impor­

tance) of characters has been a subject of great dispute. 
On the one hand it has been pointed out that weighting 
is often demonstrably arbitrary and always imprecise. On 
the other, it has been said that if characters were actu­
ally examined without weighting, some obvious cases of 
extreme convergence would have to be classed with each 
other instead of in their proper place. A Classification 
based on unweighted characters is called a phenetic one 
(based on appearances) as opposed to a phyletic one, in 
which characters are weighted by their presumed impor­
tance in indicating lines of descent. The quarrel results in 
part from a misunderstanding of aims.

At present, the Classification of living things is a rough, 
non-quantitative sketch of their diversity. A properly sur- 
veyed map of this diversity would advance Classification 
enormously. If, on such a map, the di ving petrels (Pele- 
canoides) of the Southern Hemisphere and the little auk 
(Plautus) of the Northern Hemisphere were closer to each 
other than to their own phylogenetic relatives (the other 
petrels, fulmars, and albatrosses; and the guillemots, terns, 
gulls, and shorebirds, respectively), this would show the 
extent of their convergence, which is certainly great, but it 
would not be a reason for combining them in a separate 
group. In recent years numerical techniques have been 
developed for estimating overall resemblance or phenetic 
distance. For these methods, it is necessary to use large 
numbers of characters taken from each form and, as far as 
possible, at random; this involves enormous labour. The 
mathematical techniques are not as yet wholly satisfactory, 
some having been borrowed from Statistical analysis and 
applied to taxonomie problems without any consideration 
of whether they were designed to answer the questions 
asked by the taxonomist.

It is worth noting that if there were a complete fossil 
record for any group, then simply placing any form near­
est to those most like it (which must be its immediate 
ancestors or descendants) would produce an arrangement 
in which all cases of parallelism and convergence would 
be revealed. Since evolution occurs by descent with mod­
ification, this arrangement would presumably reflect the 
greatest use of the information available about the group 
and thus would also be the most useful general arrange­
ment. For such groups, the phenetic arrangement is the 
phyletic one also.

Making a Classification. When some idea has been ob­
tained of the constituent forms in a group and of the 
similarity and dissimilarity that they bear to each other, it 
is necessary to fit a hierarchical system to them. As already 
indicated, for groups with good fossil records, a dendritic, 
or branching, arrangement is desired, and Classification 
must be partly arbitrary because of lack of knowledge. 
If the taxonomist has two compact groups of species, 
those within each group agreeing closely with each other 
in many characters and differing sharply from members 
of the other group in others, there is no difficulty in 
Classification except in ranking. If each group contains a 
scattering of forms, any one close to another but the most 
divergent members in each group less like each other than 
they are like certain of the other group, breaking up the 
groups into definite classes becomes arbitrary.

A particularly difficult case arises when these forms also 
occur in time series: the present-day dogs, cats, hyenas, 
and other carnivores differ greatly from each other, but 
at one time their ancestors were much alike; presumably, 
therefore, they came from one ancestral stock. Paleontol- 
ogists tracé back each taxonomie line and are inclined to 
carry their separations of taxonomie groups as far back­
ward in time as possible, until the earliest members of 
related groups are far more like each other than each is 
to the rest of the later members o f the group to which it 
is assigned. This Separation of groups is extreme phyletic 
Splitting, but cutting off a large basal group containing all 
the primitive members may require arbitrary breaks in the 
many lines of descent and will obscure the evolutionary 
relationships. There is no answer to this dilemma except 
to avoid extremes.

Compact
and
scattered 
groups of 
species
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A similar difficulty arises when the same character 
complex has arisen independently in related lines. The 
American paleontologist George Gaylord Simpson, for ex­
ample, has pointed out that mammalian characters such 
as the single jawbone (dentary) have arisen several times 
in groups of the extinct mammal-like reptiles. To use Sir 
Julian Huxley’s useful terminology, the definition of the 
Mammalia expresses a grade of organization (the attain­
ment of a particular level of advancement), not a clade 
(a single phyletic group or line). Some taxonomists insist 
that in an evolutionary Classification every group must be 
truly monophyletic—that is, spring from a single ancestral 
stock. Usually, this cannot be ascertained; the fossil ma­
terial is insufficiënt or, as with many soft-bodied forms, 
nonexistent. Definite convergence must hot be overlooked 
if it can be detected.

How far groups should be split to show phyletic lines 
and what rank should be given each group and subgroup 
thus are matters for reasonable compromise. The result­
ing Classification, if fossils are unknown, may be frankly 
“natural” or phenetic, as is often explicitly the case with 
the flowering plants and is actually the case with many 
animal groups. If sufficiënt fossils are available, the result­
ing Classification may be consonant with what is known 
about the evolution of the group or with what is merely 
conjectured. In reality, many classifications are conjectural 
or tendentious, and simpler and more natural ones might 
be closer to the available facts.

Even when only mere fragments are dealt with, a Classifi­
cation of some sort may still be necessary. Large numbers 
of leaves, some sterns, trunks or roots, many seeds, and 
few flowers are known as fossils and may be of interest 
to the evolutionist. It may be many decades before a 
particular sort of fossilized leaf can be associated with a 
particular sort of branch, let alone trunk, flower, or seed. 
It is customary to construct form groups (i.e., a genus or 
species name is assigned to the fossilized material based 
on its structure) in order to classify fossilized remains and 
to give them valid binomial names. When (if ever) two or 
more bits of fossil material are identified as belonging to 
one organism, one name only is retained. This procedure 
is best known for plants, but one phylum of animals (the 
Conodonta) is made up of enigmatic structures that are 
obviously some part of something animal. (A.J.Ca.)

Current system s o f  Classification. Division o f organisms 
into kingdoms. As long as the only known plants were 
those that grew fixed in one place and all known animals 
moved about and took in food, the greater groups o f  
organisms were obvious. Even in the time of Linnaeus, 
however, many biologists wondered about such animal 
groups as corals and sponges, which were fixed in position 
and in some ways even flowerlike. Were they zoophytes—  
animal-plants—intermediate between the two kingdoms?

A more serious problem of Classification arose with the 
invention of the microscope and the discovery of micro­
scopie forms of life. It became apparent that many of 
these microorganisms held both animal and plant char­
acteristics and could not simply be classified in either 
kingdom. For example, Euglena is a unicellular organism 
with Chlorophyll characteristic of a plant, yet with such 
animal features as an eyespot and locomotion by means 
of a flagellum.

Some microorganisms are parasitic inside animals and in- 
gest complicated materials as food, while related microor­
ganisms obtain their nutrients through photosynthesis. It 
has been proposed that the unicellular forms of microor­
ganisms be placed in a separate kingdom, the Protista. 
Some biologists do not find this to be a happy solution, 
however, as some of the “unicellular” plants occur in 
“colonies” of various numbers of cells and may even have 
specialized reproductive cells.

In the mid-20th Century, biologists recognized two vastly 
different cell types, procaryote (prokaryote) and eucaryote 
(eukaryote), and based a division of the living and extinct 
world on these two broad categorizations. The divisions 
were based primarily on the absence or presence, respec­
tively, o f a membrane-bound nucleus containing the ge­
netic material of the cell, as well as on other organizational 
and structural features. Many classifications of living or­

ganisms adopted such a division and further created two 
superkingdoms, Prokaryota and Eukaryota. Within the 
Prokaryota was placed the kingdom Monera (the bacteria, 
blue-green algae, and a recently described bacterial group 
called the Archaebacteria [also called Archaeobacteria]). 
The Eukaryota comprised all other living organisms.

Viruses are far more difficult to classify. They are known 
only as parasites; no free-living forms have been found. 
They have a far simpler structure than bacteria and repro­
duce by injecting their hereditary material, which is either 
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) 
but not both (as in all other living things), into cells o f 
other organisms. In effect, viruses utilize the host’s pro- 
tein-synthesizing mechanism to reproduce. The individual 
virus partiele (virion), therefore, does not grow and divide 
by fission as do bacteria. Some biologists have speculated 
that viruses are genes that have gotten out of control and 
become parasitic; others have denied that viruses can be 
considered living at all. Many are highly important disease 
producers in plants, animals, and bacteria.

The principal characteristic shared by bacteria and viruses 
is that the hereditary material is not contained within a 
special nuclear membrane. Such a procaryotic condition 
might be postulated by evolutionists as primitive when 
compared with forms with a complex nucleus, as in eu­
caryotic organisms. Viruses, as they now exist, may be the 
simplest of living things, but it is not known how much 
they are modified from ancestral forms that are assumed 
not to have been parasitic and that were evidently on 
the main line of evolution; nor is their relation to bac­
teria known.

Another procaryotic group, the blue-green algae, is tra­
ditionally placed with the other algae (e.g., seaweeds) and 
studied more by botanists than by microbiologists. Blue- 
green algae may be either unicellular or filamentous, and 
they behave like true plants, photosynthesizing in a way 
that resembles green plants rather than bacteria. Many 
move by gliding, as do some bacteria and some true uni­
cellular algae. They are often extremely abundant around 
hot springs or at the edges of muddy ponds, and, though 
they are resistant to harsh environments, blue-green algae 
are killed by many drugs (e.g., antibiotics) used against 
bacteria. Perhaps they are best regarded as representing a 
group close to the main evolutionary line that gave rise to 
the eucaryotic plants.

Another problem relates to the position of the fungi, a 
large group including such familiär forms as mushrooms, 
toadstools, molds, and yeasts. (Although some authorities 
place the true slime molds [Myxomycetes] with the fungi, 
others point to the many characteristics they share with 
the protists.) The fungi are eucaryotic, lack Chlorophyll 
(and therefore cannot photosynthesize as do green plants), 
and have rigid walls to the “cells,” or filaments (hyphae) 
that sometimes contain cellulose, as do green plants. Some 
fungi walls or filaments are made o f chitin, the major 
constituent of the external skeleton of insects and other 
arthropods, or even of other structural compounds. A 
fungal “cell” usually contains many nuclei. Asexual and 
sexual spores are usually produced; some produce motile 
spores with flagella, like the spores of some algae. The sex­
ual cycle is often very complex. Because fungi in general 
grow and produce “fruit” like ordinary plants, they have 
traditionally been included with them; but the differences 
between the fungi and the plants seem considerable.

The preceding considerations exemplify the difficulties 
inherent in producing a generally accepted Classification, 
even at the highest levels. Since the earliest attempts at 
classifying the living world into two kingdoms, Plantae 
and Animalia, biologists have debated the relationships 
among all organisms. Most biologists, however, accept the 
fundamental differences in cell structure that separates the 
superkingdoms Eukaryota and Prokaryota.

The two-kingdom Classification of organisms has not 
been a suitable alternative since the discovery of a mi­
croscopie group of organisms. One four-kingdom Classifi­
cation (Table 2) recognizes the kingdoms Virus, Monera, 
Plantae, and Animalia within the superkingdoms Prokary­
ota and Eukaryota. Separate kingdoms are not recognized 
for the microorganisms (Protista) or for the fungi, which

The blue- 
green algae



>46 Biological Sciences

Table 2: The Four-Kingdom Scheme of Classification

kingdom members
Virus
Monera bacteria, blue-green algae, archaebacteria, and

prochlorophytes
Plantae algae, slime molds, true fungi, bryophytes

(mosses, liverworts, and hornworts), 
ferns, psilophytes, lycopodiophytes, conifers, 
gnetophytes, ginkgophytes, cycads, and 
flowering plants

Animalia protozoans, sponges, corals, flatworms, tapeworms,
arthropods, mollusks, lamp Shells, annelids, 
bryozoans, echinoderms, hemichordates, and 
chordates, including the vertebrates

are placed in the plant kingdom. Another Classification 
recognizes Protista (including the fungi and protozoans) 
rather than viruses.
A Classification o f living organisms. Recent advances in 

biochemical and electron microscopie techniques, as well 
as in testing that investigates the genetic relatedness among 
species, have redefined previously established taxonomie 
relationships and have fortified support for a five-kingdom 
Classification of living organisms. This alternative scheme 
is presented below and is used in the major biological 
articles in the Macropcedia. In it, the procaryotic Monera 
continue to comprise the bacteria, although techniques in 
genetic homology have defined a new group of bacteria, 
the Archaebacteria, that some biologists believe may be as 
different from bacteria as bacteria are from other eucary­
otic organisms. The eucaryotic kingdoms now include the 
Plantae, Animalia, Protista, and Fungi, or Mycota.

The protists are predominantly unicellular, microscopie, 
nonvascular organisms that do not generally form tissues. 
Exhibiting all modes of nutrition, protists are frequently 
motile organisms, primarily using flagella, cilia, or pseu- 
dopodia. The fungi, also nonvascular organisms, exhibit an 
osmotrophic type of heterotrophic nutrition. Although the 
mycelium may be complex, they also exhibit only simple 
tissue differentiation, if any at all. Their cell walls usually 
contain chitin, and they commonly release spores during 
reproduction. The plants are multicellular, multitissued, 
autotrophic organisms with cellulose-containing cell walls. 
The vascular plants possess roots, sterns, leaves, and com­
plex reproductive organs. Their life cycle shows an alter- 
nation of haploid (gametophyte) and diploid (sporophyte) 
generations. The animals are multicellular, multitissued, 
heterotrophic organisms whose cells are not surrounded 
by cell walls. Animals generally are independently motile, 
which has led to the development of organ and tissue 
systems. The monerans, the only procaryotic kingdom 
in this Classification scheme, is principally made up of 
the bacteria. They are generally free-living, unicellular or­
ganisms that reproduce by fission. Their genetic material 
is concentrated in a non-membrane-bound nuclear area. 
Motility in bacteria is by a flagellar structure that is differ­
ent from the eucaryotic flagellum. Most bacteria have an 
envelope that contains a unique cell wall, peptidoglycan, 
the Chemical nature of which imparts a special staining 
property that is taxonomically significant (i.e., gram-posi­
tive, gram-negative, acid-fast).

The use of “division” by botanists and “phylum” by 
zoologists for equivalent categories leads to a rather awk- 
ward Situation in the Protista, a group of interest to both 
botanists and zoologists. As used below, the terms follow 
prevailing usage: phylum for the primarily animal-like 
protozoa and division for other protistan groups that are 
more plantlike and of interest primarily to botanists.

The discussion above shows the difficulty involved in Clas­
sification; for example, one traditional Classification of the 
Aschelminthes, presented below and in the Macropcedia 
article aschelminths, divides the phylum Aschelminthes 
into five classes: Rotifera, Gastrotricha, Kinorhyncha, Ne- 
matoda, and Nematomorpha. An alternative Classification 
elevates these classes to phyla, and still another Clas­
sification establishes different relationships between the 
groups: phylum Gastrotricha, phylum Rotifera, phylum 
Nematoda (containing classes Adenophorea, Secementea, 
and Nematomorpha), and phylum Introverta (containing

classes Kinorhyncha, Loricifera, Priapulida, and Acantho- 
cephala). The true relationships between these pseudo- 
coelomates remain to be established.
KINGDOM MONERA (bacteria, archaebacteria, 
and blue-green algae)

KINGDOM PROTISTA (protists)
Algae other than the blue-green algae, protozoa, and slime 

molds.
KINGDOM FUNGI (fungi)

KINGDOM PLANTAE (METAPHYTA or EMBRYOPHYTA; 
nonvascular and vascular plants)
Includes mosses, liverworts, hornworts, whisk ferns, club 

mosses, horsetails, ferns, cycads, conifers, gnetophytes, ginkgo­
phytes, and flowering plants.
Division Bryophyta (mosses, liverworts, and hornworts) 
Division Psilotophyta (whisk ferns or psilopsids)
Division Lycophyta (club mosses and quillworts)
Division Sphenophyta (horsetails)
Division Polypodiophyta (ferns)
Division Coniferophyta
Includes pines, yews, spruces, firs, junipers, redwoods, and 

others.
Division Ginkgophyta (ginkgoes)
Division Cycadophyta (cycads)
Division Gnetophyta (gnetophytes)

Division Magnoliophyta (flowering plants)
Includes monocots (grasses, rushes, sedges, cattails and 

pondweeds, palms, pineapple and other bromeliads, lilies, ba- 
nanas, ginger, orchids, and others) and dicots or broad-leaved 
plants (most trees, buttercups, poppies, roses, violets, cacti, 
mints, squashes, sunflowers, and many others).
KINGDOM ANIMALIA (or METAZOA)
Subkingdom Parazoa (sponges)
Phylum Porifera (sponges)
Subkingdom Eumetazoa
Phylum Mesozoa (mesozoans)
Phylum Cnidaria (or Coelenterata; enidarians)
Phylum Ctenophora (ctenophores)
Phylum Platyhelminthes (flatworms)
Phylum Nemertea (or Rhynchocoela; ribbonworms)
Phylum (or class) Acanthocephala (spiny-headed worms) 
Phylum Aschelminthes 
Phylum Priapulida (priapulids)
Phylum Annelida (annelid worms)
Phylum Tardigrada
Phylum Onychophora
Phylum Arthropoda (arthropods)
Phylum Mollusca (mollusks)
Phylum Bryozoa (or Ectoprocta; bryozoans)
Phylum Phoronida (phoronid worms)
Phylum Brachiopoda (brachiopods)
Phylum Sipuncula (sipunculid worms)
Phylum Chaetognatha (arrowworms)
Phylum Echiurida (spoonworms)
Phylum Echinodermata (echinoderms)
Phylum Hemichordata (hemichordates)
Phylum Pogonophora (beardworms)
Phylum Chordata (chordates)

(Ed.)
BIOPHYSICS
In its broadest sense, biophysics is concerned with the 
solution of biological problems in terms of the concepts 
of physics and other physical Sciences. The relatively re­
cent emergence of biophysics as a scientific discipline may 
bë attributed, in particular, to the spectacular success of 
biophysical tools in unravelling the molecular structure 
of deoxyribonucleic acid (dna), the fundamental hered­
itary material, and in establishing the precisely detailed

The
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structure o f  proteins such as hem oglobin in order that 
the position  o f  each atom  m ay be know n. Biophysics and  
the in tim ately  related subject m olecular biology now are 
firmly established as Cornerstones o f  m odern biology.

Historical background. The origin of biophysics ante- 
dates the division of natural Sciences into separate disci­
plines. Bioluminescence must be considered among the 
most ancient objects of biophysical exploration, because 
the emission of light by living organisms has long stim­
ulated the curiosity of natural philosophers. Perhaps the 
first scientific investigation of animal luminescence was 
that of Athanasius Kircher, a l7th-century German Jesuit 
priest, who devoted two chapters of his book Ars Magna 
Lucis et Umbrae to bioluminescence. In the midst of his 
more scientific observations, Kircher found time to expose 
as a fallacy the notion that an extract made from fireflies 
could be used to light houses.

The relation between electricity and biology became a 
subject o f speculation in the 17th Century and one of in­
tense exploration in the 18th and 19th. Sir Isaac Newton 
in the Principia (1687) wrote of “a certain most subtle 
spirit which pérvades and lies hid in all gross bodies,” and 
that “all Sensation is excited, and the members of animal 
bodies move at the command of the will, namely, by the 
vibrations of this spirit, mutually propagated along the 
solid filaments of the nerves, from the outward organs of 
sense to the brain, and from the brain into the muscles.” 
Man’s fascination with animal electricity is illustrated in 
a letter written by John Walsh in 1773 to the American 
inventor and statesman Benjamin Franklin; Walsh wrote 
the details of his discovery of the electrical nature of the 
discharge from the torpedo or electric ray:

I am concerned that other engagements have prevented me 
from giving to the Royal Society, before their recess, a com­
plete account o f my experiments on the electricity o f the tor­
pedo; a subject not only serious in itself, but opening a large 
field o f  interesting inquiry, both to the electrician in his walk 
o f physics, and to all who consider, particularly or generally, 
the animal oeconomy.

Typical of the unity of Science that then prevailed were 
the advances sometimes made either by professors o f  
physics who were interested in biological phenomena or 
professors of anatomy, a subject that at that time included 
physiology. Thus Abbé Giovanni Beccaria, professor of 
physics in Turin and Italy’s leading student of electric- 

Electrical ity in the mid-18th Century, carried out experiments on 
Stimulation the electrical Stimulation of muscles. Albrecht von Haller, 
of muscles professor of anatomy and surgery at Göttingen, discussed 

“the nervous fluid” and conjectured as to whether “elec­
trical matter” and “animal spirits” were the same. In 1786 
Luigi Galvani, a physician in Bologna, made the crucial 
experiment that helped end this controversy. Galvani sup- 
posedly was performing experiments with a machine in 
the Company of friends, when, by chance, one member of 
the party idly probed with a knife the nerves o f the thigh of 
a skinned frog to be used for soup. As the muscles of the 
frog leg suddenly and unexpectedly contracted, Galvani’s 
wife noted that a spark had been produced by the elec­
trical machine and “fancied that there was an agreement 
in point of time.” Although Galvani’s own account of the 
occurrence differed somewhat in detail from the preced­
ing, it is certain that the experiment was repeated and 
verified, setting the stage for a long controversy between 
the advocates of Galvani’s view that current generated by 
an animal can cause contraction and those of Alessandro 
Volta, who claimed that the frog leg served only as a 
detector of minute differences in electrical potential exter­
nal to it. The Galvani partisans performed an experiment 
in which no external sources of electricity were present, 
thus pro ving that current generated by an animal could 
cause the muscle contraction. But it was also possible to 
cause contraction by contact with metals; Volta performed 
such investigations, and they culminated in his invention 
of the electrical battery, which was so important that it 
overshadowed Galvani’s research. As a result, the study of 
electrical potential in animals disappeared from scientific 
consideration until 1827.

Because for many years the frog leg was the most sen­
sitive detector of differences in electrical potential, final

acceptance of the view that currents can be generated by 
living tissues had to await the construction of galvanome­
ters sensitive enough to measure the minute currents 
generated in muscles and the small potential differences 
across nerve membranes. Galvanometers were built by the 
great German 19th-century electrophysiologist Du Bois- 
Reymond, professor of physiology in Berlin. His inves­
tigations of muscular current and electrical potential of 
nerves depended upon a galvanometer of his own devising 
that required 3.17 miles (5.10 kilometres) of wire wound 
in 24,000 turns. Research in this subject, called neuro- 
physiology, grew in stature with increased understanding 
of both electrical phenomena and cellular physiology; it 
served as one point of origin for biophysics.

Biophysics also grew out of investigations on diffusion 
gradients and osmotic pressure—two forces responsible 
for the passive flow of matter in living organisms. Os­
motic pressure, the pressure that develops in a solution 
separated from a solvent by a membrane permeable only 
to solvent, was first described by Abbé JA. Nollet, who 
became professor of experimental physics at the College 
of Navarre. The semipermeable membranes required to 
produce the fluid flow that characterizes osmotic phenom­
ena initially came from biological sources; French scientist 
Rene Dutrochet wrote in 1828, “it appears from these 
new studies that the endosmotic and exosmotic phenom­
ena, which I discovered, belong to a new class of physical 
phenomena, whose powerful Intervention in the vital phe­
nomenon is no longer doubtful.” Following the first quan­
titative measurements by the botanist W.F.P. Pfeffer, the 
fundamental laws governing diffusion were enunciated by 
Adolf Fick, who in 1856 published what is probably the 
first biophysics text, Die medizinische Physik (“Medical 
Physics”). Fick developed the laws of diffusion not from 
experiment but by analogy with the laws governing the 
flow of heat; subsequent laboratory experiments proved 
the analogy to be quantitatively exact.

Physical and Chemical investigation coalesced in physi- The devel- 
cal chemistry, a subject that began to develop with the opment of 
emergence o f the Zeitschrift für Physikalische Chemie in physical 
1887, a journal founded by Dutch chemist Jacobus van’t chemistry 
Hoff and German chemist Wilhelm Ostwald. The first vol­
ume contains contributions from the most noted physical 
chemists of the time, including van’t Hoff, Ostwald, Fran­
cois Raoult, and Svante Arrhenius. They were concerned 
with reactions in solution, a central topic in biology be­
cause the interior milieu o f all living cells is aqueous, and 
the Chemical reactions that sustain life take place in water.
The scientific interests of van’t Hoff in particular tran- 
scended the boundaries between disciplines. He stressed 
the importance of the laws of osmosis, which he had 
clearly delineated, to the economy of all living processes.

Biophysics matured in the 20th Century. British bio­
physicist A.V. Hill described the modern biophysicist in 
these terms:

Biological phenomena, like many others, show aspects and 
relations susceptible o f  physical analysis and interpretation. It 
is by the choice o f  problems and by the intellectual processes 
with which they are formulated and attacked, more than by 
the particular techniques employed, that a subject can be most 
clearly defined. There are people to whom physical intuitions 
come naturally, who can state a problem in physical terms, 
who can recognize physical relations when they turn up, who 
can express results in physical terms. These intellectual qual- 
ities, more than any special facility with physical instruments 
and methods, are essential to the make-up o f  a biophysicist.
Equally essential, however, are the corresponding quälities, 
intuitions, and experience o f th e  biologist. A physicist who 
cannot develop the biological approach, who has no curiosity 
about vital processes and functions, who is not willing to 
spend time in learning the habits o f  living things, who regards 
biology simply as a branch o f  physics has no important future 
in biophysics. (From Science, Dec. 21, 1956.)

Most biophysical research has been carried out by physi- 
cists with an interest in biology; therefore, there must be a 
way by which scientists educated in physics and physical 
chemistry can find their way into biology and become 
familiär with problems that may be open to a physical 
interpretation. Although classically oriented biology de- 
partments offen offer positions to biophysicists, they are
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not substitutes for centres in which biophysical research is 
of central importance.

Tools of The biophysicist possesses the ability to separate biolog- 
he bio- ical problems into segments that are amenable to exact 
physicist physical interpretation and to formulate hypotheses that 

can be tested by experiment. The primary tooi of the 
biophysicist is an attitude of mind. To this might be 
added the ability to use complex physical theory to study 
natural objects—-for example, that involved in the X-ray 
diffraction techniques used to determine the structure of 
large molecules such as proteins. The biophysicist usually 
recognizes the utility of new physical tools—e.g., nuclear 
magnetic resonance and electron spin resonance—in the 
study of specific problems in biology. But he may also, 
through previous experience in building specialized equip­
ment to solve physical problems, not have to rely on 
commercially built instruments.

The development of instruments for biological purposes 
is an important aspect of a new area—applied biophysics. 
Biomedical instrumentation is probably most widely used 
in hospitals. Applied biophysics is important in the field of 
therapeutic radiology, in which the measurement of dose 
is critical to treatment, and in diagnostic radiology, partic­
ularly with techniques involving isotope localization and 
whole body scanning to aid in tumour diagnosis. As aids 
in diagnosis and patiënt care, computers are of increasing 
importance. Automation of the Chemical analyses rou- 
tinely carried out in hospitals will soon be a reality. The 
opportunities for the applications of biophysics seem lim­
itless because the lengthy delay between the development 
of a research instrument and its application means that 
many scientific instruments based on physical principles 
already known will be shown to have important potential 
for medicine.

Interdisciplinary work. The biophysical approach is 
unified by a consideration of biological problems in the 
light of physical concepts, so that biophysics is, perforce, 
interdisciplinary. Biophysics may be thought of as the 
central circle in a two-dimensional array of overlapping 
circles, which include physics, chemistry, physiology, and 
general biology. Relations with chemistry are mediated 
through biochemistry and chemistry; those with physiol­
ogy, through neurophysiology and sensory physiology. Bi­
ology, which may be viewed as a genera! subject pervading 
biophysical study, is evolving from a purely descriptive 
Science into a discipline increasingly devoted to under­
standing the nature of the prime movers of biological 
events. The evolution of biology in these directions has 
received great impetus from the biophysical and biochem­
ical discoveries of the 20th Century. An understanding of 
the physical principles governing biological effects is the 
proper end of biophysics.

Areas of study. The content and methods of biophysics 
are illustrated by examining several notable contributions 
to Science.

Protein structure. Within two days after the initial pub­
lication of Wilhelm Röntgen’s discovery of X-rays in 
1895, a surgeon in Scotland used X-rays to observe a 
needle as he extracted it from the palm of an unfortunate 
seamstress. Although this medical application resulted in 
the development of radiological diagnosis and treatment of 
disease by radiation, physical aspects of Röntgen’s discov- 

The ery also provided the means for elucidating the structure
significance of proteins and other large molecules. The laws govern- 
of X-rays ing the diffraction of X-rays were discovered by the two 

Braggs, Sir William and Sir Lawrence, who were father 
and son. At the Cavendish Laboratory at the University of 
Cambridge, where Sir Lawrence was professor, J.D. Bernal 
was studying the use of X-ray diffraction for the determi­
nation of the structure of large biological molecules. He 
had already used X-rays to define the size and shape of 
the tobacco mosaic virus and showed it to have a reg­
ulär internal structure. At the Cavendish Laboratory the 
group that formed around Bernal, a man of wide public 
and scientific interests, included the Nobel Prize winners 
Max Perutz and John Kendrew, who in 1937 began to 
use X-rays to analyze two proteins fundamental to life, 
myoglobin and hemoglobin, both of which function in the 
transport of gases in the blood. Twenty-two years passed

before the structures of these proteins were established; 
the significance of the work is that it provided the basis 
for an understanding of the mechanism of the action of 
enzymes and other proteins, an active and fruitful subject 
of modern investigation.
Deoxyribonucleic acid. Interest in biophysics at the 

Cavendish Laboratory resulted in another important dis­
covery, the structure of deoxyribonucleic acid (dna), the 
genetic material. This achievement by a British biophysi­
cist, Francis H.C. Crick, and by a U.S. biochemist, James 
Watson, was based on X-ray data obtained by Maurice 
Wilkins at King’s College, London. When Crick first went 
to the Cavendish Laboratory for education in biophysics, 
he worked under Perutz’s direction; when Watson went 
to the Cavendish, he and Crick began the collaboration 
that led to the establishment of the structure of dna, for 
which Watson, Crick, and Wilkins later were awarded a 
Nobel Prize.

Much impetus for biophysical investigation following 
World War II came from the desire of physicists to move 
away from physics and into biology; this drive was strength- 
ened by the publication in 1944 of Erwin Schrödinger’s 
book What Is Life? Schrödinger, the Austrian physicist 
who contributed substantially to the development of wave 
mechanics, was anxious to determine whether biological 
events could be accounted for in terms of known laws of 
physics and chemistry, or whether a füll explanation would 
require the formulation of physical laws not yet known 
to exist. Because biological reproduction seemed to pose 
intractable problems, he devoted a chapter of his book to 
a consideration of the gene. The discussion was based on 
the model put forward by Max Delbrück, a physicist who 
had for some years been studying the genetics of viruses 
that infect bacteria (bacteriophages). Delbrück’s summer 
course on bacteriophages in 1945 at Cold Spring Harbour 
in New York set in motion the chain of events that led to 
understanding the genetic code by which the sequence of 
the nucleotides in dna is translated into the sequence of 
amino acids in a protein. The use of bacteriophage also 
provided an opportunity for experiments with a primitive 
living organism that could be studied without anatomie 
complexities. This aspect of biophysics has become more 
biochemically oriented as it has developed and is now 
known as molecular biology; sometimes it is considered a 
distinct discipline, and other times it is subsumed under 
the biophysical Sciences.

The nerve impulse. Important aspects of biophysics 
have been derived from physiology, especially in studies 
involving the conduction of nerve impulses. One impor­
tant scientific product of World War II—the development 
of vastly improved electronics—largely resulted from radar 
devices that had been used primarily for locating aircraft. 
Another product, the atomic bomb, was constructed by 
way of nuclear reactors that could, in peace time, provide 
an abundant supply of radioactive isotopes, which are now 
of great value not only in biophysical research but also in 
biochemistry and medicine. These two disparate advances 
were important to the work of two Nobel Prize winners, 
Alan Hodgkin and Andrew Huxley, who showed how the 
flow of sodium and potassium across the membranes of 
nerves can be coupled to produce the action potential, 
a brief electrical event that initiates the action potential, 
which propagates the nervous signal.

A model of the nerve axon proposed by Hodgkin and 
Huxley grew from a 19th-century confluence of ideas. 
Julius Bernstein, an experimental neurophysiologist, used 
physical Chemical theories to develop a membrane the­
ory of nervous conduction; Hodgkin’s initial experiments 
were designed to test specific predietions of the Bernstein 
hypothesis, Early in 1938 Hodgkin learned of the impor­
tant results of a newly developed technique that allowed 
examination of the time course of nervous conduction. 
After World War II, Hodgkin, joined by Huxley, again 
took up the research. They presented their explanation of 
the mechanism of nervous conduction in five scientific 
papers between October 1951 and March 1952.

Biological membranes. The availability of radioactive 
isotopes provided the technology necessary for under­
standing how molecules are transported across biological



Biological Sciences 949

membranes, which are the very thin boundaries of living 
cells; the environment maintained by membranes in cells 
differs from the external environment and permits cellular 

Conceptual function. The Danish physiologist August Krogh laid the 
expla- groundwork in this subject; his pupil, Hans Ussing, de- 
nation veloped the conceptual means by which the transport of 
of active ions (charged atoms) across membranes can be identified. 
transport Ussing’s definition of active transport made possible an 

understanding, at the cellular level, of the way in which 
ions and water are pumped into and out of living cells in 
order to regulate the ionic composition and water balance 
in cells, organs, and organisms. The molecular mecha­
nism by which these processes occur, however, remains to 
be discovered.
In addition to the function of Transport, membranes 

also are utilized as templates on which such molecules 
as enzymes, which must function in a sequential fash- 
ion, can be kept in the requisite order. Although great 
progress has been made in understanding the mechanisms 
by which specific atoms are assembled into large biologi­
cal molecules, the principles involved in the assembly of 
molecules into membranes, which are organized structures 
of a higher degree o f complexity than large molecules, are 
not yet very well understood. There is reason to believe 
that the incorporation of a molecule into a membrane en- 
dows it with properties that differ from those of a molecule 
in solution. A primary task of biophysics is to understand 
the physical character of these cooperative interactions 
that are essential to life.
Muscle contraction. A N . Hill developed exquisitely sen­

sitive temperature sensors for measuring heat generated 
during muscular contraction; he initiated studies relating 
this heat to the thermodynamic parameters responsible for 
it. The electron microscope in the years following World 
War II made possible the description of muscular contrac­
tion at a structural level, though the mechanisms involved 
in the flow of heat during the process are not yet known. 
Simultaneously, in the 1960s, but independently, various 
physicists postulated the sliding-filament theory of mus­
cular contraction, according to which muscles contract by 
the sliding of one filament along another and not by a 
springlike coiling. Remarkable advances, based on the use 
of techniques such as X-ray diffraction and electron mi­
croscopy, have made it possible to visualize many of the 
molecules involved in the process. The entire process of 
muscular contraction, in terms of an identification of the 
molecules and a description of the Chemical reactions in 
the muscle fibre, has been almost completely explained. 

Sensory communication. The above comprise a few 
specific examples of the scope of biophysics. One area, 
difficult to discuss in specific terms, is that of sensory 
communication. Because stimuli, particularly those of a 
visible or auditory nature, can easily be specified in exact 
physical terms, they have excited the interest of physical 
scientists since before 1850. Modern electronic techniques 
make it relatively easy to distinguish true signals from 
noise; in addition, computers make possible the perfor­
mance of significant experiments concerning the complex 
relationship between stimulus and action. Quantitative 
analysis of sensory response is very difficult, however, be­
cause it involves a synthesis of the action of many cells. It 
has been pointed out that

An adequate theory o f  sensory function implies an adequate 
theory o f brain function. And an adequate theory of brain 
function in its turn requires that the nervous system’s behav­
ioral repertory be predictably related to the behaviour of the 
elements that compose it.

(A.K.S.)

BIOCHEMISTRY
Biochemistry is the study of substances found in living or­
ganisms and of the changes they undergo during develop­
ment and life of the organism. It deals with the chemistry 
of life, and as such it draws on the techniques of analytical, 
organic, and physical chemistry, as well as those of phys­
iologists concerned with the molecular basis of vital pro­
cesses. All Chemical changes within the organism—either 
the degradation of substances, generally to gain necessary 
energy, or the buildup of complex molecules necessary for

life processes—are collectively termed metabolism. These 
Chemical changes depend on the action of organic cata­
lysts known as enzymes, and enzymes, in tum, depend for 
their existence on the genetic apparatus of the cell. It is 
not surprising, therefore, that biochemistry enters into the 
investigation of Chemical changes in disease, drug action, 
and other aspects of medicine, as well as in nutrition, 
genetics, and agriculture.

The term biochemistry is synonymous with two some­
what older terms: physiological chemistry and biological 
chemistry. Those aspects of biochemistry that deal with 
the chemistry and function of very large molecules {e.g., 
proteins and nucleic acids) are often grouped under the 
term molecular biology. Biochemistry is a young Science, 
having been known under that term only since about 
1900. Its origins, however, can be traced much further 
back; its early history is part of the early history of both 
physiology and chemistry.

Historical background. The particularly significant past 
events in biochemistry have been concerned with placing 
biological phenomena on firm Chemical foundations.

Before chemistry could contribute adequately to medicine Prelude to 
and agriculture, however, it had to free itself from im- biochem- 
mediate practical demands in order to become a pure istry 
Science. This happened in the period from about 1650 to 
1780, starting with the work of Robert Boyle and cul­
minating in that of Antoine-Laurent Lavoisier, the father 
of modern chemistry. Boyle questioned the basis of the 
Chemical theory of his day and taught that the proper 
object of chemistry was to determine the composition 
of substances. His Contemporary John Mayow observed 
the fundamental analogy between the respiration of an 
animal and the burning, or oxidation, of organic matter 
in air. Then, when Lavoisier carried out his fundamental 
studies on Chemical oxidation, grasping the true nature of 
the process, he also showed, quantitatively, the similarity 
between Chemical oxidation and the respiratory process. 
Photosynthesis was another biological phenomenon that 
occupied the attention of the chemists of the late 18th Cen­
tury. The demonstration, through the combined work of 
Joseph Priestley, Jan Ingenhousz, and Jean Senebier, that 
photosynthesis is essentially the reverse of respiration was 
a milestone in the development o f biochemical thought.

In spite of these early fundamental discoveries, rapid 
progress in biochemistry had to wait upon the development 
of structural organic chemistry, one of the great achieve- 
ments of 19th-century Science. A living organism contains 
many thousands of different Chemical compounds. The 
elucidation of the Chemical transformations undergone by 
these compounds within the living cell is a central problem 
of biochemistry. Clearly, the determination of the molec­
ular structure of the organic substances present in living 
cells had to precede the study of the cellular mechanisms, 
whereby these substances are synthesized and degraded.

There are few sharp boundaries in Science, and the bound­
aries between organic and physical chemistry, on the one 
hand, and biochemistry, on the other, have always shown 
much overlap. Biochemistry has borrowed the methods 
and theories of organic and physical chemistry and applied 
them to physiological problems. Progress in this path was 
at first impeded by a stubborn misconception in scientific 
thinking—the error of supposing that the transformations 
undergone by matter in the living organism were not 
subject to the Chemical and physical laws that applied to 
inanimate substances and that consequently these “vital” 
phenomena could not be described in ordinary Chemical 
or physical terms. Such an attitude was taken by the vi- 
talists, who maintained that natural products formed by 
living organisms could never be synthesized by ordinary 
Chemical means. The first laboratory synthesis of an or­
ganic compound, urea, by Friedrich Wöhler in 1828, was 
a blow to the vitalists but not a decisive one. They re- 
treated to new lines of defense, arguing that urea was only 
an excretory substance—a product of breakdown and not 
of synthesis. The success of the organic chemists in syn- 
thesizing many natural products forced further retreats of 
the vitalists. It is axiomatic in modern biochemistry that 
the Chemical laws that apply to inanimate materials are 
equally valid within the living cell.
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At th e  sa m e  t im e  th a t progress w as b e in g  im p e d e d  by  
a m isp la c e d  k in d  o f  rev eren ce  for  liv in g  p h e n o m e n a , th e  
p ractica l n ee d s  o f  m a n  op era ted  to  sp u r  th e  p rogress o f  the  
n ew  Science. As organ ic  a n d  p h y sica l c h e m is tr y  erec ted  an  
im p o s in g  b o d y  o f  th eo ry  in  th e  19th  Century, th e  need s  
o f  th e  p h y sic ia n , th e  p h a rm a cist, a n d  th e  agricu ltu ra list  
p ro v id ed  a n  ever -p resen t s tim u lu s  for th e  a p p lic a tio n  of 
th e  n ew  d isco v er ie s  o f  ch em istry  to  v a r io u s u rg en t practi­
ca l p ro b lem s.

The contri- Two outstanding figures of the 19th Century, Justus von 
mtions of Liebig and Louis Pasteur, were particularly responsible for 
riebig and dramatizing the successful application of chemistry to the 
5asteur study of biology. Liebig studied chemistry in Paris and 

carried back to Germany the inspiration gained by contact 
with the former students and colleagues of Lavoisier. He 
established at Giessen a great teaching and research lab­
oratory, one of the first of its kind, which drew students 
from all over Europe.
Besides putting the study of organic chemistry on a firm 

basis, Liebig engaged in extensive literary activity, attract­
ing the attention of all scientists to organic chemistry and 
popularizing it for the lay man as well. His classic works, 
published in the 1840s, had a profound influence on 
Contemporary thought. Liebig described the great Chemi­
cal cycles in nature. He pointed out that animals would 
disappear from the face of the Earth if it were not for 
the photosynthesizing plants, since animals require for 
their nutrition the complex organic compounds that can 
be synthesized only by plants. The animal excretions and 
the animal body after death are also converted by a pro­
cess of decay to simple products that can be re-utilized 
only by plants.

In contrast w ith anim als, green plants require for their 
growth on ly  carbon dioxide, water, m ineral salts, and sun­
light. T he m inerals m ust be obtained from  the soil, and 
the fertility o f  the soil depends on  its ability to  furnish 
the plants w ith these essential nutrients. But the soil is 
depleted o f  these m aterials by the rem oval o f  successive 
crops; hence the need for fertilizers. Liebig po in ted  out 
that Chemical analysis o f  plants could  serve as a guide to  
the substances that should be present in fertilizers. Agri­
cultural chem istry as an applied Science was thus born.

In his analysis of fermentation, putrefaction, and infec­
tious disease, Liebig was less fortunate. He admitted the 
similarity of these phenomena but refused to admit that 
living organisms might function as the causative agents. It 
remained for Pasteur to clarify that matter. In the 1860s 
Pasteur proved that various yeasts and bacteria were re­
sponsible for “ferments,” substances that caused fermen­
tation and, in some cases, disease. He also demonstrated 
the usefulness of Chemical methods in studying these tiny 
organisms and was the founder of what came to be called 
bacteriology.

Later, in 1877, Pasteur’s ferments were designated as 
enzymes, and, in 1897, the German chemist E. Büchner 
clearly showed that fermentation could occur in a press 
juice of yeast, devoid of living cells. Thus a life process of 
cells was reduced by analysis to a nonliving system of en­
zymes. The Chemical nature of enzymes remained obscure 
until 1926, when the first pure crystalline enzyme (urease) 
was isolated. This enzyme and many others subsequently 
isolated proved to be proteins, which had already been 
recognized as high-molecular-weight chains of subunits 
called amino acids.

The mystery of how minute amounts of dietary sub­
stances known as the vitamins prevent diseases such as 
beriberi, scurvy, and pellagra became clear in 1935, when 
riboflavin {%vitamin B2) was found to be an integral part 
of an enzyme. Subsequent work has substantiated the 
concept that many vitamins are essential in the Chemical 
reactions of the cell by virtue of their role in enzymes.

In 1929 the substance adenosine triphosphate (a t p ) was 
isolated from muscle. Subsequent work demonstrated that 
the production of a t p  was associated with respiratory (ox­
idative) processes in the cell. In 1940 F.A. Lipmann pro­
posed that a t p  is the common form of energy exchange in 
many cells, a concept now thoroughly documented. a t p  
has been shown also to be a primary energy source for 
muscular contraction.

The use of radioactive isotopes o f Chemical elements to Isotopes 
trace the pathway of substances in the animal body was tools 
initiated in 1935 by two U.S. chemists, R. Schoenheimer 
and D. Rittenberg. That technique provided one of the 
single most important tools for investigating the complex 
Chemical changes that occur in life processes. At about the 
same time, other workers localized the sites of metabolic 
reactions by ingenious technical advances in the studies 
of organs, tissue slices, cell mixtures, individual cells, and, 
finally, individual cell constituents, such as nuclei, mito­
chondria, ribosomes, lysosomes, and membranes.

In 1869 a substance was isolated from the nuclei of 
pus cells and was called nucleic acid, which later proved 
to be deoxyribonucleic acid (d n a ), but it was not until 
1944 that the significance of d n a  as genetic material was 
revealed, when bacterial d n a  was shown to change the 
genetic matter of other bacterial cells. Within a decade 
of that discovery, the double helix structure of d n a  was 
proposed by Watson and Crick, providing a firm basis for 
understanding how d n a  is involved in cell division and in 
maintaining genetic characteristics.

Advances have continued  since that tim e, w ith such  
landmark events as the first Chemical synthesis o f  a pro­
tein, the detailed m apping o f  the arrangem ent o f  atom s 
in som e enzym es, and the elucidation  o f  intricate m ech­
anism s o f  m etabolic regulation, including the m olecular 
action o f  horm ones.

Areas of study. A  description o f  life at the m olecular  
level includes a description o f  all the com plexly interre- 
lated Chemical changes that occur w ithin  the cell— i.e., 
the processes know n as interm ediary m etabolism . The  
processes o f  growth, reproduction, and heredity, also sub­
jects o f  the b iochem ist’s curiosity, are intim ately related 
to intermediary m etabolism  and cannot be understood in- 
dependently o f  it. T he properties and capacities exhibited  
by a com plex m ulticellu lar organism  can be reduced to  
the properties o f  the individual cells o f  that organism , and  
the behaviour o f  each individual cell can be understood in  
term s o f  its Chemical structure and the Chemical changes 
occurring within that cell. W hen all the Chemical changes 
within a cell are com pletely  described and understood, 
m an will have achieved  as com plete an understanding  
o f  life as can be achieved by the intellect alone. Living  
processes are sufficiently com plex , how ever, to guarantee 
the biochem ist enough unsolved  problem s to last in to  the  
unforeseeable future.

Chemical composition o f living matter. Every living cell 
contains, in addition to water and salts or minerals, a large 
number of organic compounds, substances composed of 
carbon combined with varying amounts of hydrogen and 
usually also of oxygen. Nitrogen, phosphorus, and sulfur 
are likewise common constituents. In general, the bulk 
of the organic matter of a cell may be classified as (1) 
protein, (2) carbohydrate, and (3) fat, or lipid. Nucleic 
acids and various other organic derivatives are also impor­
tant constituents. Each class contains a great diversity of 
individual compounds. Many substances that cannot be 
classified in any of the above categories also occur, though 
usually not in large amounts.

Proteins are fundamental to life, not only as structural 
elements {e.g., collagen) and to provide defense (as anti­
bodies) against invading destructive forces but also because 
the essential biocatalysts are proteins. The chemistry of 
proteins is based on the researches of the German chemist 
Emil Fischer, whose work from 1882 demonstrated that 
proteins are very large molecules, or polymers, built up 
of about 24 amino acids. Proteins may vary in size from Protein 
small—insulin with a molecular weight of 5,700 (based size 
on the weight of a hydrogen atom as 1)—to very large— 
molecules with molecular weights of more than 1,000,000.
The first complete amino acid sequence was determined 
for the insulin molecule in the 1950s. By 1963 the chain 
of amino acids in the protein enzyme ribonuclease (mole­
cular weight 12,700) had also been determined, aided by 
the powerful physical techniques of X-ray-diffraction anal­
ysis. In the 1960s, Nobel Prize winners J.G. Kendrew and 
M.F. Perutz, utilizing X-ray studies, constructed detailed 
atomic models of the proteins hemoglobin and myoglobin 
(the respiratory pigment in muscle), which were later
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Signifi­
cance of 
nucleic 
acids

confirm ed by sophisticated Chemical studies. The abiding 
interest o f  b iochem ists in the structure of proteins rests 
on the fact that the arrangem ent of Chemical groups in  
space yields im portant clues regarding the biological activ­
ity o f  m olecu les.

Carbohydrates include such substances as sugars, starch, 
and cellulose. The second quarter of the 20th cëntury 
witnessed a striking advance in the knowledge of how 
living cells handle small molecules, including carbohy­
drates. The metabolism of carbohydrates became clarified 
during this period, and elaborate pathways of carbohy­
drate breakdown and subsequent storage and utilization 
were gradually outlined in terms of cycles (A#., the Emb- 
den-Meyerhof glycolytic cycle and the Krebs cycle). The 
involvement of carbohydrates in respiration and muscle 
contraction was well worked out by the 1950s. Refine- 
ments of the schemes continue.

Fats, or lipids, constitute a heterogeneous group of or­
ganic Chemicals that can be extracted from biological 
material by nonpolar solvents such as ethanol, ether, and 
benzene. The classic work concerning the formation of 
body fat from carbohydrates was accomplished during the 
early 1850s. Those studies, and later confirmatory evi­
dence, have shown that the conversion of carbohydrate to 
fat occurs continuously in the body. The liver is the main 
site of fat metabolism. Fat absorption in the intestine, 
studied as early as the 1930s, still is under investigation 
by biochemists. The control of fat absorption is known 
to depend upon a combination action of secretions of the 
pancreas and bile salts. Abnormalities of fat metabolism, 
which result in disorders such as obesity and rare clinical 
conditions, are the subject of much biochemical research. 
Equally interesting to biochemists is the association be­
tween high levels of fat in the blood and the occurrence 
of arteriosclerosis (“hardening” of the arteries).

Nucleic acids are large, complex compounds of very high 
molecular weight present in the cells of all organisms and 
in viruses. They are of great importance in the synthesis of 
proteins and in the transmission of hereditary information 
from one generation to the next. Originally discovered 
as constituents of cell nuclei (hence their name), it was 
assumed for many years after their isolation in 1869 that 
they were found nowhere eise. This assumption wa$ not 
challenged seriously until the 1940s, when it was deter­
mined that two kinds of nucleic acid exist: deoxyribonu­
cleic acid (d n a ), in the nuclei of all cells and in some 
viruses; and ribonucleic acid (r n a ), in the cytoplasm of 
all cells and in most viruses.
The profound biological significance of nucleic acids 

came gradually to light during the 1940s and 1950s. Atten­
tion turned to the mechanism by which protein synthesis 
and genetic transmission was controlled by nucleic acids 
(see below Genes). During the 1960s, experiments were 
aimed at refinements of the genetic code. Promising at­
tempts were made during the late 1960s and early 1970s to 
accomplish duplication of the molecules of nucleic acids 
outside the cell—Le., in the laboratory. By the mid-1980s 
genetic engineering techniques had accomplished, among 
other things, in vitro fertilization and the recombination 
of d n a  (so-called gene splicing).

Nutrition. Biochemists have long been interested in the 
Chemical composition of the food of animals. All animals 
require organic material in their diet, in addition to water 
and minerals. This organic matter must be sufficiënt in 
quantity to satisfy the calorie, or energy, requirements of 
the animals. Within certain limits, carbohydrate, fat, and 
protein may be used interchangeably for this purpose. In 
addition, however, animals have nutritional requirements 
for specific organic compounds. Certain essential fatty 
acids, about ten different amino acids (the so-called es­
sential amino acids), and vitamins are required by many 
higher animals. The nutritional requirements of various 
species are similar but not necessarily identical; thus man 
and the guinea pig require vitamin C, or ascorbic acid, 
whereas the rat does not.

That plants differ from animals in requiring no preformed 
organic material was appreciated soon after the plant stud­
ies of the late 1700s. The ability of green plants to make 
all their cellular material from simple substances—carbon

dioxide, water, salts, and a source of nitrogen such as 
ammonia or nitrate—was termed photosynthesis. As the 
name implies, light is required as an energy source, and it 
is generally furnished by sunlight. The process itself is pri­
marily concerned with the manufacture of carbohydrate, 
from which fat can be made by animals that eat plant 
carbohydrates. Protein can also be formed from carbohy­
drate, provided ammonia is furnished.

In spite of the large apparent differences in nutritional 
requirements of plants and animals, the patterns of Chem­
ical change within the cell are the same. The plant manu- 
factures all the materials it needs, but these materials are 
essentially similar to those that the animal cell uses and 
are often handled in the same way once they are formed. 
Plants could not furnish animals with their nutritional 
requirements if the cellular constituents in the two forms 
were not basically similar.

Digestion. The organic food of animals, including man, 
consists in part of large molecules. In the digestive tracts 
of higher animals, these molecules are hydrolyzed, or bro­
ken down, to their component building blocks. Proteins 
are converted to mixtures of amino acids, and polysac­
charides are converted to monosaccharides. In general, all 
living forms use the same small molecules, but many of 
the large complex molecules are different in each species. 
An animal, therefore, cannot use the protein of a plant or 
of another animal directly but must first break it down to 
amino acids and then recombine the amino acids into its 
own characteristic proteins. The hydrolysis of food mate­
rial is necessary also to convert solid material into soluble 
substances suitable for absorption. The liquefaction of 
stomach contents aroused the early interest of observers, 
long before the birth of modern chemistry, and the hy- 
drolytic enzymes secreted into the digestive tract were 
among the first enzymes to be studied in detail. Pepsin and 
trypsin, the proteolytic enzymes of gastric and pancreatic 
juice, respectively, continue to be intensively investigated.

The products o f enzymatic action on the food of an an­
imal are absorbed through the walls of the intestines and 
distributed to the body by blood and lymph. In organisms 
without digestive tracts, substances must also be absorbed 
in some way from the environment. In some instances 
simple diffusion appears to be sufficiënt to explain the 
transfer of a substance across a cell membrane. In other 
cases, however (e.g., in the case of the transfer of glucose 
from the lumen of the intestine to the blood), transfer oc­
curs against a concentration gradiënt. That is, the glucose 
may move from a place o f lower concentration to a place 
of higher concentration.

In the case of the secretion of hydrochloric acid into 
gastric juice, it has been shown that active secretion is 
dependent on an adequate oxygen supply (i.e., on the 
respiratory metabolism of the tissue), and the same holds 
for absorption of salts by plant roots. The energy released 
during the tissue oxidation must be harnessed in some 
way to provide the energy necessary for the absorption or 
secretion. This harnessing is achieved by a special Chemi­
cal coupling system. The elucidation of the nature of such 
coupling systems has been an objective of the biochemist.

Blood. One of the animal tissues that has always ex- 
cited special curiosity is blood. Blood has been investi­
gated intensively from the early days of biochemistry, and 
its Chemical composition is known with greater accuracy 
and in more detail than that of any other tissue in the 
body. The physician takes blood samples to determine 
such things as the sugar content, the urea content, or the 
inorganic-ion composition of the blood, since these show 
characteristic changes in disease.

The blood pigment hemoglobin has been intensively 
studied. Hemoglobin is confined within the blood corpus­
cles and carries oxygen from the lungs to the tissues. It 
combines with oxygen in the lungs, where the oxygen con­
centration is high, and releases the oxygen in the tissues, 
where the oxygen concentration is low. The hemoglobins 
of higher animals are related but not identical. In inver­
tebrates, other pigments may take the place and function 
of hemoglobin. The comparative study of these com­
pounds constitutes a fascinating chapter in biochemical 
investigation.

Similarity 
of Chemical 
changes 
in living 
things

Extent of 
knowledge 
about 
blood
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The proteins of blood plasma also have been extensively 
investigated. The gamma-globulin fraction of the plasma 
proteins contains the antibodies of the blood and is of 
practical value as an immunizing agent. An animal devel­
ops resistance to disease largely by antibody production. 
Antibodies are proteins with the ability to combine with 
an antigen (i.e., an agent that induces their formation). 
When this agent is a component of a disease-causing 
bacterium, the antibody can protect an organism from 
infection by that bacterium. The Chemical study of anti­
gens and antibodies and their interrelationship is known 
as immunochemistry.

Metabolism and hormones. T he cell is the site o f  a 
constant, com plex, and orderly set o f  Chemical changes 
collectively  called  m etabolism . M etabolism  is associated  
with a release o f  heat. The heat released is the same 
as that obtained i f  the sam e Chemical change is brought 
about outside the living organism . This confirm s the fact 
that the laws o f  therm odynam ics apply to living Systems 
just as they apply to  the inanim ate world. The pattem  o f  
Chemical change in a living cell, however, is d istinctive 
and different from  anything encountered  in n on liv ing Sys­
tem s. T his difference does not m ean that any Chemical 
laws are invalidated. It instead reflects the extraordinary 
com plexity  o f  the interrelations o f  cellular reactions.

Hormones, which may be regarded as regulators of 
metabolism, are investigated at three levels, to determine 
(1) their physiological effects, (2) their Chemical structure, 
and (3) the Chemical mechanisms whereby they operate. 
The study of the physiological effects of hormones is 
properly regarded as the province of the physiologist. Such 
investigations obviously had to precede the more analyti­
cal Chemical studies. The Chemical structures of thyroxine 
and adrenaline are known. The chemistry of the sex and 
adrenal hormones, which are steroids, has also been thor­
oughly investigated. The hormones of the pancreas—in­
sulin and glucagon—and the hormones of the hypophysis 
(pituitary gland) are peptides (i.e., compounds composed 
of chains of amino acids). The structures of most of these 
hormones has been determined. The Chemical structures 
of the plant hormones, auxin and gibberellic acid, which 
act as growth-controlling agents in plants, are also known. 

Status of The first and second phases of the hormone problem 
lormonal thus have been well, though not completely, explored, but 
itudy the third phase is still in its infancy. It seems likely that

different hormones exert their effects in different ways. 
Some may act by affecting the permeability of mem­
branes; others appear to control the synthesis of certain 
enzymes. Evidently some hormones also control the ac­
tivity of certain genes.

Genes. Genetic studies have shown that the hereditary 
characteristics of a species are maintained and transmitted 
by the self-duplicating units known as genes, which are 
composed of nucleic acids and located in the chromosomes 
of the nucleus. One of the most fascinating chapters in 
the history of the biological Sciences contains the story of 
the elucidation, in the mid-20th Century, of the Chemical 
structure of the genes, their mode of self-duplication, and 
the manner in which the deoxyribonucleic acid (d n a ) of 
the nucleus causes the synthesis of ribonucleic acid (r n a ), 
which, among its other activites, causes the synthesis of 
protein. Thus, the capacity of a protein to behave as an 
enzyme is determined by the Chemical Constitution of the 
gene (d n a ) that directs the synthesis of the protein. The 
relationship of genes to enzymes has been demonstrated 
in several ways. The first successful experiments, devised 
by the Nobel Prize winners George W. Beadle and Edward
L. Tatum, involved the bread mold Neurospora crassa; 
the two men were able to collect a variety of strains 
that differed from the parent strain in nutritional require­
ments. Such strains had undergone a mutation (change) 
in the genetic makeup of the parent strain. The mutant 
strains required a particular amino acid not required for 
growth by the parent strain. It was then shown that such 
a mutant had lost an enzyme essential for the synthesis of 
the amino acid in question. The subsequent development 
of techniques for the isolation of mutants with specific 
nutritional requirements led to a special procedure for 
studying intermediary metabolism.

Evolution and origin o f life. The exploration of space The 
beginning in the mid-20th Century intensified speculation coming of 
about the possibility of life on other planets. At the same space bio­
time, man was beginning to understand some of the in- chemistry 
timate Chemical mechanisms used for the transmission of 
hereditary characteristics. It was possible, by studying pro­
tein structure in different species, to see how the amino 
acid sequences of functional proteins (e.g., hemoglobin 
and cytochrome) have been altered during phylogeny (the 
development of species). It was natural, therefore, that 
biochemists should look upon the problem of the origin of 
life as a practical one. The synthesis of a living cell from 
inanimate material was not regarded as an impossible task 
for the future.
Applied biochemistry. An early objective in biochem­

istry was to provide analytical methods for the determina­
tion of various blood constituents because it was feit that 
abnormal levels might indicate the presence of metabolic 
diseases. The clinical chemistry laboratory now has be­
come a major investigative arm of the physician in the 
diagnosis and treatment of disease and is an indispens­
able unit of every hospital. Some of the older analytical 
methods directed toward diagnosis of common diseases Diagnostic 
are still the most commonly used—for example, tests for tests 
determining the levels of blood glucose, in diabetes; urea, 
in kidney disease; uric acid, in gout; and bilirubin, in 
liver and gallbladder disease. With development of the 
knowledge of enzymes, determination of certain enzymes 
in blood plasma has assumed diagnostic value, such as 
alkaline phosphatase, in bone and liver disease; acid phos- 
phatase, in prostatic cancer; amylase, in pancreatitis; and 
lactate dehydrogenase and transaminase, in cardiac infarct. 
Electrophoresis of plasma proteins is commonly employed 
to aid in the diagnosis of various liver diseases and forms 
of cancer. Both electrophoresis and ultracentrifugation of 
serum constituents (lipoproteins) are used increasingly in 
the diagnosis and examination of therapy of atherosclero- 
sis and heart disease. Many specialized and sophisticated 
methods have been introduced, and machines have been 
developed for the simultaneous automated analysis of 
many different blood constituents in order to cope with 
increasing medical needs.
Analytical biochemical methods have also been applied 

in the food industry to develop crops superior in nutri­
tive value and capable of retaining nutrients during the 
processing and preservation of food. Research in this area 
is directed particularly to preserving vitamins as well as 
colour and taste, all of which may suffer loss if oxidative 
enzymes remain in the preserved food. Tests for enzymes 
are used for monitoring various stages in food processing.

Biochemical techniques have been fundamental in the 
development of new drugs. The testing of potentially use­
ful drugs includes studies on experimental animals and 
man to observe the desired effects and also to detect 
possible toxic manifestations; such studies depend heavily 
on many of the clinical biochemistry techniques already 
described. Although many of the commonly used drugs 
have been developed on a rather empirical (trial-and- 
error) basis, an increasing number of therapeutic agents 
have been designed specifically as enzyme inhibitors to 
interfere with the metabolism of a host or invasive agent.
Biochemical advances in the knowledge of the action of 
natural hormones and antibiotics promise to aid further 
in the development of specific pharmaceuticals.

M ethods in biochem istry. Like other Sciences, b iochem ­
istry aim s at quantifying, or m easuring, results, som etim es 
with sophisticated instrum entation. T he earliest approach  
to a study o f  the events in  a living organism  was an ana­
lysis o f  the m aterials entering an organism  (foods, oxygen) 
and those leaving (excretion products, carbon dioxide).
This is still the basis of so-called balance experiments con­
ducted on animals, in which, for example, both foods and 
excreta are thoroughly analyzed. For this purpose many 
Chemical methods involving specific colour reactions have 
been developed, requiring spectrum-analyzing instruments 
(spectrophotometers) for quantitative measurement. Gaso- 
metric techniques are those commonly used for measure- 
ments of oxygen and carbon dioxide, yielding respiratory 
quotients (the ratio of carbon dioxide to oxygen). Some-
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w hat m ore detail has been  gained by determ ining the  
quantities o f  substances entering and leaving a given organ 
and also by incubating slices o f  a tissue in  a physiological 
m edium  outside the body and analyzing the changes that 
occur in  the m ed ium . Because these techniques yield an  
overall picture o f  m etabolic capacities, it becam e neces­
sary to  disrupt cellular structure (hom ogenization) and  
to  isolate the individual parts o f  the cell— nuclei, m ito­
chondria, lysosom es, ribosom es, m em branes— and finally 
the various enzym es and discrete Chemical substances o f  
the cell in  an attem pt to  understand the chem istry o f  
life m ore fully.

Centrifugation and electrophoresis. An important tooi 
in biochemical research is the centrifuge, which through 
rapid spinning imposes high centrifugal forces on sus­
pended particles, or even molecules in solution, and causes 
separations of such matter on the basis of differences in 
weight. Thus, red cells may be separated from plasma of 
blood, nuclei from mitochondria in cell homogenates, and 
one protein from another in complex mixtures. Proteins 
are separated by ultracentrifugation—very high speed spin­
ning; with appropriate photography of the protein layers 
as they form in the centrifugal field, it is possible to deter­
mine the molecular weights of proteins.

E xploiting A nother property o f  biological m olecules that has been  
electrical exploited  for Separation and analysis is their electrical 
charges o f  charge. A m in o  acids and proteins possess net positive or 
m olecules negative charges according to  the acidity o f  the solution  

in  w hich they are dissolved. In an electric field, such  
m olecu les adopt different rates o f  m igration toward pos­
itively (anode) or negatively (cathode) charged poles and  
perm it Separation. Such separations can be effected in So­
lutions or w hen the proteins saturate a stationary m edium  
such as cellu lose (filter paper), starch, or acrylam ide gels. 
By appropriate colour reactions o f  the proteins and scan­
ning o f  colour intensities, a  num ber o f  proteins in a 
m ixture m ay be m easured. Separate proteins m ay be iso ­
lated and identified  by electrophoresis, and the purity o f  
a given protein  m ay be determ ined. (Electrophoresis o f  
hum an hem oglobin  revealed the abnormal hem oglobin in  
sickle-cell anem ia, the first definitive exam ple o f  a “m ole­
cular d isease.”)

Chromatography and isotopes. The different solubilities 
o f  substances in  aqueous and organic solvents provide 
another basis for analysis. In its earlier form, a Separation 
was conducted  in  com plex  apparatus by partition o f  sub­
stances in  various solvents. A  sim plified form o f  the sam e 
principle evo lved  as “paper chrom atography,” in which  
sm all am oun ts o f  substances could  be separated on filter 
paper and identified  by appropriate colour reactions. In 
contrast to  electrophoresis, this m ethod has been applied  
to  a w ide variety o f  biological com pounds and has con­
tributed enorm ously  to  research in  biochem istry.

T he general principle has been  extended from filter paper 
strips to  co lu m n s o f  other relatively inert m edia, permit- 
ting larger scale Separation and identification o f  closely  
related b iological substances. Particularly noteworthy has 
been the Separation o f  am ino  acids by chrom atography 
in co lu m ns o f  ion-exchange resins, perm itting the deter­
m ination  o f  exact am ino  acid com position  o f  proteins. 
Follow ing such determ ination , other techniques o f  organic 
chem istry have been  used to  elucidate the actual sequence  
o f  am ino  acids in  com p lex  proteins. A nother technique  
o f  co lu m n  chrom atography is based on the relative rates 
o f  penetration o f  m olecu les in to  beads o f  a com plex  
carbohydrate according to  size o f  the m olecules. Larger 
m olecu les are excluded  relative to smaller m olecules and  
em erge first from  a co lu m n  o f  such beads. This technique  
not on ly  perm its Separation o f  biological substances but 
also provides estim ates o f  m olecular weights.

Perhaps the single most important technique in unravel- 
ling the complexities of metabolism has been the use of 
isotopes (heavy or radioactive elements) in labelling bio­
logical compounds and “tracing” their fate in metabolism. 
Measurement of the isotope-labelled compounds has re­
quired considerable technology in mass spectroscopy and 
radioactive detection devices.

A variety o f  other physical techniques, such as nuclear 
m agnetic resonance, electron spin spectroscopy, circular

dichroism , and X -ray crystallography, have b ecom e prom i­
nent too ls in  revealing the relation o f  Chemical structure 
to  b iological function . (E.H.St./B.V.)

GENETICS
Genetics is the branch of biology concerned with hered­
ity. Since prehistorie times, man has recognized the in­
fluence of heredity and has applied its principles to the 
improvement of cultivated crops and domestic animals. A 
Babylonian tablet more than 6,000 years old, for example, 
shows pedigrees of horses and indicates possible inherited 
characteristics; other old carvings show cross-pollination 
of date palm trees. Most of the mechanisms of heredity, 
however, remained a mystery until the 20th Century, when 
scientifically supported information became available.

Genetics may be defined as the study of the way in which 
genes operate and the way in which they are transmitted 
from parents to offspring. Modem genetics involves study 
of the mechanism of gene action—the way in which the 
genetic material (deoxyribonucleic acid, or dna) affects The study 
physiological reactions within the cell. Although genes of gene 
determine the features an individual may develop, the action 
features that actually develop depend upon the complex 
interaction between genes and their environment. Nor­
mal green plants, for example, have genes containing the 
information necessary to synthesize the Chlorophyll that 
gives them their green colour, and Chlorophyll is synthe­
sized in an environment containing light; i.e., the gene for 
Chlorophyll is expressed. If the plant is placed in a dark 
environment, Chlorophyll synthesis stops; i.e., the gene is 
no longer expressed.
Genetics overlaps many different branches of biology and 

many other Sciences; e.g., chemistry, physics, mathemat- 
ics, sociology, psychology, and medicine. Microbiologists 
who study inheritance in microorganisms are called mi­
crobial geneticists; cytologists who study the genetics of 
cells are called cytogeneticists. Biochemical, or molecular, 
geneticists investigate the Chemical nature of the gene 
and its methods of action. Some physicists have applied 
their techniques to molecular genetics, and mathemati- 
cians may specialize in population genetics. Behavioral 
scientists also look to genetics to solve certain problems 
of human and animal behaviour. Specialists in medical 
genetics or genetic counselling act on the knowledge that 
many of man’s afflictions are hereditary.

Historical background. The Greek philosopher Pythag­
oras speculated around 500 bc that human life begins with 
a blend of male and female fluids, or semens, originating 
in body parts. Aristotle later postulated that the semens 
are purified blood and that blood, therefore, is the ele­
ment of heredity. That this later concept persisted in the 
Western world is indicated by such common phrases as 
blue blood, blood-will-tell, blood relative, bad blood, and 
royal blood.

About 1651, William Harvey disproved the Greek con­
cept; his discovery that deer embryos have the appearance 
of a tiny ball during early developmental stages and resem­
ble a deer only later in development led him to conclude 
that the origin of the tiny ball was a small egg. Before the 
end of the 17th Century, it had been suggested that the 
female structures called ovaries are the source of eggs and 
that sperm might carry the hereditary material of the male.

Early in the 19th Century, Jean-Baptiste Lamarck sug­
gested that acquired characteristics are inherited. Around 
1865 Gregor Mendel reported his discoveries on inheri­
tance in garden peas. A few years later, the dna com­
ponent of genes was isolated from pus cells, and it was 
discovered that salmon sperm also contain considerable 
amounts of dna. Late in the 19th Century, a German 
physician, August Weismann, showed that reproductive 
cells (germ plasm) are independent of other body cells 
(somatoplasm), thus refuting earlier hypotheses of inheri­
tance of acquired characteristics.

The concept of sudden changes in heredity (mutations) 20th- 
was introduced in the beginning of the 20th Century. Dis- Century 
coveries concerning sex determination in insect chromo- discoveries 
somes and gene linkage on a chromosome of sweet peas 
were made soon afterward in the United States and Eng­
land. In 1908 an English mathematician and a German
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physician formulated the so-called Hardy-Weinberg prin­
ciple, which provided the foundation for population genet­
ics. The study of biochemical genetics was begun in 1909 
in England with an effort to discover the way by which 
gene-induced enzyme deficiencies cause abnormalities.

Hermann J. Muller, a U.S. geneticist, induced mutations 
in the fruit fly with X-rays in 1927. Experiments on the 
mold Neurospora by George W. Beadle and Edward L. 
Tatum proved that the function o f most genes is to direct 
the synthesis of enzymes, which thus are the expression 
of many hereditary traits. By 1944 d n a  had been proved 
to be the substance of heredity, and in 1953 James D. 
Watson and F.H.C. Griek reported a structure of d n a  
compatible with the capability for self-duplication. Two 
French Nobel Prize winners, Frangois Jacob and Jacques 
Monod, discovered the mechanism by which hereditary 
information is transferred from genes to the site o f protein 
(enzyme) synthesis. Their work resulted in the discovery of 
the genetic code, by which d n a  is translated into protein. 
Barbara McClintock, who received a Nobel Prize in 1983, 
was cited for her discovery o f mobile genetic elements— 
some of the mechanisms that account for mutation.

Areas of study. Classical genetics. Classical genetics, 
which remains a basis for all other topics in genetics, is 
concerned primarily with the method by which genetic 
traits classified as dominant (always expressed), recessive 
(subordinate to a dominant trait), intermediate (partially 
expressed), or polygenic (due to multiple genes) are trans­
mitted in plants and animals. These traits may be sex- 
linked (result from the action of a gene on the sex, or 
X, chromosome) or autosomal (result from the action of 
a gene on a chromosome other than a sex chromosome). 
Classical genetics began with Mendel’s study of inheritance 
in garden peas and continues with studies of inheritance 
in many different plants and animals.

Cytogenetics. Cytogenetics blends the skills of cytolo- 
gists, who study the structure and activities of cells, with 
those of geneticists, who study the relationship between the 
mechanism of heredity and cellular activities. Cytologists 
discovered chromosomes and the way in which they du- 
plicate and separate during cell division at about the same 
time that geneticists began to understand the behaviour of 

Plant and genes at the cellular level. The close correlation between 
animal cy- the two disciplines led to their combination. 
togenetics Plant cytogenetics early became an important subdivi­

sion of cytogenetics because, as a general rule, plant 
chromosomes are larger than those of animals. Animal 
cytogenetics became important after the development of 
the so-called squash technique in which entire cells are 
pressed flat on a piece of glass and observed through a mi­
croscope; the human chromosomes were numbered using 
this technique.

Microbial genetics. Microorganisms were generally ig­
nored by the early geneticists because they are small in size 
and were thought to lack variable traits and the sexual re­
production necessary for a mixing of genes from different 
organisms. After it was discovered that microorganisms 
can have different physiological characteristics and also are 
able to reproduce sexually, they became objects of great 
interest to geneticists because they reproduce more rapidly 
than larger organisms; i.e., a mutation, or change, occurs 
in a gene about one time in 10,000,000 gene duplications, 
and one bacterium may produce 10,000,000,000 offspring, 
among which are numerous mutants, in 48 hours.

Many discoveries in microbial genetics have been applied 
to other areas of genetics; for example, the way in which 
genes produce enzymes that function in turn to produce 
genetic traits has important applications to human genet­
ics. Much of microbial genetics also applies to the study 
of the genetics of viruses.

Molecular genetics. Molecular genetics includes the 
study of the molecular nature of the gene and the method 
by which genes control the activities of the cell. Molec­
ular geneticists have studied the molecular structure of a 
gene (e.g., that involved in the synthesis of the human 
blood pigment, hemoglobin) and determined the exact se- 

Synthetic quence of its components; in addition, they have created 
genes a synthetic gene by joining the components comprising a

known gene in the correct sequence. Genetic engineering

had become a commercial enterprise by the early 1980s.
Population genetics. A study of genes in populations of 

animals provides information on past migrations, evolu­
tionary relationships and extents o f mixing among differ­
ent varieties and species, and methods of adaptation to the 
environment. Statistical methods are used to analyze gene 
distributions and chromosomal variations in populations.

Human population geneticists have traced migration and 
invasion routes of man; genetic studies of present-day Eu­
ropeans, for example, reveal routes of human migrations 
that occurred hundreds or thousands of years ago. The 
origin of the people inhabiting South Pacific islands and 
the degree of intermingling among mixed races also are 
studied by human population geneticists.

Behavioral genetics. Another aspect o f genetics is the 
study of the influence of heredity on behaviour. Many 
characteristics once considered to be acquired behavioral 
patterns actually are of a hereditary nature. The role 
of heredity in instinctive patterns o f behaviour among 
animals has long been recognized, but many of man’s 
actions also have a hereditary explanation. The effect of 
various drugs (e.g., the hallucinogenic drug lysergic acid 
diethylamide, or l s d ) on behavioral patterns in animals, 
including man, is of particular interest.

Human genetics. Some geneticists specialize in human 
genetics. When classical geneticists first determined the 
principles of heredity in plants, fruit flies, mice, and other 
forms of life, they tried to interpret man’s heredity in a 
similar way but found many traits that did not fit the 
patterns. As techniques improved, it was found that the 
method of inheritance of human characteristics is the 
same as that for other living things.

Some human geneticists, called genetic counsellors, ad- 
vise individuals concerning the probabilities for the ap­
pearance of serious hereditary defects in their children. The 
counsellors usually have medical training because many 
traits are recognizable only after special diagnostic proce­
dures. Medical genetics is another important application 
of human genetics. Many medical schools devote entire 
departments to medical genetics, which is the study of the 
treatment and prevention of inherited afflictions in man.

It is possible that man may someday control his heredity; 
even now functional genes can be transferred from one 
organism to another, and certain treatments are able to 
cause specific kinds of mutations. Such manipulation of 
genes eventually may be useful in solving many human 
hereditary diseases; e.g., stopping the function of genes 
that are out of control, starting the function of nonfunc- 
tioning ones. Activation of nonfunctioning genes in some 
types of tissue may enable them to replace body parts that 
have been injured or destroyed. It is conceivable that man 
may someday learn how to change harmful genes into 
normal ones.

Methods in genetics. Experimental breeding. When an­
imals that differ with respect to one primary trait are 
bred, and their offspring then are bred among themselves 
to give a second generation, the method of inheritance 
of the trait can be determined; the process is known as 
a monohybrid cross. A dihybrid cross involves breeding Hybrids 
individuals that differ with respect to two traits; the results 
of such crosses show whether the genes are linked on 
the same chromosome or are on different chromosomes.
If the genes are linked, the distance between them can 
be determined by the number o f recombinations of traits 
obtained, an indication of the amount of Crossing over be­
tween genes. By such crosses, geneticists have established 
elaborate chromosome maps of many organisms showing 
the location of many genes on the chromosomes.
A test cross may be used to determine if animals carry 

recessive genes; e.g., cocker Spaniel dogs may be of solid 
colours or parti-coloured (spotted). Since the gene for 
parti-coloured is recessive, it may be carried (but not ex­
pressed) by some solid-coloured dogs. If a solid-coloured 
dog is suspected of carrying a recessive gene for parti- 
coloured, it is bred to a parti-coloured dog. Parti-coloured 
offspring indicate that the solid-coloured dog carries the 
recessive gene. This technique is used by animal breeders 
to eliminate undesirable recessive genes.

Experimental breeding is most successful in organisms
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with large numbers of offspring, a relatively short life cy­
cle, and a number of variable characteristics. The fruit fly, 
Drosophila, meets these requirements and has been used 
extensively in breeding experiments; mice also have been 
used extensively.

Cytogenetic techniques. Cytogenetic techniques are 
closely associated with experimental breeding. Older cy­
togenetic techniques involve placing cells in paraffin wax, 
slicing thin sections, and preparing them for microscopie 
study. The newer and faster squash technique involves 
squashing entire cells and studying their chromosomes. 
Dyes that selectively stain various parts of the cell are 
used; the genes, for example, may be located by selectively 
staining the d n a  of which they are composed. Radioactive 
compounds also are valuable in determining the location 
of various components of the cell. Tissue-culture tech­
niques may be used to grow cells before squashing; white 
blood cells can be grown from samples of human blood 
and studied with the squash technique.

Biochemical techniques. Biochemical techniques are 
used to determine the activities of genes within cells. 
Radioactive compounds are valuable in studies involv­
ing gene duplication and cell metabolism. Thymine is a 
compound found only in genes; if radioactive thymine 
is placed in a tissue-culture medium in which cells are 
growing, genes use it to duplicate themselves. When cells 
containing radioactive thymine are analyzed, the results 
show that, during duplication, genes split in half, and each 
half synthesizes its missing components. When radioactive 
uracil, a compound found only in the r n a  component of 
cells, is incorporated into the r n a  messengers of genes, 
their pathway from the chromosomes to the site of protein 
synthesis in the cytoplasm (ribosomes) is revealed.
Chemical tests are used to distinguish certain inherited 

characteristics of man; e.g., urinalysis and blood analysis 
reveal the presence of certain inherited abnormalities—  
phenylketonuria (p k u ), cystinuria, alkaptonuria, gout, and 
galactosemia. Special techniques (e.g., chromatography, 
electrophoresis) are used to separate the components of 
proteins, so that inherited differences in their structures can 
be revealed; for example, more than 100 different kinds 
of human hemoglobin molecules have been identified.

Physiological techniques. Physiological techniques also 
are used in genetic investigations. In microorganisms, 
most genetic variations involve some important cell func­
tion. Some strains of one bacterium (Escherichia coli), for 
example, are able to synthesize the vitamin thiamine from 
simple compounds; others, which lack an enzyme neces­
sary for this synthesis, cannot survive unless thiamine is 
present. The two strains can be distinguished by placing 
them on a thiamine-free mixture; those that grow have 
the gene for the enzyme, those that fail to grow do not. 
The technique also is applied to human cells since many 
inherited human abnormalities are caused by a faulty 
gene that fails to produce a vital enzyme; albinism, which 
results from an inability to produce the pigment melanin 
in the skin, hair, or iris of the eyes, is an example of an 
enzyme deficiency in man.

Immunological techniques. Many substances (e.g., pro­
teins) are antigenic; i.e., when introduced into a vertebrate 
body, they stimulate the production of specific proteins 
called antibodies. Various antigens exist in red blood cells, 
including those that comprise the major blood groups 
of man (A, B, AB, O). Blood antigens of man include 
inherited variations, and the particular combination of 
antigens in an individual is almost as unique as finger- 
prints. Immunological techniques are used in the blood- 
group determinations that precede blood transfusions and 
in determining Rh incompatibility in childbirth.

Evolutionary relationships can be determined by im­
munological techniques. If protein from a fruit fly is 
injected into a guinea pig, and the guinea pig produces 
antibodies and its blood serum is then mixed with proteins 
from the fly, antigens and antibodies react to produce a 
cloudy mixture. Mixtures of guinea pig blood serum and 
proteins from other fruit-fly species cause various degrees 
of cloudiness, depending on their evolutionary relation­
ship to the original species; e.g., the closer the relationship, 
the greater degree of cloudiness.

Mathematical techniques. M athem atical techniques are 
used extensively in genetics. The laws o f  probability are 
applicable to  crossbreeding and are used to  predict ratios 
concerning the appearance o f  specific traits in offspring. 
G eneticists also use Statistical m ethods to  determ ine the  
significance o f  deviations from  expected results. In inves­
tigations involving possible m utagenic effects o f  factors 
such as high-energy radiation and drugs, Statistical tests are 
used to  establish the validity o f  conclusions; statistics are 
used in  studies o f  the possible effects o f  l s d  in producing  
ch rom osom e aberrations in m an, for exam ple, to  show  
w hether differences found in cells o f  users and nonusers 
o f  the drug are significant.
Mathematics is used by population geneticists to evalu- 

ate the distribution of genes in populations. The Hardy- 
Weinberg principle, for example, is important in study­
ing animals that carry a recessive gene; when the actual 
number of carriers is much greater than that calculated, it 
is concluded that some environmental factor favours the 
carriers. The gene for sickle-cell anemia in black Africans, 
for instance, is found in more people than the frequency 
of those who have the anemia would indicate because 
people who carry the gene are more resistant to malaria 
than noncarriers and, therefore, have a better chance of 
survival.

Applied genetics. Medicine. Genetic techniques are 
used in medicine to diagnose and treat inherited human 
disorders. Knowledge of a family history of cancer or tu­
berculosis may indicate a hereditary tendency to develop 
these afflictions. Cells from embryonic membranes reveal 
certain genetic abnormalities, including enzyme deficien­
cies, that may be present in newborn babies, and thus 
permit early treatment. Many countries require a blood 
test of newborn babies to determine the presence of an en­
zyme necessary to convert an amino acid, phenylalanine, 
into simpler products. Phenylketonuria, which results from 
lack of the enzyme, causes permanent brain damage if not 
treated soon after birth. The presence of approximately 
100 different types of human genetic diseases can be de­
tected in embryos as young as 12 weeks; the procedure, 
called amniocentesis, involves removal and testing of a 
small amount of fluid from around the embryo.
Agriculture and animal husbandry. Agriculture and ani­

mal husbandry apply genetic techniques to improve plants 
and animals. Plant geneticists produce new species by 
special treatment; e.g., a hybrid grain has been produced 
from wheat and rye, and plants resistant to destruction by 
insect pests have been developed.

Plant breeders use the techniques o f  budding and grafting 
to  m aintain  desirable gene com b ination s originally ob ­
tained from  crossbreeding. T he use o f  the Chemical co m ­
pound  colch icine, which causes ch rom osom es to double  
in num ber, has resulted in m any new  varieties o f  fruits, 
vegetables, and flowers.
Animal breeders use artificial insemination to propagate 

the genes of prize bulls. Prize cows can transmit their 
genes to hundreds of offspring by hormone treatment, 
which stimulates the release of many eggs that are col­
lected, fertilized, and transplanted to foster mothers.

Industry. Various industries employ geneticists; the 
brewing industry, for example, may use geneticists to 
obtain strains of yeast that produce large quantities of al­
cohol. The pharmaceutical industry has developed strains 
of molds, bacteria, and other microorganisms high in an- 
tibiotic yield. (A.M.W.)

e u g e n ic s

E ugenics is the study o f  hum an im provem ent in  all aspects 
by genetic m eans. Its goal is to  increase the proportion  
o f  persons with better than average genetic endow m ent. It 
draws from  the Science o f  genetics for an understanding  
o f  the processes o f  heredity; from  psychology for analysis 
o f  the part played by differences in heredity and environ­
m en t in the developm ent o f  personality, intelligence, and  
character; from  m edicine and m edical genetics for infor­
m ation  on hereditary defects and susceptibility to  disease; 
and from  sociology, and m ore particularly dem ography, 
for the rates o f  births and deaths, the m ating habits, and  
the social and physical factors that determ ine the relative
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methods
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increase or decline of persons with different characteristics. 
In its scientific aspect it is essentially the study of trends 
and causal factors in human evolution.

A com p anion  Science, euthenics, is also concerned  with 
the im provem ent o f  m ankind, but by adjustm ent o f  the 
environm ent. O bviously both concerns are essential to  the 
w ell-being o f  m an, and since neither Science can stand 
alone, the term  “hum anics” has been suggested to embrace 
both aspects o f  hum an im provem ent.

Historical background. The idea of applying knowledge 
of heredity to the improvement of the human race goes 
back to earliest times. References to eugenic ideals appear 
in the Old Testament, and Plato’s Republic idealizes a 
society in which there is constant selection for the im­
provement of the human stock. Thomas Robert Malthus 
noted the struggle for existence; Charles Darwin saw in it 
the means of evolution. It remained for Francis Galton, 
a scientist of many talents and a cousin of Darwin, to 
see that the theory of evolution implied that man might 
in part direct his own evolutionary future. Galton’s first 
important work, Hereditary Genius (1869), contained the 
results of his studies of the families of eminent men as 
evidence for his belief that “it would be quite practical to 
produce a highly gifted race of men by judicious marriages 
during several consecutive generations.” In 1883 he pub­
lished Inquiries into Human Faculty, in which he coined 
the term eugenics. In Natural Inheritance (1889), Galton 
pioneered the development and application of advanced 
Statistical methods to the study of man.

While Galton’s thinking was much ahead of his time, 
he retained some of the prejudices of an English gentle­
man in regard to social class and race. In his studies of 
the families of eminent men Galton underestimated the 
effects of a favourable environment. But his faults in this 
respect were far less than those of many of his followers. 
He developed and used many Statistical methods for the 
study of populations and was the first to recognize the 
value of the study of twins for research in heredity. He 
repudiated the Lamarckian view, then widely held, that 
acquired characteristics were inherited. Although Galton 
attached religiöus significance to the eugenic movement, 
he did not think of it in revolutionary terms, but rather 
as “. . . the new duty which is supposed to be exercised 
concurrently with and not in Opposition to, the old ones 
upon which the social fabric depends.”

For all his wisdom and high ability, Galton was not 
able to gain any wide acceptance for eugenics, largely be­
cause much of the scientific and technical foundation was 
lacking. Psychology was not sufficiently advanced to help 
him in his studies of individual differences or in assessing 
the importance of the environment; there was no cultural 
anthropology to provide an outline of the growth of civ- 
ilizations; and birth control was so little recognized or 
accepted that he did not take it into account as a possible 
factor in the control and distribution of births.

From Galton to World War II. Galton had endowed 
a research fellowship in eugenics in 1904 and, in his 
will, provided funds för a chair of eugenics at University 
College, London University. The fellowship and later the 
chair at University College were both occupied by Karl 
Pearson, a brilliant mathematician who helped to create 
the Science of biometry, the Statistical aspects of biology. 
Pearson was a controversial figure who believed that envi­
ronment had little to do with the development of mental 
or emotional qualities. He feit that the high birth rate of 
the poor was a threat to civilization and that the “higher” 
races must supplant the “lower.” His views gave counte- 
nance to those who believed in racial and d a ss  superiori- 
ties. Thus, Pearson shares the blame for the discredit later 
brought on eugenics in the United States and for making 
possible the dreadful misuse of the word eugenics in Hi- 
tler’s propaganda. The English Eugenics Society, founded 
by Galton in 1907 as the Eugenics Education Society, 
opposed Pearson’s views, but was itself slow in throwing 
off the prevalent biases of that time.

In the United States the American Eugenics Society was 
founded in 1926 by men whose views were coloured by 
the times in which they lived. They believed that the white 
race was superior to other races, and, further, that the

“Nordic” white was superior to other whites. They thought 
of races as “pure” groups, quite separate from each other. 
They did not know that all races are mixtures of many 
types, the distribution of genes among the races varying 
in proportions rather than in kind, as evidenced by the 
distribution of the various blood groups among all of the 
races. They did not realize that environments are so un­
controllable that scientists cannot reasonably put forward 
views on the genetic differences in the performance of 
different races. Furthermore, they believed that the upper 
classes had superior hereditary qualities that justified their 
being the ruling class.

The Science of that day supported extreme views on 
feeblemindedness and “criminal types.” Intelligence tests, 
introduced in the early 1900s by a French psychologist, 
Alfred Binet, were thought, contrary to Binet’s views, to 
be measures of innate, genetic intelligence. People whose 
test performance (e.g., intelligence quotiënt, or IQ) gave 
them a mental age of 12 or less could be classified as 
feebleminded or morons, even though the term would 
then include most of those brought up in deprived envi­
ronments, such as the Southern Appalachian highlands or 
the blighted rural and urban slums occupied by the de- 
scendants of slaves. Criminality was generally considered 
a concomitant of feeblemindedness. Studies on degener- 
ate family stocks were taken to prove that hundreds of 
persons in each of these families were feebleminded or 
criminal types because of the inheritance they received 
from a single ancestor five or six generations back. Claims 
were made that immigrants from Southern and eastern 
Europe, besides being socially inferior, included a remark­
able number of criminal and defective stocks. There was 
much in the intellectual atmosphere of the United States, 
that fostered an extreme hereditarian racist view.

Even before 1905 eugenists had been active in the effort 
to restrict immigration. Their arguments, along with those 
of others who advocated restrictions for different reasons, 
culminated with the passage of the Immigration Act of 
1924, which limited quota immigrants to about 150,000 
annually, with no more than 2 percent of each national­
ity according to the number of persons of their national 
origin in the United States as of 1890, and providing that 
beginning July 1, 1929, the quota of any country shall 
have the same ratio to 150,000 as the number of persons 
of that national origin living in the United States had to 
the total population of the United States, as determined 
from the 1920 census. In later years it became clear that 
the material the eugenists had presented to congressional 
hearings had little scientific foundation.

Eugenists at this time laid great stress on the impor­
tance of sterilizing defective persons. By 1931 sterilization 
laws had been enacted by 27 States in the United States, 
and by 1935 sterilization laws had been passed in Den­
mark, Switzerland, Germany, Norway, and Sweden. Most 
of these laws provided for the voluntary or compulsory 
sterilization of certain classes of people thought to be in- 
sane, idiotie, imbecilic, feebleminded, or epileptic; some 
applied equally to habitual criminals, moral perverts, or 
the feebleminded. In most cases the purpose was clearly 
eugenic, though some laws tacitly permitted sterilization 
for social rather than genetic reasons. In the United States 
most States did not generally enforce these rather extreme 
measures, and the number of sterilizations was seldom 
over 100 per year. Exceptions were California, where ster­
ilizations averaged over 350 cases per year, with a total 
of 9,931 by 1935, and some of the Southern States, with 
fairly high sterilization rates relative to their populations.
With the advance of Science the background for these 

laws began to be questioned. In 1935 a committee of 
the American Neurological Association reported on an 
extensive investigation and evaluation of the “facts and 
theories which constitute the subject matter of the inher­
itance of the mental diseases, feeblemindedness, epilepsy 
and crime.” The committee concluded that there was a 
serious question whether “many of the eugenic proposals 
now current take into account the newer genetic data” 
and that “though the avowed purpose of such sterilization 
invariably starts out by being a eugenic one, it often ends 
by becoming a social one.” They exposed many fallacies
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in the reasoning behind the sterilization laws and con- 
cluded that there was no sound basis for sterilization on 
the basis of immorality or character defect. They recom­
mended sterilization only with the consent of the patiënt, 
or those responsible for him, and only in the case of cer­
tain specified diseases or defects, namely: (1) Huntington’s 
chorea, hereditary optie atrophy, familial cases of Frie- 
dreich’s ataxia, and a few other rare hereditary defects; (2) 
feeblemindedness common in a family; (3) schizophrenia;
(4) extreme cases of manie depressive psychosis; and (5) 
epilepsy, mainly on the ground of its social aspects. Their 
recommendation for concerted, coordinated, and planned 
long-term research was not followed seriously until after 
1945, when medical schools began active research into 
medical genetics.

In Europe the studies of criminal types were discredited, 
and serious work in eugenics continued in the form of 
family studies by govemment institutes. Only in Nazi 
Germany did eugenics serve racial and political purposes. 
There, Hitler, exploiting the concepts of the master race 
and the superman as expounded by some German schol­
ars, developed racism into a powerful political weapon. 

Eugenics after 1945. With the development of atomic 
weapons, the general public and physicians alike became 
educated to the dangers of genetic mutations produced 
by radioactive fallout from nuclear explosions. Medical 
X-rays came under new scrutiny, and the findings of stud­
ies on hereditary factors in diabetes and other diseases 
received new attention. Medicine and public health, pro- 
fessions previously little interested in heredity, recognized 
a new responsibility. By the 1960s the major medical 
schools in the United States had included geneticists on 
their research staffs, and a number had set up departments 
of medical genetics. Couples planning marriage became 
more aware of their responsibility to potential offspring, 
and heredity clinics associated with medical schools began 
to provide genetic counselling.

Still other factors arose to increase public interest in 
heredity. The great increase in births that took place in the 
United States and most European countries after World 
War II aroused interest in the type of children being born 
and the kind of homes they were being brought up in. 
Birth control, given worldwide Publicity as a solution to 
the problem of too rapid growth of populations, raised 
questions as to the type of people who would use it, and 
the kind of children they would have. Medical Solutions 
to the problems of male and female infertility—such as 
artificial insemination, in vitro fertilization, and Surrogate 
mothering—have raised questions about such issues as the 
heredity as well as the legal status of children so conceived, 
and about the effect of the psychological environment on 
the marriage relationship and on the child. New scientific 
findings were widely disseminated, and the public has 
begun to take a more balanced view of the contributions 
made by both heredity and environment to good health, 
intelligence, and character.

Scientific Genetics made unparalleled advances after 1950, opening 
basis of up a whole new field of the biochemistry of gene struc- 
eugenics ture and gene behaviour. At the same time, the scientific 
broadened basis for the new eugenics was being further broadened by 

advances in psychology and in the field of demography. 
The Institut National d’Études Démographiques in France 
sponsored important investigations of human populations. 
In England the Royal Commission on Population made its 
report in 1949, and the Population Investigating Commit­
tee at the London School of Economics gave attention to 
quantitative and qualitative aspects of population trends 
in its publication Population Studies. In the United States 
a number of the larger universities established facilities for 
training and research in demography, and several nation- 
wide surveys on factors affecting fertility were taken. The 
atmosphere was appropriate to a balanced reconsideration 
of eugenic problems.

Modern trends. Recent trends in the distribution of 
births suggest the possibility of the development in modern 
industrial societies of eugenic selection of a wholly volun- 
tary and unselfconscious sort, in which the only Controls 
might be certain moderate changes in social institutions, 
most of which changes are already desired for other than

genetic reasons. Eugenic thinking seems to be developing 
along these lines, but the public and many scientists are 
still disturbed by the older conception of a controlled or 
authoritarian eugenics that would threaten other social 
and ethical values.

The most immediate and most publicized procedure that 
can be eugenically applied is the use of insemination tech­
niques. The insemination of women whose husbands are 
infertile is quite frequently practiced in the United States 
and Europe. A proposal was made by Herman Muller 
that the sperm for insemination be collected from men of 
high attainment, of family stocks as free as possible from The 
defective strains, and that it be kept, frozen and stored, “sperm 
for as long as possible, perhaps beyond the lifetime of the bank” 
donor. It would then be available for women who desired 
to assure themselves of superior children. It was Muller’s 
belief that the advantages of this procedure would result 
in its rapid and widespread adoption, and an organization 
was formed to carry on his work.

Other scientific possibilities, not yet in the stage of appli­
cation, are already being discussed by scientists for their 
possible effect on the genetic qualities of human beings.
Changing hereditary factors in the human cell by Chemical 
means is not an impossibility, but it lies in the future. An­
other possibility is the implanting of a specified segment of 
genes into a chromosome. Preliminary experiments have 
been performed on mice, but it will be a long time indeed 
before such methods can be used for the improvement 
of human germ cells. A nearer possibility is vegetative, 
or clonal, reproduction, similar to the reproduction of 
cuttings from plants. If this not improbable technique be­
comes practicable with humans, the way would be open 
for the reproduction, in any number desired, o f individuals 
as similar genetically as are identical twins. Human beings 
could then be propagated for diverse valuable characteris­
tics of every sort. Few persons would regard this proposal 
as desirable or even thinkable. The technical difficulties 
and social and moral objections to the “mass production” 
of such twin types make its application unrealistic even in 
the remote future.

For all practical purposes the measures discussed above 
are premature. They are just beyond the realm of theory, 
but far short of general acceptance even as theories. They 
would violate many established social attitudes. They raise 
many moral and legal questions. The population at large The publ- 
generally regards such proposals with suspicion. Their ie’s fear of 
fears cannot be dismissed lightly. Who can assure them eugenics 
that eugenical procedures will not be used ulteriorly? Who 
can promise that there is no danger?
Authoritarian Controls would have to be employed and 

extremely difficult value judgments would have to be 
made. Who, for example, would determine a superior 
quality in man? Who would make the decisions whether 
certain qualities should be preserved or extinguished?
Modern eugenics is little interested in authoritarian Con­
trols. Rather, it believes that the social and economic 
environment can be shaped so as to influence a eugenic 
distribution of births throughout entire populations in a 
voluntary and largely unconscious process of selection.

Areas of study. Genetic defects. It is generally accepted 
that genes causing defects originate in mutations that 
occasionally take place in one or another o f the many 
thousands of genes present in pairs in every human cell.
Usually the mutated gene is recessive; that is, it does not 
have a harmful effect unless the other gene in the pair has 
the same characteristics. The chances of two such genes 
meeting as a pair depend on the number of such genes dis­
tributed throughout the intermarrying population. Thus 
under random mating, if a particular deleterious gene is 
carried by one person in a hundred, the chances of the 
mating of persons with such genes are one in 10,000.
While the chances of such an unfortunate mating seem 
slim, in a large population such a ratio results in a consid­
erable number of persons with defects.

With an increase in the proportion of carriers of a par­
ticular defective gene, there is an even greater increase in 
the likelihood of a mating in which two such genes will 
be paired in the same fertilized cell. When this happens, 
there will be a defect. If the defect is lethal (i.e., results in
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stillbirth or infant death), the two deleterious genes will be 
removed from the population. If the defect is minor, but 
of a sort to make marriage or reproduction less likely, the 
genes are to that extent less likely to survive. Thus at some 
point nature establishes a balance in which, for every new 
deleterious gene brought into circulation, a similar gene is 
lost from circulation.

Geneticists believe that most people carry at least a few 
deleterious genes; some estimate the average to be as high 
as 8 percent, and at least 2 percent of the babies born 
carry some genetic defect, major or minor.

Most scientists believe that the proportion of carriers 
of deleterious genes may now be increasing, though the 
results in the form of an increase in defect would not be 
apparent for a number of generations. Greater exposure 
to X-rays and to fallout from atomic explosions is cur- 
rently accelerating the rate of mutations, while medicine 
is making it possible for an increasing number of persons 
with some kind of genetic defect to live long enough to 
rear children unfortunate in having that parental defect. 
Diabetics, for instance, formerly died at an early age, and 
the genes for diabetes were lost with them. After an in­
sulin treatment was found, these people led longer useful 
lives, but were not generally able to have children. Now 
safe delivery of the children o f diabetic mothers is com- 
monplace. The deleterious genes remain in circulation, 
while new ones are constantly added by mutations. Thus, 
with good medical care, diabetics live normally and often 
bear diabetic children of their own. The accumulation of 
certain severe types of deleterious genes could conceivably 
reach a point that might seriously threaten man’s future. 
To support and maintain defective members in the popu­
lation is not at odds with the goal of genetic improvement 
of mankind so long as such persons do not reproduce 
defective offspring.

While present social and medical conditions favour the 
increase of many genes that cause physical defects and 
susceptibility to certain diseases, other genes that affect 
mental disease and mental defect are probably dimin- 
ishing as a result of the low reproductive rate and the 
institutionalization of the carriers. It is probable that ef­
forts at control will be strengthened by increased use of 
sterilization in some areas, by increased use of more ef­
fective means of birth control, and by a more eugenic use 
of heredity counselling clinics. Each year increasing num­
bers of defects are being defined, the type of transmission 
understood, and, in many cases, means found for spotting 
carriers. The immediate solution to the dilemma seems 
to lie in educating those persons known to be carrying a 
seriously defective gene to their societal responsibility, and 
thereby, hopefully, to convince them to surrender their 
right to bear children who might be defective and bürden 
them as well as society. The possibility of “correcting” na- 
ture’s mistakes at their source, the deoxyribonucleic acid 
molecule (dna) of the gene, is a hope for the future. Such 
genetic engineering has been proposed by several promi­
nent scientists and termed “algeny.”

Psychological traits. With responsibility for work on 
mental and physical defects transferred to the professions 
of medicine and public health, eugenists are now giving 
major attention to the genetic factors that provide the base 
for the development of such complexly inherited traits as 
intelligence, character, and personality. The genetic base 
for these psychological traits is provided by multiple genes 
in various combinations. They may be broken up and 
recombined with other genes from one generation to an­
other, making them difficult to tracé in family lines. It 
takes time to locate these genes and tracé the processes 
involved in their transmission. Fortunately, the efficacy 
of selection does not depend on a füll knowledge of the 
genetic mechanism. For the present, at least, eugenists will 
be guided by familial incidence of intelligence and person­
ality and by the survival of family stocks of different types.

Massive evidence from studies on identical and frater- 
nal twins, nontwin siblings, and adopted children reared 
away from their natural parents indicates that differences 
in genetic factors play an important part in psychological 
differences between individuals. These were Galton’s find­
ings, and they have been confirmed by larger and more

carefully controlled studies. Identical twins are extremely 
similar; even when reared apart from infancy, they resem­
ble each other in physical as well as mental characteristics 
to a degree greater than that shown by fratemal twins 
reared together.

Children tend to be like their parents in intelligence not 
only because of their common heredity, but also because 
they usually share a common environment. The evidence 
on differences in personality is not so clear, largely be­
cause these traits are more difficult to measure. All studies 
indicate, however, that personality, like intelligence, is the 
product of interaction between environment and the ge­
netic base. This is shown in the extremes of personality, 
like schizophrenia, which can often be measured.

Environmental and socioeconomic factors. As work in 
the field of individual differences has progressed, scientists 
have come to feel that the old distinction between hered­
ity and environment is no longer useful; both are a part 
of the processes that begin when the cell is fertilized and 
starts its separate life; both operate throughout the indivi- 
dual’s life; and both contribute to making each individual 
different from every other individual. Genetic factors can 
be given value only in relation to specific environments; 
some qualities that are socially valuable in one environ­
ment may be harmful in another.

Racial groups differ in their average response to intel­
ligence tests, but these tests invariably involve environ­
mental factors that favour those culturally more fortunate. 
Even when differences in such factors as place of resi- 
dence, income, or length of schooling can be controlled, 
the results may still be influenced by factors affecting mo­
tivation and behaviour.

In studies of socioeconomic, or other, groups, there is no 
evidence of genetic differences, except perhaps in the case 
of comparisons between certain of the professional classes 
and the rest of the population, in which there is some 
indication that the genetic factors for response to intelli­
gence tests may be slightly superior. Differences between 
socioeconomic classes in intelligence-test response are ob­
viously strongly influenced by differences in environment 
in much the same way as occurs among racial groups. It 
is as yet impossible to measure the relative genetic po- 
tentialities of any large population groups. But differences 
between individuals within each group can be measured, 
and it is these differences that are the proper concern of 
eugenists today.

Until very recently, from 30 to 50 percent of all children 
died before maturity, and death was an important factor 
in the survival of particular stocks. The evidence from 
some areas where people are still living under primitive 
conditions seems to favour the belief that under condi­
tions of life as it was everywhere before the mid-18th 
Century, the general tendency was toward the survival of 
more competent stocks. If so, this Situation changed in 
the industrialized countries, when the death rate began an 
accelerated decline, dropping to 12 or less per 1,000 by 
1940. In the mid-20th Century, about 95 percent of all 
children lived to age 30, and differential deaths had little 
effect on differential survival.

While this change was taking place, social-class differences 
in births were widening with the introduction of birth- 
control measures, which reached first into the more edu­
cated and wealthy classes. With differential births greatly 
favouring the less educated, who made little effective use 
of birth control, the inverse relation between births and 
education or socioeconomic status widened rapidly. In the 
United States this inverse relationship reached its peak 
with the postponement of births and marriages in the last 
years of the Great Depression. For the period 1935-40 
women with one to three years of college education had 
a net reproduction rate 33 percent below that required 
for replacement of their numbers, and women with four 
years of high school had a rate 26 percent below replace­
ment, while women at the elementary school level had a 
rate twice that of the college women and well above that 
required for replacement.

The upsurge of births after World War II and the spread of 
birth control among the less educated changed this trend. 
By 1960, among women 35 to 40 years old who had prac-
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tically completed their childbearing, high-school women 
and women with one to three years of college had borne 
more children than the number needed for replacement. 
Women with less than eight years of elementary school 
education had had about the same number of children 
as those who had completed their childbearing during the 
Depression. This trend seems likely to continue. Extensive 
studies made about 1960 on national samples of the U.S. 
population indicate that the number of children actually 
desired by couples in the “blue collar” (factory or indus­
trial) group is less than the number desired by couples in 
the “white collar” (office or business) group. When both 
the husband and the wife were college graduates, only 
7 percent of the last pregnancies were un wanted, while 
among the couples at grade school level 33 percent had 
not wanted their last pregnancy. Of the college couples, 
92 percent effectively used contraception, while only 69 
percent of the grade school couples used contraception, 
and they used it less effectively.

It is expected that birth control may soon be used as 
widely and as effectively at the lowest educational levels 
as at the highest. Should that occur, present trends sug­
gest that educational and social dass differentials in births 
may soon bear a direct relation to size of family. The 
public generally, and many scientists, have assumed that 
an inverse relation between size of family and education 
or socioeconomic class must represent an unfavourable, 
or dysgenic, trend, even though there is little evidence for 
genetic differences between classes. If the relation between 
size of family and educational level becomes direct, with 
the more educated groups having the greater proportion of 
children, the trend would be generally taken as favourable, 
or eugenic. But its greatest significance would be an in­
crease in the proportion of children brought up in above- 
average home surroundings. The major opportunity for 
genetic improvement will be found in selection of individ­
uals within each group.

There is some limited evidence that at the present time 
in the United States the abler and the more intelligent 
members of any group tend to have the most children. In 
studies made as early as 1927 on graduates of Yale and 
Harvard universities, and again on Princeton University 
graduates in 1939, the men were rated by a commit­
tee of classmates for degree of success some years after 
graduation. In each group the highest-rated married men 
averaged over two children apiece, while the lowest-rated 
married men averaged less than one and one-half children. 
Many studies have indicated that the probability of being 
childless increases as IQ decreases. There is thus some 
evidence that in attempting to increase the comparative 
fertility of the more intelligent and successful individuals, 
eugenists are working with and not against present trends, 
as has been claimed by some.

A number of changes taking place in industrial societies 
today are favourable to individual selection. There are 
more opportunities for finding work appropriate to one’s 
genetic capacities. There is a wider choice of mates in 
a highly mobile society, which favours the production of 
novel types and offers greater possibilities if there is se­
lection. The trend toward more education for all classes 
would help make birth control selective within each class. 
Also, the continuing improvement of birth control meth­
ods should improve voluntary forms of selection at all 
levels o f education. To further these trends, eugenists urge 
better training for choice of mate and for marriage, a more 
general individual and community sense of responsibility 
for the parents who have more than one or two children, 
and continuing study of all the psychological, social, and 
economie pressures and rewards that would tend toward a 
voluntary and favourable selection of births within every 
occupational group.

(F.H.O.)

E C O L O G Y

Long unfamiliar to the public, and relegated to a second- 
class status by many in the world of Science, ecology 
emerged in the late 20th Century as one of the most popu­
lär and most important aspects of biology. It has become 
painfully evident that the most pressing problems in the

affairs of men—expanding populations, food scarcities, 
environmental pollution, and all the attendant sociological 
and political problems—are to a great degree ecological.

The word ecology was coined by a German zoologist, 
Ernst Haeckel, who applied the term oekologie to the 
“relation of the animal both to its organic as well as its 
inorganic environment.” The word comes from the Greek 
oikos, meaning “household, home, or place to live.” Thus 
ecology deals with the organism and its environment. 
The word environment includes both other organisms and 
physical surroundings. It involves relationships between 
individuals within a population and between individuals 
of different populations. These interactions between indi­
viduals, between populations, and between organisms and 
their environment form ecological systems, or ecosystems. 
Ecology has been defined variously as “the study of the 
interrelationships of organisms with their environment 
and each other,” as “the economy of nature,” and as “the 
biology of ecosystems.”

Historical background. Ecology had no firm beginnings. 
It evolved from the natural history of the Greeks, particu­
larly Theophrastus, a friend and associate of Aristotle. He 
first described the interrelationships between organisms 
and between organisms and their nonliving environment. 
Later foundations for modern ecology were laid in the 
early work of plant and animal physiologists.

In the early and mid-1900s two groups of botanists, 
one in Europe and the other in America, studied plant 
communities from two different points of view. The Eu­
ropean botanists concerned themselves with the study 
of the composition, structure, and distribution of plant 
communities. The American botanists studied the devel­
opment of plant communities, or succession. Both plant 
and animal ecology developed separately until American 
biologists emphasized the interrelation of both plant and 
animal communities as a biotic whole.

During the same period interest in population dynamics 
developed. The study o f population dynamics received 
special impetus in the early 19th Century, after Thomas 
Malthus called attention to the conflict between expand­
ing populations and the capability of the earth to supply 
food. R. Pearl (1920), A.J. Lotka (1925), and V. Volterra 
(1926) developed mathematical foundations for the study 
of populations, and these studies led to experiments on the 
interaction of predators and prey, competitive relation­
ships between species, and the regulation of populations. 
Investigations of the influence of behaviour on populations 
was stimulated by the recognition in 1920 of territoriality 
in nesting birds. Concepts of instinctive and aggressive 
behaviour were developed by K. Lorenz and N. Tinber­
gen, and the role of social behaviour in the regulation of 
populations was explored by V.C. Wynne-Edwards.

While some ecologists were studying the dynamics of 
communities and populations, others were concerned with 
energy-budgets. In 1920, August Thienemann, a German 
freshwater biologist, introduced the concept of trophic, or 
feeding, levels, by which the energy of food is transferred 
through a series of organisms, from green plants (the pro­
ducers) up to several levels of animals (the consumers). 
An English animal ecologist, C.E. Elton (1927), further 
developed this approach with the concept of ecological 
niches and pyramids of numbers. Two American fresh­
water biologists, E. Birge and C. Juday, in the 1930s, in 
measuring the energy budgets of lakes, developed the idea 
of primary production, i.e., the rate at which food energy 
is generated, or fixed, by photosynthesis. Modern ecology 
came of age in 1942 with the development, by R.L. Linde­
man of the United States, of the trophic-dynamic concept 
of ecology, which details the flow of energy through the 
ecosystem. Quantified field studies of energy flow through 
ecosystems were further developed by Eugene and Howard 
Odum of the United States; similar early work on the cy- 
cling of nutrients was done by J.D. Ovington of England 
and Australia.

The study of both energy flow and nutriënt cycling was 
stimulated by the development of new techniques—ra- 
dioisotopes, microcalorimetry, computer Science, and ap­
plied mathematics—that enabled ecologists to label, tracé, 
and measure the movement of particular nutrients and
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energy through the ecosystems. These modern methods 
encouraged a new stage in the development of ecology— 
systems ecology, which is concerned with the structure 
and function of ecosystems.

he unify- Until the late 20th Century ecology lacked a strong con- 
ig concept ceptual base. Modem ecology, however, is now focussed 
f ecology on the concept of the ecosystem, a functional unit consist­

ing of interacting organisms and all aspects of the environ­
ment in any specific area. It contains both the nonliving 
(abiotic) and living (biotic) components through which 
nutrients are cycled and energy flows. To accomplish 
this cycling and flow, ecosystems must possess a number 
of stmctured interrelationships between soil, water, and 
nutrients, on the one hand, and producers, consumers, 
and decomposers on the other. Ecosystems function by 
maintaining a flow of energy and a cycling of materials 
through a series of steps of eating and being eaten, of 
utilization and conversion, called the food chain. Ecosys­
tems tend toward maturity, or stability, and in doing so 
they pass from a less complex to a more complex state. 
This directional change is called succession. Whenever an 
ecosystem is used, and that exploitation is maintained— 
as when a pond is kept clear o f encroaching plants or a 
woodland is grazed by domestic cattle—the maturity of 
the ecosystem is effectively postponed. The major func­
tional unit of the ecosystem is the population. It occupies 
a certain functional niche, related to its role in energy 
flow and nutriënt cycling. Both the environment and the 
amount of energy fixation in any given ecosystem are 
limited. When a population reaches the limits imposed by 
the ecosystem, its numbers must stabilize or, failing this, 
decline from disease, starvation, strife, low reproduction, 
or other behavioral and physiological reactions. Changes 
and fluctuations in the environment represent selective 
pressure upon the population to which it must adjust. The 
ecosystem has historical aspects: the present is related to 
the past and the future to the present. Thus the ecosystem 
is the one concept that unifies plant and animal ecology, 
population dynamics, behaviour, and evolution.

Areas of study. Of necessity, ecology is a multidis- 
ciplinary Science. It involves plant and animal biology, 
taxonomy, physiology, genetics, behaviour, meteorology, 
pedology, geology, sociology, anthropology, physics, chem­
istry, mathematics, and electronics. Often it is difficult to 
draw a sharp line between ecology and any of these, for 
all impinge on it. The same Situation exists also within 
ecology. In understanding the interactions between the 
organism and the environment or between organisms, it 
is often difficult to separate behaviour from population 
dynamics, behaviour from physiology, adaptation from 
evolution and genetics, animal ecology from plant ecology.

Ecology developed along two lines: the study of plants 
and the study of animals. Plant ecology concerns the rela­
tionships of plants to other plants and their environment. 
The approach is largely descriptive of the vegetational and 
floristic composition of an area and usually ignores the in­
fluence of animals on the plants. Animal ecology concerns 
the study of population dynamics, distribution, behaviour, 
and the interrelationships of animals and their environ­
ment. Because animals depend upon plants for food and 
shelter, animal ecology cannot be fully understood with­
out a considerable background of plant ecology. This is 
particularly true in applied areas of ecology—wildlife and 
range management.

Both plant and animal ecology may be approached as 
the study of the interrelations of an individual organism 
with its environment, called autecology, or as the study of 
groups of organisms, called synecology.

Autecology, in many ways the classical study of ecol- 
\utecology ogy, is experimental and inductive. Because it is usually 
ind concerned with the relationship of an organism to one
>ynecology or more variables such as humidity, light, salinity, or 

nutriënt levels, it is easily quantified and lends itself to 
experimental design both in the field and the laboratory. 
It has borrowed techniques from chemistry, physics, and 
physiology. Autecology has contributed at least two im­
portant concepts: the constancy of interaction between an 
organism and its environment, and the genetic adaptabil- 
ity of local populations to local environmental conditions.

Synecology, on the other hand, is philosophical and de- 
ductive. It is largely descriptive and not easily quantified 
and contains a bewildering array of terminology. Only 
recently, since the advent of the electronic and atomic 
ages, has synecology developed the tools to study complex 
Systems and enter an experimental phase. Important con­
cepts developed by synecology are those concerned with 
nutriënt cycling, energy budgets, and ecosystem develop­
ment. Synecology has strong ties with pedology, geology, 
meteorology, and cultural anthropology.

Synecology may be subdivided according to environ­
mental types, as terrestrial or aquatic. Terrestrial ecology, 
which may be further subdivided into forest, grassland, 
arctic, and desert ecology, concerns such aspects of ter­
restrial ecosystems as microclimate, soil chemistry, soil 
fauna, hydrologie cycles, ecogenetics, and productivity.
Terrestrial ecosystems are more influenced by organisms 
and subject to much wider environmental fluctuations 
than are aquatic ecosystems. Aquatic ecosystems are af­
fected more by the condition of the water and resist such 
environmental variables as temperature. Because the phys­
ical environment is so important in Controlling aquatic 
ecosystems, considerable attention is paid to the Chemical 
and physical characteristics of the ecosystem, such as the 
currents and the Chemical composition of the water. By 
Convention, aquatic ecology, called limnology, is limited 
to freshwater stream ecology and lake ecology. The former 
concerns life in flowing waters; the latter, life in relatively 
still water. Marine ecology deals with life in the open sea 
and in estuaries.

Other ecological approaches concem specialized areas.
The study of the geographic distribution of plants and 
animals is ecological plant and animal geography. The 
study of population growth, mortality, natality, competi­
tion, and predator-prey relations is population ecology.
The study of the genetics and ecology of local races and 
distinct species is ecological genetics. The study of the be­
havioral responses of animals to their environment, and of 
social interactions as they affect population dynamics, is 
behavioral ecology. Investigations of interactions between 
the physical environment and the organism fall under 
ecoclimatology and physiological ecology. The study of 
groups of organisms is community ecology (though it is 
difficult to separate it from studies of bioenergetics, bio- 
geochemical cycles, and trophic-dynamic aspects of the 
community or ecosystem ecology). That part of ecosystem 
ecology concerned with the analysis and understanding of 
the structure and function o f ecosystems by the use of ap­
plied mathematics, mathematical models, and computer 
programs is systems ecology. Systems ecology, concen- Systems 
trating on input and output analysis, has stimulated the ecology 
rapid development o f applied ecology, concerned with the 
application of ecological principles to the management of 
natural resources, agricultural production, and problems 
of environmental pollution.

Methods in ecology. Because ecologists work with liv­
ing systems possessing numerous variables, the techniques 
used by physicists and chemists, mathematicians and en- 
gineers, require modification; they are not easily applied 
nor are the results as precise as those obtained in other 
Sciences. It is relatively simple, for example, for a physi­
cist to measure gain and loss of heat from metals or 
other inanimate objects, which possess certain constants 
of conductivity, expansion, surface features, and the like.
To determine the heat exchange between an animal and 
its environment, however, a physiological ecologist is con- 
fronted with an array o f almost unquantifiable variables 
and has the formidable task of both gathering the numer­
ous data and analyzing them. Ecological measurements 
probably never will be as precise or as subject to the same 
ease of analysis as measurements in physics, chemistry, or 
certain quantifiable areas of biology.

In spite o f  these problem s, various aspects o f  the environ­
m ent can be determ ined by physical and Chemical m eans, 
ranging from  sim ple Chemical identifications and physi­
cal m easurem ents to  the use o f  sophisticated m echanical 
apparatus. The developm ent o f  b iostatistics and proper 
experim ental design, and the im provem ents in m ethods  
o f  sam pling, perm it a quantified Statistical approach to
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the study of ecology. Because of the extreme difficulties 
of Controlling environmental variables in the field, studies 
involving the use of experimental design are largely con- 
fined to the laboratory and to controlled field experiments 
designed to test the effects of only one variable or several 
variables. The use of Statistical procedures, and the appli­
cation of computer Science to mathematical models based 
on data obtained from the field, are providing new in- 
sights into population interactions and ecosystem function. 
Mathematical programming is becoming increasingly im­
portant in applied ecology, especially in the management 
of natural resources and agricultural problems having an 
ecological basis.

Controlled environmental chambers enable experi- 
menters to maintain plants and animals under known 
conditions of light, temperature, humidity, and daylength 
so that the effects o f each variable (or combination of 
variables) on the organism can be studied. Biotelemetry 
and other electronic tracking equipment, products of the 
space age, permit the rapid and nondestructive sampling o f  
plant and animal populations. Such tools enable ecologists 
to follow from a distance the movements and behaviour 
of a free-ranging animal by radio signals beamed from a 
sender attached to the organism. Radioisotopes are used 
for tracing the pathways o f nutrients through ecosystems, 
for determining the time and extent of transfer of energy 
and nutrients through the different components of the 
ecosystem, and for the determination of food chains. The 
use o f laboratory microcosms—aquatic and soil micro- 
ecosystems, consisting of biotic and nonbiotic material 
from natural ecosystems, held under conditions similar to 
those found in the field—are useful in determining rates 
of nutriënt cycling, ecosystem development, and other 
functional aspects of ecosystems. Microcosms enable the 
ecologist to duplicate experiments and to perform experi­
mental manipulation on them.

(R.L.Sm.)

The study of types of living organisms
ZOOLOGY
Zoology, the study of animals, includes both the inquiry 
into individual animals and their constituent parts, even 
to the molecular level, and the inquiry into animal popu­
lations, entire faunas, and the relationships of animals to 
each other, to plants, and to the nonliving environment. 
Though this wide range of studies results in some isolation 
of specialties within zoology, the conceptual integration in 
the Contemporary study of living things that has occurred 
in recent years emphasizes the structural and functional 
unity of life rather than its diversity.

Historical background. Prehistorie man’s survival as a 
hunter defined his relation to other animals, which were a 
source of food and danger. As man’s cultural heritage de­
veloped, animals were varioüsly incorporated into man’s 
folklore and philosophical awareness as fellow living crea- 
tures. Domestication of animals forced man to take a 
systematic and measured view of animal life, especially 
after urbanization necessitated a constant and large supply 
of animal products.

The Study of animal life by the ancient Greeks became more
role rational, if not yet scientific, in the modern sense, after
of the the cause of disease—until then thought to be demons—
Greeks was postulated by Hippocrates to result from a lack of

harmonious functioning of body parts. The systematic 
study of animals was encouraged by Aristotle’s extensive 
descriptions of living things, his work reflecting the Greek 
concept of order in nature and attributing to nature an 
idealized rigidity.
In Roman times Pliny brought together in 37 volumes 

a treatise, Histöria naturalis, that was an encyclopaedic 
Compilation of both myth and fact regarding celestial 
bodies, geography, animals and plants, metals, and stone. 
Volumes VII to XI concern zoology; volume VIII, which 
deals with the land animals, begins with the largest one, 
the elephant. Although Pliny’s approach was naive, his 
scholarly effort had a profound and lasting influence as 
an authoritative work.

Zoology continued in the Aristotelian tradition for many

centuries in the Mediterranean region and by the Middle 
Ages, in Europe, it had aceumulated considerable folklore, 
Superstition, and moral symbolisms, which were added to 
otherwise objective information about animals. Gradually, 
much of this misinformation was sifted out: naturalists 
became more critical as they compared directly observed 
animal life in Europe with that described in ancient 
texts. The use of the printing press in the 15th Century 
made possible an accurate transmission of information.
Moreover, mechanistic views of life processes (i.e., that 
physical processes depending on cause and effect can 
apply to animate forms) provided a hopeful method for 
analyzing animal functions; for example, the mechanics 
of hydraulic Systems were part o f William Harvey’s argu­
ment for the circulation of the blood—although Harvey 
remained thoroughly Aristotelian in outlook. In the 18th 
Century, zoology passed through reforms provided by both 
the system of nomenclature of Carolus Linnaeus and the 
comprehensive works on natural history by Georges-Louis 
Ledere de Buffon; tö these were added the contributions 
to comparative anatomy by Georges Cuvier in the early 
19th Century.
Physiological functions, such as digestion, excretion, 

and respiration, were easily observed in many animals, 
though they were not as critically analyzed as was blood 
circulation.

Following the introduction of the word cell in the 17th 
Century and microscopie observation of these structures 
throughout the 18th Century, the cell was incisively de­
fined as the common structural unit o f living things in 
1839 by two Germans: Matthias Schleiden and Theodor 
Schwann. In the meanwhile, as the Science of chemistry 
developed, it was inevitably extended to an analysis of 
animate Systems. In the middle of the 18th Century the 
French physicist René Antoine Ferchault de Réaumer 
demonstrated that the fermenting action of stomach juices 
is a Chemical process. And in the mid-19th Century the 
French physician and physiologist Claude Bernard drew 
upon both the cell theory and knowledge of chemistry to 
develop the concept of the stability of the internal bodily 
environment, now called homeostasis.

The cell concept influenced many biological disciplines, 
including that of embryology, in which cells are important 
in determining the way in which a fertilized egg develops 
into a new organism. The unfolding of these events— 
called epigenesis by Harvey—was described by various 
workers, notably the German-trained comparative embry­
ologist Karl von Baer, who was the first to observe a 
mammalian egg within an ovary. Another German-trained 
embryologist, Christian Heinrich Pander, introduced in 
1817 the concept of germ, or primordial, tissue layers into 
embryology.

In the latter part of the 19th Century, improved microsco­
py and better staining techniques using aniline dyes, such 
as hematoxylin, provided further impetus to the study of 
internal cellular structure.

By this time Darwin had made necessary a complete Darwin 
revision of man’s view of nature with his theory that and the 
biological changes in species occur through the process of theory of 
natural selection. The theory of evolution—that organisms evolution 
are continuously evolving into highly adapted forms— 
required the rejection of the static view that all species 
are especially created and upset the Linnaean concept of 
species types. Darwin recognized that the principles of 
heredity must be known to understand how evolution 
works; but, even though the concept of hereditary factors 
had by then been formulated by Mendel, Darwin never 
heard of his work, which was essentially lost until its re- 
discovery in 1900.
Genetics has developed in the 20th Century and now is 

essential to many diverse biological disciplines. The dis­
covery of the gene as a Controlling hereditary factor for all 
forms of life has been a major accomplishment of modern 
biology. There has also emerged clearer understanding of 
the interaction of organisms with their environment. Such 
ecological studies help not only to show the interdepen- 
dence of the three great groups of organisms—plants, as 
producers; animals, as consumers; and fungi and many 
bacteria, as decomposers—but they also provide informa-
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tion essential to man’s control of the environment and, 
ultimately, to his survival on Earth. Closely related to this 
study of ecology are inquiries into animal behaviour, or 
ethology. Such studies are often cross disciplinary in that 
ecology, physiology, genetics, development, and evolution 
are combined as man attempts to understand why an 
organism behaves as it does. This approach now receives 
substantial attention because it seems to provide useful in­
sight into man’s biological heritage—that is, the historical 
origin of man from nonhuman forms.

The emergence of animal biology has had two particular 
effects on classical zoology. First, and somewhat paradox- 
ically, there has been a reduced emphasis on zoology as 
a distinct subject of scientific study; for example, workers 
think of themselves as geneticists, ecologists, or physiolo­
gists who study animal rather than plant material. They 
often choose a problem congenial to their intellectual 
tastes, regarding the organism used as important only 
to the extent that it provides favourable experimental 
material. Current emphasis is, therefore, slanted toward 
the solution of general biological problems; Contemporary 
zoology thus is to a great extent the sum total of that work 
done by biologists pursuing research on animal material.

Second, there is an increasing emphasis on a conceptual 
approach to the life Sciences. This has resulted from the 
concepts that emerged in the late 19th and early 20th 
centuries: the cell theory; natural selection and evolution; 
the constancy of the intemal environment; the basic sim­
ilarity of genetic material in all living organisms; and the 
flow of matter and energy through ecosystems. The lives 
of microbes, plants, and animals now are approached us­
ing theoretical models as guides rather than by following 
the often restricted empiricism of earlier times. This is 
particularly true in molecular studies, in which the inte­
gration of biology with chemistry allows the techniques 
and quantitative emphases of the physical Sciences to be 
used effectively to analyze living systems.

Areas of study. Although it is still useful to recognize 
many disciplines in animal biology—e.g., anatomy or 
morphology; biochemistry and molecular biology; cell bi­
ology; developmental studies (embryology); ecology; ethol­
ogy; evolution; genetics; physiology; and systematics—the 
research frontiers occur as often at the interfaces of two 
or more of these areas as within any given one.
Anatomy or morphology. Descriptions of external form 

and intemal organization are among the earliest records 
available regarding the systematic study of animals. Aris­
totle was an indefatigable collector and dissector of ani­
mals. He found differing degrees of structural complexity, 
which he described with regard to ways of living, habits, 

.ristotle’s and body parts. Although Aristotle had no formal system 
ttempt at of Classification, it is apparent that he viewed animals as 
lassifica- arranged from the simplest to the most complex in an 
on ascending series. Since man was even more complex than

animals and, moreover, possessed a rational faculty, he 
therefore occupied the highest position and a special cat­
egory. This hierarchical perception ofth e  animate world 
proved to be useful in every Century to the present, except 
that in the modern view there is no such “scale of nature,” 
and there is change in time by evolution from the simple 
to the complex.

After the time of Aristotle, Mediterranean Science was 
een tred at Alexandria, where the study of anatomy, par­
ticularly the central nervous system, flourished and, in 
fact, first became recognized as a discipline. Galen studied 
anatomy at Alexandria in the 2nd Century and later diŝ - 
sected many animals. Much later, the contributions of the 
Renaissance anatomist Andreas Vesalius, though made in 
the context of medicine, as were those of Galen, stimu­
lated to a great extent the rise of comparative anatomy. 
During the latter part of the 15th Century and throughout 
the 16th Century, there was a strong tradition in anatomy; 
important similarities were observed in the anatomy of 
different animals, and many illustrated books were pub­
lished to record these observations.

But anatomy remained a purely descriptive Science until 
the advent of functional considerations in which the cor- 
relation between structure and function was consciously 
investigated; as by French biologists Buffon and Cuvier.

Cuvier cogently argued that a trained naturalist could 
deduce from one suitably chosen part of an animal’s 
body the complete set of adaptations that characterized 
the organism. Because it was obvious that organisms with 
similar parts pursue similar habits, they were placed to­
gether in a system of Classification. Cuvier pursued this 
viewpoint, which he called the theory of correlations, in 
a somewhat dogmatic manner and placed himself in Op­
position to the romantic natural philosophers, such as the 
German intellectual Johann Wolfgang von Goethe, who 
saw a tendency to ideal types in animal form. The ten­
sion between these schools of thought—adaptation as the 
consequence of necessary bodily functions and adaptation 
as an expression of a perfecting principle in nature—runs 
as a leitmotiv through much of biology, with overtones 
extending into the early 20th Century.

The twin concepts of homology (similarity of origin) and 
analogy (similarity of appearance), in relation to structure, 
are the creation of the 19th-century British anatomist 
Richard Owen. Although they antedate the Darwinian 
view of evolution, the anatomical data on which they were 
based became, largely as a result o f the work of the Ger­
man comparative anatomist Carl Gegenbaur, important 
evidence in favour of evolutionary change, despite Owen’s 
steady unwillingness to accept the view of diversification 
of life from a common origin.

In summary, anatomy moved from a purely descriptive 
phase as an adjunct to classificatory studies, into a part­
nership with studies of function and became, in the 19th 
Century, a major contributor to the concept of evolution.

Taxonomy or systematics. Not until the work of Caro­
lus Linnaeus did the variety of life receive a widely accept­
ed systematic treatment. Linnaeus strove for a “natural 
method of arrangement,” one that is now recognizable as 
an intuitive grasp of homologous relationships, reflecting 
evolutionary descent from a common ancestor; however, 
the natural method of arrangement sought by Linnaeus 
was more akin to the tenets of idealized morphology 
because he wanted to define a “type” form as epitomiz- 
ing a species.

It was in the nomenclatorial aspect of Classification that The 
Linnaeus created a revolutionary advance with the intro- binomial 
duction of a Latin binomial system: each species received nomen- 
a Latin name, which was not influenced by local names clature 
and which invoked the authority o f Latin as a language of 
common to the learned people o f  that day. The Latin Linnaeus 
name has two parts. The first word in the Latin name for 
the dog, Canis familiaris, for example, indicates the larger 
category, or genus, to which dogs belong; the second word 
is the name of the species within the genus. In addition to 
species and genera, Linnaeus also recognized other clas­
sificatory groups, or taxa (singülar taxon), which are still 
used; namely, order, dass, and kingdom, to which have 
been added family (between genus and order) and phylum 
(between dass and kingdom). Each of these can be divided 
further by the appropriate prefix o f sub- or super-, as in 
subfamily or superclass. Linnaeus’ great work, the Syste- 
ma naturae, went through 12 editions during his lifetime; 
the 13th, and final, edition appeared posthumously. Al­
though his treatment of the diversity of living things has 
been expanded in detail, revised in terms of taxonomie 
categories, and corrected in the light of continuing work—  
for example, Linnaeus treated whales as fish—it still sets 
the style and method, even to the use of Latin names, for 
contemporary nomenclatorial work.

Linnaeus sought a natural method o f arrangement, but he 
actually defined types of species on the basis of idealized 
morphology. The greatest change from Linnaeus’ outlook 
is reflected in the phrase “the new systematics,” which 
was introduced in the 20th Century and through which an 
explieit effort is made to have taxonomie schemes reflect 
evolutionary history. The basic unit of Classification, the 
species, is also the basic unit of evolution—-i.e., a popu­
lation of actually or potentially interbreeding individuals.
Such a population shares, through interbreeding, its ge­
netic resources. In so doing, it creates the gene pool— 
its total genetic material—that determines the biological 
resources of the species and on which natural selection 
continuously acts. This approach has guided work on
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classifying animals away from somewhat arbitrary catego- 
rization of new species to that of recreating evolutionary 
history (phylogeny) and incorporating it in the system of 
Classification. Modern taxonomists or systematists, there­
fore, are among the foremost students of evolution.

Physiology. The practical consequences of physiology 
have always been an unavoidable human concern, in 
both medicine and animal husbandry. Inevitably, from 
Hippocrates to the present, practical knowledge of hu­
man bodily function has aceumulated along with that of 
domestic animals and plants. This knowledge has been 
expanded, especially since the early 1800s, by experi­
mental work on animals in general, a study known as 
comparative physiology. The experimental dimension had 
wide applications following Harvey’s demonstration of 
the circulation of blood. From then on, medical phys­
iology developed rapidly; notable texts appeared, such 
as Albrecht von Haller’s eight-volume work Elementa 
Physiologiae Corporis Humani (Elements of Human Phys­
iology), which had a medical emphasis. Toward the end 
of the 18th Century the influence of chemistry on phys­
iology became pronounced through Antoine Lavoisier’s 
brilliant analysis of respiration as a form of combustion. 
This French chemist not only determined that oxygen was 
consumed by living Systems but also opened the way to 
further inquiry into the energetics of living systems. His 
studies further strengthened the mechanistic view, which 
holds that the same natural laws govern both the inani­
mate and the animate realms.

Physiological principles achieved new levels of sophisti- 
cation and comprehensiveness with Bernard’s concept of 
constancy of the internal environment, the point being 
that only under certain constantly maintained conditions 
is there optimal bodily function. His rational and incisive 
insights were augmented by concurrent developments in 
Germany, where Johannes Müller explored the compara­
tive aspects of animal function and anatomy, and Justus 
von Liebig and Carl Ludwig applied Chemical and physi­
cal methods, respectively, to the solution of physiological 
Problems. As a result, many useful techniques were ad­
vanced— e.g., means for precise measurement of muscular 
action and changes in blood pressure and means for defin- 
ing the nature of body fluids.

The study By this time the organ systems—circulatory, digestive,
of organ endocrine, exeretory, integumentary, muscular, nervous,
Systems reproductive, respiratory, and skeletal— had been defined, 

both anatom ically  and functionally, and research efforts 
were focussed on  understanding these systems in cellu­
lar and Chemical term s, an em phasis that continues to  
the present and has resulted in specialties in cell physi­
o logy and physiological chem istry. G eneral categories o f  
research now  deal w ith  the transportation o f  materials 
across m em branes; the m etabolism  o f  cells, including syn­
thesis and breakdow n o f  m olecules; and the regulation o f  
these processes.

Interest has also increased in  the m ost com plex o f  phys­
iological system s, the nervous system. M uch com parative 
work has been done by utilizing anim als w ith structures 
especially ameriable to  various experim ental techniques; 
for exam ple, the large nerves in squids have been ex ­
tensively studied in term s o f  the transm ission o f  nerve 
im pulses, and insect and crustacean eyes have yielded sig­
nificant in form ation  on  patterns o f  sensory inputs. M ost 
o f  this work is closely associated with studies on anim al 
orientation and behaviour. A lthough the Contemporary 
physiologist often studies functional problem s at the m o­
lecular and cellular levels, he is also aware o f  the need to  
integrate cellular studies in to  the m any-faceted functions 
o f  the total organism .
Embryology, or developmental studies. Embryonic 

growth and differentiation of parts have been major bio­
logical problems since ancient times. A 17th-century ex­
planation of development assumed that the adult existed 
as a miniature—a homunculus—in the microscopie ma­
terial that initiates the embryo. But in 1759 the German 
physician Caspar Friedrick Wolff firmly introduced into 
biology the interpretation that undifferentiated materials 
gradually become specialized, in an orderly way, into 
adult structures. Although this epigenetic process is now

accepted as characterizing the general nature of develop­
ment in both plants and animals, many questions remain 
to be solved. The French physician Marie Frangois Xavier 
Bichat declared in 1801 that differentiating parts consist 
of various components called tissues; with the subsequent 
statement of the cell theory, tissues were resolved into their 
cellular constituents. The idea of epigenetic change and 
the identification of structural components made possible 
a new interpretation of differentiation. It was demon­
strated that the egg gives rise to three essential germ layers 
out of which specialized organs, with their tissues, subse­
quently emerge. Then, following his own discovery of the 
mammalian ovum, von Baer in 1828 usefully applied this 
information when he surveyed the development of various 
members of the vertebrate groups. At this point* embryol­
ogy, as it is now recognized, emerged as a distinct subject.

The concept of cellular organization had an effect on 
embryology that continues to the present day. In the 19th 
Century, cellular mechanisms were considered essentially 
to be the basis for growth, differentiation, and morpho- 
genesis, or molding of parts. The distribution of the newly 
formed cells of the rapidly dividing zygote (fertilized egg) 
was precisely followed to provide detailed accounts not 
only of the time and mode of germ layer formation but 
also o f  the contribution of these layers to the differentia­
tion o f tissues and organs. Such descriptive information 
provided the background for experimental work aimed at 
elucidating the role of chromosomes and other cellular 
constituents in differentiation. About 1895, before the for­
mulation of the chromosomal theory of heredity, Theodor 
Boveri demonstrated that chromosomes show continuity 
from one cell generation to the next. In fact, biologists 
soon concluded that in all cells arising from a fertilized 
egg, half the chromosomes are of maternal and half of pa- 
ternal origin. The discovery of the constant transmission 
of the original chromosomal endowment to all cells of the 
body served to deepen the mystery surrounding the factors 
that determine cellular differentiation.

The present view is that differential activity of genes is 
the basis for cellular and tissue differentiation; that is, al­
though the cells of a multicellular body contain the same 
genetic information, different genes are active in different 
cells. The result is the formation of various gene products, 
which regulate the functional and structural differentiation 
of cells. The actual mechanism involved in the inactivation 
of certain genes and the activation of others, however, has 
not yet been established. That cells can move extensively 
throughout the embryo and selectively adhere to other 
cells, thus starting tissue aggregations, also contributes to 
development as does the fate of cells— i.e., certain ones 
continue to multiply, others stop, and some die.

Research methods in embryology now exploit many ex­
perimental situations: both unicellular and multicellular 
forms; regeneration (replacement of lost parts) and normal 
development; and growth of tissues outside and inside the 
host. Hence, the processes of development can be studied 
with material other than embryos; and the study of em­
bryology has become incorporated into the more inclusive 
subdiscipline of developmental biology.

Evolutionism. Darwin was not the first to speculate that 
organisms can change from generation to generation and 
so evolve, but he was the first to propose a mechanism by 
which the changes are aceumulated. He proposed that her­
itable variations occur in conjunction with a never-ending 
competition for survival and that the variations favouring 
survival are automatically preserved. In time, therefore, Natural 
the continued accumulation of variations results in the selection 
emergence of new forms. Because the variations that are 
preserved relate to survival, the survivors are highly adapt­
ed to their environment. To this process Darwin gave the 
apt name natural selection.

Many of Darwin’s predecessors, notably Jean-Baptiste 
Lamarck, were willing to accept the idea o f species V a r i ­

ation, even though to do so meant denying the doctrine 
of special creation and the static-type species of Linnaeus.
But they argued that some idealized perfecting principle, 
expressed through the habits of an organism, was the 
basis of Variation. The contrast between the romanticism 
of Lamarck and the objective analysis of Darwin clearly
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reveals the type of revolution provoked by the concept of 
natural selection. Although mechanistic explanations had 
long been available to biologists— forming, for example, 
part of Harvey’s explanation of blood circulation—they 
did not pervade the total structure of biological thinking 
until the advent of Darwinism.

There were two immediate consequences of Darwin’s 
viewpoints. One has involved a reappraisal of all subject 
areas of biology; reinterpretations of morphology and em­
bryology are good examples. The comparative anatomy of 
the British anatomist Owen became a cornerstone of the 
evidence for evolution, and German anatomists provided 
the basis for the comment that evolutionary thinking 
was born in England but gained its home in Germany. 
The reinterpretation of morphology carried over into the 
study of fossil forms, as paleontologists sought and found 
evidence of gradual change in their study of fossils. But 
some workers, although accepting evolution in principle, 
could not easily interpret the changes in terms of natural 
selection. The German paleontologist Otto Schindewolf, 
for example, found in shelled mollusks called ammonites 
evidence of progressive complexity and subsequent sim- 
plification of forms. The American paleontologist George 
Gaylord Simpson, however, has been a consistent inter- 
preter of vertebrate fossils by Darwinian selection. Embry­
ology was seen in an evolutionary light when the German 
zoologist Ernst Haeckel proposed that the epigenetic se­
quence of embryonic development (ontogeny) repeated its 
evolutionary history (phylogeny). Thus, the presence of 
gill clefts in the mammalian embryo and also in less highly 
evolved vertebrates can be understood as a remnant of a 
common ancestor.

The other consequence of Darwinism—to make more 
explicit the origin and nature of heritable variations and 
the action of natural selection on them—depended on the 
emergence of the following: genetics and the elucidation 
of the rules of Mendelian inheritance; the concept of the 
gene as the unit of inheritance; and the nature of gene 
mutation. The development of these ideas provided the 
basis for the genetics o f natural populations.

The subject of population genetics began with the Men­
delian laws of inheritance and now takes into account 
selection, mutation, migration (movement into and out 
of a given population), breeding patterns, and population 
size. These factors affect the genetic makeup of a group 
of organisms that either interbreed or have the potential 
to do so; i.e., a species. Accurate appraisal of these fac­
tors allows precise predictions regarding the content of a 
given gene pool over significant periods of evolutionary 
time. From work involving population genetics has come 
the realization, eloquently documented by two Contem­
porary American evolutionists, Theodosius Dobzhansky 
and Emst Mayer, that the species is the basic unit of 

The evolution. The process of speciation occurs as a gene pool
process breaks up to form isolated gene pools. When selection
)f pressures similar to those of the original gene pool persist
jpeciation in the new gene pools, similar functions and the similar 

structures on which they depend also persist. When selec­
tion pressures differ, however, differences arise. Thus, the 
process of speciation through natural selection preserves 
the evolutionary history of a species. The record may be 
discerned not only in the gross, ör macroscopic, anatomy 
of organisms but also in their cellular structure and mo­
lecular organization. Significant work now is carried out, 
for example, on the homologies of the nucleic acids and 
proteins of different species.

Genetics. The problem of heredity had been the subject 
of careful study before its definitive analysis by Mendel. 
As with Darwin’s predecessors, those of Mendel tended 
to idealize and interpret all inherited traits as being trans­
mitted through the blood or as determined by various 
“humors” or other vague entities in animal organisms. 
When studying plants, Mendel was able to free himself of 
anthropomorphic and holistic explanations. By studying 
seven carefully defined pairs of characteristics—e.g., tall 
and short plants; red and white flowers, etc.—as they were 
transmitted through as many as three successive genera­
tions, he was able to establish patterns of inheritance that 
apply to all sexually reproducing forms. Darwin, who was

searching for an explanation of inheritance, apparently 
never saw Mendel’s work, which was published in 1866 in 
the obscure journal of his local natural history society; it 
was simultaneously rediscovered in 1900 by three different 
European geneticists.

Further progress in genetics was made early in the 20th 
Century, when it was realized that heredity factors are 
found on chromosomes. The term gene was coined for 
these factors. Studies by the American geneticist Thomas 
Hunt Morgan on the fruit fly (Drosophila), moved animal 
genetics to the forefront of genetic research. The work of 
Morgan and his students established such major concepts 
as the linear array of genes on chromosomes; the exchange 
of parts between chromosomes; and the interaction of 
genes in determining traits, including sexual differences. In 
1927 one of Morgan’s former students, Hermann Muller, 
used X-rays to induce the mutations (changes in genes) in 
the fruit fly, thereby opening the door to major studies on 
the nature of Variation.

Meanwhile, other organisms were being used for genetic 
studies, most notably fungi and bacteria. The results of 
this work provided insights into animal genetics just as 
principles initially obtained from animal genetics provided 
insight into botanical and microbial forms. Work contin­
ues not only on the genetics of humans, domestic ani­
mals, and plants but also on the control of development 
through the orderly regulation of gene action in different 
cells and tissues.

Cellular and molecular biology. A lthough the cell was 
recognized as the basic un it o f  life early in  the 19th 
Century, its m ost exciting period o f  inquiry has probably 
occurred since the 1940s. T he new  techniques developed  
since that tim e, notably the perfection o f  the electron  
m icroscope and the too ls o f  biochem istry, have changed  
the cytological studies o f  the 19th and early 20th centuries 
from a largely descriptive inquiry, dependent on the light 
m icroscope, into a dynamic* m olecularly oriented inquiry  
into fundam ental life processes.

The so-called cell theory, which was enunciated about 
1838, was never actually a theory. As Edmund Beecher 
Wilson, the noted American cytologist, stated in his great 
work, The Cell,

By force o f  habit we still continue to speak o f  the cell ‘theory’ 
but it is a theory only in name. In  substance it is a compre­
hensive general statement o f  fact and as such stands today 
beside the evolution theory among the foundationstones o f  
modern biology.

More precisely, the cell doctrine was an inductive general- 
ization based on the microscopial examination of certain 
plant and animal species.

Rudolf Virchow, a German medical officer specializing 
in cellular pathology, first expressed the fundamental dic­
tum regarding cells in his phrase omnis cellula e cellula (all 
cells from cells). For cellular reproduction is the ultimate Cells 
basis of the continuity of life; the cell is not only the basic as the 
structural unit of life but also the basic physiological and units of 
reproductive unit. All areas of biology were affected by life 
the new perspective afforded by the principle of cellular 
organization. Especially in conjunction with embryology 
was the study of the cell most prominent in animal biolo­
gy. The continuity of cellular generations by reproduction 
also had implications for genetics. It is little wonder, then, 
that the full title of Wilson’s survey of cytology at the 
turn of the Century was The Cell: lts  Role in Development 
and Heredity.
The study of the cell nucleus, its chromosomes, and 

their behaviour served as the basis for understanding the 
regulär distribution of genetic material during both sexual 
and asexual reproduction. This orderly behaviour of the 
nucleus made it appear to dominate the life ofthe cell, for 
by contrast the components of the rest of the cell appeared 
to be randomly distributed.

The biochemical study of life had helped in the charac­
terization of the major molecules of living systems—pro­
teins, nucleic acids, fats, and carbohydrates—and in the 
understanding of metabolic processes. That nucleic acids 
are a distinctive feature o f  the nucleus was recognized after 
their discovery by thé Swiss biochemist Johann Friedrich 
Miescher in 1869. In 1944 a group o f  American bacteri-
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ologists, led by Oswald T. Avery, published work on the 
causative agent of pneumonia in mice (a bacterium) that 
culminated in the demonstration that deoxyribonucleic 
acid (dna) is the Chemical basis of heredity. Discrete seg­
ments of dna correspond to genes, or Mendel’s hereditary 
factors. Proteins were discovered to be especially impor­
tant for their role in determining cell structure and in 
Controlling Chemical reactions.

The advent of techniques for isolating and characterizing 
proteins and nucleic acids now allows a molecular ap­
proach to essentially all biological problems—from the ap­
pearance of new gene products in normal development or 
under pathological conditions to a monitoring of changes 
in and between nerve cells during the transmission of 
nerve impulses.

Ecology. The harmony that Linnaeus found in nature, 
which redounded to the glory and wisdom of a Judaeo- 
Christian god, was the 18th-century counterpart of the 
balanced interaction now studied by ecologists. Linnaeus 
recognized that plants are adapted to the regions in which 
they grow, that insects play a role in flower pollination, 
and that certain birds prey on insects and are in turn 
eaten by other birds. This realization implies, in Contem­
porary terms, the flow of matter and energy in a definable 
direction through any natural assemblage of plants, an­
imals, and microorganisms. Such an assemblage, termed 

Compo- an ecosystem, starts with the plants, which are designated 
nents of an as producers because they maintain and reproduce them- 
ecosystem selves at the expense of energy from sunlight and inorganic 

materials taken from the nonliving environment around 
them (earth, air, and water). Animals are called Consum­
ers because they ingest plant material or other animals 
that feed on plants, using the energy stored in this food 
to sustain themselves. Lastly, the organisms known as de- 
composers, mostly fungi and bacteria, break down plant 
and animal material and retum it to the environment in 
a form that can be used again by plants in a constantly 
renewed cycle.
The term ecology, first formulated by Haeckel in the lat­

ter part of the 19th Century as “oecology” (from the Greek 
word for house, oikos), referred to the dwelling place 
of organisms in nature. In the 1890s various European 
and U.S. scientists laid the foundations for modern work 
through studies of natural ecosystems and the populations 
of organisms contained within them.

Animal ecology, the study of consumers and their inter­
actions with the environment, is very complex; attempts 
to study it usually focus on one particular aspect. Some 
studies, for example, involve the challenge of the environ­
ment to individuals with special adaptations (e.g., water 
Conservation in desert animals); others may involve the 
role of one species in its ecosystem or the ecosystem itself. 
Food-chain sequences have been determined for various 
ecosystems, and the efficiency of the transfer of energy 
and matter within them has been calculated so that their 
capacity is known; that is, productivity in terms of num­
bers of organisms or weight of living matter at a specific 
level in the food chain can be accurately determined (see 
ecosystems; biosphere).

In spite of advances in understanding animal ecology, 
this subject area of zoology does not yet have the ma­
jor unifying theoretical principles found in genetics (gene 
theory) or evolution (natural selection).

Ethology. The study of animal behaviour (ethology) is 
largely a 20th-century phenomenon and is exclusively a 
zoological discipline. Only animals have nervous Systems 
with their implications for perception, coordination, ori­
entation, learning, and memory. Not until the end of 
the 19th Century did animal behaviour become free from 
anthropocentric interests and assume an importance in 
its own right. The British behaviorist C. Lloyd Morgan 
was probably most influential with his emphasis on par- 
simonious explanations— i.e., that the explanation “which 
stands lower in the psychological scale” must be invoked 
first. This principle is exemplified in the American Her­
bert Spencer Jennings’ pioneering work in 1906 on The 
Behavior of Lower Organisms.

The study of animal behaviour now includes many 
diverse topics, ranging from swimming patterns of pro­

tozoans to socialization and communication among the 
great apes. Many disparate hypotheses have been proposed 
in an attempt to explain the variety of behavioral pattems 
found in animals. They focus on the mechanisms that 
stimulate courtship in reproductive behaviour of such di­
verse groups as spiders, crabs, and domestic fowl; and on 
whole life histories, starting from the special attachment 
of newly bom ducks and goats to their actual mothers or 
to Surrogate (substitute) mothers. The latter phenomenon, 
called imprinting, has been intensively studied by the Aus­
trian ethologist Konrad Lorenz. Physiologically oriented 
behaviour now receives much attention; studies range 
from work on conditioned reflexes to the orientation of 
crustaceans and the location and communication of food 
among bees; such diversity of material is one measure of the 
somewhat diffuse but exciting current state of these studies.

General trends. Zoology has become animal biology— Zoology 
that is, the life Sciences display a new unity, one that is as animal 
founded on the common basis o f all life; on the gene biology 
pool-species organization of organisms; and on the oblig­
atory internering of the components of ecosystems* Even 
as regards the specialized features o f animals—involving 
physiology, development, or behaviour—the current em­
phasis is on elucidating the broad biological principles that 
identify animals as one aspect o f nature. Zoology has thus 
given up its exclusive emphasis on animals—an emphasis 
maintained from Aristotle’s time well into the 19th Cen­
tury—in favour of a broader view of life. The successes 
in applying physical and Chemical ideas and techniques 
to life processes have not only unified the life Sciences 
but have also created bridges to other Sciences in a way 
only dimly foreseen by earlier workers. The practical and 
theoretical consequences of this trend have just begun 
to be realized.

Methods in zoology. Because the study of animals may 
be concentrated on widely different topics, such as ecosys­
tems and their constituent populations, organisms, cells, 
and Chemical reactions, specific techniques are needed for 
each kind of investigation. The emphasis on the molecu­
lar basis of genetics, development, physiology, behaviour, 
and ecology has placed increasing importance on those 
techniques involving cells and their many components.
Microscopy, therefore, is a necessary technique in zoolo­
gy, as are certain physicochemical methods for isolating 
and characterizing molecules. Computer technology also 
has a special role in the analysis of animal life. These 
newer techniques are used in addition to the many classi­
cal ones— measurement and experimentation at the tissue, 
organ, organ system, and organismic levels.

Microscopy. In addition to continuous improvements 
in the techniques of staining cells, so that their components 
can be seen clearly, the light used in microscopy can now 
be manipulated to make visible certain structures in living 
cells that are otherwise undetectable. The ability to ob­
serve living cells is an advantage o f light microscopes over 
electron microscopes; the latter require the cells to be in 
an environment that kills them. The particular advantage 
of the electron microscope, however, is its great powers of 
magnification. Theoretically, it can resolve single atoms; 
in biology, however, magnifications of lesser magnitude 
are most useful in determining the nature of structures 
lying between whole cells and their constituent molecules.

Separation and purification techniques. The characteri­
zation of components of cellular systems is necessary for 
biochemical studies. The specific molecular composition 
of cellular organelles, for example, affects their shape and 
density (mass per unit volume); as a result, cellular com­
ponents settle at different rates (and thus can be separated) 
when they are spun in a centrifuge.

Other methods of purification rely on other physical 
properties. Molecules vary in their affinity for the positive 
or negative pole of an electrical field. Migration to or 
away from these poles, therefore, occurs at different rates 
for different molecules and allows their Separation; the 
process is called electrophoresis. The Separation of mole­
cules by liquid solvents exploits the fact that the molecules 
differ in their solubility, and hence they migrate to various 
degrees as a solvent flows past them. This process, known 
as chromatography because of the colour used to identify
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the position of the migrating materials, yields samples of 
extraordinarily high purity.

Radioactive tracers. Radioactive compounds are espe­
cially useful in biochemical studies involving metabolic 
pathways of synthesis and degradation. Radioactive com­
pounds are incorporated into cells in the same way as their 
nonradioactive counterparts. These compounds provide 
information on the sites o f specific metabolic activities 
within cells and insights into the fates of these compounds 
in both organisms and the ecosystem.

Computers. Computers process information using their 
own general language, which is able to complete calcu- 
lations as complex and diverse as Statistical analyses and 
determinations of enzymatically controlled reaction rates. 
Computers with access to extensive data files can select 
information associated with a specific problem and display 
it to aid the researcher in formulating possible Solutions. 

Importance They help perform routine examinations such as scanning 
of chromosome preparations in order to identify abnormali-
computers ties in number or shape. Test organisms can be electroni- 
in research cally monitored with computers, so that adjustments can 

be made during experiments; this procedure improves the 
quality of the data and allows experimental situations to 
be fully exploited. Computer Simulation is important in 
analyzing complex problems; as many as 100 variables, 
for example, are involved in the management of salmon 
fisheries. Simulation makes possible the development of 
models that approach the complexities of conditions in 
nature, a procedure of great value in studying wildlife 
management and related ecological problems.

Applied zoology. Animal-related industries produce 
food (meats and dairy products), hides, fürs, wool, organic 
fertilizers, and miscellaneous Chemical byproducts. There 
has been a dramatic increase in the productivity of ani­
mal husbandry since the 1870s, largely as a consequence 
of selective breeding and improved animal nutrition. The 
purpose of selective breeding is to develop livestock whose 
desirable traits have strong heritable components and can 
therefore be propagated. Heritable components are distin­
guished from environmental factors by determining the 
coëfficiënt of heritability, which is defined as the ratio of 
variance in a gene-controlled character to total variance.

Another aspect of food production is the control of pests. 
The serious side effects of some Chemical pesticides make 
extremely important the development of effective and safe 
control mechanisms. Animal food resources include com­
mercial fishing. The development of shellfish resources and 
fisheries management (e.g., growth of fish in rice paddies 
in Asia) are important aspects of this industry. (E.D.H.)

BOTANY
Botany is the study of plants. Plants were of paramount 
importance to early man; he depended upon them as 
sources of food, shelter, clothing, medicine, ornament, 
tools, and magie. Today it is known that, in addition 
to their practical and economic values, green plants are 
indispensable to all life on Earth: through the process of 
photosynthesis, plants transform energy from the sun into 
the Chemical energy of food, which makes all life possible. 
A second unique and important capacity of green plants 
is the formation and release of oxygen as a by-product of 
photosynthesis. The oxygen of the atmosphere, so abso­
lutely essential to many forms of life, represents the ac- 
cumulation of over 3,500,000,000 years of photosynthesis 
by green plants.

Although the many steps in the process of photosynthesis 
have become fully understood only in recent years, even 
in prehistorie times man somehow recognized intuitively 
that some important relation existed between the sun and 
plants. Such recognition is suggested by the fact that, in 
primitive tribes and early civilizations, worship of the sun 
was offen combined with the worship of plants.

Earliest man, like the other anthropoid mammals (e.g., 
apes, monkeys), depended totally upon the natural re­
sources of his environment, which, until he developed 
methods for hunting, consisted almost completely of 
plants. The behaviour of pre-Stone Age man can be in­
ferred by studying the botany of aboriginal peoples in 
various parts of the world. Isolated tribal groups in South

America, Africa, and New Guinea, for example, have ex­
tensive knowledge about plants and distinguish hundreds 
of kinds according to their utility, as edible, poisonous, 
or otherwise important in their culture. They have devel­
oped surprisingly sophisticated systems of nomenclature 
and Classification, which approximate the binomial system 
(i.e., generic and specific names) found in modern biology. 
The urge to recognize different kinds of plants and to give 
them names thus seems to be as old as the human race.

In time plants were not only collected by primitive man 
but also grown by him. This domestication resulted not 
only in the development of agriculture but also in a greater 
stability of human populations that had previously been 
nomadic. From the settling down of agricultural peoples 
in places where they could depend upon adequate food 
supplies came the first villages and the earliest civilizations.

Because of the long preoccupation of man with plants, 
a large body of folklore, general information, and actual 
scientific data has aceumulated, which has become the 
basis for the Science of botany.

Historical background. Theophrastus, a Greek philoso­
pher who studied first with Plato and then became a dis­
ciple of Aristotle, is credited with founding botany. Only 
two of an estimated 200 botanical treatises written by him 
are known to Science: originally written in Greek about 
300 bc, they have survived in the form of Latin manu­
scripts, De causis plantarum and De histöria plantarum. 
His basic concepts of morphology, Classification, and the 
natural history of plants, accepted without question for 
many centuries, are now of interest primarily because of 
Theophrastus’ independent and philosophical viewpoint.

Pedanius Dioscorides, a Greek botanist o fth e  Ist Cen­
tury ad, was the most important botanical writer after 
Theophrastus. In his major work, an herbal in Greek, he 
described some 600 kinds o f plants, with comments on 
their habit of growth and form as well as on their medici­
nal properties. Unlike Theophrastus, who classified plants 
as trees, shrubs, and herbs, Dioscorides grouped his plants 
under three headings: as aromatic, culinary, and medici­
nal. His herbal, unique in that it was the first treatment of 
medicinal plants to be illustrated, remained for about 15 
centuries the last word on medical botany in Europe.

From the 2nd Century bc to the Ist Century ad, a 
succession of Roman writers—Cato, Varro, Virgil, and 
Columella—prepared Latin manuscripts on farming, gar- 
dening, and fruit growing but showed little evidence of 
the spirit of scientific inquiry for its own sake that was 
so characteristic of Theophrastus. In the Ist Century ad, 
Pliny the Elder, though no more original than his Roman 
predecessors, seemed more industrious as a compiler. His 
Histöria naturalis—an encyclopaedia of 37 volumes, com­
piled from some 2,000 works representing 146 Roman and 
327 Greek authors—has 16 volumes devoted to plants. 
Although uncritical and containing much misinformation, 
this work contains much information otherwise unavail- 
able, since most of the volumes to which he referred have 
been destroyed.

The printing press revolutionized the availability of all 
types of literature, including that of plants. In the 15th 
and 16th centuries, many herbals were published with the 
purpose of describing plants useful in medicine. Written 
by physicians and medically oriented botanists, the earliest 
herbals were based largely on the work of Dioscorides and 
to a lesser extent on Theophrastus, but gradually they be­
came the product of original observation. The increasing 
objectivity and originality of herbals through the decades 
is clearly reflected in the improved quality of the woodeuts 
prepared to illustrate these books.

In 1552 an illustrated manuscript on Mexican plants, 
written in Aztec, was translated into Latin by Badianus; 
other similar manuscripts known to have existed seem to 
have disappeared. Whereas herbals in China date back 
much further than those in Europe, they have become 
known only recently and so have contributed little to the 
progress of Western botany.

The invention of the optical lens during the 16th Century 
and the development of the compound microscope about 
1590 opened an era of rieh discovery about plants; prior 
to that time, all observations by necessity had been made
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with the unaided eye. The botanists of the 17th Century 
turned away from the earlier emphasis on medical botany 
and began to describe all plants, including the many new 
ones that were being introduced in large numbers from 
Asia, Africa, and America. Among the most prominent 
botanists of this era was Gaspard Bauhin, who for the first 
time developed, in a tentative way, many botanical con­
cepts still held as valid. In 1665 Robert Hooke published, 
under the title Micrographia, the results of his microscopie 
observations on several plant tissues. He is remembered 
as the coiner ofthe word cell, referring to the cavities he 
observed in thin slices of cork; his observation that living 
cells contain sap and other materials too often has been 
forgotten. In the following decade, Nehemiah Grew and 
Marcello Malpighi founded plant anatomy; in 1671 they 
communicated the results of microscopie studies simulta­
neously to the Royal Society of London, and both later 
published major treatises.
Experimental plant physiology began with the brilliant 

work of Stephen Haies, who published his observations ori 
the movements of water in plants under the title Vegeta­
tie  Staticks (1727). His conclusions on the mechanics of 
water transpiration in plants are still valid, as is his dis­
covery—at the time a startling one—-that air contributes 
something to the materials produced by plants. In 1774, 
Joseph Priestley showed that plants exposed to sunlight 
give off oxygen, and Jan Ingenhousz demonstrated, in 
1779, that plants in the dark give off carbon dioxide. In 
1804 Nicolas de Säussure demonstrated convincingly that 
plants in sunlight absorb water and carbon dioxide and 
increase in weight, as had been reported by Haies nearly 
a Century earlier.

The widespread use o f  the m icroscope by plant m or- 
phologists provided a turning point in  the 18th Century—  
botany b ecam e largely a laboratory Science. U n til the in - 
vention  o f  sim ple lenses and the com pound  m icroscope, 
the recognition and Classification o f  plants were, for the  
m ost part, based on  such large m orphological aspects o f  
the plant as size, shape, and external structure o f  leaves, 
roots, and sterns. Such inform ation  was also supplem ent- 
ed by observations on  m ore subjective qualities o f  plants, 
such as edibility and m ed icinal uses.

In 1753 Linnaeus published his master work, Species 
Plantarum, which contains careful descriptions of 6,000 
species of plants from all of the parts pf the world 
known at the time. In this work, which is still the basic 
reference work for modern plant taxonomy, Linnaeus es­
tablished the practice of binomial nomenclature—that is, 
the denomination of each kind of plant by two words, 
the genus name and the specific name, as Rosa canina, 
the dog rose. Binomial nomenclature had been intro­
duced much earlier by some of the herbalists, but it 
was not generally accepted; most botanists continued to 
use cumbersome formal descriptions, consisting of many 
words, to name a plant. Linnaeus for the first time put the 
Contemporary knowledge of plants into an orderly system, 
with full acknowledgment to past authors, and produced 
a nomenclatural methodology so useful that it has not 
been greatly improved upon. Linnaeus also introduced a 
“sexual system” of plants, by which the numbers of flower 
parts—especially stamens, which produce male sex cells, 
and styles, which are prolongations of plant ovaries that 
receive pollen grains—became useful tools for easy iden­
tification of plants. This simple system, though effective, 
had many imperfections. Other Classification systems, in 
which as many characters as possible were considered in 
order to determine the degree of relationship, were de­
veloped by other botanists; indeed, some appeared before 
the time of Linnaeus. The application of the concepts of 
Charles Darwin (on evolution) and Gregor Mendel (on 
genetics) to plant taxonomy has provided insights into the 
process of evolution and the production of new species.

Systematic botany now uses information and techniques 
from all the subdisciplines of botany, incorporating them 
into one body of knowledge. Phytogeography (the biogeog- 
raphy of plants), plant ecology, population genetics, and 
various techniques applicable to cells—cytotaxonomy and 
cytogenetics—have contributed greatly to the current sta­
tus of systematic botany and have to some degree become

part of it. More recently, phytochemistry, computerized 
statistics, and fine-structure morphology have been added 
to the activities of systematic botany.

The 20th Century has seen an enormous increase in 
the rate of growth of research in botany and the results 
derived therefrom. The combination of more botanists, 
better facilities, and new technologies, all with the benefit 
of experience from the past, has resulted in a series of new 
discoveries, new concepts, and new fields of botanical en- 
deavour. Some important examples are mentioned below.

New and more precise information is being aceumulated 
concerning the process of photosynthesis, especially with 
reference to energy-transfer mechanisms.

The discovery of the pigment phytochrome, which con­
stitutes a previously unknown light-detecting system in 
plants, has greatly increased knowledge of the influence of 
both internal and external environment on the germina­
tion of seeds and the time of flowering.

Several types of plant hormones (intemal regulatory 
substances) have been discovered—among them auxin, 
gibberellin, and kinetin—whose interactions provide a new 
concept of the way in which the plant functions as a unit.

The discovery that plants need certain trace elements 
usually found in the soil has made it possible to cultivate 
areas laeking some essential element by adding it to the 
deficiënt soil.

The development of genetical methods for the control 
of plant heredity has made possible the generation of im­
proved and enormously productive crop plants.

The development of radioactive-carbon dating of plant 
materials as old as 50,000 years is useful to the paleobo- 
tanist, the ecologist, the archaeologist, and especially to 
the climatologist, who now has a better basis on which to 
predict climates of future centuries.

The discovery of alga-like and bacteria-like fossils in Pre- 
cambrian rocks has pushed the estimated origin of plants 
on Earth to 3,500,000,000 years ago.

The isolation of antibiotic substances from fungi and 
bacteria-like organisms has provided control over many 
bacterial diseases and has contributed biochemical infor­
mation of basic scientific importance as well.

Areas of study. For convenience, but not on any mu- 
tually exclusive basis, several major areas or approaches 
are recognized commonly as disciplines of botany; these 
are morphology, physiology, ecology, and systematics.
Morphology. Morphology deals with the structure and 

form o f plants and includes such subdivisions as: cytology, 
the study of the cell; histology, the study of tissues; anato­
my, the study of the organization of tissues into the organs 
of the plant; reproductive morphology, the study of life 
cycles; and experimental morphology, or morphogenesis, 
the study of development.

Physiology. Physiology deals with the functions of 
plants. Its development as a subdiscipline has been close­
ly interwo ven with the development of other aspects of 
botany, especially morphology. In fact, structure and func­
tion are sometimes so closely related that it is impossible 
to consider one independently of the other. The study of 
function is indispensable for the interpretation of the in- 
credibly diverse nature of plant structures. In other words, 
around the functions of the plant, structure and form 
have evolved. Physiology also blends imperceptibly into 
the fields of biochemistry and biophysics, as the research 
methods o f these fields are used to solve problems in 
plant physiology.

Ecology. Ecology deals with the mutual relationships 
and interactions between organisms and their physical 
environment. The physical factors of the atmosphere, the 
climate, and the soil affect the physiological functions of 
the plant in all its manifestations, so that, to a large degree, 
plant ecology is a phase of plant physiology under natural 
and uncontrolled conditions; in fact, it has been called 
“outdoor physiology.” Plants are intensely sensitive to 
the forces of the environment, and both their association 
into communities and their geographical distribution are 
determined largely by the character of climate and soil. 
Moreover, the pressures ofthe environment and of organ­
isms upon each other are potent forces, which lead to new 
species and the continuing evolution of larger groups.
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Systematics. System atics deals w ith  the identification  
and ranking o f  all plants; it includes Classification and 
nom enclature (nam ing) and enables the botanist to  com ­
prehend the broad range o f  plant diversity and evolution.

Other subdisciplines. In addition to the major subdis­
ciplines, several specialized branches of botany have de­
veloped as a matter of custom or convenience. Among 
them are bacteriology, the study of bacteria; mycology, the 
study of fungi; algology or phycology, the study of algae; 
bryology, the study of mosses and liverworts; pteridology, 
the study of fems and their relatives; and paleobotany, the 
study of fossil plants. Palynology is the study of modern 
and fossil pollen and spores, with particular reference to 
their identification; plant pathology deals with the diseases 
of plants; economie botany deals with plants of practical 
use to man; and ethnobotany covers the use of plants by 
aboriginal peoples, now and in the distant past.

Botany also relates to other scientific disciplines in many 
ways, especially to zoology, medicine, microbiology, agri­
culture, chemistry, forestry, and horticulture, and special­
ized areas of botanical information may relate closely to 
such humanistic fields as art, literature, history, religion, 
archaeology, sociology, and psychology.

Fundamentally, botany remains a pure Science, includ­
ing any research into the life of plants and limited only 
by man’s technical means of satisfying his curiosity. It 
has often been considered an important part of a liberal 
education, not only because it is necessary for an under­
standing of agriculture, horticulture, forestry, pharmacol- 
ogy, and other applied arts and Sciences, but also because 
an understanding of plant life is related to life in general. 

The Because man has always been dependent upon plants and
aesthetic surrounded by them, he has wo ven them into his designs,
influence into the omamentation of his life, even into his religiöus 
of plants symbolism. A Persian carpet and a bedspread from a New 

England loom both employ conventional designs derived 
from the forms of flowers. Medieval painters and great 
masters of the Renaissance represented various revered 
figures surrounded by roses, lilies, violets, and other flow­
ers, which symbolized chastity, martyrdom, humility, and 
other Christian attributes.

Methods in botany. Morphological aspects. The inven- 
tion of the compound microscope provided a valuable 
and durable instrument for the investigation of the inner 
structure of plants. Early plant morphologists, especially 
those studying cell structure, were handicapped as much 
by the lack of adequate knowledge of how to prepare 
specimens as they were by the imperfect microscopes of 
the time. A revolution in the effectiveness of microscopy 
occurred in the second half of the 19th Century with the 
introduction of techniques for fixing cells and for staining 
their component parts. Before the development of these 
techniques, the cell, viewed with the microscope, appeared 
as a minute container with a dense portion called the 
nucleus. The discovery that parts of the cell respond to 
certain stains made observation easier. The development 
of techniques for preparing tissues of plants for microscop­
ie examination was continued in the 1870s and 1880s and 
resulted in the gradual refinement of the field of nuclear 
cytology, or karyology. Chromosomes were recognized as 
constant structures in the life cycle of cells, and the nature 
and meaning of meiosis, a type of cell division in which 
the daughter cells have half the number of chromosomes 
of the parent, was discovered; without this discovery, the 
significance of Mendel’s laws of heredity might have gone 
unrecognized. Vital stains, dyes that can be used on living 
material, were first used in 1886 and have been greatly 
refined since then.

Improvement of the methodology of morphology has 
not been particularly rapid, even though satisfactory tech­
niques for histology, anatomy, and cytology have been 
developed. The embedding of material in paraffin wax, the 
development of the rotary microtome for slicing very thin 
sections of tissue for microscope viewing, and the devel­
opment of stain techniques are refinements of previously 
known methods. The invention of the phase microscope 
made possible the study of unfixed and unstained living 
material—hopefully nearer its natural state. The develop­
ment of the electron microscope, however, has provided

the plant morphologist with a new dimension of magni- 
fication of the structure of plant cells and tissues. The 
fine structure of the cell and of its components, such as 
mitochondria and the Golgi apparatus, have come under 
intensive study. Knowledge of the fine structure of plant 
cells has enabled investigators to determine the sites of 
important biochemical activities, especially those involved 
in the transfer of energy during photosynthesis and res­
piration. The scanning electron microscope, a relatively 
recent development, provides a three-dimensional image 
of surface structures at very great magnifications.
For experimental research on the morphogenesis of 

plants, isolated organs in their embryonic stage, dumps 
of cells, or éven individual cells are grown. One of the 
most interesting techniques developed thus far permits the 
growing of plant tissue of higher plants as single cells; aer­
ation and continuous agitation keep the cells suspended 
in the liquid culture medium.

Physiological aspects. Plant physiology and plant bio­
chemistry are the most technical areas of botany; most 
major advances in physiology also reflect the development 
of either a new technique or the dramatic refinement of 
an earlier one to give a new degree of precision. Fortu- 
nately, the methodology of measurement has been vastly 
improved in recent decades, largely through the develop­
ment of various electronic devices. The phytotron at the 
California Institute of Technology represents the first seri­
ous attempt to control the environment o f living plants on 
a relatively large scale; much important information has 
been gained concerning the effects on plants of day length 
and night length and the effects on growth, flowering, and 
fruiting of varying night temperatures. Critical measure­
ments of other plant functions have also been obtained.

Certain complex biochemical processes, such as photo­
synthesis and respiration, have been studied stepwise by 
immobilizing the process through the use of extreme cold 
or biochemical inhibitors and by analyzing the enzymatic 
activity of specific cell contents after spinning cells at very 
high speeds in a centrifuge. The pathways of energy trans­
fer from molecule to molecule during photosynthesis and 
respiration have been determined by biophysical methods, 
especially those utilizing radioactive isotopes.

A n investigation o f  the natural m etabolic products o f  
plants requires, in  general, certain Standard biochem ical 
techniques-— e.g., gas and paper chrom atography, electro­
phoresis, and various kinds o f  spectroscopy, including in- 
frared, ultraviolet, and nuclear m agnetic resonance. U seful 
inform ation on  the structure o f  the extrem ely large cellu­
lose m olecule has been provided by X -ray crystallography.

Ecological aspects. When plant ecology first emerged 
as a subscience of botany, it was largely descriptive; today, 
however, it has become a common meeting ground for 
all the plant Sciences, as well as for other Sciences. In 
addition, it has become much more quantitative. As a 
result, the tools and methods of plant ecologists are those 
available for measuring the intensity of the environmental 
factors that impinge on the plant and the reaction of the 
plant to these factors. The extent of the variability of 
many physical factors must be measured. The integration 
and reporting of such measurements, which cannot be 
regarded as constant, may therefore conceal some of the 
most dynamic and significant aspects of the environment 
and the responses of the plant to them. Because the phys­
ical environment is a complex of biological and physical 
components, it is measured by biophysical tools. The de­
velopment of electronic measuring and recording devices 
has been crucial for a better understanding of the dynam­
ics of the environment. Such devices, however, produce 
so much information that computer techniques must be 
used to reduce the data to meaningful results.

The ecologist, concerned primarily with measuring the 
effect of the external environment on a plant, adapts the 
methodology of the plant physiologist to field conditions.

The plant sociologist, on  the other hand, is concerned  
with both the relation o f  different kinds o f  plants to each 
other and the nature and Constitution o f  their association  
into natural com m unities. O ne w idely used technique in 
this respect is to cou n t the various kinds o f  plants within  
a Standard area in order to determ ine such factors as the
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percentage of ground cover, dominance of species, aggres­
siveness, and other characteristics o f  the community. In 
general, the plant sociologist has relatively few quantita­
tive factors to measure and must therefore take a sub­
jective and intuitive approach, which, nevertheless, gives 
extremely useful results and some degree of predictability.

Some ecologists are most concerned with the inner en­
vironment of the plant and the way in which it reacts 
to the external environment. This approach, which is 
essentially physiological and biochemical, is useful for de­
termining energy flow in ecosystems. The physiological 
ecologist is also concerned with evaluating the adaptations 
that certain plants have made toward survival in a hostile 
environment.

In summary, the techniques and methodology of plant 
ecology are as diverse and as varied as the large number 
of Sciences that are drawn upon by ecologists. Completely 
new techniques, although few, are important; among them 
are techniques for measuring the amount of radioactive 
carbon-14 in plant deposits up to 50,000 years old. The 
most important new method in plant ecology is the rap­
idly growing use of computer techniques for handling vast 
amounts o f data. Furthermore, modern digital computers 
can be used to simulate simple ecosystems and to ana- 
lyze real ones.

Taxonomie aspects. Experimental research under con­
trolled conditions, made possible by botanical gardens and 
their ranges of greenhouses and controlled environmental 
chambers, has become an integral part of the methodology 
of modern plant taxonomy.

A second  m ajor too l o f  the taxonom ist is the herbarium, 
a reference co llection  consisting o f  carefully selected and  
dried plants attached to  paper sheets o f  a Standard size 
and filed in  a system atic w ay so that they m ay be easily 
retrieved for exam ination . Each specim en is a reference 
point representing the features o f  one plant o f  a  certain 
species; it lasts indefinitely i f  properly cared for, and, if  the  
species b ecom es extinct in nature— as hundreds have— it 
rem ains the on ly  record o f  the plant’s former existence. 
The library is also an essential reference resource for 
descriptions and illustrations o f  plants that m ay not be  
represented in  a  particular herbarium.

One of the earliest methods of the taxonomist, the study 
of living plants in the field, has benefitted greatly by fast 
and easy methods of transportation; botanists may carry 
on fieldwork in any part of the world and make detailed 
studies of the exact environmental conditions under which 
each species grows.

D uring the present Century, m any new approaches have 
been applied to  the elucidation o f  problem s in systemat­
ic botany. T he transm ission electron m icroscope and the 
scanning electron m icroscope have added to the knowledge 
o f  plant m orphology, upon which classical taxonom y so  
m uch depends.
Refined methods for cytological and genetical studies of 

plants have given the taxonomist new insights into the 
origin of the great diversity among plants, especially the 
mechanisms by which new species arise and by which 
they then maintain their individuality in nature. From 
such studies have arisen further methods and also the 
subdisciplines of cytotaxonomy, cytogenetics, and popula­
tion genetics.

Phytochemistry, or the chemistry of plants, one of the 
early subdivisions of organic chemistry, has been of great 
importance in the identification of plant substances of 
medicinal importance. With the development of new phy- 
tochemical methods, new information has become avail­
able for use in conjunction with plant taxonomy; thus 
has arisen the modern field of chemotaxonomy, or bio­
chemical systematics. Each species tends to differ to some 
degree from every other species, even in the same genus, 
in the biochemistry of its natural metabolic products. 
Sometimes the difference is subtle and difficult to deter­
mine; sometimes it is obvious and easily perceptible. With 
new analytical techniques, a large number of individual 
compounds from one plant can be identified quickly and 
with certainty. Such information is extremely useful in 
adding confirmatory or supplemental evidence of an ob- 
jective and quantitative nature. An interesting by-product

o f  Chemical plant taxonom y has resulted in  understanding  
better the restriction o f  certain insects to  specific plants.

Computer techniques have recently been applied to plant 
taxonomy to develop a new field, numerical taxonomy, or 
taximetrics, by which relationships between plant species 
or those within groups of species are determined quantita- 
tively and depicted graphieally. Another method measures 
the degree of molecular similarity of deoxyribonucleic acid 
(dna) molecules in different plants. By this procedure it 
should be possible to determine the natural taxonomie 
relationships among different plants and plant groups by 
determining the extent of the relationship of tneir dna’s: 
closely related plants will have more similarities in their 
dna’s than will unrelated ones. (W.C.St.)

MICROBIOLOGY
T he 17th-century discovery that living form s exist that are 
in  visib le tö  the naked  eye was a dram atic on e in m a n ’s 
history, for, from  the 13th Century onward, it had been  
postulated that “invisib le” organism s were responsible for 
decay an d  disease. T h e word m icrobe was coined  in the lat­
ter quarter o f  the 19th Century to  describe these organism s, 
all o f  w hich were thought to  be related. A s m icrobiology  
eventually  developed  into a separate Science, it was found  
that m icrobes com prise a very large group o f  extrem ely  
diverse organism s; thus, m icrobiology becam e subdivided  
in to  various discip lines—e.g., bacteriology, protozoology, 
and virology. T he diversity o f  m icrobes, or m icroorgan­
ism s as they are now  com m on ly  called, has m eant that it 
is a lm ost im possib le for one person to  be know ledgeable  
in  all o f  the discip lines grouped under m icrobiology.

Microbiology involves the identification of microorgan­
isms and the study of their structure and function. It 
encompasses the study of bacteria, rickettsiae, small fungi 
(e.g., yeasts and molds), algae, and protozoans, as well as 
problematical forms of life such as viruses. Because o f the 
difficulty of assigning plant or animal status to microor­
ganisms—some are plantlike, others animal-like—they are 
sometimes considered a separate group called protists. 
Microbes can also be divided into procaryotes, which 
have a primitive and dispersed kind of nuclear material—  
i.e., the blue-green algae, bacteria, and rickettsiae— and 
eucaryotes, which display a distinct nucleus bounded by 
a membrane. Such are small algae other than the blue- 
greens, yeasts and molds, and protozoans. (All higher or­
ganisms are eucaryotes.)

Man’s daily life is interwoven inextricably with microor­
ganisms. They abound in the soil, in the seas, and in the 
air. Everywhere abundant, although usually unnoticed, 
microorganisms provide ample evidence of their presence, 
sometimes unfavourably, as when they cause decay of 
objects valued by man or generate disease, and sometimes 
favourably, as when they ferment alcohol to wine and 
beer, raise bread, flavour cheeses, and create other dairy 
products from milk. Microorganisms are of incalculable 
value in nature, causing the disintegration of animal and 
plant remains and Converting them to gases and minerals 
that can be recycled in other organisms.

Historical background. Microbiology can be said to 
have begun with the development of the microscope. 
Although others may have seen microbes before him, 
Antonie van Leeuwenhoek, a Dutch draper whose hobby 
was lens grinding and microscope making, was the first 
to provide proper descriptions of his observations, which 
included protozoans from the guts of animals and bac­
teria from teeth scrapings. His descriptions and drawings 
were excellent because his lenses were of an exceptional 
quality. Leeuwenhoek conveyed his findings in a series of 
letters to the British Royal Society during the mid-1670s. 
Although his observations stimulated much interest, no 
one made a serious attempt either to repeat or to extend 
them. Leeuwenhoek’s “animalcules,” as he called them, 
thus remained mere oddities of nature to the scientists of 
his day, and enthusiasm for the study of microbes gained 
ground slowly. It was only later, during the 18th-century 
revival of a long-standing controversy about whether or 
not life can develop out of nonliving material, that the 
significance of microorganisms in the scheme of nature 
and in the health and welfare of man became evident.
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The early Greeks believed that living things could origi­
nate from nonliving matter; the goddess Gea was credited 
with creating life from stones. Although Aristotle dis- 
carded this notion, he still held that animals could arise 
spontaneously from other unlike organisms or from soil. 
His influence regarding this concept of spontaneous gen­
eration was still feit as late as the 17th Century. Toward 
the end of the 17th Century, a chain of observations, ex­
periments, and arguments began that dealt a deathblow to 
the idea that life could be generated from nonlife. It was 
an involved series of events, with the forces of personality 
and strong wills offen obscuring the facts.

Although Francesco Redi, an Italian naturalist, disproved 
that higher forms of life could originate spontaneously, 
proponents of the concept claimed that microbes were 
different and did indeed arise in this way. Such illustri- 
ous names as John Needham, Lazzaro Spallanzani, Franz 
Schultze, and Theodor Schwann figured in the debates.

It rem ained for L ouis Pasteur to  settle the m atter. He 
proved in a series o f  m asterful experim ents that only 
preexisting m icrobes could  give; rise to  other m icrobes—  
at least under current earthly cond itions (that life arose 
spontaneously from  nonlife at som e earlier tim e, under 
appropriate physical and Chemical conditions, is an undis- 
puted postulate o f  Chemical evolution).

Regarding microbes and disease, Girolamo Fracastoro, 
an Italian scholar, advanced the notion as early as the mid- 
1500s that contagion is an infection that passes from one 
thing to another. The “thing” that is passed along eluded 
discovery until the late 1800s, when the work of many 
scientists, Pasteur foremost among them, determined the 
role of bacteria in fermentation and disease. Robert Koch, 
a German physician, defined the procedure for proving 
that a specific organism causes a specific disease.

The foundation of microbiology was securely laid during 
the period from about 1880 to 1900. The students of 
Pasteur, Koch, and others discovered in rapid succession 
a host of bacteria capable of causing specific diseases 
(pathogens) and elaborated an extensive armamentarium 
of techniques and laboratory procedures for revealing the 
ubiquity, diversity, and power of microbes.

All of these developments occurred in Europe. Not un­
til the early 1900s did microbiology become established 
in America. Many of the microbiologists who worked in 
America at this time either had studied under Koch or at 
the Pasteur Institute, in Paris. All microbiologists of the 
early 20th Century, however, were influenced by such men 
as Koch. Once established in America, microbiology flour- 
ished, especially with regard to such related disciplines as 
biochemistry and genetics.

Since the 1940s, microbiology has experienced an ex­
tremely productive period, during which many disease- 
causing microbes have been identified and methods to 
control them have been developed Microorganisms have 
also been effectively utilized in industry; their activities 
have been channelled so that valuable products of com­
merce and agricultural benefits result.

The study of microorganisms has also advanced man’s 
knowledge of living things. Microbes provide easy-to-work- 
with material for studying the complex processes of life; 
e.g., metabolism. Correlated with the intensive probing 
into the functions of microbes have been numerous, and 
offen unexpected, dividends that can be applied to solving 
existing problems. Knowledge of the basic metabolism of a 
pathogenic bacterium, for example, offen leads to a means 
for Controlling the pathogen. Nutritional requirements of 
bacteria thus may be of value in combatting an infection.

Areas of study. The study of bacteria, which were 
among the first objects of microbiological study, is called 
bacteriology. Various subdisciplines deal exclusively with 
particular microorganisms.

From another standpoint microbiology can be subdivid­
ed into th'eoretical, or pure, microbiology, and practical, 
or applied, microbiology. The latter can be further subdi­
vided according to specialties, such as medical, industrial, 
agricultural, food, and dairy microbiology (see below Ap­
plied microbiology). ■

Interdisciplinary work. The Science of microbiology has 
been influenced by, and in turn has influenced, oth­

er Sciences. Microorganisms are no longer the exclusive 
concern of microbiologists. Biochemists, geneticists, cytol- 
ogists, and molecular biologists have discovered the value 
of microbes as experimental tools in the study of such 
fundamental biological processes as metabolism, photo­
synthesis, enzyme action, gene action, and population 
dynamics. Microorganisms are well suited to such uses; 
they represent a vast range of metabolic types, and genetic 
changes are correlated with their rapid proliferation. In 
addition, they can subsist on relatively simple inorganic 
nutrients and, because they multiply rapidly, are available 
in extremely large numbers in a relatively short period of 
time. They are also relatively easy to maintain and handle 
under laboratory conditions.

Bacteriology. Modem and accurate knowledge of the 
forms of bacteria dates from the researches of the German 
botanist FJ. Cohn, the chief results of which were pub­
lished at various periods between 1853 and 1892. Cohn’s 
Classification of bacteria, published in 1872 and extended 
in 1875, dominated the study of these organisms there- 
after. While various observers added to the knowledge of 
the structure of bacteria, others laid the foundation of what 
is known about the relations of bacteria to fermentation 
and disease. When Pasteur showed in 1857 that lactic acid 
fermentation depends upon the presence of an organism, 
it was already known that fermentation and putrefaction 
are intimately connected with the presence of organisms in 
the air. In 1862 Pasteur placed beyond reasonable doubt 
thé fact that production of ammonia by the fermentation 
of urea is caused by the action of a minute bacterium, 
named in 1874 Micrococcus ureae.

After the introduction of bacteriological techniques (see 
below The study o f microbiology: Cultivation o f microor­
ganisms) came the isolation of many bacteria. It was 
discovered in 1882, for example, that a bacillus (a rod- 
shaped bacterium) is the cause of glanders, a disease of 
horses. In 1883 Koch isolated the organism of Asiatic 
cholera, and the same year that of diphtheria was found. 
In 1885 the tetanus bacillus was observed in pus produced 
in mice and rabbits inoculated with soil; only in 1889, 
however, did the Japanese bacteriologist S. Kitasato dis­
cover the way in which the organisms could be cultivated 
(they grow only in the absence of oxygen). W.D. Miller, 
a U.S. dentist, studied the microorganisms of the human 
mouth in the 1880s, noting their possible relationship to 
the decay of teeth.

Pasteur and his associates found that animals vaccinated 
with a specially cultivated anthrax bacillus showed im- 
munity to disease when reinoculated with the deadly wild 
form. These findings were destined to lead to a study of 
the principles of immunity, which underlie the prevention 
and treatment of disease by vaccines and immune serum. 
Questions relating to causes and to the nature of changes 
occurring both in the bacteria and in the host, as well as 
the development of immunity in the latter, continue to be 
subjects of great interest and importance.

While investigations on infectious diseases and immunity 
were under way, it became apparent that other activities 
of bacteria also are of importance to man. In 1878, only 
two years after Koch announced the discovery of the an­
thrax bacillus, the U.S. botanist T.J. Burrill discovered the 
bacterial cause of fire blight in pears, thereby establishing 
that certain plant diseases are caused by bacteria. The im­
portance of some bacteria in soil and their contribution to 
soil fertility was recognized in the 1880s and 1890s. The 
significance of bacterial activities in many aspects o f the 
dairy industry was recognized at about the same time.

The further application of bacterial activities to industrial 
processes, other than early studies on alcoholic and lactic 
acid fermentations, began later. Thus, within the span of 
a few decades the study of bacteria had progressed enor- 
mously, and by the early 20th Century it was recognized 
that the activities of bacteria bear an intimate relation to 
many aspects of human activity.

The original interest of bacteriologists centred upon what 
bacteria do. This interest has broadened to include the 
study of the bacteria themselves: what they are, their 
relationships to each other, and their relationships to oth­
er organisms.

Isolation of 
disease- 
causing 
bacteria
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Protozoology and others. The name Protozoa is derived 
from the Greek words meaning “first animal,” and, in­
deed, protozoans are sometimes considered the most sim­
ple of all animals. First observed by Leeuwenhoek in the 
17th Century, protozoans are almost as ubiquitous as bac­
teria. The study of protozoans at one time centred on the 
parasites that cause malaria and sleeping sickness, there­
by stimulating research in tropical medicine. Improved 
laboratory techniques for cultivating this diverse group 
of organisms have made them valuable tools in many 
types o f investigations—from physiological studies, such 
as cytoplasmic motion in Amoeba, to ecological studies 
involving their role in the food chain of the oceans.

The term fungi, Latin for “mushroom,” applies not only 
to mushrooms but to all of the large and diverse group of 
plantlike organisms to which the mushrooms belong. The 
fungi of most interest in microbiology are the yeasts and 
molds. Many molds are studied because of their economic 
importance. Mucor, for example, not only causes spoilage 
of foods such as vegetables and fruits but also is used to 
manufacture some cheeses.

Some molds form unique relationships with other organ­
isms; lichens, for instance, are composed of both algae and 
fungi. The unusual nature of lichens was not discovered 
until after the invention of the microscope. The name 
liehen appeared long before, however, in the writings of 
Theophrastus, a disciple of Aristotle, about the 4th Cen­
tury bc. At that time, and for many centuries thereafter, 
lichens were confused with mosses and the hepatics. Early 
students thought that the green cells, now known to be 
an alga, were specialized fungal structures. Not until 1867 
were the green cells in lichens indentified as algae; at the 
same time it was announced that the fungal cells were 
parasitic upon them. The introduction of pure culture 
techniques permitted the liehen constituents to be isolated 
and grown apart from each other. In 1873 the German 
botanist H.A. De Bary suggested the name symbiosis to 
describe the mutual benefit between the components of 
lichens.
Once objects of interest for their curious form, slime 

molds—as their individual nutritional, environmental, and 
genetic characteristics have become better understood—  
have become objects useful in teaching and research. 
The creeping sheet (plasmodium), or vegetative stage of 
a slime mold, has the characteristics of a primitive ani­
mal and resembles a primitive amoeba. The reproductive 
stage (sporangium) has the characteristics of a mold. The 
double life of these organisms is reflected in the name 
Mycetozoa, meaning fungus animals, which was coined 
by De Bary in 1858.

Algae, a heterogeneous group of primitive organisms, are 
of great interest to all biologists because they are capable 
of photosynthesis and are of evolutionary interest as well. 
Intensive research is currently directed toward the small 
forms making up much of the free-floating microscopie 
life in water (phytoplankton) because they provide food for 
aquatic animals and thus are of great importance. Many 
freshwater algae produce undesirable tastes and odours, 
and studies have been aimed at eliminating them from 
domestic water supplies. Although algae occasionally form 
mats on water surfaces, sometimes causing suffocation of 
aquatic life, heavy growth of certain species also has been 
found to reduce water hardness and to remove the salts 
found in brackish water, thereby making the water more 
suitable for human consumption. Algae are also being 
studied for their potential value as a food source for man.

Virology and others. Viruses comprise a heterogeneous 
assemblage of self-reproducing agents, smaller than the 
microscopically visible bacteria, that multiply only within 
living susceptible cells. Certain diseases caused by viruses 
have been known since the late 1700s, when the British 
physician Edward Jenner developed a vaccine from ma­
terial isolated from cowpox lesions. He did not see the 
causative agent. Pasteur, in the mid-1850s, developed an 
attenuated strain (i.e., one made less virulent) of the virus 
that causes rabies, but he was not then aware of the viral 
nature of the disease. An associate of Pasteur, Charles 
Chamberland, discovered that bacteria would not pass 
through a porcelain filter but that the causative agent of

rabies did. The term filter-passing, or filterable, virus was 
used to describe these agents.

The Russian bacteriologist D. Ivanovski in 1892 found 
that a filtrate o f sap from tobacco plants infected with mo­
saic disease could be used to transfer infection to healthy 
plants; the Dutch microbiologist M.W. Beirjerinck later 
confirmed the work. The further finding in 1902 that the 
agent of foot-and-mouth disease of cattle is also filterable 
made clear the fact that the agents cause disease in animals 
as well as plants. By 1930 the term filterable had been 
dropped, and virus is routinely used by microbiologists as 
a name for these agents.

Nobel Prize winner Max Theiler found in 1951 a method 
for attenuating virulent yellow fever virus; the technique 
has since been modified to produce vaccines against other 
viral diseases. Thus, viruses have been studied intensively 
in recent years not only because they provide important 
information about life processes but also because vaccines 
against them are constantly sought.
The study of rickettsiae, which resemble very small 

bacteria but grow only in susceptible cells, is intimately 
associated with those forms causing human disease. Eluci­
dation of the microbes causing such diseases as epidemie 
typhus, Rocky Mountain spotted fever, and scrubTyphus 
began in 1906 with the work of Howard Taylor Ricketts, 
for whom the organisms are named; he described the or­
ganism of spotted fever. In 1910 Ricketts and an associate 
described the organism of typhus fever, which in 1916, was 
named Rickettsia prowazekii in honour of Ricketts and 
Stanislas von Prowazek, both o f whom died o f the disease. 
Research continues as better methods for prevention, con­
trol, *and treatment of rickettsial diseases are sought.

General trends. One of the more current studies involv­
ing microorganisms is their possible occurrence in outer 
space and oh planets other than Earth. A branch of exo- 
biology, space microbiology, includes the investigation of 
microbes as providers o f food and oxygen in the closed 
environment of spaceships.

A less positive development of microbiology has been 
biological warfare—the selection and cultivation of mi­
crobes as weapons of war, to cause disease or injury to 
domestic plants, animals, and man.

Although most of the subdisciplines of microbiology are 
directed at the occurrence of microbes in specific envi­
ronments, the study of gnotobiotics is concerned with 
the exclusion of microbes except those involved in any 
given experiment. Such germfree organisms are important 
research tools in investigating parasitic diseases, immunol­
ogical processes, nutrition, stress, shock, and aging.

Methods in microbiology. The study of microbiology is 
channelled in two major directions. Pure microbiology—  
that is, the study of a particular group of microorganisms 
in order to learn about their morphology, physiology, tax­
onomy, occurrence, Variation, heredity, and evolution—  
seeks to understand the nature of microbes. Applied mi­
crobiology, on the other hand, is motivated by the desire 
to exploit the effects of microorganisms that are of ben­
efit to man and to control the activities of those that 
are harmful.

The methods used to study bacteria have been widely 
adapted to the study of other microorganisms; indeed, the 
techniques employed in the microbiological Sciences prob­
ably have more in common than do the origin and evolu­
tion of the organisms themselves. For this reason, the term 
microbiology is often considered to be synonymous with 
bacteriology. Similarly, the term microorganism no longer 
refers only to microscopie organisms. With the adoption 
of bacteriological methods for the study of many types of 
organisms, the meaning of the term microorganism has 
gradually been extended to include any organism that can 
grow and be studied using the methods originally devel­
oped for bacteria. The study of microbiology, therefore, 
encompasses many organisms that are not microscopie 
(e.g., molds) but usually does not include some that are 
(e.g., rotifers).

Microscopy. That invisibly small organisms exist was 
believed from early times. Lucretius, who expressed an 
atomic view of matter, wrote about ad 75 that even the 
plague must be caused by a kind of atom. He considered
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the atoms, or seeds, as lifeless, however. The writings 
of Lucretius influenced 16th-century scientists, but the 
means for actually observing microorganisms—a magni- 
fying lens—was not developed until the 17th Century by 
Galileo.

The convex lens of Leeuwenhoek allowed a greatly en­
larged image to be seen, enabling him to see protozoans, 
filamentous fungi, and yeasts. In 1676, using his simple 
lens, which was capable of magnifying 280 times, he first 
saw bacteria. A few years before Leeuwenhoek’s obser­
vation of bacteria, Robert Hooke, the father of the cell 
theory, had observed filamentous fungi (1667) through a 
compound microscope—one with two lenses, which gives 
a larger image than that given by a simple lens.

By 1786 various microorganisms, including bacteria, had 
been viewed through the compound microscope. The 
compound microscope of today is widely used; it differs 
from those of the 18th Century mainly in the addition of 
a device, called a condenser, for lighting the object being 
viewed with a wide cone of light. A condenser is necessary 
to provide sufficiënt light when large magnifications are 
used.

Of the types of microscopy now used in microbiology, 
most utilize light microscopes; magnification is obtained 
by a system of optical lenses. The types of light micro­
scopes include the commonly used bright field, in which 
the background is brightly lighted, the objects studied are 
dark, and the power of magnification is about 1,000; 
the dark field, in which the background is dark and 
the objects studied are bright, a phenomenon particular­
ly useful for examining unstained organisms suspended 
in fluid; the ultraviolet, the greatest advantage of which 
is that magnifications two to three times greater than 
those obtained with the light microscope can be achieved 
because ultraviolet light has a shorter wavelength than 
visible light; and phase contrast, in which controlled il­
lumination is obtained by the use of special equipment 
that enables the refraction, or bending, of light passing 
from one material to another to be seen, thereby revealing 
differences in cells not discemible with other microscopie 
methods. Fluorescence microscopy utilizes the ultraviolet 
microscope; a Chemical substance with the property to 
absorb ultraviolet waves and emit visible ones is used with 
a mixture of microorganisms* some of which take up the 
substance, and thus can be distinguished from those that 
do not. Still another type of microscopy, electron mi­
croscopy, allows very great magnification; waves of elec­
trons (negatively charged particles), rather than light, and 
magnetic fields, rather than lenses, are used to achieve an 
image. Although electron microscopy has the advantage 
of great magnification, it also has several limitations, most 
important of which is that the material must be dry. This 
not only eliminates the possibility of studying living speci­
mens but also raises the possibility that the drying process 
may alter the characteristics of the specimen.

Cultivation of microorganisms. Microorganisms grow­
ing on a nutriënt medium are referred to as a culture. 
Early experiments (1776) by Spallanzani, begun as the re­
sult of the previously mentioned controversy over whether 
or not life could develop out of lifeless matter, laid the 
foundation for the technique of sterile culture. This in­
volves first freeing a suitable medium of microorganisms 
by heating and, second, keeping the medium sterile— /'.e., 
keeping microorganisms out ofthe medium. In his experi­
ments, Spallanzani boiled various kinds of sèeds in a flask 
and stoppered it. After a few days, many organisms could 
be found in the flask; Spallanzani distinguished the larger 
ones, which were destroyed by boiling for one-half minute, 
and microbes, which survived boiling and developed even 
after the flask had been sealed. Eventually, he discovered 
that, after boiling sealed flasks for as long as 45 minutes, 
no microorganisms developed.

The objection then voiced to Spallanzani’s work—-that 
the quality of the air in the flasks had, by heating, 
been rendered unable to support life—was overcome later 
(1836) when air was passed into the flask after having been 
slowly drawn through Solutions containing sulfuric acid. 
The meat extract in the flask remained uncontaminated 
because the microorganisms in the air were killed by its

passage through the Solutions. In 1853 it was discovered 
that flasks did not have to be sealed after boiling but 
could be closed with a plug of cotton, which effectively 
filtered the incoming air; this procedure is still used; Be­
cause many microorganisms can produce bodies (spores) 
that are extremely heat-resistant, mediums for the growth 
of microorganisms are usually sterilized by heating under 
pressure to 120° C (250° F) for 15 or 20 minutes.
The Scottish surgeon Joseph Lister contributed to culture 

methods in microbiology with the introduction in 1878 of 
the dilution method. During studies probably concerning 
the souring of milk, he used sterile water to dilute a small 
amount of milk, then diluted some of this mixture with 
more sterile water. He continued the dilution process until 
a sample of the milk and sterile water mixture no longer 
caused the milk to sour. The last dilution that resulted in 
souring thus contained a minimum number of organisms, 
and Lister considered it a pure culture—that is, containing 
only one species of organism. The dilution method has 
become an essential part of pure-culture methods.

The dilution method was modified in 1896 by a Danish 
microbiologist, Emil Hansen, who studied yeasts. He add­
ed one drop of a yeast culture to the first of a series of 
small drops of sterile water, then removed a drop of the 
culture and added it to the second drop of water. Even­
tually, he obtained a drop containing just one yeast cell.

Koch also made a significant contribution to culture 
techniques with his development of a simple method for 
obtaining pure cultures of bacteria. He added a solidifying 
agent (gelatin) to a nutriënt medium. After the medium 
had been heat sterilized and partially cooled, he added 
some microorganisms. By cooling the solution further and 
spreading the organisms before the gelatin solidified, he 
was able to isolate the microorganisms from each other, 
with the result that each organism gave rise to a separate 
colony, or crop of cells.

In 1883 a woman in Koch’s laboratory, Frau Hesse, 
further improved the technique by substituting agar-agar 
for the gelatin. Unlike gelatin, agar-agar can be liquefied 
by only a few microorganisms and does not provide a 
food source, thus allowing better control of the nutriënt 
content of the medium. Silica gel also has been used as a 
solidifying agent.

One final advance in culture technique was developed in 
the 1890s by M.W. Beiijerinck and by the Russian mi­
crobiologist Sergei Winogradsky. They selected a medium 
that favours the growth of one organism over another. If 
an organism, one from the soil, for example, is capable of 
utilizing a certain substance (e.g., a specific sugar), growth 
of the organism can be induced by using the substance 
in the medium. Only the organisms capable of attack- 
ing the substance will grow in great numbers. Successive 
transfers of a relatively small number of organisms (in- 
oculum) to a fresh medium eventually will result in a 
culture strongly enriched with the organism that utilizes 
the desired substance.

After a species of microorganism has been obtained as 
a pure culture, it is necessary to maintain it alive and 
as a pure culture. Microbiology laboratories in schools, 
universities, and industry usually maintain collections of 
pure cultures of the particular species they use. Various 
organizations throughout the world maintain pure cultures 
of microorganisms; such collections are important in that 
they make available pure cultures of species when needed.

The Kral Collection in Prague, established in 1900, was 
the first known culture collection. The names and loca­
tions of a few of the other collections are: the Ameri­
can Type Culture Collection (Rockville, Maryland), the 
Japanese Type Culture Collection (Tokyo), and the (Bri­
tish) National Collection of Type Cultures (London). 
Other collections also exist world wide to serve particular 
needs. A section on culture collections was established in 
1966 by the International Association of Microbiological 
Societies in order to promote the exchange of information 
among culture collections.

Whenever a microbiologist proposes a new species, he 
provides one or more of the national culture collections 
with a pure culture of the species.

Staining techniques. Until the latter third of the 19th
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Century, m icroorganism s were observed only  in  the natu­
ral state; the sim ilarity o f  their refractive index to water 
and their sm all size, how ever, m ade them  difficult to  see 
w hen view ed through a m icroscope. Thus, the discovery  
o f  a m eth od  that w ou ld  allow  them  to be seen m ore easily 
was an im portant developm ent.

By 1875 the German pathologist Carl Weigert, using 
techniques developed more than a decade earlier for 
staining animal tissues with dyes, had found that dead 
(“fixed”) bacteria would become heavily stained with the 
dye picrocarmine. Other dyes were then introduced—  
e.g., methylene blue, fuchsin, and crystal violet. Hans 
Christian Gram, a Danish bacteriologist, discovered in 
1884 a simple procedure for placing bacteria into either 
a gram-negative class or a gram-positive dass, depending 
on whether or not the organisms retained crystal violet 
when treated in a specific way. Although the gram stain 
is used mostly with bacteria, other microorganisms also 
show a reaction. Yeasts and actinömycetes, for example, 
are gram-positive; rickettsiae are gram-negative. Stained 
preparations now are used particularly to observe struc­
tural features of microorganisms.

Other methods. Twentieth-century developments in mi­
crobiological methods have depended largely upon the 
techniques of other disciplines—namely, biochemistry, 
physiology, organic chemistry, and physics.

The gas exchange of respiring microorganisms, called 
the respiratory quotiënt (the ratio of carbon dioxide pro­
duced to oxygen consumed), is measured by following the 
pressure change of respiring organisms in a closed vessel. 
Other processes—e.g., fermentation—can also be studied 
using this method.

The transfer of hydrogen ions (positively charged atoms) 
in microorganisms has been studied by adding to the or­
ganisms or extracts prepared from them a substance (e.g., 
the dye methylene blue) the colour of which changes when 
hydrogenated. Many other dyes behave in this way.

Tech- The techn iques used to break up m icroorganism s include
niques for such b iochem ical techniques as alternate freezing and  
breaking thaw ing, prolonged grinding, vigorous shaking with glass 
apart beads, and exposure to supersonic Vibration; certain m i-
m icro- croorganism s (e.g., yeast) are especially difficult to  disrupt 
organism s because o f  their resistant cell walls.

The apparatus of modern physics has greatly aided the 
advance of virology. Around 1930 the steady develop­
ment of new technical methods for studying the physi­
cal, Chemical, and biological properties of microorganisms 
completely changed the outlook of biologists toward vi­
ruses. An important advance in this new approach was 
the development of graded filter membranes of known 
pore size. This created for the first time the opportunity 
to assess the actual size of virus particles.

Another important advance of the 1930s was the growth 
of the virus of fowl pox in the tissues of a developing 
chick embryo. Methods for the growth in the laboratory 
of rickettsiae are similar in that living host cells are neces­
sary. In 1949, tissue culture methods, long used in half- 
hearted fashion for the cultivation of viruses, were shown 
to be suitable for the growth of Poliomyelitis viruses. This 
not only opened the way to immunization against polio 
but supplied a method by which many new types of virus 
could be isolated.

PHYSICAL ANTHROPOLOGY
Physical anthropology is that branch of natural Science 
that is concerned with the origin and evolution of man. 
Both the course that human evolution has taken and the 
causes or processes that have brought it about are of equal 
concern. In order to interpret the diversity within races 
and between races, physical anthropologists have had to 
search for the meaning of these differences by including 
as objects of study past races of fossil man as well as such 
nonhuman primates as anthropoid apes, monkeys, tar- 
siers, and lemurs. Much light has been thrown upon man’s 
relation to other primates and upon the nature of the 
transformation of his skeleton in the course of evolution 
from early man to modern man, a span of at least 2,000,- 
000 years. Discoveries of the South African man apes, the 
first in 1924, and of other forms in East Africa beginning

in 1959 have revealed unanticipated data concerning the 
diverse combinations of traits that can coexist and the 
singularly illuminating fact that erect posture preceded the 
great expansion ofthe brain in human evolution.

M any o f  the processes responsible for the differentiation  
o f  m an in to  different races, although he still rem ained a 
single species, Homo sapiens, are know n: selection, genet­
ic  drift, m igration, and m utation . O bjective m ethods o f  
isolating various k inds o f  traits and dealing m athem ati- 
cally  w ith  their frequencies, as w ell as their functional or 
phylogenetic significance, m ake it possible to  understand  
the com p osition  o f  hu m an  popu lations and to  form ulate  
hypotheses concern ing their future. T he resulting infor­
m ation  aceum ulated  by physical anthropologists m akes 
available facts about the groups inhabiting the w orld as 
w ell as the ind ividuals com p osin g  these groups. Thus, it 
is possible for a person to  lea m  about his ow n genetic  
Constitution w ith  reference to  traits ranging from  blood  
types to  the fissural p attem s o f  h is m olar teeth and to  
kn ow  the frequency and d istribution o f  these traits in  the  
various races about the world. H e is also able to  secure 
som e estim ate o f  the probability w ith  w hich his children  
w ill inherit these features.

Historical background. Inasmuch as the history o f phys­
ical anthropology is, in large part, a history of man’s 
attempt to determine his place in nature, to compare 
himself with other primates, and to interpret the physical 
differences, more is to be gained from examining the kinds 
of problems that have been studied and the nature of the 
evidence that has been used than from reviewing the suc­
cession of great names. Twentieth-century familiarity with 
primates tends to obscure the fact that the precise distinc- Tyson’s 
tion between man and the apes, based on evidence secured com- 
from actual dissection, had not been made before 1699. parative 
At that time Edward Tyson published the comparative anatomy 
anatomy of a chimpanzee and correctly deduced that the 
chimpanzee was not a human being. Succeeding Tyson is 
a distinguished series o f men who launched into the for- 
midable task of describing and classifying human beings 
as well as the other primates. Georges-Louis Ledere de 
Buffon, Immanuel Kant, Johann Friedrich Blumenbach, 
Jean-Baptiste Lamarck, and Georges Cuvier in the 18th 
Century all made notable contribution. Of these, Blumen­
bach (1752-1840) is recognized as the father of physical 
anthropology. Although many early classifications of hu­
man races failed to distinguish between physical and cul­
tural characteristics and leaned heavily upon the concept 
of primordial types with a corresponding minimization of 
variability, it is noteworthy that Blumenbach as early as 
1775 observed that the “innumerable varieties of man­
kind run into each other by insensible degrees.” He also 
initiated use of the term Causasian to describe members 
of the white race, basing the choice of his term upon 
the race of men of Georgia on the southem slope of the 
Caucasus Mountains who at the time enjoyed a remark­
able reputation for beauty. Blumenbach anticipated 20th- 
century analyses of locomotion in his critical observation 
that the chimpanzee was essentially quadmpedal in spite 
of occasionally erect posture, and he cited as evidence the 
receding heel bones and the elongated pelvis.

Great chain o f being and the “missing link/’ A basic 
concept that constituted the organizing assumption of pri- 
mate taxonomy, from its inception to well after the formal 
appearance of a theory of evolution in 1859, is the idea of 
the “great chain of being” or the hierarchical arrangement 
of nature. This great explanatory theory made necessary 
a correlative concept, that of the famous “missing link.”
The missing link proved to be of less value to scientists 
than to P.T. Barnum, who entertained the public with 
specimens of every conceivable link between groups of 
animals, including for good measure a mermaid. One 
useful result of this belief in unilinear gradation was the 
search for previously unknown forms that would complete 
man’s knowledge of the chain of being. With this inclusive 
charter, the scientists of western Europe were ordained to 
take an inventory of nature and to determine the appro­
priate place of each newly described form. In practice, it 
of course supplied the theory for understanding not only 
man’s place in nature but that of all other organisms and
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was extended to cultures as well. In the absence of genetics 
and a concept of culture, personality traits as well as skin 
colour were used for Classification. The period between 
Tyson and the later study by Thomas Huxley, M ans 
Place in Nature (1863), is filled with works devoted to the 
positioning of the anthropoid apes, monkeys, and newly 
discovered “races.” While some persons investigated the 
anthropoids, others were impressed with the possibility 
that various groups o f unknown aborigines might be the 
missing link or links. Thus, the “savage Hottentot” or the 
“stupid native of Nova Zembla” (Novaya Zemlya) was 
pressed into service to fill the gap between anthropoid 
apes and man.

Darwins theory o f evolution. Publication o f On the 
Origin of Species by Charles Darwin in 1859 provided the 
outstanding theoretical contribution of the 19th Century. 
The essential concept for the evolution of man was that 
of natural selection, though many more decades were to 
pass before its implications were either appreciated or 
employed. Darwin not only showed that evolution took 
place in the different organisms but he also provided an 
explanation that was sound in its major outline and that 
subsequently was given more precise meaning. The idea 
that nature selects those forms which are better adapted to 
a particular geographic zone and way of life laid the basis 
for understanding the adaptive radiations of the primates. 
Anthropologists were slow to appreciate the implications 
of adaptation and continued to measure and to observe 
traits that were feit to be nonadaptive. Linnaean species, 
the hypothetical prototypes of which individual specimens 
were copies in varying degrees of perfection, continued to 
be described. The weight of attention remained on Classifi­
cation rather than on processes of evolution, and research 
continued to focus on description without a corresponding 
concern for understanding the functional significance of 
traits or the role that they might play in the adaptation of 
a species to its ecological zone.

The idea of evolution was slowly accepted, accompanied 
by many rancorous disputes. The chief accomplishment 
of the period between 1859 and 1900 lay in the recogni­
tion of a considerable time depth for man. The System of 
arranging the primates remained unilinear, but it was ex­
tended far back into the geological past. Both fossil races of 
man and Contemporary races were arranged according to 
their assumed degree of morphological primitiveness. The 
findings of extinct forms of animals by paleontologists, the 
excavation of older cultures by archaeologists, and the dis­
covery of Neanderthal skulls all contributed to questioning 
the scriptural authorities who credited the world with being 
only approximately 6,000 years old. Combined researches 
of geologists, paleontologists, archaeologists, and physical 
anthropologists finally established the antiquity of man as 
well as of other forms of organic life; and thus the evo­
lutionary sequence became of foremost interest. The first 
recognized discovery of the extinct race of Neanderthal 
man was made in 1856 in northwestern Germany and 
was disputed by many persons, including Rudolf Virchow. 
An earlier discovery of the Neanderthal skull in Gibraltar 
in 1848 had been largely ignored. The continuing search 
for more primitive specimens of fossil man was richly 
rewarded when in 1891-92 Eugene Dubois discovered the 
Java ape man, now classified as Pithecanthropus erectus, 
considered one of the earliest known races of man.

New approach. By the end of the 19th Century several 
useful classifications of all the races of the world had been 
completed. Many of the differences between the races 
were quite well known. Similarly, differences between 
man and the anthropoid apes had been inventoried and 
also between modern man and fossil man. A great deal 
of attention was paid to the number of differences, and it 
was assumed that the degree of relatedness was adequately 
indicated by the degree of morphological similarity.

The year 1900 may be taken as a tuming point in the de­
velopment of a new conceptual approach, though no single 
date can fully comprehend a shift in such an exceedingly 
complex continuüm. Two major events took place which 
were to have far-reaching consequences: (1) the rediscov- 
ery of Gregor MendeFs two genetic principles by several 
investigators and (2) Karl Landsteiner’s discovery of the

ABO blood groups. Mendel had formulated the basic prin­
ciples of heredity in 1865, but these had passed unnoticed. 
The inheritance of the blood groups was not at first ap­
preciated, but within 10 years became a focus of research 
and thus a building stone in modern racial studies. Many 
new concepts came into use with the increasing influence 
of genetic theory, such as the breeding population, genetic 
equilibrium, genetic drift, and the gene frequency method 
of differentiating populations or races. Attention was im­
mediately directed to the processes of change, those ways 
in which gene frequencies are modified. At the same time 
increasing attention was paid to the significance of traits 
and to the ways in which they were interrelated. Experi­
mental studies were devised to demonstrate the functional 
significance of differences in morphology. The concept 
of straight-line evolution (orthogenesis) was qualified, and 
examples of reversals or major shifts in the direction of 
evolution were objectively examined. The concept of the 
missing link went into discard.

It was recognized that a change in way of life which 
introduced a species to a new “adaptive plateau” and 
brought about many radical changes in its structure ob- 
viated the need for a belief in so-called missing links. The 
techniques of anthropometry were reinforced by many 
other techniques, such as blood typing, so that the phys­
ical anthropologists had a much more versatile set of 
research tools.

Statistical methods. Spanning both the pre-evolutionary 
and the evolutionary periods of physical anthropology was 
the development of statistics and their application to the 
measurement of man, included under biometry. As early 
as 1835, L.A.J. Quételet (1796-1874) had applied the Sta­
tistical concept of the normal probability curve to human 
beings. He demonstrated that most of the statures in a 
population will cluster about a mean and that the fre­
quency of both taller and shorter statures will diminish in 
frequency at opposite ends of the curve. Sir Francis Gal­
ton (1822-1911) succeeded in constructing new measures 
of variability, correlation, and regression. Galton also in­
vestigated certain aspects of human heredity. Karl Pearson 
(1857-1936) classified the types of distribution, perfected 
the coëfficiënt of correlation, developed chi-square, and 
was a founder of the joumal Biometrika. Not the least of 
his many contributions consisted in separating the sample 
from the population it represented and indicating the nec­
essary restrictions for interpreting a population in the light 
of information drawn from the sample. Sir Ronald Fisher, 
continuing the development of modern Statistical theory 
initiated by Pearson, made extensive contributions in the 
design of experiments and to the field of genetics. One of 
the trends in the anthropological use of statistics is toward 
those kinds that preserve the description of the organism 
as a whole. Analysis of variance, multiple regressions, dis- 
criminate functions, generalized distance, and factor anal­
ysis all share the criterion of treating different variates as a 
single coherent vector. Unfortunately, the finest Statistical 
treatment will not compensate for poorly selected units of 
observation or measurement.

Areas of study. Insight into the field of physical an­
thropology may be obtained by reviewing the general 
fields of investigation in which particular researchers are 
actively engaged.

Human ecology. The relationship of the human organ­
ism to its environment, or human ecology, is a bridge 
between the biological and social Sciences. Problems of 
population, size, and stability are important in many ways. 
A very immediate aspect is the varying rate of change 
that may occur in populations of different sizes. Theoret- 
ically, a small population is more susceptible to chance 
fluctuations than a large one. Both the natural environ­
ment and the economy of a particular society affect the 
population size.

Studies of evolution. Human evolution is another area 
that serves as a focus for research. The essential problems 
are not only the complete description of fossil forms but 
the evaluation of the significance of particular traits. Old 
concepts of orthogenesis, or evolution in a straight line, 
have had to be abandoned, and radiant and parallel evo­
lution have come to the fore. It is clear that the course
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of human evolution may swing about so that what were 
formerly considered relatively modern forms may actually 
precede morphologically earlier ones, as in the case of 
the more modern kind of Neanderthal man who appar­
ently preceded the more primitive or early form. Fossil 
man of considerable antiquity has been found in Europe, 
Asia, and Africa. No area in the world is without skeletal 
remains, so that researchers may everywhere engage in 
skeletal studies.

Primatology. Primatology is an area in which man’s 
place in nature is no longer the major point of focus. Re­
searchers are concerned with experimental, medical, and 
ecological aspects of primates, and it is from these studies 
that much of the functional significance of various bone 
and muscle complexes has been derived. The different 
kinds of adaptations that groups of monkeys have made 
to life in the trees or to life on the ground have had many 
consequences in the proportions of their limbs or in the 
elaboration of various groups of muscles. Similarly, the 
mode of progression through trees by the use of the arms, 
known as brachiation, is accompanied by the elongation 
of the arms, reduced size of the thumb, and many other 
structural arrangements in the anthropoid apes. Thus the 
primates provide a natural laboratory of many kinds of 
experiments in physical adaptation to fundamentally dif­
ferent ways of life or adaptive zones.

Genetics. Genetics is a fourth major area of research. 
The study of inherited traits in individuals and the behav­
iour of the genes responsible for these traits in populations 
is essential to understanding human variability. Although 
the blood groups have provided the bulk of the data, 
many other traits are being analyzed and theories of their 
inheritance tested. As a result of research in this area it is 
possible to describe races in terms of gene frequencies and 
to calculate amounts of race mixture.

Growth studies. Growth studies, both of human beings 
and other primates, engage the attention of many physical 
anthropologists in medical and dental schools as well as in 
independent clinics and universities. Methods of assessing 
rates of growth, skeletal age compared with chronologi­
cal age, and the genetic, endocrinological, and nutritional 
factors are some of the aspects involved in these studies. 
The relation between growth and socioeconomic status 
and other cultural features receives considerable attention. 
Dentitions have been frequently studied, often because the 
emergence of the teeth is of great practical importance and 
serves as an index of development. As a result of research 
in this area it is possible to describe races in terms of gene 
frequencies and to calculate amounts of race mixture.
Anthropometry. Measurement, or anthropometry, has 

been a mainstay of anthropological research for well over 
a Century. More attention is being given to the judicious 
selection of measurements than to the simple techniques 
with which calipers are handled. Many traditional mea­
surements cannot be analyzed, and the addition of multi- 
variate statistics does not make them any more intelligible. 
Statistical considerations are especially important in genet­
ic and anthropometric research, and part of the history of 
statistics is identical with the history of the development 
of these two research interests. Quite certainly the end 
results of growth can only be studied by measurement. 
Newer growth studies have followed children through their 
morphological and biochemical changes with the aim of 
disceming why children grow.

Many of the applications of physical anthropology lie in 
the field of measurement. Thus the problems involved in 
providing military and civilian clothing for large numbers 
of people depend on measurement and Statistical treat­
ment. Substantial savings have been made possible by 
measuring the people of a particular area and adjusting the 
clothing tariffs to these known distributions of body sizes. 
There is sufficiënt Variation within most countries so that 
the geographical variations in size of the body and inter- 
membral proportions are of practical importance. Human 
Constitution is another area of research interest. Several 
descriptive systems exist for classifying persons who vary 
from a lateral or relatively squat body build through a rel­
atively muscular to a linear body build. The components 
of body build, the different tissues and dimensions, were

being studied in the late 20th Century by m eans o f  factor 
analysis and com parisons o f  siblings and twins, and their 
actual m ode o f  inheritance and response to  environm ental 
con d ition s were slow ly being specified. T he various areas 
o f  interest referred to  above are, o f  course, not m utually  
exclusive; ideally they should  all form  part o f  the training  
o f  researchers in the origin and evo lu tion  o f  m an. (Ed.)
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of society as related to genetic discoveries; j .a . peters (ed.), 
C la ss ic  P apers  in  G en e tic s  (1959), reprints o f  reports o f im­
portant genetic discoveries; curt stern , P r in c ip le s  o f  H u m a n  
G enetics, 3rd ed. (1971), a classic work in the field, thorough 
coverage; m .w . strickberger , G en e tic s  (1968), a college-level 
treatment o f modern genetics; r .p . w agner  and h .k . m itchell, 
G en etics  a n d  M e ta b o lism , 2nd ed. (1964), a comprehensive ac­
count of the relationship between genes and cellular activities; 
a .m . Winchester , G en e tic s  (1971), an introductory genetics 
text, including all principles o f  the subject, but slanted toward 
human genetics, and H e re d ity :  A n  I n tro d u c tio n  to  G en etics, 2nd 
ed. (1966), providing concise coverage o f the subject in terms 
understandable to the general reader.

E u gen ics: Classic works include c .p . blacker, E u gen ics: G a l­
ton  a n d  A fte r  (1952); theodosius g . dobzhansky , M a n k in d  
E volvin g: T h e  E vo lu tio n  o f  th e  H u m a n  S p e c ie s  (1962); francis 
galton , H e re d ita r y  G en iu s: A n  E n q u ir y  in to  l t s  L a w s  a n d  
C on sequ en ces  (1869); thomas h unt  m organ , T h e T h eo ry  o f  
th e  G en e  (1926); and j . su tter , L E u g é n iq u e  (1950). See also
R. FREEDMAN, P.K. WHELPTON, and A.A. CAMPBELL, F a m ily
P lan n in g , S te r ility , a n d  P o p u la tio n  G ro w th  (1959); frederick  
h . osborn, P reface  to  E u g en ic s, rev. ed. (1951); c.f . westoff 
et al., F a m ily  G row th  in  M e tr o p o lita n  A m e r ic a  (1961); c .f . 
westoff, r .g . potter , jr ., and  p.c. SAGi, T h e  T h ird  C h ild : A  
S tu d y  in th e  P re d ic tio n  o f  F e r t i l i ty  (1963); p .k . w helpton , a .a . 
Campbell, and j .e. patterson , F e r til i ty  a n d  F a m ily  P la n n in g  
in  th e  U n ite d  S ta te s  (1966); p .k . w helpton  and  clyde v . kiser 
(eds.), S o c ia l a n d  P s y c h o lo g ic a l F a c to rs  A ffe c tin g  F er tility , 4 
vol. (1946-54); and roger j . Williams, B io c h e m ic a l In d iv id u -  
a lity :  T h e B a s is  f o r  th e  G e n e to tro p h ic  C o n c ep t (1956).

E co logy: w.c. allee e t a l., P r in c ip le s  o f  A n im a l E co lo g y  
(1949), a somewhat dated but still important source book in 
animal ecology, with an excellent early history o f  ecology; h .g . 
andrewartha , In tro d u c tio n  to  th e  S tu d y  o f  A n im a l P o p u la ­
tio n s  (1961), a concise summary o f an important and contro- 
versial earlier text, T h e  D is tr ib u tio n  a n d  A b u n d a n c e  o f  A n im a ls ,  
by Andrewartha and l .c . birch (1954); peter  farb, E co lo g y
(1963) , an enjoyable in troduction  to ecology, heavily illustrated 
with outstanding photographs; e .b. fo rd , E c o lo g ic a l G en e tic s
(1964) , a basic reference on adaptation  and adjustm ents o f  wild 
populations to their environm ent; e.j . korm ondy , C o n cep ts
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of Ecology (1969), a short, interesting introduction to m ajor 
concepts o f  ecology, and (ed.), Readings in Ecology (1965), 
a collection o f  annotated  research papers that illustrate m any 
im portan t concepts o f  ecology, and, ed. with r .s. leisner, Ecol­
ogy (1971), a collection o f essays; g .k . reid , Ecology of Inland 
Waters and Estuaries (1961), a good sum m ary o f  ecological 
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p. shepard  and  D. McKinley  (eds.), The Subversive Science: 
Essays Toward an Ecology of Man (1969), a collection o f 
thoughtful and provocative papers w ritten by Contemporary 
students o f  the ecology o f  hum an populations; r .l . smith, 
Ecology and Field Biology (1966), a comprehensive survey o f 
all aspects o f  ecology; t .r .e . southw ood , Ecological Methods 
(1966), an advanced book on the study of populations, with 
em phasis on insects and quantitative analysis; g .m . vandyne 
(ed.), The Ecosystem Concept in Resource Management (1969), 
a technical review o f the application o f ecological theory to 
forest range, watershed, and wildlife management; k .e . watt, 
Ecology and Resource Management (1968), a highly technical 
bu t im portan t text relating m athem atical models and com puter 
program m ing to resource m anagem ent; c.b. W i l l i a m s , Patterns 
in the Balance of Nature and Related Problems in Quantitative 
Ecology (1964), an advanced treatise.

Zoology: p .r . and  a .h . ehrlich , Population Resources Envi­
ronment: Issues in Human Ecology (1970), vigorous döcumen- 
tation  o f  our m isuse o f the environm ent, p .p . grasse (ed.), 
Traité de Zoologie, 23 vol. (1948- ), in French, the m ost re­
cent encyclopaedic survey o f  anim al biology; p . Händler (ed.), 
Biology and the Future of Man (1970), a brilliant survey o f 
the current status o f  biological knowledge and its relation to 
hum an life w ith an excellent chapter on com puter technology; 
l.h . hym an , The Invertebrates, 6  vol. (1940-68), a technical 
but lucid survey o f  anim al biology, exclusive o f the vertebrates; 
w. ley , The Down of Zoology (1968), a fascinating account 
o f certain historical aspects o f  zoology; e . nordenskioeld , 
Biologins histöria, 3 vol. ( 1920-24; Eng. trans., The History of 
Biology, 1928), a basic source for tracing the m ajor ideas and 
Personalities in the life Sciences, although occasionally present­
ing interpretations tha t have been replaced.
Botany: h .s. reed , A Short History of the Plant Sciences 

(1942), an interesting and thought-provoking account with 
m any useful insights; k .v . th im a n n , The Plant Sciences, Now 
and in the Coming Decade (1966), a thoughtful and persuasive 
statem ent, well-written and readable; j . Reynolds green , A

History of Botany, 1860-1900 (1909, reprinted 1967), a scholarly 
treatment designed to supplement the classic work of Julius 
von sachs, History of Botany, 1530-1860, trans, by henry  
e .f . garnsey , rev. by isaac bayley balfour (1890, reprinted 
1967), arranged by botanical structure and function; agnes 
arber, Herbals, Their Origin and Evolution: A Chapter in the 
History of Botany, 1470-1670, 2nd ed. rev. (1938, reprinted 
1970), a readable and authoritative work; ellison hawks and 
G.s. BOULGER, Pioneers of Plant Study (1928, reprinted 1969), 
an interesting account of major historical figures.
Microbiology: g .c . ainsw orth , and p .h .a . sneath (eds.), 

Microbial Classification (1962), a series of essays about the 
Problems of classifying microorganisms, includes names and 
addresses of institutions maintaining culture collections; t .d . 
brock (ed. and trans.), Milestones in Microbiology (1961), a 
collection of original papers important in the history of mi­
crobiology; albert delaunay  et al (eds.), The World of Mi­
crobes, vol. 4 of the Encyclopedia of the Life Sciences (1965), 
a well-illustrated account of microbial activities in relation 
to man; c .l . d u d d in g to n , Micro-organisms As Allies (1961), 
an interesting account of the industrial uses of bacteria and 
fungi; R.K. jennings and r .f . acker , The Protistan Kingdom 
(1970), an informative and entertaining account of protists and 
viruses; h .a . lechevalier  and morris solotorovsky, Three 
Centuries of Microbiology (1965), a reconstruction of the main 
aspects of the development of microbiology; jo h n  postgate, 
Microbes and Man (1969), an introduction to the importance 
of microorganisms to life on Earth; Theodor  rosebury, Life 
on Man (1969), a witty and informative book.
Physical anthropology: p . to pin a rd , Eléments d ’anthropolo- 

gie générale (1885), is the oldest of the treaties; a .e . m ourant, 
The Distribution of the Human Blood Groups (1954); w.c. boyd, 
Genetics and the Races of Man: An Introduction to Modern 
Physical Anthropology (1950); r . kherum ian , Génétique et an- 
thropologie des groupes sanguins (1951); g . heberer , g . k u rth , 
and i. schw idetzky-roesing , Anthropologie (1959; Eng. trans., 
Anthropology A to Z ( 1963); ashley m ontagu , An Introduction 
to Physical Anthropology, 3rd ed. (1960); j . comas, Manual of 
Physical Anthropology, rev. ed. (1960); c.s. coon , The Living 
Races of Man (1965); r . m artin  and k . saller, Lehrbuch der 
Anthropologie, 4 vol (1957-66); and h .v . vallois, Les Races 
humaines, 7th ed. (1967).
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The Biosphere

Before the coming of life, the Earth was a bleak place, 
a rocky globe with shallow seas and a thin band 
of gases—largely carbon dioxide, carbon monoxide, 
molecular nitrogen, hydrogen sulfide, and water vapour. 

It was a hostile and barren planet. This strictly inorganic 
state of the Earth is called the geosphere; it consists of 
the lithosphere (the rock and soil), the hydrosphere (the 
water), and the atmosphere (the air). Energy from the Sun 
relentlessly bombarded the surface of the primitive Earth 
and in time—millions of years—Chemical and physical 
actions produced the first evidence of life, formless, jelly- 
like blobs that could collect energy from the environment 
and produce more of their own kind. This generation of 
life in the thin outer layer of the geosphere established 
what is called the biosphere, the “zone of life,” an energy- 
diverting skin that uses the matter of the Earth to make 
living substance.

The biosphere is a system characterized by the continu­
ous cycling of matter and an accompanying flow of solar 
energy in which certain large molecules and cells are self- 
reproducing. Water is a major predisposing factor, for all 
life depends on it. The elements carbon, hydrogen, nitro­
gen, oxygen, phosphorus, and sulfur, when combined as 
proteins, lipids, carbohydrates, and nucleic acids, provide 
the building blocks, the fuel, and the direction for the 
creation of life. Energy flow is required to maintain the 
structure of organisms by the formation and Splitting of 
phosphate bonds. Organisms are cellular in nature and al­
ways contain some sort of enclosing membrane structure, 
and all have nucleic acids that store and transmit genetic 
information.

All life on Earth depends ultimately upon green plants, 
as well as upon water. Plants utilize sunlight in a process 
called photosynthesis to produce the food upon which an­
imals feed and to provide, as a by-product, oxygen, which 
most animals require for respiration. At first, the oceans 
and the lands were teeming with large numbers of a few 
kinds of simple single-celled organisms, but slowly plants 
and animals of increasing complexity evolved. Interrela­
tionships developed so that certain plants grew in associa­
tion with certain other plants, and animals associated with 
the plants and with one another to form communities of 
organisms, including those of forests, grasslands, deserts, 
dunes, bogs, rivers, and lakes. Living (biotic) communities 
and their nonliving (abiotic) environment are inseparably 
interrelated and constantly interact upon each other. For 
convenience, any segment of the landscape that includes 
the biotic and abiotic components is called an ecosystem. 
A lake is an ecosystem when considered in totality as 
water, nutrients, climate, and all of the life contained 
within it. A given forest, meadow, or river is likewise an 
ecosystem. One ecosystem grades into another along zones 
termed ecotones, where a mixture of plant and animal 
species from the two ecosystems occurs. A forest consid­
ered as an ecosystem is not simply a stand of trees but is a 
complex of soil, air, qnd water, of climate and minerals, of 
bacteria, viruses, fungi, grasses, herbs, and trees, of insects, 
reptiles, amphibians, birds, and mammals.

Stated another way, the abiotic, or nonliving, portion

of each ecosystem in the biosphere includes the flow of 
energy, nutrients, water, and gases and the concentrations 
of organic and inorganic substances in the environment. 
The biotic, or living, portion includes three general cate- 
gories of organisms based on their methods of acquiring 
energy: the primary producers, largely green plants; the 
consumers, which include all the animals; and the decom- 
posers, which include the microorganisms that break down 
the remains of plants and animals into simpler compo­
nents for recycling in the biosphere. Aquatic ecosystems 
are those involving marine environments and freshwater 
environments on the land. Terrestrial ecosystems are those 
based on major vegetational types, such as forest, grass­
land, desert, and tundra. Particular kinds of animals are 
associated with each such plant province.

Ecosystems may be further subdivided into smaller biotic 
units called communities. Examples are the organisms in 
a stand of pine trees, on a coral reef, in a cave, a valley, a 
lake, or a stream. The major consideration in the commu­
nity is the living component, the organisms; the abiotic 
factors of the environment are excluded.

A community is a collection of species populations. In 
a stand of pines, there may be many species of insects, 
of birds, of mammals, each a separate breeding unit but 
each dependent on the others for its continued existence. 
A species, furthermore, is composed of individuals, single 
functioning units identifiable as organisms. Beyond this 
level, the units of the biosphere are those of the organism: 
organ systems composed of organs, organs of tissues, tis­
sues of cells, cells of molecules, and molecules of atomic 
elements and energy. The progression, therefore, proceed- 
ing upward from atoms and energy, is toward fewer units, 
larger and more complex in pattern, at each successive 
level (see Figure 1).

This article focuses on the makeup of the biosphere and 
examines the relationships between its principal compo­
nents, including man. The characteristics and dynamics 
of biological populations and communities are dealt with, 
as are the interactions that constitute the primary stabiliz- 
ing links among the constituent organisms. Due attention 
is also given to the distribution pattems of these biotic 
units and to the processes that produced such pattems. 
The major aquatic and terrestrial ecosystems of the Earth 
are treated in some detail. Other points include energy 
transformations and transfers within the biosphere and 
the cyclic flow of materials needed for life. For the de­
velopment, methodology, and applications of the study 
of interrelations of organisms with their environment and 
each other, see b io l o g ic a l  Sc ie n c e s , t h e : The study of 
biological structure and function: Ecology. Further treat­
ment of the various aquatic and terrestrial environments 
is provided in o c e a n s ; l a k e s ; r iv e r s ; and Co n t in e n ­
t a l  l a n d f o r m s . For a discussion of the origin of life 
on Earth and the varieties of and commonalities among 
organisms, see l if e .

For coverage of related topics in the Macropcedia and 
Micropcedia, see the Propcedia, sections 351, 352, 354, and 
355, and the Index. (D.M.G./Ed.)
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THE ZONE OF LIFE: AN OVERVIEW
Energy flow and material cycling
THE FLOW OF ENERGY IN THE BIOSPHERE

Energy and organization. A unique characteristic of life 
is that it is an organized system capable of creating more 
order from less order. This seems contrary to the general 
trend of the universe, in which there is a tendency to 
move toward maximum disorder (entropy) as expressed 
in the second law of thermodynamics. Life results from 
the steady-state, or balanced, Situation in which there is 
a flow of energy from the Sun to the Earth and then to 
the cosmic cold of outer space. The first law of thermo­
dynamics, the Conservation of energy, States that energy is 
neither created nor destroyed but remains constant for the 
universe. It does not indicate how energy is transformed 
but only that all the energy within the system must be 
accounted for.

In order for sunlight to organize life on Earth, it must 
irradiate the surface with electromagnetic frequencies har- 
monious with the peculiar Chemical bonds of organic 
molecules. Whereas the short-wave ultraviolet rays, gamma 
rays, and X rays are destructive to organic molecules, and 
the long-wave infrared radiation is absorbed and dissipated 
as heat, the near-ultraviolet and visible wavelengths inter­
act well with matter to stimulate the formation of bonds 
and the arrangement of organic molecules.

The single most important photochemical reaction in the 
world is photosynthesis, the union of carbon dioxide and 
water in plants through the interaction of sunlight and 
Chlorophyll molecules. In the photosynthetic process, light 
energy is absorbed by Chlorophyll to convert carbon diox­
ide and water into carbohydrate and oxygen. This photo­
chemical event is a stepwise process by which electrons are 
energized within the Chlorophyll molecule and raised to 
higher energy levels with the formation of carbohydrate. 
In the process, which is complex, high-energy phosphate 
bonds are formed, and adenosine triphosphate (ATP) re­
sults. The end products within green plants are carbohy­
drates and energy-rich compounds that become food for 
plant-eating (herbi voraus) organisms and a succession of 
animal-eating (carnivorous) organisms. The food web of 
ecosystems is provisioned in this way.

The universal fuel within all organisms is ATP, in which 
high-energy phosphate bonds store energy and release it 
when the bonds are broken. The complex reactions within 
a cell that lead to the formation of ATP combine at least 
one phosphorus atom per adenosine molecule. Without 
phosphorus no life could exist, since the entire linkage 
between photosynthesis and cellular activity would be

missing. One process by which the energy stored in ATP 
is utilized is in the transformation of glucose sugar to 
sucrose, or ordinary sugar.

Efficiency of utilization of solar energy. The intensity, 
as well as the composition, of the sunlight irradiating 
the Earth’s surface is important to life. The tremendous 
amount of solar energy incident upon the Earth’s outer at­
mosphere each day is distributed unevenly over the world, 
with the greatest amount of solar radiation reaching the 
desert regions and the least amount reaching the polar 
regions, where the slanted rays p f the sunlight through 
the atmosphere are long. Temperate regions of the world, 
where food crops are grown, receive an intermediate 
amount of solar radiation, but a substantial fraction of this 
sunlight is received during the winter, when temperatures 
are too low for maximum plant growth. When intense 
winter cold grips the Arctic landscape, there is little light 
and no plant growth; only higher members of the food 
chain, birds and mammals, move about the land. In the 
tröpics, temperatures are warm and constant throughout 
the year; the land is irradiated by sunlight more evenly 
throughout the seasons and plant growth is abundant. Al­
though desert regions receive by far the greatest amount 
of sunlight, the lack of water limits plant productivity.

From P.B. Weisz, The Science of Zoology (copyright 
1966); used with permission of McGraw-Hill Book
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Figure 1: Hierarchy of levels in the biosphere.
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Only about 25 percent of the sunlight reaching the 
ground is in wavelengths useful for photosynthesis, and 
only a fraction of useful light is available to green plants. 
An understanding of the performance of the biosphere 
requires an appreciation of the efficiency of the primary 
production process. The efficiency of energy conversion 
from incident sunlight into organic matter (net primary 
productivity) seldom is as large as 3 percent and usually is 
1 percent or less. Estimates for a cornfield, for example, 
show that only slightly more than 1 percent of the total 
sunlight striking it ends up as part o f the com plants; 
about 44 percent is used in the evaporation of water from 
soil and plants, 54 percent is reflected or dissipated as heat, 
and a fraction of a percent is consumed by the respiration 
of plants and animals in the field. This is not to say that 
all these other processes are not important, for indeed they 
are necessary to the proper functioning of the biosphere, 
but only a little more than 1 percent of the total incident 
energy ends up in new plant material. Other estimates of 
the net productivity of various Vegetation types are:

percent productivity
Tropical rain forest 1.4
Perennial grass-herb field 1.05
Coniferous forest 0.9
Deciduous temperate forest 0.4
Temperate lake 0.3
Desert 0.03

Animals grazing on the primary production convert only 
about 1 0  to 15 percent of the energy stored in plant ma­
terial into animal tissue, and humans eating the animals 
convert only about 1 percent of this energy stored in ani­
mal tissue into human tissue. The total conversion process 
from sunlight to plants to animals to humans operates at 
an overall efficiency of about 0.001 percent. For a discus­
sion of productivity in terms o f the function of biological 
communities, see below Biological communities, biomes, 
and ecosystems: Community function.

Energy balance of organisms. Organisms utilize heat 
energy as well as light. All plants and animals must re­
main in reasonable energy balance. A plant leaf has a 
temperature that depends upon the amount of radiation 
absorbed, the flow of air over its surface, and its rate of 
transpiration, or gas exchange. The temperature a plant 
leaf assumes for any set of environmental conditions is of 
great importance to the plant, since all Chemical reactions, 
including photosynthesis, are influenced by temperatures. 
A plant is coupled tö its environment through the ex­
change of energy, gases, and nutrients.

A warm-blooded (homeothermic) animal remains in en­
ergy balance with approximately a constant body temper­
ature. It moves about in its environment in such a manner 
that the amount of radiation it absorbs, the amount of en­
ergy it exchanges by convectional heating or cooling, and 
the quantity of energy it consumes by respirational water 
loss and evaporative cooling are such that its body tem­
perature remains within a narrow range. A cold-blooded 
(poikilothermic) animal, on the other hand, has much 
less control over its body temperature. It nevertheless 
seeks the combination of radiation, air temperature, wind 
speed, and humidity that will result in an energy flow that 
is compatible with its body-temperature limits. Each and 
every animal in the world, depending upon its coloration, 
body size, shape, quantity of thermal insulation (fat, fur, 
or feathers), metabolic and water loss rates, and preferred 
body-temperature ränge and limits, has a well-defined cli­
mate space within which it must live in order to survive. 
Each species is restricted to its particular climate space 
as defined by its physiology and general body character­
istics. Many animals will live in a somewhat restricted 
climate space, but none can live beyond its maximum 
climate space limits. The animals of the world are there­
fore distributed accordingly (see below The distribution 
o f organisms).

THE CYCLING OF MATTER IN THE BIOSPHERE
The general pattern of Chemical cycles in nature. All life 

depends upon the cycling o f matter (nutrients and water), 
as well as upon the flow o f energy. Clearly, no organism 
can grow, propagate, and continue its kind for millions of

Figure 2: Energy relationships in the biosphere.
From Biological Science: An Inquiry into Life, 2nd ed. (1968); Harcourt Brace Jovanovich, Inc., 
New York; by permission of the Biological Sciences Curriculum Study

generations without replenishing the elements that support 
it. Like birth and growth, death and decay are rules of the 
living landscape. Even the purely physical world has its 
cyclic processes of evaporation and condensation of water 
and the rise and erosion of rocks. In contrast to the unidi- 
rectional flow of energy through the ecosystem, whereby 
sunlight is absorbed by plants and heat is emitted to space 
at every conversion of energy from the eaten to the eater, 
any living and most nonliving entities emerge from the 
surface of the Earth only to return to their original point 
of origin in one form or another. Such a movement is 
called a biogeochemical cycle, in reference to the biolog­
ical and geologie phases of Chemical substances, impelled 
by the Sun’s energy (see Figure 3).

All organisms contain water and utilize carbon, hydrogen, 
nitrogen, oxygen, phosphorus, and sulfur in order to form 
carbohydrates, proteins, fats, lipids, and other structural 
materials. Most elements are obtained by plants through 
molecules such as water, H20 ; and carbon dioxide, C 02; 
and compounds such as nitrate, N 0 3~; ammonia, NH3; 
sulfate, SO4- ; and hydrogen sulfide, H2S. Oxygen is taken 
in by animals through respiration, bound up in organic 
products, and converted to water, in which form it is even­
tually returned to the environment. Plants utilize soil and 
water and, through photosynthesis, return oxygen to the 
air: Phosphorus, which is so desperately needed by organ­
isms that its abundance or lack often limits populations, 
does not cycle easily in the ecosystem. Eutrophication is 
a condition of lakes that results from phosphorus enrich- 
ment of the water. Much phosphorus is lost from soils by 
erosion, and the sediment deposits in the bottom of the 
ocean keep phosphorus out of circulation for extended 
periods. Nitrogen, the most abundant o f atmospheric con­
stituents, is a relatively inert gas that most organisms can­
not use directly but that is essential to life. Fortunately, 
certain species of bacteria and some blue-green algae are 
able to utilize gaseous nitrogen that diffuses into the soil 
from the atmosphere. These soil organisms convert nitro­
gen (N2) into ammonia (NH3). Some plants utilize the 
ammonia directly, but most depend upon the oxidation 
of ammonia to nitrite (N 0 2~) and then to nitrate (N 03_) 
by other soil bacteria before it is absorbed by plant roots. 
This process is known as nitrification.

Elemen­
tary
composi­
tion of 
organisms
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Mineral elements such as calcium, sulfur, magnesium, 
potassium, and boron are taken up in solution from soils 
by the roots of plants and are returned to the soil by de- 
composers, organisms that promote breakdown and decay 
of the dead fitter of forests or fields. Although rainwater 
slowly washes out, or leaches, some minerals from an 
ecosystem, it also, brings in with it some nutrients during 
the precipitation process. As rainwater runs down moun­
tains and hills it gradually picks up nutrients and makes 
them available to green valleys below. When humans cut 
the forest and expose the soils to sun and rain, they 
accelerate the leaching process, often with disastrous con­
sequences. In order to maintain high agricultural produc­
tivity it becomes necessary to apply increasing quantities 
of synthetic fertilizers to replace those nutrients washed 
away.

The carbon and oxygen cycles. The total biosphere 
contains approximately 20 quadrillion (2 X 1016) tons of 
carbon, mostly in the form of inorganic carbonates in the 
rocks and oceans, and in organic fossil fuel deposits such 
as coal, oil, and natural gas. The atmosphere contains 7 
X 1011 tons of carbon in the form of carbon dioxide, and 
the green plants o f the world contain 4.5 X 101! tons 
as carbohydrates and other organic compounds. The ex­
change of carbon dioxide with the atmosphere by means 
of photosynthesis and respiration in plants results in a net 
annual productivity of the land of about 2.5 X 1010 tons 
per year and of the oceans of about 2 X 1010 tons per 
year. During the daytime, photosynthesis often produces 
a 12 percent drop in atmospheric carbon dioxide in the 
vicinity of plants* but at night, respiration by soil bacteria, 
plants, and animals often produces a 25 percent increase 
in carbon dioxide concentration near the ground.

Fossil fuels combustion, deforestation, and decay ac- 
counted for a C 02 atmospheric concentration of about 
340 parts per million in the late 20th Century. Much of 
this output may cycle into the oceans, and it is possible 
that a considerable fraction is bound up in new plant 
growth. But the increasing concentration of atmospheric 
carbon dioxide appears to be sufficiënt to accelerate the 
so-called greenhouse effect, the means by which the atmo­
sphere retains sun-heat. This acceleratión poses the threat 
of global warming, which would disturb weather patterns 
and diminish the polar ice caps, thus causing a potentially 
devastating rise in the sea level. These possibilities have

made the greenhouse effect and its causes major public 
policy concerns in the late 20th Century.

Carbon dioxide is relatively soluble in water. It is not 
surprising, therefore, that the oceans play a significant 
role in the global distribution of carbon dioxide and that 
rainfäll sometimes contains about 0.3 cubic centimetre 
of C 02 per litre of water. Carbon dioxide combines with 
water to form carbonic acid (H2C 0 3), which dissociates 
into hydrogen ions (H+) and bicarbonate ions (H C03_); 
the bicarbonate ions, in turn, dissociate into hydrogen and 
carbonate ions (COl~). These reactions can be expressed:

C 02 +  H2Ö ^  H2C 03 ^  H+ +  HCOr ^  2H+ +  CO!- .
These reactions are readily reversible, the direction de­

pending upon the concentration o f the components. The 
amount of carbon present as bicarbonate or carbonate de­
pends upon the alkalinity or acidity (pH) of the water. If 
the water is alkaline, more carbon is present as carbonate 
than if the water is acid. High amounts of dissolved car­
bon dioxide in water produce high plant productivity (e.g., 
algal blooms), but often this results in higher respiration, 
depleted oxygen, and subsequent fish kills. Acidic waters 
usually have low productivity.

Another gas of enormous significance to life is oxygen, 
which is cycled between the lithosphere, the atmosphere, 
and the biosphere. Plants are primarily responsible for the 
presence of atmospheric oxygen through the photosyn- 
thetic process. Oxygen in metabolism and in the produc­
tion of energy-rich phosphorus bonds provides the power 
for all higher forms of life. Although oxygen is utilized 
within cell constituents such as mitochondria for the re­
lease of energy and the synthesis of ATP, other cellular 
bodies called peroxisomes appear to protect the cell from 
too much oxygen, which would result in destruction of the 
cell. Hence, in the oxygen cycle some organisms utilize the 
gas, some must be protected against it, and some generate 
it, all at the same time.

The nitrogen cycle. The atmosphere contains nearly 80 
percent nitrogen. Ironically, most green plants are unable 
to use free nitrogen and must have it converted to sol­
uble compounds of nitrogen, such as ammonia (NH3), 
nitrite (N 0 2), or nitrate (N 0 3), which can then be taken 
up by their roots and the nitrogen converted into amino 
acids and plant proteins. The Earth’s primitive atmo­
sphere apparently contained ammonia, so the necessity

From "The Biosphere” by G. Evelyn Hutchinson. Copyright ©  (1970) by Scientific American, |nc.; all rights reserved
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for conversion of nitrogen into soluble products (nitrogen 
fixation) did not arise until more recently. Nitrogen fix­
ation, or nitrification, is performed by a few species of 
microorganisms. The reverse process—by which soluble 
compounds of nitrogen are reduced to molecular nitro­
gen (N2)—is called denitiification and is accomplished by 
other microorganisms. Microorganisms that decompose 
the remains o f dead plants and animals reduce amino 
acids containing nitrogen to ammonium ions and other 
products. This process is known as ammonification. The 
rate at which nitrogen fixation removes nitrogen from the 
atmosphere is almost balanced by the rate at which deni­
trification retums nitrogen to the atmosphere. (The large- 
scale and widespread use of fertilizers by humans may be 
upsetting this balance, however.)

Nitrogen is present in proteins and nucleic acids. It is a 
versatile element in living processes because of its ability 
to form many different kinds of compounds and to release 
energy when moving from one compound to another. 
Nitrogen is cycled in nature from reduced inorganic com­
pounds to oxidized compounds by atmospheric oxygen, 
with the release of energy; when oxygen is unavailable, 
oxidized nitrogen compounds can in turn oxidize organic 
compounds. Two main types of bacteria and algae par­
ticipate in nitrogen fixation. One lives in a mutualistic 
partnership (symbiosis) with higher plants; the other is a 
free-living form that denves energy directly from sunlight 
and indirectly from plant materials. Rhizobia, the most 
abundant o f the root-nodule symbiotic bacteria, are found 
on the roots of legumes, alders, and buckthorns. Legümes, 
which include peas, soybeans, and alfalfa, are often used 
in agriculture to increase the productivity of the land. 
Symbiotic nitrogen fixers normally contain certain trace 
elements such as molybdenum and cobalt. When these are 
absent, the bacteria do not function effectively, and the 
rate of nitrogen fixation is reduced.

Symbiotic microorganisms occur only in terrestrial 
ecosystems as far as is known. Among the nonsymbiotic 
nitrogen fixers are aerobic soil bacteria such as azoto- 
bacters, which supply fixed nitrogen in grasslands and in 
marine and other ecosystems where symbiotic microorgan­
isms are absent. Blue-green algae (cyanophyceans) are an 
important source of fixed nitrogen in rice paddies and in 
aquatic systems. One free-living nitrogen-fixing bacterial 
genus that lives only without oxygen (i.e., änaerobically) 
is Clostridium.

A group of microorganisms known as autotrophs func­
tions without an organic source of energy by oxidizing 
various forms of soluble nitrogen compounds. Nitro- 
somonads oxidize ammonium to nitrite with the release 
of water and energy. Nitrobacters, in turn, oxidize nitrites 
to nitrates with the release of energy. Nitrates are highly 
soluble in water and are easily taken up by roots and 
assimilated by plants.

Pseudomonads and some fungi use nitrate as an oxygen 
source; they draw on the energy available in glucose and 
phosphate to convert the nitrate to nitrous oxide and nitric 
oxide. Some denitrifiers reverse the process only partway 
by reducing nitrate to nitrite or ammonia. Denitrification 
proceeds best under anaerobic conditions, since whenever 
oxygen is present it is more efficiënt for organisms to 
use it than to use the oxygen bound up in nitrate Ions. 
This suggests that denitrification would occur best in the 
soil and in deeper portions of the waters o f the world, 
From the enormous amount of nitrogen fixed annually, 
however, about 92 million tons, it is obvious there must 
be enormous anaerobic reserves in the world in order to 
return this amount of nitrogen to the atmosphere each 
year. It is entirely likely that the use of fertilizers is causing 
more nitrogen fixation to occur than the biosphere can 
retum through denitrification, in which case there would 
be a gradual buildup o f nitrates, nitrites, and ammonia.

The sulfur cycle. For materials to cycle easily through­
out the biosphere they must be not only water-soluble but 
also volatile. In addition to carbon and nitrogen, sulfur 
is a highly mobile constituent of the biosphere. Further­
more, all proteins incorporate sulfur in their molecular 
structure to form bonds that give them well-defined three- 
dimensional shapes. Just as carbon and nitrogen are re­

duced during the formation of proteins, so also is sulfur.
In distinction to carbon, however, which requires green 
plants and sunlight for reduction, nitrogen and sulfur 
reductions are most often accomplished anaerobically by 
microorganisms. Most of this activity occurs in oxygen- 
deficient soils, bogs, and swamps.

When an organism dies and decays, much of its incorpo­
rated sulfur is returned to a mineralized state by bacteria 
and fungi, but some is reduced under anaerobic conditions 
directly to Sulfides, such as the evil-smelling hydrogen 
sulfide (H2S), some of which escapes to the atmosphere.
Burning of fossil fuels sends massive quantities of sulfur 
dioxide into the atmosphere as a pollutant. When the sul­
fur dioxide combines with water in rainfall it forms dilute 
sulfuric acid (H2S 0 4), a form of acid rain. Inorganic sulfate Acid rain 
(S04), formed by the decomposition of organic matter, 
is readily soluble in water and serves as a further source 
of sulfur to plants and animals. Sulfate is reduced under 
anaerobic conditions to elemental sulfur or to Sulfides by 
bacteria. Large quantities of hydrogen sulfide occur in the 
anaerobic (deeper) portions of aquatic ecosystems. The 
anaerobic bacteria utilize the sulfate in metabolic oxida­
tion much as bacteria denitrify nitrate and nitrite.

There are sulfur-utilizing bacteria that play the same 
role with sulfur compounds as nitrifying bacteria do with 
nitrogen compounds. These include the green and purple 
photosynthetic bacteria; the green bacteria oxidize sulfide 
to sulfur and the purple bacteria generate sulfate.

Sulfur precipitates in lake waters as sulfides in the pres­
ence of iron under anaerobic conditions. Some sulfide is 
insolubly bound with iron in the bottom muds of lakes, 
bogs, swamps, etc., where other elemental metals, such as 
copper, cobalt, cadmium, and zinc, also become bound as 
precipitates.

The water cycle. Water is a ubiquitous and unique 
substance necessary for life on Earth. Water in liquid and 
vapour States in the atmosphere regulates and ameliorates 
the climates of the Earth. Strictly speaking, water con­
forms to a gaseous cycle, but because of its great impor­
tance in the biosphere it is here discussed separately. Life 
began in the oceans, evolved in the waters of the world, 
and spread upon the land; yet life has always remained 
dependent upon the availability of water. The relative dis­
tribution and availability of water on the land determines 
the vegetative character of the landscape. Water erodes 
and sculpts the rocky surface of the Earth, transports 
nutrients and Sediments, and forms the lakes, swamps, 
rivers, and seas. Sun-heat evaporates water from land and 
sea into the atmosphere, where it is transported with the 
global circulation of air and precipitated onto the surface 
as rain or snow.

The topography of continents and islands affects very 
strongly the precipitation pattern of the Earth. Windward 
mountain slopes are wet, as warm moist air rising cools 
and condenses its moisture as rain or snow. The leeward 
sides of mountains are dry, since the moisture has al­
ready been wrung from the air on the other side of the 
divide, and the air moving down the leeward face warms, 
thereby retaining whatever moisture it still has. Semiarid 
regions with sparse Vegetation often occur to the leeside 
of mountain ranges. Cold polar ice caps have relatively 
low precipitation since very cold air can contain little 
moisture. Deserts generally occur where the air is stable.
The trade winds move toward the equator from cooler 
latitudes, picking up moisture and heat as they go; hence 
the coastlines of southem California, Mexico, and Chile 
are relatively dry, and the equatorial regions are wet.
Water has amazing properties, particularly when com- Properties 

pared with rnost other forms of matter known in nature, of water 
thatm akeitchem icallyandphysicallysuitableforlife.lt 
is a liquid at ordinary temperatures, contracts on cooling 
down to 4° C (39° F), then expands on further cooling 
to the freezing point at 0° C (32° F). Solid water, or 
ice, is thus less dense than liquid water and floats on 
Water. The fact that water expands on freezing makes it 
a powerful agent for the breakdown and Fragmentation of 
rock into soil particles. Water warms up less rapidly and 
in turn cools more slowly than other substances. Lakes 
and oceans, therefore, have a different temperature from
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the adjoining landmasses, with a seasonal lag. Water tends 
to hold dissolved material in solution and also has the 
greatest surface tension o f any known liquid. Moist air is 
less dense than dry air and rises above it, contributing to 
the weather dynamics of the atmosphere.

Taken over the world as a whole, the horizontal distribu­
tion of moisture must always add up to zero—the amount 
of water falling as precipitation is equal to the amount of 
water vapour taken up by evaporation. For any single re­
gion of the world, however, there may be a water surplus or 
a water deficit, differences that are theoretically balanced 
by ocean currents or river runoff. The Northern Hemi­
sphere, for example, has an excess precipitation over the 
Southem Hemisphere, and the difference is redistributed 
by means of ocean currents. The drier the continent, the 
smaller the fraction of the annual precipitation that runs 
off. Australia and Africa, as a whole, are relatively dry 
continents in which large areas are covered by deserts and 
more than 75 percent of the annual precipitation is lost 
through evaporation.

In order for evaporation to occur, two conditions must 
exist. There must be energy available, which is derived 
largely from sunlight, and there must be a water vapour 
gradiënt from a moist surface to air that is less moist. In 
other words, heat and dryness aid evaporation.

Interrupting this cycle of simple precipitation and evapo­
ration are the organisms of the world, which divert water 
for their own use. Water relationships are most dramatic 
in land situations. Soils hold considerable amounts of wa­
ter. On the average, worldwide, this may be a reserve o f 
about 10 centimetres (4 inches) in depth. In some parts 
of the world, such as North Carolina, where soils are thin, 
the total amount of water held in the soil may not exceed 
5 centimetres (2 inches), but in the deep volcanic soils 
of east Africa as much as 50 centimetres (20 inches) is 
held in the soil.

Plants take up water largely through their roots and 
evaporate water through the leaves in a process known 
as transpiration. A green plant may transpire 3 to 5 mil­
limetres (about l/% to Vs inch) of water a day, depending 
upon the amount of energy available. Maximum rates in 
sunny, hot, irrigated regions may reach 8 millimetres (V 3  

inch) a day.
Transpira- An important ratio for plants, known as the transpiration 
tion ratio, is the amount of water used to the weight of accu­
ratio mulation of dry matter in the plants. For corn (maize) it

is 317 grams of water per gram of dry weight, for cotton 
568, deciduous trees 825, and evergreen trees 140. Taken 
over a whole growing season, although it is highly variable 
among crops, one can estimate that a production of 20 
fresh-weight tons of crop will require 2,000 tons of water 
from the soil. Of the 20 tons of crop only about three tons 
consist of water molecules utilized in photosynthesis, the 
remainder being evaporated as transpiration.

In addition to their physiological need for water, large 
numbers of terrestrial animals use bodies of water as sanc- 
tuaries. The eggs of many insects are laid in water, larvae 
live in water, and the adults emerge from ponds or rivers 
to spend their adult lives on the land. Amphibians occupy 
a narrow zóne between land and water, in which they 
can move from the harsher, more variable climate of land 
into the milder, more comfortable conditions of water. 
All land animals give off moisture when they exhale, and 
some animals pant or sweat to evaporate moisture and 
thus cool themselves.

The sedimentary cycles of essential minerals. While 
many elements give rise to gaseous compounds that are 
significant parts of biogeochemical cycles, some elements 
in the biosphere cycle primarily through water transport 
and Sedimentation in bodies of water. For any soluble 
but nonvolatile compound a natural cycle is only possi­
ble when life is involved, since otherwise the compounds 
wash from the land to the rivers and oceans, where they 
remain in the Sediments. Green plants piek up the com­
pounds in the nutrient-rich soil water and convert them 
into plant cells where they may be passed to animals in 
the food chain; they eventually return to the soil through 
death and decay of plants and animals. Some compounds 
soluble in water are carried into the atmosphere by

water evaporation and returned to the surface in rain.
The elements calcium, potassium, Silicon, and magne­

sium each have important biological roles in the bio­
sphere. Magnesium, for instance, is an essential element 
in the Chlorophyll molecule, and calcium and Silicon help 
form the hard parts of Shells, bones, and teeth of animals.
Iron, manganese, and sodium are present in organisms 
in minute, or tracé, amounts, but nevertheless are vitally 
important. As mentioned earlier, phosphorus is probably 
the most important element among those that form non­
volatile compounds. A deficiency of phosphorus is most 
often responsible for poor crop production. Free phospho­
rus as such is not found in the atmosphere. If it were 
not for green plants absorbing its salts from the soil and 
transporting it to the leaves, phosphorus would not rise 
above the surface of the ground. So it is also for tracé el­
ements such as iron and manganese. Some tracé elements 
such as vanadium, cobalt, nickel, and molybdenum are 
found primarily in aquatic plants, since they accumulate 
in bottom sediments.

Phosphorus is soluble in acidic waters; under special 
environmental conditions it is bound up as calcium phos- The 
phate or iron (ferric) phosphate. Phosphorus is extremely problem of 
scarce in the lithosphere, concentration normally being phosphate 
1,050 parts per million. But great supplies of phosphorus enrichment 
are found in bird guano, the excrement of fish-eating gulls, 
cormorants, pelicans, and penguins, on the islands and in 
the ocean sediments off the coast of Peru. Artificial, or 
Chemical, fertilizers are made from phosphate rocks and 
marine phosphates. Great quantities of these phosphates 
are used in detergents and wash into lakes and streams.
Such phosphate enrichment creates rapid and excessive 
growth of algae, especially the blue-green algae. Increased 
decay and respiration result in oxygen depletion of the 
water and the suffocation of more sensitive species of fish, 
usually the game fish. This enrichment process, called 
eutrophication, usually results in a simpler animal arid 
plant community, a shortening of the food web, and a less 
stable ecosystem. (D.M.G./Ed.)

The distribution of organisms

The subject of distribution embraces the individual organ­
ism as a unit of study as well as the highest taxonomie 
unit. As far as scale is concerned, the range is equally 
great, from a drop of water to the largest ocean. Not 
surprisingly, the study of distribution encompasses sev­
eral overlapping disciplines. Ecology is concerned with 
the numbers and distribution of organisms on a local 
scale, and biogeography is concerned with distribution 
on a regional or even worldwide scale. Other disciplines 
contribute much to the study of distribution and are in 
turn helped by it. The two most prominent of these are 
systematics and the study of evolution. Systematics, the 
study of the relationships between organisms, in the widest 
sense embraces classifying and naming organisms, infor­
mation essential to biology in general and to the study 
of distribution in particular. Systematists, in turn, use 
distribution information in reaching decisions on the rela­
tionships between organisms. The study of evolution has 
benefited considerably from distribution information, as 
the best-known pioneers in the field, Charles Darwin and 
Alfred Rüssel Wallace, freely acknowledged. In retum, a 
knowledge of the processes of natural selection has made 
large contributions to the understanding of the reasons for 
changes in distribution with time.

PATTERNS AND PROCESSES OF DISTRIBUTION
It is convenient to distinguish two closely related modes 
of distribution that are, in fact, inseparable in nature: (1) 
the local arrangement—on a small scale—of members of 
a population to ensure their survival by maximizing the 
use of the environment, often in accordance with the 
time of day, week, month, or year, and (2) the large-scale 
geographic spread—on a regional, or even global, scale— 
of a species over a long span of time. Obviously, the dis­
tribution of organisms on a local scale eventually affects 
the geographic arrangement of the species.

Local distribution. Just as the body of an organism has
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a structure, so does a population o f organisms. The struc­
ture that results from the distributiöns of organisms is 
termed a pattem. Pattems may be characterized either by 
the forces that produced them (physical, social, or other) 
or, as in this discussion, by the ability of the organisms 
themselves to adjust their distribution.

Spatial and temporal arrangements. In a homogeneous 
environment— one that varies little from place to place— 
all parts of the environment may be occupied or visited 
by organisms. Protozoans may be distributed throughout 
a small pool o f water, and all available space on a rock in 
the intertidal zone o f a shore may be covered by musseis 
or barnacles. In a heterogeneous environment, the total 
volume occupied or visited by a population may contain 
parts that are not exploited. In the pelagic, or open water, 
realm of an ocean, minute plantlike organisms may occur 
patchily, and the animals that feed upon them may be 
distributed in the same manner. These extremes of distri­
bution are difficult to characterize because of the problems 
of measurement and representation in three dimensions. 
If the third dimension is not occupied, or unimportant 
enough to ignore, then distribution in a single plane, such 
as a flat piece of ground, is easy to characterize.

The three There are three pattems of intemal distribution (or dis- 
pattems of persion) of a population in a single plane (Figure 4). 
dispersion Organisms are distributed at random when individuals 

are free to choose a place to settle. But individuals often 
influence each other. When they attract each other, an 
aggregation, or clump, tends to form; when they repel 
each other, an overdispersion, or uniform spacing of the 
individuals, results. In the soil or in the leaf litter of a 
forest floor, almost all arthropod species are distributed in 
a clumped or aggregated fashion, with only a few species 
randomly distributed. Territorial animals, such as birds, 
and some plants, such as certain cacti, repel each other at 
a certain distance and thereby assume a uniform pattem 
of distribution.

The importance of scale is illustrated in Figure 4. It 
shows that, on a small scale, members of a population 
are uniformly distributed, but on a large scale they are 
aggregated in dumps. This happens, for example, when 
many flocks o f birds occur in a large area but retain their 
discreteness. A certain minimum distance is maintained 
between individuals in each flock by mutual avoidance, 
yielding uniform spacing within the flock. But the flocks 
themselves may be randomly distributed or clumped.

For many species, distribution is a function o f time. 
The members of a population make regulär movements, 
so that their distribution is different from one hour to 
the next; one day, week, or month to the next. Short- 
term shifts in distribution are best exemplified by plank­
ton, small, often microscopie, organisms that float in the 
surface waters o f lakes and seas. They move vertically in 
response to daily changes in light intensity, so that they 
are at greatest depth at midday and are at the surface or 
close to it at dawn and dusk.

More striking, perhaps, are the regulär annual move­
ments o f some animals, which bring them to one region 
at the time of breeding and to another region in the 
nonreproductive season. Such movements are known as 
migrations (see below Biological populations: Changes in 
population characteristics: Movements).

Environmental influences. Organisms cannot exist out­
side a certain range of environmental conditions. There is 
an upper temperature limit to the activities of protoplasm, 
beyond which proteins are denatured, and a lower limit, 
which for many organisms corresponds with the temper­
ature at which water freezes. Many organisms, however, 
are capable of existing, at least for a short time, under 
inclement conditions. They can survive long enough to 
move out of the area (by migrating) or to become phys- 
iologically inactive and, thus, protected against adverse 
conditions (by hibemating, estivating, or encysting). Some 
“cold-blooded” animals have the ability to adjust or accli- 
mate physiologically by altering their metabolic activities 
in such* a way as to operate best under the prevailing 
temperatures. Physiological adjustments o f this sort are 
possible only when the environmental conditions change 
relatively slowly and by a relatively small amöunt.
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Figure 4: Local distribution of organisms.
(Top) The three basic d ispersion patterns. (Bottom ) The 
relativity of dispersion to scale. O n a local scale (inset) the 
individuals are uniformly distributed (overdispersed), but, oh a 
larger scale, they are aggregated.

Within this framework, many processes operate in the 
establishment of a pattem of distribution of a species on a 
local scale. Perhaps the easiest to envisage is a distribution 
determined largely by the characteristics o f reproduction. 
In many plants, and some lower animals, the reproductive 
products (seeds, spores, etc.) remain close to the parents 
because their dispersal capabilities are poorly developed, 
thus creating an aggregated distribution. In contrast are 
the intertidal organisms, many of which, although them­
selves fixed firmly to the substrate, shed their reproductive 
products into the water at high tide. The larvae develop 
in the pelagic realm of the sea and are carried tö shore at 
the time they are metamorphosing to the adult stage.

The distribution pattem o f adults that results from this 
combination of dispersal and settlement is determined by 
two kinds of processes, which are termed vectorial and 
stochästic. The vectorial process refers to directional dis­
persal caused by environmental motion, as in wind and 
water currents. The stochästic process refers to essentially 
random forces whose Operation does not allow a predic- 
tion to be made as to where organisms will be carried 
and will settle.

As was mentioned earlier, the pattem of distribution may 
be determined also by the influence of one organism upon 
another. The social process that gives rise to the pattem 
is one of signaling. The messages are either “come here,” 
leading to aggregation, or “go away,” leading to uniform 
spacing. Altematively, these two pattems, as well as a ran­
dom one, may be produced by each organism responding 
individually to environmental features such as nutrients, 
which are themselves distributed in random, clumped, or 
uniform fashion.

Interactions with other organisms. Finally, the distri­
bution of organisms of a species may be determined by 
interactive processes with other species. Heavy grazing 
by animals in ä certain area often leads to a sparseness 
of plant species in the grazed area. Similarly, competitor 
species may influence each other, the one causing thé 
other to be either rare or absent in one part of a lo­
cal area. Throughout Europe, North Africa, and some of

Directional
versus
random
forces
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the Canary Islands, for example, the chaffinch {Fringilla 
coelebs) occurs in both deciduous and coniferous forests, 
but on two of the Canary Islands, Tenerife and Gran Ca- 
naria, it occurs only in deciduous forests, a closely related 
species, the blue chaffinch {Fringilla teydeä), occupying 
the coniferous areas. The distribution of the chaffinch on 
Tenerife and Gran Canaria appears to be influenced, in a 
restrictive way, by the blue chaffinch, with which it could 
compete for space and food. This type of influence, while 
not easy to recognize, is probably exercised commonly 
between species that live in the same habitat as well (see 
also below Biotic interactions).

Differences in the way in which the three basic pattems 
of distribution—random, clumped, or uniformly spaced—  
are set up have been emphasized, but a single mecha­
nism could be responsible for any one. Consider plants, 
for example. If the spatial pattern of germinating seeds is 
random, if they thrive only in space not occupied by other 
rpot systems, and if they grow to a size that depends upon 
the space available, then the resulting distribution will 
depend solely upon the density, or numbers of seeds. Go­
ing from low to medium to high density, the distribution 
changes from clumped to random to uniformly spaced. 
Thus, the factors that govern the abundance of a species 
within a local area indirectly determine the distribution 
of the species in that area. It is possible that the factors 
that govern the abundance o f a species also limit the 
distribution of that species. The processes leading to the 
establishment of a distribution range (area or volume), as 
opposed to the pattern of distribution within that range, 
are discussed in the next section.

Large-scale distribution. More is known about distri­
bution on a large scale than on a local scale. The reasons 
are partly practical and partly historical; it is easier to 
collect a few isolated specimens of plants or animals over 
a wide area than to study in detail their distribution in a 
clearly circumscribed area such as a field or a grove. In 
the past taxonomists and students of evolution have spent 
much energy trying to determine the extent of geographic 
Variation in morphological characters of organisms, for 
which purpose collected specimens are sufficiënt.

The shape and extent o f spread. Most species occupy 
areas of irregulär shape. The irregularities are often deter­
mined by obvious environmental features. The irregulär 
pattern of distribution in North America of the pika 
(Ochotona princeps), a small rabbitlike animal, for exam­
ple, corresponds with the irregulär pattern of distribution 
of its habitat— rock slides and talus slopes at high altitude 
in the Rocky Mountains. When the distribution of certain 
habitat features is essentially linear, so too is the distribu­
tion of the species; the emergent Vegetation at the edge of 
a lake and the intertidal mollusks in a narrow band along 
a rocky seacoast are cases in point.

Viewed on a local scale, the distribution of organisms 
Continu- may be continuous, or without interruption, but when 
ous viewed on an intermediate regional scale, the distribu-
versus dis- tion may be discontinuous, orspotty, because of unsuit- 
continuous able habitat intervening between areas of suitable habitat, 
distribution Viewed on a large scale, a Continental or worldwide scale, 

the distribution may appear continuous once again, as 
the narrow bands of unsuitable habitat that produce the 
discontinuities slip out of focus.

Discontinuities on a worldwide scale are evident for some 
species. Horseshoe crabs (family Limulidae) are found on 
the Atlantic coast of North America from the state of 
Maine to Mexico. These crabs are not found on the west 
coast of that continent, however, but on Asian coasts, 
from India to Japan, thousands of kilometres away.

Few species—of which man is one—have a worldwide 
distribution. Of those that do, several are associated closely 
with man and have achieved their present distribution 
as a result of this relationship. Nevertheless, there are 
cosmopolitan species that have achieved worldwide dis­
tribution by their own efforts. Such are the short-eared 
owl (Asio flammeus) and the osprey (Pandion haliaetus), 
two birds, both predators, conspicuous on all continents 
excluding Antarctica.

Restricted It is much more common to find species with restricted 
distribution distributions. In addition to the numerous species con-

fined to single, small islands, there are Continental species 
found in extremely small areas on large landmasses. The 
dusky seaside sparrow (Ammospiza nigrescens), for exam­
ple, occurs only in the salt marshes around Merritt Island, 
Fla., and on the adjacent peninsula.

Another form of restriction is indicated by the distribu­
tion of small carrion (Catops) beetles (Figure 5): restriction 
to a climatic zone, in this case the north temperate zone. 
The booby (Sula leucogaster), a seabird, has a pantropical 
distribution, breeding only—but extensively—within the 
tropical zones. Two closely related species of the marine 
wormlike priapulids are restricted to the polar regions, one 
in the Arctic, the other in the Antarctic.

Adapted from Jeannel, La Genese des faunes terrestres 
(1942); Presses Uniyersitaires de France, Paris

Figure 5: Discontinuous distribution of three beetles of the 
genus Catops in the north temperate zone.

In all these instances, and in their variations, the restric­
tion is the result o f the inability of the organisms to exist 
beyond a range of certain environmental conditions. This 
is contrasted with restriction caused by the inability of 
organisms to travel over barriers, which has led to regional 
differentiation of faunas and floras.

The factors limiting spread. Although more is known 
about the gross distribution of species than about their 
distribution within local areas, little has been established 
with certainty concerning the determination of the limits 
of an area occupied. In some cases the reasons for limita- 
tion of geographic range are obvious: the distribution of 
terrestrial organisms stops at the edge of sea, lake, or river; 
freshwater organisms occupy the length of a river, but 
extend no farther than its estuary. But within the major 
environments the reasons for the observed distributions 
are not always so easy to discern.

At the outer edge of a distribution range the continued 
existence of organisms depends upon either reproduction 
or immigration from more central regions. The require­
ments of the individual for existence and reproduction 
must be met. One obvious way in which the distribution 
is limited is by insufficiency of the supply, or rate of sup­
ply, of these requirements. Any number of environmental 
factors, acting singly or in combination, can act in this 
limiting way.

The northernmost limit of distribution of the wood frog 
(Rana sylvatica), in North America, is almost certainly 
set by a combination of temperature and time. Complete 
development of the tadpole stage in one summer is the 
rule. At their northern limit, these frogs have just enough 
time in the short Arctic summer, at the prevailing low 
temperatures, to complete development. Temperature has



986 Biosphere

Rela­
tionship 
between 
plant and 
animal 
distribution

also been implicated as a factor in limiting the South­
ern distribution of introduced pheasants (Phasianus) in 
North America. If the environmental temperature is high 
before incubation of the eggs, the eggs will not hatch. 
The Southern limit to the distribution of the pheasant 
in North America corresponds approximately with those 
spring temperatures that are critically high.

In Scandinavia, the distribution of a carabid beetle (Bem- 
bidion aeneum) corresponds well with the distribution of 
soil that was lightly salted when the land was covered by 
the sea about 9,000 years ago. The beetle appears to de­
pend upon the salt, either directly or, perhaps more likely, 
indirectly, through plants or other animals that require the 
salt and that themselves serve as food for the beetle.

In general, gross climatic and soil conditions determine 
the distribution of plants, singly and as assemblages; ani­
mals, being dependent upon plants for energy, follow the 
plant distribution. There are some highly specialized as­
sociations between plants and animals, as between some 
pollinators and the plants they pollinate; the edges of the 
distributions of the two interdependent species coincide.

Many animal species, however, are not so much lim­
ited in distribution by a single plant species as by an 
assemblage of plant species, such as those constituting a 
savannah or a tidal marsh, for example.

Factors limiting the distribution of a species are easier to 
recognize when they are discrete rather than graded, as is 
temperature. The side-blotched lizard {Uta stansburiana), 
for example, which occurs in the deserts of southwestern 
North America, breeds only in the abandoned nests of the 
pack rat {Neotoma micropus); the number of such nests 
thus sets an upper limit to the number and the distribu­
tion of breeding pairs of lizards.

The Australian ecologists H.G. Andrewartha and L.C. 
Birch have suggested that the factor or factors that limit 
the abundance of an animal species within its distribution 
range also limit the range itself. Exceptions to this are easy 
to find, particularly where the limit of distribution is set, 
at least in part, by a physical barrier, such as a mountain 
range. Nevertheless, the statement is likely to be widely 
true, especially for arthropods, and it is easy to appreciate 
when the species fluctuates in numbers markedly from 
one year to the next. A fine example is provided by the 
cutworm moth (Porosagrotis orthogonia), a pest species in 
North America, whose larvae feed on the roots of wheat. 
In Montana, for instance, in years of great abundance the 
species occurs throughout most of the state, but in years 
of scareity it is either rare or absent from some parts.

Not only are distributional limits at one point set by an 
interaction of factors, but different boundaries are set by 
different factors. The saguaro cactus {Cereus giganteus) 
occurs in the Sonoran Desert of the United States and 
Mexico, but is not found either at the highest or lowest 
altitude within its area of distribution. The upper limit 
appears to be set by low winter temperatures, and the 
lower limit is set by a variety of factors, most important 
among which seems to be the fineness of the soil; this in 
turn probably affects the plants in a complex way through 
its properties of stability and of retention of nutrients and 
water.

One species can prevent the spread of another by virtue 
of competitive superiority in the range that it occupies, 
thereby setting the limit to the distribution of the other 
species. The distribution of two species of western pocket 
gophers (Thomomys) in North America is representa­
tive. The northern pocket gopher (T. talpoides) occurs in 
northern States and the valley pocket gopher (T. bottae) in 
southem ones. An outline of their distributions shows that 
there is little overlap and that their boundaries are often 
complementary (Figure 6). No conspicuous environmental 
feature coincides with the highly distinctive boundaries, 
so it appears that the species have set them themselves 
by interacting.

THE NATURE OF DISPERSAL
The requirements of an organism are a place to live, 
food, and, for sexually reproducing organisms, a mate. 
The requirement of space is not easily met in a densely 
populated area. Animals, of course, possess the ability to

Figure 6: Com plem entary distribution and overlap of two 
species of pocket gopher in North Am erica.
Adapted from W.H. Burt and R.P. Grossenheider, A Field Guide 
to the Mammals (1964); Houghton Mifflin Company, Boston

seek out unoccupied space, but for plants there is a strong 
element of chance in the finding of suitable space. In both, 
however, the dispersal characteristics of the organisms are 
of fundamental significance and, as such, are strongly un­
der the influence of natural selection. These characteristics 
partly determine whether a species is widely or narrowly 
distributed and whether it can establish itself in isolated 
areas. Dispersal characteristics also influence the evolu­
tionary process. Since the evolution o f two populations 
from a single ancestral population usually requires spa­
tial isolation, the dispersal frequency of members of the 
populations determines whether the degree of isolation is 
sufficiënt for evolution to take place.

Mechanisms of dispersal can be considered both active 
and passive. Some seeds are äctively dispersed by mechan­
ical means, as when a seed pod dries out, splits open, and 
sends a shower of seeds to the ground in the vicinity of 
the parent plant. Generally, however, plants rely on pas­
sive means of dispersing, whereas both passive and active 
means are used widely by animals.

Active dispersal. The conditions under which active 
dispersal occurs are not uniform throughout the life of 
organisms. Dispersal usually occurs at the time of repro­
duction, when the individual seeks a mate or, in the case 
of many vertebrates, seeks a place in which it can attract a 
potential mate. The first patch of suitable terrain or water 
is chosen by the dispersing individual, and this may be 
close to the place where it was born. If all the space in the 
vicinity of home is already occupied by other individuals, 
however, then that individual will be forced to disperse 
more widely, to increase its chances of securing a mate 
and food. It is these far-dispersing individuals that are 
likely to significantly alter the distribution range of the 
species. The rule is almost certainly that most of these 
individuals perish as they encounter unsuitable conditions 
beyond the limit of distribution of the species. Still, some 
reach suitable pockets of habitat beyond and somewhat 
isolated from the original distribution range, and occa­
sionally these give rise to new populations.

The most spectacular of dispersal movements, however, 
are the so-called irruptions of birds. These movements are 
not the result of a search for a place to breed, but are 
induced by a combination of poor food supply and possi­
bly other adverse environmental conditions coupled with

The role 
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unusually high density at the end of the breeding season. 
An example of such an irruption is observed in Great 
Britain, which is beyond the breeding range of Pallas’s 
sand grouse (Syrrhaptes paradoxus) but which has been 
visited irregularly by sizable numbers of this species. As 
far as vertebrates are concerned, it seems that all individ­
uals in a population have an approximately equal ability 
to disperse. Whether they do disperse, and how far, is de­
pendent upon density in relation to the required resources 
of food and water and upon the availability of mates.

Somewhat distinctive dispersal abilities are exhibited by 
members of many insect populations. Perhaps the best- 
known examples are found among locusts, ants, and 
termites. In central and eastem Africa the desert locust 
(Schistocerca gregaria) occasionally swarms and copsumes 
all green plant material in its path. The species actually 
occurs in two forms of quite different behaviour. The 
bright green form is solitary and sluggish, while the darker 
form, the one observed in the plagues, is highly mobile 
and gregarious. If the young produced by the green form 
are raised at high density with frequent physical contact 
between individuals, they develop into adults of the dark 
form and not the green form. This phenomenon, known 
as phase polymorphism, is admirably suited to the species. 
As the population increases and depletes its food supply, 
a developmental and behavioral mechanism comes into 
play, resulting in the production of individuals that are 
predisposed to dispersing.

The caste polymorphism of ants and termites serves a 
similar function, In these highly social insects, in which 
different members of the society are structurally and be- 
haviorally specialized to perform different tasks, dispersal 
to new areas and the founding of new colonies is the task 
of the winged forms.

A third form of polymorphism exhibited by insects is 
life-history polymorphism, as exhibited among butterflies, 
dragonflies, and wasps. In all of these insects the wingless 
larvae are the feeding phase and disperse little, whereas 
the adults are the dispersal phase and feed little; In fact, 
the adults of some insects, such as mayflies, do not feed 
at all, but disperse, mate, lay eggs, and die.

There are exceptions to the statement that larval insects 
disperse little, which introducés a fourth kind of polymor­
phism, termed behavioral polymorphism. In a population 
o fth e  larch budmoth (Zeiraphera griseana) in Switzer- 
land, there are at least two types of larva that differ in 
structure and behaviour. One is intolerant of crowding; 
it disperses readily and is usually the first to appear on 
the principal food plant, larch trees (Larix). The other is 
tolerant of crowding and disperses little. The proportion 
of these two types in the population varies from time to 
time in accordance with the overall density. A balance 
of advantages and disadvantages allows the two forms to 
persist together without one replacing the other.

As indicated by the above example, natural selection does 
not always favour the individuals that disperse the most. 
If the chances o f dispersing and finding a new, suitable, 
and unexploited environment are very low, selection will 
act against the strong dispersers. Such seems to be the case 
in highly restricted and well-isolated environments such as 
oceanic islands and mountaintops. In these environments 
the number of flightless birds and insects is striking and is 
much greater than in Continental regions. Charles Darwin 
pointed out that the possession of large wings and well- 
developed powers o f flight could be a disadvantage to an­
imals on oceanic islands, particularly small ones, because 
an occasional strong wind might carry an already airbome 
animal away from the island and out to sea. The zoogeog- 
rapher P.J. Darlington has emphasized that wings are also 
used in flight from predators, but predators are scarce or 
absent on these islands, so the need for dispersal powers 
within the island environment is not as great as within 
Continental environments.

Passive dispersal. Organisms are dispersed passively by 
three principal agents: wind, water, and other organisms.

Dispersal by wind and by water. The capability of wind 
to transport organisms is well known, but the extent and 
the scale of such transportation is only now becoming 
clear. Microscopie organisms, such as viruses and proto-

zoa, are readily carried by the wind, but even some ofthe  
smaller vertebrate animals such as frogs can be carried 
along on strong winds. Spiders, mites, and insects have 
been collected on airplane flights across the Pacific Ocean 
at distances up to 3,000 kilometres from land. Because 
of the method of capture, specimens are dead, so there 
is no means of distinguishing whether they were or were 
not living when they were collected. Nevertheless, in view 
of these remarkable results, it is no longer surprising that 
even the most isolated islands have an extensive insect 
fauna. There are, for example, close to 4,000 insect species 
native to the geographically rather remote Hawaiian Is­
lands. It has been suggested that these species evolved 
from 250 ancestral types that could have been windbome 
from continents.

In a similar way, winds carry insects from lowland re­
gions to mountaintops, where they may be deposited in 
the snow. Those incapable of existing in this climatically 
rigorous environment (probably almost all) are eaten by 
the native arthropod fauna. In fact, the native arthro­
pods may be dependent upon this wind-drifted food, just 
as some stream-dwelling insects are dependent for food 
upon the organic matter drifting down from upper levels 
of the stream.

A study of the spotted alfalfa aphid (Therioaphis mac- 
ulata) in California indicates that an amazingly large 
number of organisms are passively transported by wind.
Millions of these winged aphids alone float passively with 
the current in the spring months.

Structural adaptations facilitating dispersal by wind are Adapta- 
strongly developed in some groups of spiders (dass Aräch- tions for 
nida). Gossamer, the silk secreted by the spider, is blown dispersal 
by the wind, and the spider, attached to it, is carried along, 
assisted sometimes by rising air currents.

Water currents carry organisms in the same manner as 
wind. In the aquatic environment, however, the terres­
trial organisms must stay afloat, avoid becoming saturated 
with water, and maintain their intemal salt balance. Some 
outstanding examples o f long-distance passive dispersal by 
ocean currents are known. Marine invertebrates are car­
ried from West Africa to South and Central America on 
the main equatorial current of the Atlantic. Some water 
in this current comes from the Niger and Congo rivers, 
so it is possible for estuarine and freshwater animals to be 
transported to another continent by this means as well.

The distribution o f several species o f terrestrial animals 
is evidence that long-distance dispersal has been achieved 
by major ocean currents. One dramatic example is the 
distribution of a flightless staphylinid beetle (Micralymma 
marinum) believed to have been carried passively from 
the Western Hemisphere to the Eastem by means of the 
Gulf Stream.

The odds are considerable against terrestrial organisms 
surviving the ordeal o f a prolonged joumey in the surface 
waters o f the sea. Some vertebrates may actively partici­
pate in the travel by swimming, thereby increasing their 
chances of survival. Others may ding to floating debris 
or natural rafts o f land or ice. Pieces of river banks or 
fringing swamp Vegetation and soil break off and are car­
ried out to sea, particularly when flood conditions prevail, 
and with the rafts go the animals that were stranded on 
them. Pack ice, breaking loose, can similarly function as 
a raft for polar animals, such as polar bears, foxes, etc.
A remarkable floating island was observed in the Atlantic 
off the coast of North America in 1892. It was estimated 
to be 30 metres square, with trees 9 metres high, and to 
have drifted at least 1,600 kilometres. Whether it reached 
land and its plant and animal passengers were able to 
colonize the new land is not known, but this example at 
least demonstrates the feasibility of distribution of organ­
isms on rafts.

The distinction between airbome and waterbome means 
of dispersal is easy to make, but the two are not alter­
natives, because many organisms that start a joumey on 
air complete it by water. Insects cross the Baltic Sea from 
Estonia in the Soviet Union to Finland, originally partic- 
ipating in mass flights, but reaching the other side in the 
water, many of them alive.

Dispersal by other organisms. The third means of dis-
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persal—-by other organisms—may be regulär, as in the 
case o f a host transporting a parasite, or irregulär, as in 
the chance attachment o f one organism to another. For 
parasites, finding a host is a major problem, and an effi­
ciënt means of dispersal from one host to another, or to 
the environment in which another can be found, is essen­
tial. Consequently, parasites have developed remarkable 
specializations to the life history characteristics of the host 
that enable the parasite to disperse at the most favourable 
time. Dispersal is often assisted by the use of an additional 
species as a transporting agent, or carrier, from one host 
to another. A case in point is the myxoma virus, which 
parasitizes rabbits and uses mosquitoes as carriers. When 
aided by wind, an individual mosquito can carry the virus 
as far as 65 kilometres before infecting a rabbit; by this 
process o f transporting and infecting, the mosquito popu­
lation can disperse the virus rapidly over a large area.

Many organisms are distributed by attachment to mo­
bile organisms. Small invertebrates such as snails and 
flatworms, for example, are accidentally transported on 
the legs of migrating birds. Undigested food items, such 
as the seeds of some plants, can be widely dispersed 
by their consumers in excrement deposited far from the 
source. There are numerous cases of mutualistic associa­
tions between animals and plants in which the plants are 
dispersed. One example is provided by flightless weevils of 
the genus Gymnopholus, which carry fungi, lichens, algae, 
or liverworts in depressions on their backs. From this as­
sociation the plants gain a place to grow and a vehicle of 
dispersal. Plant dispersal is also carried out by mites that 
live for part of the time in the plant association growing 
in the weevils’ backs. The advantage gained by the weevils 
is that o f camouflage; to a  predator they appear to be part 
of the vegetation-covered tree bark on which they occur 
(see also below Biotic interactions).

Introduc- Probably the most effective agents o f dispersal are hu- 
tions by mans, by virtue of their numbers, widespread distribution, 
humans and long-distance travel and shipping and of the objects 

they use. It is not surprising to find, for example, that ports 
of entry are the centres of distribution of some arthropod 
groups newly introduced to a continent. The arthropods, 
other small animals, and plant seeds are transported in 
boats with cargo. It used to be the custom for vessels to take 
on soil as ballast in England and unload it in Newfound­
land, which resulted in the introduction to Newfoundland 
of a number of soil organisms not previously found there. 
These examples might be termed adventitious transport 
through the agency of humans. By contrast, there are also 
numerous instances of deliberate introduction of “exotic” 
species of plants and animals to new areas. In many cases, 
the newly introduced species peiishes or simply does not 
spread from the point of introduction, as has happened 
with the skylark (Alauda arvensis), introduced from Great 
Britain to southem Vancouver Island, Canada. In other 
instances, the introduced species has exploitèd the new 
environment and spread rapidly. It took only 50 years for 
the Old World rabbit (Oryctolagus cuniculus), exported 
from Great Britain, to spread the length and breadth of 
Australia from a single farm, even in the face of efforts to 
prevent the spread.

The dispersal of plants depends largely on their exploita- 
tion o f animals as carriers. Their stmctural specializations 
to being carried and dispersed exhibit great variety. These 
include a variety of hooks, barbs, bristles, and sticky secre­
tions to aid attachment to animals; fleshy palatable fruit 
for consumption by animals (but enzyme-resistant seed 
walls); very small seeds light in weight but large in area 
to facilitate wind dispersal; and resistance to saltwater to 
facilitate dispersal by ocean currents.

The means o f transport determine the type o f environ­
ment to which the plant part (seed, fruit, spore, etc.) 
will be carried. In a study o f flowering plants on various 
islands and island groups, it has been found that dif­
ferent types of island situations receive dispersing plant 
species by different means. Atolls, for example, receive 
most o f their plant colonists by oceanic drift. Plants have 
colonized high islands most frequently by bird transport. 
Adherence o f bristly seeds to the feathers of migratory 
birds is responsible for the extensive plant populations of

dry volcanic islands. Air transport, whether aided by birds 
or not, is most effective for carrying plants to islands near 
the mainland.

Both plants and animals exhibit a loss or reduction of Reduction 
dispersal powers on islands. Examples include an increase in dispersal 
in fruit size without concomitant increase in appendages powers 
such as hooks that serve in dissemination, a diminution 
or actual loss of those appendages, and an alteration of 
the mechanism of the release o f fruits. These evolutionary 
shifts prevent the loss of reproductive products to unsuit- 
able neighbouring environments in which they may not 
survive. There also tends to be a corresponding reduction 
in the number of seeds or fruits produced. And, in the case 
of increases in fruit size, there is the additional advantage 
of a greater volume of stored food, o f particular help to 
seedlings growing under shady forest conditions. There are 
probably other less conspicuous changes in the dispersal 
abilities of plants, affecting such attributes as resistance to 
seawater, resistance to the digestive enzymes of animals, 
and the length of viability of seeds.

COLONIZATION OF NEW AREAS
From what has been said about the dispersal powers o f  
organisms, it is a wonder that all taxonomie groups are 
not found everywhere. They are not, for two principal 
reasons. Different groups have different dispersal abilities, 
and environments have a limited capacity for supporting 
organisms, in terms of both number o f individuals and 
number of species.

Effects of dispersal abilities. The probability that an or­
ganism will successfully colonize a new area is lessened by 
the distance it must travel and increased by the suitability 
of the new area. The most rapidly successful colonizing 
species are those with well-developed dispersal powers and 
a wide tolerance for environmental conditions. Plants re­
ferred to as weeds have these properties, and in addition 
they have the ability to exploit recently disturbed terrain.
As a community of plants and animals undergoes a natu­
ral successional change toward greater complexity and sta­
bility, these pioneer organisms are replaced by organisms 
inferior in dispersal abilities but superior in competitive 
abilities. Such pioneer species, both plants and animals, 
tend to be found in ecologically marginal and geographi- 
cally peripheral regions, from which position they are well 
suited to disperse to new areas. Many o f them have other 
advanced biological properties that relate to their role of 
ecological opportunism, including the ability to reproduce 
without fertilization.

The future of initial colonists is partly determined by 
the ability o f other competing species to reach the new 
area. The barrier to be crossed in reaching the new area— 
be it mountain, sea, river, or climatic zone—is not to 
be considered an insuperable one; it simply presents an 
obstacle that reduces the probability of transgression by 
some organism. There may be what has been termed a 
filter route across the barrier; that is, a route suitable 
for only some members of a fauna or flora, those with 
the most well-developed dispersal powers (Figure 7). An 
island 30 kilometres from the mainland can be colonized 
by birds flying across the water barrier, a route suitable 
only for the more dispersive members of the mainland 
bird life. Altematively, the barrier may be almost impen- 
etrable. For some organisms, the Sahara must be such a 
formidable barrier. The route across it is a “sweepstakes 
route”—to use the term coined by the American pale- Chance in 
ontologist George Gaylord Simpson—for the probability dispersal 
of any organism Crossing the barrier is very low indeed, 
and yet some do cross it. Chance plays the major role in 
determining which ones get across, and when.

The most strongly isolated environments may be so 
difficult to reach that the initial colonists have the op- 
portunity to undergo evolutionary changes, unaffected by 
immigration of members of the same species or members 
o f different species. In both plants and animals, these 
changes involve the relinquishing of their opportunistic 
characteristics.

Effects of the new environment. On the other hand, an 
organism arriving in a new area may have little chance of 
establishing itself, either because the habitat is unsuitable
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Figure 7: Barriers and possible filters for animal dispersal.
From L ife : A n  In tro d u ctio n  to B io lo g y  by George Gaylord Simpson and William S. Beck, 
1957, 1965 by Harcourt Brace Jovanovich, Inc., and reproduced with their permission

or because numerous other species already occupy the area. 
There appears to be a maximum number of species that 
can be supported in a given area (or volume) of environ­
ment. Size ofthe environment itself is one determinant of 
this maximum; the larger the area, the larger the number 
of species (and individuals) present, Climatic and related 
physicochemical factors are other determinants; these are 
responsible for the gradual change in species from the 
equator to the poles. This Variation in species number with 
latitude is well illustrated for the mammals. It is equally 
well illustrated by mollusks, snakes, birds, ants, or corals. 
In contrast, Variation in species number with longitude 
is less pronounced and less predictable. The number of 
species at any point along the latitudinal gradiënt is more 
or less the maximum possible, given present-day physico­
chemical conditions and the total number of species in the 
world today. In other words, most areas are saturated with 
species; if a new species arrivés in an area, it can establish 
itself usually only by displacing a resident species.

The process by which an area becomes saturated with 
species can be expressed in a simple model (Figure 8). 
Immigration and successful establishment of new species 
depends on the number of species already present. The 
rate of establishment of new species declines and the rate 
of extinctipn of older species rises until a point is reached 
when these two processes are equal and no further change 
in number of species takes place; the area is then saturated. 
There are interesting variations of this model that allow

Adapted from R.H. MacArthui; and E.O. Wilson, The Theory  o f Is la nd  B io g e o g ra p h y , vol. 1 of 
"Monographs in Population Biology,” copyright © 1967 by Princeton University Press

Figure 8: Model of species equilibrium on a single island (see 
text).

assessment o f the importance of size o f area and degree 
of isolation upon the two processes and upon the equilib­
rium number of species. Large size and weak isolation, for 
instance, are conditions eonducive to a large equilibrium 
number (many species), and small size and large isolation 
yield a small equilibrium number (fewer species).

If the environment changes, however, the equilibrium 
number is subject to change. The shifting of average tem­
perature over a long period of time in water, for example, 
may enable more species to exist at a given position in 
that body of water. In the terrestrial environment, the 
geographic distribution of climate has changed frequently 
in the past, which has caused a change in the distributions 
of organisms.

CHANGES IN DISTRIBUTION WITH TIME
Interpretation of past biological events will always remain 
a challenge because the necessary information will never 
be complete. The determination of past distributions of 
organisms, and changes in them, is biological detective 
work with generally few clues at hand. It is first o f all 
dependent upon fossils that can be identified and located 
as to place and time of occurrence. Attention is föcused 
less on individual species than on large groups (such as 
a family or order) or an ecological assemblage (such as a 
community or population). It is, secondly, based upon the 
principle that biological and ecological processes operating 
today are the same as those that operated in the past.

Gentres of evolutionary origin. A survey of many groups 
of organisms shows a common pattem. It is characterized 
by evolution and proliferation (adaptive radiation) into a 
diversity of types adapted to performing a variety of eco­
logical roles. The adaptive radiation of marsupial mam­
mals in Australia from a primitive insectivore is a good 
example. The evolutionary processes are accompanied by 
expansion of distribution ranges and a geographic radia­
tion. There follows recession or contraction o f distribution 
ranges, of the group as a whole or of individual species, as 
new groups arise and partly supplant their predecessors. 
Superimposed upon this pattem are large-scale shifts in 
distribution, without necessarily any expansion or contrac­
tion, as environmental conditions change; for instance, 
there was a steady southward shift of northern Vegetation 
zones during much of the Tertiary period (66.4 million 
to 1.6 million years ago), evidently caused by a cooling 
of northern climates. The distribution of organisms in 
the past can be viewed as an ever-changing kaleidoscope, 
the result of movements, countermovements, spreadings, 
competitions, extinctions, and replacements of a diversity 
of plants and animals over the whole of the diverse surface 
of the world.

An examination of the distribution of fossil material and 
the distribution of present-day organisms suggests that 
there were regulär aspects to the kaleidoscope. It has been 
recognized, for example, that there were major centres 
of origin and evolution of terrestrial vertebrates, although 
the identification of these centres has not met with unan- 
imous approval because the fossil evidence by itself is 
not convincing. Some biologists have suggested that the 
north temperate zone was the centre of origin because its 
variable climate continually presented challenges to verte­
brates, to which the vertebrates responded evolutionarily 
by diversifying. Others have argued instead for the tropics 
as a centre of origin and evolution, in view of the greater 
number and variety of species in the tropics than in ei­
ther temperate zone today. Furthermore, north temperate 
forms are not usually peculiar to the north, but are repre- 
sentatives of groups also present, often more abundantly, 
in the tropics; among birds, the hawks, owls, and finches 
may be cited as among these forms. Finally, many groups 
present in the tropics are absent in the north.

There are other reasons for considering the tropics to be 
an evolutionary centre, and here historical clues play a 
large part. It seems reasonable to expect that (1) the region 
in which the largest number of species and genera existed 
in the past is where the majority of them originated, 
(2) the region of greatest degree of differentiation might 
be the place of origin of a group, and, finally, (3) the 
region of largest area would have been occupied longest.

The tropics 
as the evo­
lutionary 
centre
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The fossil evidence interpreted in the light o f these three 
Statements points strongly to the Old World tropics as the 
main origin of terrestrial vertebrates.

The subsequent spread of organisms. Environmental 
influences. Major shifts in the distribution o f whole fau- 
nal and floral assemblages can usually be correlated with 
inferred environmental change. At different times in the 
history of the Earth there have been different patterns of 
climate and, more particularly, the average temperature 
has been higher or lower than at present. Climatic changes 
have had profound effects upon animal and plant distri­
bution, both directly and indirectly. In colder periods, for 
example, the Earth was covered with more ice and less wa­
ter, and the sea level was sufficiently depressed that land- 
masses now separated by a water barrier were connected.

The best-known of these climatic changes is the most 
recent Ice Age, comprising several glacial (cold) and in- 
terglacial (warm) periods. The sea level was as much as 
120 metres lower than at present during glacial periods, 
and as much as 50 metres higher than at present during 
interglacial periods. These fluctuations affected organisms 
most profoundly in polar and temperate regions, least 
in the tropics.

At the start of the Tertiary (Paleocene epoch), there were 
great differences between the faunas and floras of North 
America and Eurasia. There then occurred, according to 
the geologie and fossil evidence, an interchange o f fau­
nas across a land bridge in what is now the Bering Sea. 
Initially, the interchange involved large parts of the Con­
tinental faunas and many major groups, most noticeably 
among the mammals. Subsequently, exchanges were in­
creasingly selective and tended to involve smaller fractions 
of faunas, progressively less distinctive types of animals, 
lower taxonomie categories only, and ecological types less 
novel in the invaded regions. This has been interpreted 
to mean that the land bridge was increasingly difficult 
to cross, perhaps the result of an increasingly effective 
climatic barrier; additionally, each continent may have 
become increasingly saturated with the major types of ani­
mals, making it progressively more difficult for a potential 
colonist to establish itself. This whole process, extending 
down through the Tertiary period and up to the recent Ice 
Age (Pleistocene epoch), was evidently interrupted three 
or more times by submergence and subsequent elevation 
of the land bridge.

The One of the species of mammals taking advantage of
dispersal the land bridge across the Bering Sea was man himself.
of man By late Pleistocene times man had become a dominant 

species throughout the Old World. In several waves of dis­
persal, man entered North America, probably at the last 
Continental glaciation. Dispersal and changing (mainly ex­
panding) distribution have continued to be characteristic 
of the species.

In contrast to the events in the far north, North and 
South America were separated during most of the Tertiary 
period. They were connected by land possibly at the be­
ginning of and then again late in the Pliocene epoch. The 
effect o f this Pliocene connection upon the distribution 
of organisms can be illustrated with mammals, of which 
many fossils are available. Before the connection was 
made, North America had about 27 families of terrestrial 
mammals, and South America had 29 families. Only one 
or twó families were common to both continents. After the 
connection, the number o f families in common rose to a 
maximum of 22. Incursions, withdrawals, and extinctions 
led to the stabilization of 23 families in North America 
and in South America, as before, 29. North America ben- 
efited by the arrival o f opossums, three families o f ground 
sloth, two stocks of armadillos, and many others. South 
America benefited by the arrival o f several species or gen­
era o f cats (including saber-toothed cats), horses, camels, 
elephants, tapirs, and rabbits. Most have survived to the 
present day, although tapirs, camels, elephants, horses, 
and sabre-toothed cats have since disappeared from North 
America, and South America has lost a portion of its 
rieh fauna also.

The recurring expansion and contraction of distribution 
ranges have produced some pattems exhibited by Con­
temporary organisms that at first sight seem inexplicable.

Continuous distributions are not difficult to understand; 
but what past events led to the highly discontinuous or 
disrupted distributions evident today, such as the distribu­
tion of horseshoe crabs in North America and Southeast 
Asia? Migration from one area to another is possible but 
unlikely; it is more likely that the distribution was once 
more widespread and either continuous or moderately 
discontinuous and that a shrinking of distribution range 
has occurred. The distribution of fossils indicates that 
horseshoe crabs were widespread and abundant in the Pa- 
leozoic era and that a restriction of range occurred in the 
Mesozoic, possibly as a result of competition with newly 
evolved marine invertebrates.

Other species were profoundly affected by climatic dis­
turbances, such as the recent Ice Age, surviving partly in 
relatively small areas o f suitable habitat, or refuges, and 
partly in larger areas farther away, to which they dis­
persed when the climatic change rendered the previously 
occupied area unsuitable. The evidence for this consists of 
numerous instances of much differentiated forms isolated 
from the main range o f the group. These are referred to 
as relicts. Examples are Arctic plants found isolated on Relicts 
mountaintops in north and middle Europe. Even before 
Darwin’s time, their occurrence was explained as due to 
survival in refugia, areas untouched by glaciers but once 
surrounded by them.

Certain groups of Coastal plants still may be confined 
to their glacial refugia because they are not evolutionarily 
versatile enough to break out from them; their variability 
became restricted during the past glaciation when new 
variants would have been at a disadvantage owing to 
the harsh conditions. In contrast, there are some species, 
termed disharmonious relicts, which occur in unusual and 
isolated habitats where they are thought to have survived 
because of broad ecological tolerance in the past.

Relict pattems of distribution are found on islands as 
well. These are in irregulär and unpredictable pattems 
interpreted as having been formed by partial extinction 
of an old fauna or flora formerly common to all the 
islands. They are most pronounced on oceanic islands.
An example is the distribution of frogs on islands in the 
Indian Ocean. The pattem is replete with discontinuities 
and mixed relationships, which indicates that the fauna 
is partly a relict one and that existing geographic rela­
tionships are partly the result of extinction and survival 
rather than of direct dispersal. The relict pattem of distri­
bution contrasts with an immigrant pattem, characteristic 
of Continental islands, in which the number of species in 
a taxonomie group decreases in more or less orderly fash­
ion with distance from the continent, although modified 
by island area.

Geologie influences. Much has been said about the dis­
tribution of terrestrial organisms, as if the organisms have 
moved and the land has stood still. But, in fact, a large 
body of geologie and fossil evidence suggests that the con­
tinents have not always been in their present positions.
In view of this evidence, the distributions of organisms, 
in relation to the Earth’s axis, have undergone even more 
change than has been referred to so far.

The theory of Continental drift holds that the continents Continen- 
were once connected but that they split apart during or after tal drift 
the Triassic period (245 million to 208 million years ago) 
and gradually drifted apart. In conjunction with seafloor 
spreading and mountain building, Continental drift con­
forms to a broader theory according to which large plates 
making up the Earth’s ernst “float” on the molten mantle, 
variously colliding and separating (see p l a t e  t e c t o n ic s ).
The earliest proponents o f a once-unified landmass cited 
as evidence the present shapes of continents. The outline 
of West Africa, for example, is complementary to that 
of eastem South America. In fact, if  the two continents 
are fitted together like a Jigsaw puzzle, the Paleozoic and 
early Mesozoic rocks of the continents in the vicinity of 
their (present) coasts show remarkable correspondence in 
structure as well as magnetic orientation. The paleonto- 
logical evidence is that the flora and fauna of the two 
continents showed a great degree of resemblance in those 
early times, and this resemblance may have diminished 
progressively thereafter.
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Human influence. The agricultural, industrial, and com­
mercial activities o f humans have had an enormous im­
pact upon the distribution of organisms. In the last 10,000 
years human beings have replaced the climate as the most 
important agents of change.

Some organisms are more widely distributed now as a 
result of human activities, many more are more restricted, 
and a sizable number have disappeared altogether. Since 
1600, almost 100 species of birds and 40 species of mam­
mals are known to have become extinct, and it is probable 
that humans exercised an important, if not decisive, in­
fluence in these extinctions. Moreover, many species are 
now on the verge of extinction, again largely because of 
human activities.

Human influence upon the distribution o f organisms has 
been, and continues to be, needlessly destructive. Admit- 
tedly, some destruction is probably inevitable, since species 
like man, with novel ecological features, spread and cause 
a reduction in numbers of other species. But this process 
leads to a state of dynamic equilibrium, to something 
approaching stability. Unfortunately, modern man shows 
no sign of approaching an equilibrial relationship with his 
environment in the immediate future. (P .R .G ./ E d .)

Biotic interactions

As previously noted, no species lives in isolation from 
other species. Plants grow together in spatial patterns de­
termined in part by competition and are fed upon by 
characteristic herbivorous animals, which in turn serve as 
food for carnivorous animals. Both plants and animals are 
attacked by parasites. Animals interact with each other 
competitively and sometimes beneficially. Some of these 
interactions are temporary, casual, and of minor impor­
tance, whereas others are permanent, vital, and of major 
significance.

Biotic interactions may occur between members of the 
same species (intraspecific interactions) or between two 
or more species (interspecific interactions). They may in­
volve nutritional benefits, space in which to live, shelter 
or protection, transport, or reproductive capability. Many 
interactions are highly specialized and complicated, in­
volving adaptive changes in structure, function, behaviour, 
and ecology. Some create negative effects upon the inter- 
actants, reducing survival or reproductive success; other 
interactions produce positive effects, increasing survival 
or reproductive success. In some cases, members of an 
interaction are apparently unaffected.

Biotic interactions are significant not only because they 
influence individual species but also because they consti­
tute the principal stabilizing, connective linkages among 
the various species contained in a biological community. 
In a general sense, species in a biological community per­
sist in relative harmony because of biotic interactions, de­
spite individual gains and losses. As a consequence of this 
web o f interactions, the community as a whole persists, 
with all species ultimately contributing to its continuation.

INTERACTIONS WITHIN A SPECIES
Negative interactions. Intraspecific competition pro­

vides the ultimate force limiting the abundance of a 
species in a community. Natural enemies may be pres­
ent or absent, but others of the same species are always 
present, providing the competition that insures against 
overexploitation of available resources and the irreversible 
destruction of a community due to overpopulation.

Cannibalism, fighting, and territorial defense are some of 
the overt methods by which competition manifests itself. 
Many animals, both herbivores and carnivores, exhibit 
cannibalism when overcrowded, and some are cannibal- 
istic whenever they contact another of their own species. 
The codling moth Caterpillar (Cydia pomonella) in the ap- 
ple is of the latter sort; hence, there is never more than one 
worm per apple. Mice and rats, when crowded, undergo 
psychological disturbances leading to excessive fighting 
and litter destruction. Territoriality, the dividing up of 
resources, mostly space, is a common means of defense 
against overcrowding. It differs from simple aggression in 
that, instead of involving individuals against individuals,

it involves groups of individuals, breeding pairs, families, 
or herds. Migration away from overcrowded conditions is 
another common intraspecific response. It may be indi- 
vidualistic, with each member of a population going its 
own way, or it may involve mass flight, such as occurs 
with locusts, butterflies, and birds.

Positive interactions. On the positive side, numerous 
interactions among individuals of the same species lead 
to clustering, aggregation, swarming, herding, and, ulti­
mately, development of social groups. Tent Caterpillars 
(Malacosoma) live together in large colonies, foraging to­
gether in masses and resting at night in communally spun 
silk tents. Isolated Caterpillars are unable to survive; only 
the aggregation thrives. Parental care provides the basis for 
many aggregations of like individuals. Parental protection 
of the egg, as occurs in birds, some insects, and some fish, 
is the simplest form of care. Feeding and protection of the 
young is a more advanced level o f care. Insect societies, 
in which one reproductive adult, the queen, is served by 
her own progeny, represent a still more highly developed 
custodial configuration. In such cases the offspring remain 
with the parent, providing protection for the colony, care 
of younger members, nest building and cleaning services, 
and food gathering and storage. Division of labour to at­
tend to these services is common.

Some species live in habitats where—because of small 
size and weak flight ability, limited and scattered resources, 
and relatively low population densities—the chances of 
the mature sexes meeting for reproductive purposes are 
low. One method for overcoming this hazard is the phe­
nomenon ö f autoparasitization, in which one sex lives as a 
virtual parasite on the other, an unusual form of intraspe­
cific interaction. Certain insects exhibit this mode of life: 
the males of scale-insect parasites develop as hyperpara- 
sites ön their own females. Some deep-sea angier fish also 
employ this habit, with the very small adult male living in 
permanent attachment to the body of the larger female. In 
such situations the association of the sexes is facilitated, 
and reproduction in hazardous environments is ensured.

THE RANGE OF INTERSPECIES ASSOCIATIONS
One system of analyzing two-species interactions assigns 
positive (+), negative (—), or neutral (0) value to the in- 
teractants on the basis o f how they affect each other. If 
the survival or reproduction of a species is enhanced, it is 
a gain and given a plus value. If survival or reproduction 
is reduced, it is a loss and given a minus value. If survival 
or reproduction is unaltered and the species unaffected, 
it rates a zero value. From such a rating scheme, a two- 
species (A, B), three-effect (+, 0, —) table can be con­
structed in which the bases for association (symbiosis) of 
all biotic interactions can be defined (see Figure 9).

species B (small, weak) 
+ 0

interdependence
(obligative
mutualism)

protocooperation
(facultative
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+, Q
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0 , + 0 , 0 0 , -
commensalism neutralism amensalism

(competition)
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a

Figure 9: Bases for association of all biotic interactions.

Mutualism (+, +) is an association of two different 
species that results in mutual benefit or gain. Obligative 
mutualism requires that both members interact together, 
or neither survives. Facultative mutualism, or protocoop- 
eration (+, +), refers to a less-rigid association in which 
one or both members can survive in the absence of the 
other. In commensalism (0, + )  one member benefits while 
the other remains unaffected. A case in which the small 
or weak species is unaffected while the larger or stronger

Positive, 
negative, 
and neutral 
effects
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benefits, especially in nutritional relations, is sometimes 
called allotrophy (+, 0).

In parasitism (—, + ) the smaller organism benefits at the 
expense o fth e larger. Many parasites are microorganisms 
that cause disease, but not usually the death, of the host. 
A special case of parasitism, which involves insects that 
do kill their hosts, is called parasitoidism. Predation (+, 
—) refers to an association in which a large or strong 
animal consumes a small or weak animal. Herbivory (+, 
—), the consumption of plants by animals, is generally 
comparable to predation. Amensalism (0, —) occurs when 
one organism loses while the other organism is unaffected. 
Unilateral competition, to which the term competitive ex- 
clusion refers, arid antibiosis, in which one species remains 
unaffected while ä competitor is deprived, are examples 
of amensalism. In antagonism (—, —) both species lose or 
are harmed. Neutralism (0, 0) is an association in which 
neither species is affected by the presence of the other, the 
two species sharing a localized resource or habitat.

The following sections will provide selected examples 
of the various forms of biotic interactions, based on the 
definitions above. The emphasis rests on the pattern of 
the interactions rather than the symbiotic associations 
themselves.

c o n s u m p t io n : o r g a n is m s  e a t in g  o r g a n ism s

Herbivory: animals eating plants. Herbivory constitutes 
one o fth e  most important classes of biotic interactions. 
It serves as the main connection between all plant and 
animal life, the basic food association (trophic link) 
through which the composition, dynamics, and Variation 
of community structure takes place. All higher organisms, 
primary and secondary carnivores and scavengers—essen­
tially all the remaining links in the community food chains 
and food webs—are more or less dependent on this basic 
link (see Figure 10).

Herbivory is encountered at all levels of animal life, from 
the smallest to the largest animal, and in all habitats. No 
plant species is exempt, whether in the Arctic tundra, the 
tropical forest, or the desert and whether on the highest 
mountain, along the seashore, or in mid-ocean. It is a 
reciprocal interaction, or coaction, wherein the number or 
quantity of plants is altered by the number and consump­
tion rates of the herbivores and in which, conversely, the 
number of herbivores is limited by the quantity of plants. 
This coaction, therefore, may approach a state of balance 
in which the amount of plant material is just sufficiënt 
to sustain the number of herbivores associated with it, 
and the herbivores collectively remove only the surplus 
plant material produced. The manner in which specific 
herbivores respond to the results of this interaction is 
dependent on their food habits. Species that require one 
kind of plant material are very sensitive to changes in 
abundance of their preferred food, whereas less-specialized 
species simply shift their attentions to other plants when 
the quantity of a given one fluctuates.

The degree of herbivory is rather wide. A plant may 
be totally consumed, as it is when a protozoan or a fish 
consumes unicellular planktonic algae. Vital parts of a 
plant may be eaten, leading to the eventual death of the 
individual, as occurs when bark beetles girdle a pine tree 
or when birds eat the tender tips of germinating plants. 
When only non vital parts o f a plant are eaten—including 
leaves, twigs, and roots—the plant may be stunted or not 
affected at all. In the latter case, which is quite common, 
the herbivore is truly living on “surplus” plant life.

Herbivory is one factor responsible for limiting the 
amount o f plant life in a community and, therefore, in- 
fluencing the composition o f communities. It serves as an 
important means of recycling plant tissues back into the 
nutriënt minerals, carbon dioxide, and water from which 
they were derived and enters into the determination of 
the numbers and kinds o f animals associated with the 
community.

Plant pests can drastically reduce the growth or produc­
tivity o f crop plants. Successful attempts to use specific 
herbivorous insects to control certain weed species (e.g., 
cactus in Australia or the poisonous Klamath weed in 
California) and the remarkable recovery of plant popula-

Figure 10: A  representative food w eb com prising several 
interacting food chains.
From B io lo g ic a l S c ie n c e : A n  In q u iry  in to  L ife , 2nd ed. (1968); Harcourt Brace Jovanovich, Inc., 
New York; by permission of the Biological Sciences Curriculum Study

tions when an adverse factor is removed (e.g., a pest) or 
a stimulating factor is added (e.g., nutrients) suggest that 
herbivore-plant interactions are of critical importance to 
community composition. Plant-animal interactions are 
also illustrated in the overgrazing that occurs when deer, 
protected against predators, increase to such numbers that 
a plant community is threatened by excessive browsing. 
Grazing by stock animals, sheep, and cattle is an impor­
tant factor in the composition of range and pasture lands; 
if excessive, grazing can actually destroy such communi­
ties. A rapid increase in plant growth brought about by 
excessive nutriënt deposition (eutrophication) in bodies of 
water through runoff of soil fertilizers and discharge of 
municipal and industrial wastes results in “blooms” of 
aquatic algae and the disruption of the normal trophic 
balance between algae and algal feeders.

The concentration of a few plant species into large 
areas, as is the general practice in agriculture, provides 
a potential for excessive herbivory. Such large tracts of 
single crops (monocultures) concentrate and augment the 
numbers o f  herbivores (when insects, they are usually 
called phytophages) to the point that massive population 
outbreaks commonly occur. By contrast, natural commu­
nities, which are diverse in species, are much less prone 
to support pest outbreaks: an expression of the ecological 
principle of stability in diversity in community life.
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Predation: animals eating animals. Just as most plant 
species are fed on by herbivores, so are most animal 
species subject to predation by other animals. By feeding 
upon and reducing the numbers of both herbivores and 
other camivores, predators constitute the higher links in 
the nutritional pathways characteristic of communities. 
Predators substantially affect the numbers of herbivores 
and thus influence their impact on plants. When the num­
bers o f predators fluctuate, their effects upon prey and 
plants vary accordingly (see below Biological populations: 
Changes in population characteristics: Fluctuations in sta­
ble populations).

Because of the obvious importance of and interest in the 
mechanics of predation, predator-prey interactions have 
been the subject o f much scientific research. Laboratory 
and theoretical studies have been made of isolated preda- 
tor-prey “systems” and of predator-prey “models.” The 
degree to which such systems and models simulate natural 
predator-prey population fluctuations has been used as a 
basis for judging the “soundness and realism” of the sci­
entific methods and for “explaining” the process of preda­
tion. Simple mathematical expressions have been devised 
that represent predator and prey numbers and indicate 
that predators vary in numbers in a smooth, oscillatory 
manner purely as a result o f prey abundance changes, and 
vice versa. This latter result, that prey oscillate because 
of predation, is the important new “evidence” that prey- 
predator interactions are, indeed, reciprocally coupled.

The importance o f predation in determining prey abun­
dance and community stability can be illustrated by sev­
eral examples. When man (a predator) overexploits his 
animal resources (in effect, prey), they decline in numbers 
sufficiently to affect subsequent utilization (consumption). 
Such is the result when fish, whales, sea otters, buffalo, 
and other animals are excessively hunted. Whales and sea 
otters have declined drastically; buffalo became extermi- 
nated as a wild animal, and grizzly bears, mountain lions, 
and elks similarly are threatened with extinction. 

Predators An illustration approaching the point from the opposite 
to control side is the employment by humans of predators to con-
pests trol pests, a technique called biological pest control. The

effective suppression of the cottony-cushion scale (Icerya 
purchasi) pest o f citrus in California in the late 1800s by 
use of the Australian ladybird beetle (Rodolia cardinalis) 
is a classic example. Since that time more than 100 suc­
cessful cases of biological control, leading to permanent 
suppression of pests, have been accomplished.

The unintentional unleashing of new pests through the 
use of pesticides, which cause the destruction of natural 
enemy predators, illustrates the delicate balance between 
predator and prey that exists in most communities.

Occasionally, outbreaks of predators occur, with resul- 
tant drastic impact on prey populations. An example is 
in the Great Barrier Reef, Australia, and near Guam, 
in the western Pacific, where the crown-of-thorns starfish 
(Acanthaster planci), a predatory species, has increased in 
numbers that have seriously reduced the abundance of 
many corals. Sometimes the predator attacks a valuable 
resource of humans. The whelk, a marine snail, attacks 
oysters. An American whelk, the oyster drill (Urosalpinx 
cinerea), has invaded oyster beds off southem England, 
causing severe reductions in harvest since the late 1950s. 
And humans have always been uneasy about both bird 
and mammal predators— such as hawks, eagles, coyotes, 
wolves, and foxes—that attack their domesticated animals.

PARASITIC INTERACTIONS
Parasitism. In practically every community, plant and 

animal populations are burdened with parasites, which 
include viruses, fungi, protozoans, nematodes, many ma­
rine and freshwater coelenterates, flukes and tapeworms, 
leeches, some insects, certain birds, and higher plants such 
as dodder, mistletoe, and broomrape. A parasite usually 
does not kill its host (if it does, the parasite itself may 
die before reaching a new host), but it generally reduces 
the growth rate, survival ability, and reproductive capac­
ity of the host. From an ecological standpoint, therefore, 
parasitism does constitute a considerable burden on a 
host population.

Parasites that live on the body surface o f the host are 
called ectoparasites. They do not commonly cause disease 
in their hosts but rather suck blood or create superficial 
damage to the skin; examples include leeches, fleas, lice, 
and ticks. Other parasites live inside the host’s body—  
either in cells or in spaces lined by cells (e.g., intestine, 
blood vessels, mouth, etc.). Parasites that live within host 
cells—such as many bacteria and viruses—are called in­
tracellular endoparasites; those that inhabit spaces within 
the host’s body are called intercellular endoparasites.

Many disease-causing organisms, or pathogens, are en­
doparasites carried from host to host by some other 
organism; malaria, for example, is caused by a proto­
zoan endoparasite transmitted by mosquitoes. In such 
situations, the biotic interaction involves three necessarily 
coexisting species: the pathogen, the carrier (or vector), 
and the host. A number o f plant diseases transmitted by 
insects are dependent on carrier density, pathogen abun­
dance and virulence (disease-producing power), and host 
density. Host susceptibility is also a significant factor in 
influencing the outcome of host-parasite interactions. In 
Europe the Dutch elm disease fungus (Ceratocystis ulmi) 
is a minor pest o f elm trees (Ulmus). When this pathogen 
established itself in North America, however, it severely 
infected native American elms (U. americana), which were 
more highly susceptible than their European counterparts.
A similar event occurred when the chestnut blight (En- 
dothia parasitica), a fungus native to chestnuts in China 
and Japan, invaded North America and devastated stands 
of native chestnuts (Castanea dentata).

Not all invading parasites are microorganisms, however.
The sea lamprey (Petromyzon marinus), an ectoparasite 
on fish, attachés itself to its host by means o f a suckerlike 
mouth with which it sucks blood and soft tissues. The sea 
lamprey is native to the North Atlantic, living in the ocean 
but breeding in Coastal rivers and streams. It was able to 
move into Lake Ontario but no farther, being blocked by 
Niagara Falls. After construction o f the Welland Canal, 
however, which bypassed the falls, the lamprey invaded 
the remaining Great Lakes and began decimating the pop­
ulations of commercially valuable fishes.

An intermediate host—interposed between the target Inter- 
host and parasite— adds ecological complications to host- mediate 
parasite interactions: the parasite, host, and intermediate hosts 
host must all be present in the same community in suit­
able numbers at the same time. The liver fluke (Fasciola 
hepatica) that attacks sheep and cattle, for example, re­
quires an aquatic snail as an intermediate host; there is 
no direct transmission of the fluke from sheep to sheep.
Sheep, snail, fluke, pasture, and aquatic habitat must 
all coexist in the same community. Many other com­
mon parasites similarly require an intermediate host; e.g., 
malaria, sleeping sickness, and wheat stem rust. One rea­
son that such complicated three-component interactions 
are so common is that with at least one of the organisms 
the reproductive capacity is very high; this increases the 
likelihood of continuation of the pathogen. Furthermore, 
in the case of parasites carried by insects, the motility 
and numerical abundance of the insect carrier facilitates 
parasite dissemination.

Parasitoidism. Parasitoids—insects that parasitize other 
insects—differ from true parasites in that, like predators, 
they always kill their hosts. Most are free-living in the 
adult stage. In a typical life history, the female parasitoid 
lays an egg in or on a host; the ensuing larva feeds upon 
host fluids and tissues, eventually killing the host; and 
the fully developed larva pupates and later emerges as an 
adult. Most species of parasitoids have a distinct prefer­
ence as to the stage of host attacked, whether egg, larva, 
pupa, or adult.

Parasitoids are among the most important agents in lim­
iting the numbers of other insects. For this reason they, 
along with true insect predators, are frequently sought and 
used by humans as control agents for insect pests. Almost 
all insect species are attacked by one parasitoid or an­
other. Some parasitoids are gregarious, with several living 
in one host simultaneously; others are solitary, with only 
one developing in a host. Certain wasp parasitoids exhibit 
polyembryony, wherein one egg deposited in a host may
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give rise to dozens or thousands of parasitoid embryos, 
and the host is literally overwhelmed by the developing 
parasitic larvae. In some parasitoid flies the female lays 
her eggs on leaves, and the host becomes infected by eat­
ing the egg-bearing leaves. Other parasitoid flies lay their 
eggs on the backs of hosts, and the larvae hatch out and 
bore into the host body.

The parasitoid’s life cycle is always well attuned to that 
of its host. If the host is a leaf-feeder and found only in 
the foliage of trees, that is where the female parasitoid 
searches for them. If the host has but one generation a 
year, so usually does the parasitoid. If the host passes the 
winter hibemating in the soil, the parasitoid generally does 
likewise, emerging from the soil in the spring soon after 
the host does.

Hyper- A parasitoid may itself sometimes be parasitized. In such
parasitism cases its parasites are called hyperparasites. The hyperpar- 

asitic habit, commonly found in insects, may extend to 
several levels; for example, an aphid (order Homoptera) 
can be attacked by a solitary, endoparasitic aphid wasp 
(family Pemphredoninae), which, in turn, may be para­
sitized while still within the host’s body by an endoparasitic 
gall wasp (family Cynipoidea). Moreover, the gall wasp 
can itself be attacked by an ectoparasitic pteromalid wasp. 
In theory even additional levels of parasitism are possible.

The free-living habit of the adult parasitoid enables it to 
spread rapidly from host to host throughout a community. 
Because the host almost always dies as a result of a para­
sitoid attack, few host-immunity responses have evolved. 
Only when parasitoids attack unusual hosts—those not in 
their normal host range—can a host survive and some­
times elicit an immune response to further attacks. The 
true parasite and the parasitoid can sometimes interact in 
their association with a host insect. Some parasitoid wasps 
coincidentaliy distribute pathogens from host to host when 
they deposit their eggs.

Brood parasitism. Brood parasitism, the laying of eggs 
in another animal’s nest to be reared therein by the host, 
occurs in certain birds, including the cuckoo and the cow- 
bird, and in certain insects, including cuckoo wasps. The 
female cuckoo bird (family Cuculidae) lays an egg in the 
host’s nest, where the hatched cuckoo chick either kills or 
pushes out the host’s brood, so that it is reared alone until 
it can fly. The cuckoo wasp (family Chrysididae) accom- 
plishes much the same result, except that its host is one 
ofthe social wasps or bees. It enters a colony and lays an 
egg in one of the compartments, or cells. After hatching, 
the parasitic larva destroys the normal cell occupant and 
is taken care of by the colony workers.

The cuckoo habit is a balanced one, not being so efficiënt 
as to suppress unduly the host population but effective 
enough to assure perpetuation of the habit. In most cases, 
the reproductive habits o f the host species enable progeny 
to be produced at times when the brood parasite is not 
active.

AMENSALISM AND ANTAGONISM
Competition. Competition occurs when two species uti­

lize a common, limited resource (such as food, space, or 
moisture), and, in so doing, one species interferes with, 
injures, or deprives the other. When the compëtitors are 
of the same species, intraspecific competition occurs (dealt 
with earlier). Populations of two species cannot persist 
together for very long in the same community when both 
compete for and are limited by a common resource. This 

Gause’s principle, known as Gause’s hypothesis, further suggests 
hypothesis that the species having the greater competitive advan­

tage— manifested in greater searching ability, more rapid 
exploitation of the resource, greater numerical growth 
rate per unit of resource attained, greater aggressive or 
fighting ability—in time gains more and more of the 
limited resource. Competitive interactions between species 
are resolved in either of two ways: (1) the exclusion or 
displacement o f one species by the other or (2) the coex- 
istence of the twq competing species as a result o f minor 
differences in habit or because their numbers are limited 
by factors other than the resource under consideration; 
When a species in vades the habitat or community of an­
other species and both occupy the same niche, either the

incumbent will persist and the in vader will disappear, illus- 
trating competitive exclusion, or the in vader will become 
established and the incumbent will disappear, resulting in 
competitive displacement.

Actual competition is difficult to see in nature, since a 
community usually contains “superior” competitors only, 
the lesser adapted species having already been ejected 
from the area. When a species in vades a new habitat, 
however, either through its own dispersive powers (rare) 
or through human activities (common), competition can 
be observed in Operation. Hence, when settlers established 
themselves in western North America and brought with 
them grains and forage grasses for their livestock, they 
also brought, unwittingly, many weed seeds from Europe.
Many of those wêeds and foreign forage plants became 
established, forcing out or eliminating many native plants.
The Klamath weed (Hypericum perforatum) is a remark­
able example of the way in which weedy competitors call 
succeed in a new habitat. Gäining a foothold in California 
a few years before 1900, Klamath weed established itself as 
the dominant perennial on low-elevation rangelands. Sev­
eral decades later, millions of acres of land were infested.
Only when the weed itself was suppressed by biological 
control agents in the late 1940s were the displaced native 
species able to retum to their old habitats. In England 
the shrub purple-flowered rhododendron (Rhododendron 
ponticum), an in vader from the Continent, has become 
a pest in wooded areas, displacing holly and preventing 
regeneration of oaks and other desirable trees.

Many insect in vaders have displaced incumbent species Insect 
through competition. The Argentine ant (Iridomyrmex in vaders 
humilis) and the imported fire ant (Solenopsis saevissima 
richten), both invaders of North America from South 
America, have displaced many native ant species. When 
the Oriental fruit fly (Dacus dorsalis), the maggots of 
which feed on tropical fruits, invaded Hawaii in the 
mid-1940s, it apparently displaced an earlier invader, the 
Mediterranean fruit fly (Ceratitis capitata), from all the 
low-elevation habitats that the latter had occupied for so 
many years. The Mediterranean fruit fly was forced up 
into higher elevations on volcanic slopes, where coffee re­
mained its major host, leaving the lower slopes and shores 
to the newer in vader.

In aquatic habitats, aggressive fish such as carp and perch 
commonly displace trout and other game fish. When the 
long-legged crayfish (Potamobius leptodactylus), a native 
of eastem Europe, was introduced into some central Eu­
ropean lakes, it totally displaced the native broad-legged 
crayfish (P. astacus).

Laboratory experiments also show the nature of com­
petition. When two species o f the single-celled protozoan 
paramecia compete for food and space in small glass 
tubes, One displaces the other, even though both thrive 
when grown alone. Similar results are obtained when the 
confused flour beetle and the red flour beetle (Tribolium 
confusum and T. castaneum) are cultured together in jars 
of medium. Either species, living alone, limits its own 
population numbers (intraspecific competition) through 
such self-regulatory actions as cannibalism (adults and lar­
vae feed on eggs and pupae), interference with female egg 
laying, and defilement o f the common food supply. When 
populations of the two species are grown together, one 
species is eventually eliminated; the other persists. The 
interesting difference in these experiments is that, possibly 
because of slight variations in genetic composition of the 
organisms used, the same species does not always sur­
vive in every experiment. Rather, there is an element of 
probability as to the outcome. The probability of winning 
the competition can be varied, sometimes substantially, 
by altering the physical conditions for growth, such as 
temperature, moisture content, or humidity.

When two species of closely related water fleas, Daphnia 
pulicaria and D. magna, are cultured together with algae 
as food, both species increase in numbers for aboüt three 
weeks; then the D. magna population ceases to grow and 
instead gradually declines to extinction at the end of the 
sixth week. The competition for the common food sup­
ply, not important while the populations were small, soon 
becomes severe enough to affect strongly the less adapted
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o f the two competitors. On a different food supply, yeast 
cells, D. magna actually increases at a greater rate at first, 
but after about 24 days it reaches a peak and declines to 
extinction, as in the previous case.

It often happens that two species with similar niches 
occur in adjacent geographic areas and partially overlap. 
Coexistence in the area of o verlap is then possible as a con­
sequence of the continuous migration ofthe “excluded” 
species from its area of exclusivity. Displacement takes 
place, but the dispossessed are constantly being replaced 
by new immigrants into the “overlap” area. Eventually, 
if the area of overlap is broad enough, niche Separation 
may occur through the process of evolution. Niche Sepa­
ration, or displacement, is the shifting of one or the other 
competitor species from the common, limited resource to 
another resource not competitively limited. This can be a 
different food, different spatial habitat, or different nest­
ing site. An example of niche displacement is that of the 
finches on the Galäpagos Islands. Some of the 12 or so 
finch (order Passeriformes) species that have evolved from 
a mainland insect-eating finch have become vegetarian, 
whereas others have remained insectivores; some occupy 
ground-level habitats, others inhabit trees, and one lives on 
cactus; some eat seeds, others fruit. These are all ways by 
which the original stock extended into unutilized niches.

Occasionally, niche displacement is reflected in a struc­
tural or behavioral change in the species involved, a phe­
nomenon called character displacement. The change in 
character, or feature, occurs in the region of overlap but 
not in the regions of exclusive occupancy. A good example 
is provided by the same Galäpagos finches. Two species 
living on separate islands have approximately the same 
bill length; when they occur together on other islands, 
they exhibit altered bill dimensions, which reflect changes 
in food resources brought about by competitive interac­
tions. A similar displacement of characters is seen in two 
related ant species—the yellow ant (Lasius flavus) and 
the good ant (L . nearcticus)—that coexist in the eastern 
United States and differ in at least eight features. These 
differences are not apparent in L. flavus in areas where it 
occurs alone in the Western United States.

Antibiosis. Antibiosis occurs when one species inter­
feres with or injures another through the secretion of a 
Chemical substance. This commonly occurs among the 
bacteria and fungi and to a lesser extent among higher 
plants and some animals. The observance of such an effect 
in certain penicillium molds is well known. A bactericid- 
al substance secreted into the growth medium prevented 
the growth of competing microorganisms and led to the 
discovery of the antibiotic penicillin. A more complicated 
example concerns needle, or wire, grass (Aristida oligan- 
tha), which invades old-field communities. It secretes phe- 
nolic acids, which inhibit the development of nitrogen- 
fixing bacteria and the blue-green algae of the soil. This, 
in tum, suppresses the production of available nitrogen 
in the soil, thus slowing the invasion of other competing, 
nitrate-requiring plants into the grass community.

Antibiosis is the basis of the resistance exhibited by cer­
tain varieties of crop plants to insect attack. Com varieties 
resistant to the European com borer (Pyrausta nubilalis), 
for example, contain benzoxazolinones, Chemicals that acL 
versely affect larval growth and survival.

The discovery that many plants and some animals con­
tain or secrete Chemicals injurious to competitors or 
natural enemies has led to development of the study of 
allelopathy; the Chemicals are called allelochemics. This 
phenomenon—the suppression of some higher plants by 
Chemicals released by another higher plant—has been ex­
tended to include Chemical defenses of plants against her­
bivores, phytophagous insects against predators, and the 
resistance of hosts to parasitoids.

Examples of plant-to-plant antibiosis based on allelo­
chemics include the chaparral plants, whose toxic phenolic 
secretions are washed by rains into the soil, where they 
inhibit the germination and growth of herb seeds close 
enough to provide competition. The milkweed-feeding 
Caterpillar of the monarch butterfly (Danaus plexippus) 
acquires toxic Chemicals from its host plant, thereby ren­
dering the adult butterfly distasteful to bird predators.

Antibiosis can take forms other than Chemical defense. 
They include immune responses, whereby hosts defend 
themselves against invading parasites. Immune responses 
of a host to an invading organism can involve engulfment 
(phagocytosis), Chemical inactivation (precipitation), dis- 
solution (lysis), or encystment.

Mutual antagonism. Mutual antagonisms occur when 
a biotic interaction between two species results in harm 
or death to both. Most mutual antagonisms occur as a 
result o f competition for a limited resource. In some cases 
two pathogenic species together invade a host and thereby 
bring about its death, but in the process they destroy them­
selves; either pathogen alone would normally not destroy 
the host. An insect parasitoid and a predator occasionally 
engage in competitive interactions that result in death to 
both competitors, a phenomenon called synnecrosis.

When more than one insect parasitoid parasitizes a given 
host, competition for the host results. For example, when 
the female wasp parasitoids Praon exsoletum and Trioxys 
complanatus both attack the same aphid host, usually only 
one parasitoid survives, but occasionally the competition 
is so disruptive that the host dies as well, and with it all 
competitors. A Variation o f this habit is superparasitism, 
or the depositing by one species of more eggs into a host 
than can survive. The usual, adaptive outcome of such a 
Situation is the death of all but one, an example o f in­
traspecific competition. When hosts are in relatively short 
supply, however, superparasitism to an excessive degree 
commonly takes place. The result often is the death of 
both the parasitic larvae and the host itself.

It has been said that the true parasite rarely exploits 
its host to the point of death, for the death of the host 
means the death of the parasite. The “prudent” parasite 
has evolved to avoid such drastic interaction, and the host 
likewise has evolved a resistance (immunity) to a parasitic 
species of long-standing association. When the pathogen, 
however, invades a new host species or subspecies or a 
previously unparasitized, susceptible host population, the 
resulting association may be one of extreme virulence, 
with rapid onset of death of the host.

Another example of mutual antagonism that is clearly 
harmful to both interacting species is the case in which 
cattle consume halogeton plants, whose leaves contain a 
poison that frequently kills the cattle.

COMMENSALISM
In many communities there are species that benefit 
through interaction with other species, while the latter 
remain indifferent or unaffected. Such unilateral benefits 
include attainment of nutrients, space or support, shelter 
or protection, and transport. The commensal population 
is, by virtue of the association, increased in numbers 
through improved survival. If the commensal is obligato- 
rily associated with a host, it cannot live in a community 
that does not contain the host in question.

Nutritional commensalism. Nutritional commensals, or 
allotrophs, are well illustrated by the many organisms 
found in the alimentary tracts of higher animals. Such 
endosymobiotes use host waste products for food and ac­
quire suitable water supplies and a suitable microclimate 
in which to live. No harm is done to the hosts. Endosym- 
biotic bacteria and yeasts are found in most large mam­
mals, particularly cattle, horses, sheep, deer, and buffalo.

Numerous bacterial and yeast colonies grow on the bark, 
twigs, and leaves of trees and large shrubs, particularly in 
tropical habitats. These nonparasitic organisms live on the 
nutritious exudates and the decomposing bits and flakes 
of dead bark that coat the surfaces of such plants. In the 
soil many fungi and bacteria live on nutrients derived 
from the root exudates of higher plants.

Aquatic organisms with poor dispersal powers or poor 
food-gathering capabilities often attach themselves to 
species on whom they can depend to provide those qual­
ities. The small crab Lissocarcinus lives commensally on 
the surface of sea cucumbers (class Holothuroidea), being 
protected by colour camouflage from natural enemies and 
gaining its food simply by diverting bits of the plankton 
that is pulled into the sea cucumber’s mouth by feeding 
currents. Clown fish (Amphiprion), which habitually swim
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among the tentacles of sea anemones (order Actiniaria), 
are unaffected by the stinging cells (nematocysts) of the 
host, but they receive protection from small predators and 
also partake of surplus bits of any food captured by the 
anemone. The well-known remora (family Echeneidae) 
and the pilot fish (Naucrates ductof) also obtain their food 
from the activities of such hosts as a shark, marlin, or 
swordfish. The remora attachés itself to its host by a sucker 
organ, whereas the pilot fish swims in close association 
with the host. Both commensals feed on the leftovers of 
their host’s meals.

Numerous birds are food commensals o f other animals. 
Cattle egrets (Bubulcus ibis) in Africa follow herds of ele- 
phant, buffalo, or antelope, feeding on insects and grubs 
turned up by the grazing activities of such animals. The 
cowbird (Molothrus) behaves similarly with cattle in the 
Americas. In northern Europe, ptarmigan (Lagopus) travel 
with caribou in order to get the insects uncovered from 
the semifrozen sod. Gulls, lapwing plovers, and herons 
follow the farmer’s plow to attain soil organisms turned 
up to the surface. Gulls and albatrosses follow ships at 
sea, feeding on garbage tossed overboard or on small fish 
stirred up by the passing vessel. Vultures follow carnivores 
such as lions, leopards, jackals, and hyenas and scavenge 
upon what is left of a killed carcass.

Insects such as biting lice, fleas, and louse flies, com­
monly categorized as ectoparasites, are möre correctly des­
ignated ectosymbiotic commensals; they feed on feathers, 
sloughed-off flakes of skin, or waxy epidermal exudates. 
Only in the few cases of blood sucking are they regarded 
as true parasites.

Some insects and spiders closely resemble ants and as­
sociate with army ants in their foraging columns. These 
mimics feed on the booty flushed up by the foraging ant 
column. Certain ant mimics live within the nests of the 
host and as such are termed symphiles. Such symphiles 
include some of the rove beetles, claviger beetles, and 
certain mirid bugs.

Physical commensalism. The need for living space is a 
common basis for commensalism. In overcrowded com­
munities, offshore marine habitats, or tropical rain forests, 
many nonmotile (sessile) microorganisms are unable to 
find adequate sites on which to become established; 
hence, many of them attach themselves to the surfaces of 
other plants or animals. Most sessile or slow-moving ma­
rine animals—sponges, corals, bivalves, snails, turtles, and 
whales—carry ectocommensals such as algae, hydroids, 
and barnacles about with them. Woody plants physically 
support numerous orchids, ferns, bromeliads, grasses, and 
mosses of the tropics in tropical habitats. Trees in the 
temperate zone provide support for mosses and lichens,

Insects and mites live in birds’ nests or rodent burrows, 
feeding on dead organic litter. Nest inquilines—insects liv­
ing in the nests of bees, wasps, termites, or ants—subsist 
on excess food stores, nest materials, or dead hosts. Some 
inquilines apparently find the intemal physical habitat of 
these social insect nests favourable for their own well- 
being.

Batesian mimicry, the morphological and colour-pattern 
resemblance of certain animals to other animals, is a form 
of protective commensalism. Edible butterflies, through 
natural selection by predatory birds or toads, come to re­
semble, or mimic, distasteful butterflies, which are avoided 
by these same predators. Drone flies (Eristalis tenax) gain 
protection from predatory toads by mimicking bees that 
sting and hence are avoided. In such situations the mim­
icking species benefits by avoidance of predation, whereas 
the model is little affected, being neither harmed nor ben- 
efited by the mimicry.

Examples of protective commensalism include the bird 
species that build their nests near those of aggressive 
species, such as predatory birds or certain venomous or 
predaciöus insects. In Europe, house sparrows (Passer 
domesticus) and starlings (family Stumidae) often locate 
their nests at the sides of an eagle’s nest. In North Amer­
ica, house sparrows and grackles (family Icteridae) often 
nest in close contact to nests of ospreys. In both cases the 
“protector” species are interested in other prey: the eagles 
usually attack large rodents or larger birds; the osprey

preys on fishes. The cordon bleu weaver (Uraeginthus), 
of Africa, nests directly above colonies of the predatory, 
fiercely stinging papemest wasps, and the Asiatic wood- 
pecker Micropternus often builds nests inside the larger 
nest complexes of pugnacious Texas shed-builder, or acro- 
bat, ants (Crematogaster). These weavers and woodpeckers 
rarely feed on their insect protectors, and the latter appear 
never to attack the birds in their nests.

MUTUALISM
Facultative mutualism: protocooperation. Many plant 

and animal species interact facultatively in ways that are 
general and indirect but beneficial to both species. These 
relations, called protocooperation, can be considered the 
first evolutionary step toward mutualism.

The interactions that occur between soil bacteria and 
fungi and between them and higher plants growing in the 
soil are protocooperative. No species is dependent on such 
an association, but collectively all microflora and higher 
plants, with associated soil fauna, participate in determin­
ing soil composition, structure, and fertility. In the zone 
of plant roots, soil bacteria and fungi interact with each 
other, some producing nutrients (metabolites) required by 
others and all obtaining nutrients ultimately from root 
exudates and decaying organic matter. Plants benefit from 
the actions of this microflora by acquiring needed mineral 
nutrients and carbon dioxide.

Plants also interact protocooperatively with grazing her­
bivores. Although this relationship constitutes herbivory, 
grazing herbivores such as deer or cattle maintain a charac­
teristic plant association in their habitual grazing habitats. 
Removal of the grazing herds soon exposes the range or 
pasture to invasion by aggressive pioneer plants, including 
woody shrubs, brambles, and trees. If the grazers are re- 
tumed, the carrying capacity of the range, much reduced 
at first, is gradually restored as the grasses and browse 
plants return. The reason for this interaction is that grasses 
and browse plants grow from their bases rather than from 
their tips, so grazers rarely injure the growing crowns of 
such plants. Shrubs and seedling trees, on the other hand, 
grow from the tips of their sterns and hence are usually 
destroyed by grazing.

The natural control o f herbivore populations by natural 
enemies provides an indirect, protocooperative benefit to 
plants. These natural enemies (predators, parasites, and 
pathogens), whose direct influence on herbivorous and 
other animals has already been described, are some of the 
major factors that keep herbivore numbers in check. At 
a community level, this interrelatedness of trophic levels, 
plant-herbivore-camivore, constitutes a large-scale proto­
cooperative interaction.

Some of the relationships exhibited between ants and 
aphids are examples of protocooperation. Benefits are pro­
vided to both ant and aphid, but the relationship is often 
quite loose and facultative (a few such ant-aphid associ­
ations are obligatory and are treated in the next section). 
Generally, the ant member forages for food on trees and 
shrubs infested with such honeydew-secreting species as 
aphids, mealybugs, and some scales, collecting the sugary 
material and transporting it to its nest as food for devel­
oping young. In some cases the ant actually stimulates 
the aphid to secrete honeydew directly into its mouth. 
Some ant species even protect the honeydew producers 
from natural enemies, the consequences of which are 
noticeable: äht-attended trees usually bear much heavier 
infestations of aphids.

Plants whose flowers are pollinated by insects and birds 
benefit protocooperatively, particularly when the pollina- 
tor is a general one and the plant is attended by many 
different pollinator species. Many plants, particularly those 
with colourful, showy flowers bearing nectar glands, are 
the beneficiaries of cross-pollination accomplished for 
them by insects. The insect, of course, benefits from the 
supply of food in the form of pollen and nectar. Honeybee 
(Apis mellifera) colonies are used commercially to ensure 
pollination of many agricultural crops.

An interesting and apparently widespread form öf proto­
cooperation, called cleaning symbiosis, appears most no- 
ticeably in birds and fish. The Egyptian plover (Pluvianus
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aegyptius) picks insect pests from the backs of buffalo, 
antelope, giraffes, and rhinoceroses and even leeches from 
the open mouths of crocodiles. The cattle egret in Amer­
ica performs the same function. Certain fishes function 
habitually as cleaners o f other fishes, nibbling away at ec- 
toparasites, wounded tissues, and dead flesh. Even preda­
tory fish search out such cleaning symbiotes and remain 
passive while they are worked over. Such fish cleaners are 
often concentrated in fixed sites, called cleaning stations, 
where other fish come to be cleaned.

Müllerian mimicry, the close similarity in appearance 
of two or more unrelated species in which each species 
is more or less distasteful to predators, is a form of 
protocooperation. Such mimicry presumably benefits all 
participating species.

Obligative mutualism: interdependency. In many com­
munities the most stable, persistent, and interdependent 
associations between species are those based on obligative 
mutualism. Since the association is mandatory for the 
survival of each participant, coexistence in a given habitat 
is always required. Thus, ways have evolved to assure 
the perpetuation of the association from one generation 
to the next. Some of these means are intricate, involving 
adaptations in structure, behaviour, or life history so as 
to guarantee the coexistence of the partners. On the other 
hand, some mutualistic relationships are maintained sim­
ply through the high probability of mutual encounters as 
a result of the population density or great reproductive 
powers of one or both mutualists, or symbiotes.

A number of bacteria-protozoan associations occur in 
aquatic environments. In certain cases, endosymbiotic 
bacteria, which exist in the cytoplasm of protozoan flag- 
ellates, are able to digest cellulose in quantities to pro­
vide for themselves and their hosts. Associations of fungi 
and single-celled algae include the well-known lichens, in 
which the fungal member penetrates algal cells with feed­
ing tubes or haustoria, thus effecting an intimate physical 
interconnection. The mutual benefits derived from this as­
sociation are nutriënt exchange, maintenance of water and 
mineral balance, and resistance to drying or to extreme 
temperatures. Whether the association is truly mutualistic 
is difficult to resolve on formal grounds; some authorities 
contend that the fungi parasitize the algae. Ecologically, 
however, there is no question that the liehen is far better 
able to cope with its environment and to invade many 
more habitats than can either partner living alone.

Single-celled algae also enter into symbioses other than 
liehen formation, particularly in marine habitats where 
photosynthesis is restricted. Algae are symbiotic with, 
among other groups, protozoans, sponges, coelenterates, 
rotifers, flatworms, mollusks, echinoderms, and tunicates. 
The algal cell provides oxygen and manufactured food to 
its partner and, in turn, receives physical support, wa­
ter, minerals, and a proper environment. Some algae are 
acquired by ingestion (the more primitive mechanism), 
whereas others are inherited; i.e., transmitted during cell 
division of the host (the more advanced mechanism).

The association o f algae with a motile coral polyp is 
accompanied by remarkable behavioral alterations in the 
host, which reinforce the benefits derived. Free-living lar­
vae (planulae) of certain corals that contain yellow-green 
algae move toward light, whereas planulae lacking such 
algae are unresponsive to light. Corals endowed with algae 
grow more rapidly, take on different shapes, and are much 
denser than corals without algal members. In Caribbean 
mangrove,swamps, certain algae-containing anemones dis- 
tribute themselves in zones of intermediate light intensity; 
bleached anemones become indifferent to light or shade.

The important association of nitrifyihg bacteria with the 
roots of certain mostly leguminous plants is well known. 
Nitrogen fixation—the extraction of nitrogen from the 
environment—occurs only after the bacteria have invaded 
the plant roots and stimulated the host to form nodules 
that encapsulate the bacteria (a response of the host to 
infection). This association is closely related to parasitism. 
Nevertheless, the mutual benefits to the interactants are 
substantial: an environment and nutrients for the bacteria 
and improved fertility of the soil (by addition of nitrogen 
compounds) for the plant host.

Many insect species (perhaps most) contain microbial en- 
dosymbiotes, including bacteria, rickettsias, fungi, yeasts, 
and protozoans. These organisms provide required nutri­
ents for the host—often vitamins, occasionally digestive 
enzymes, and sometimes simple foodstuffs such as glu­
cose sugar. The host provides the symbiote with a pro­
tected microhabitat containing food, water, minerals, and 
the proper Chemical environment. The endosymbiotes are 
rarely found in the free-living state, and their hosts are 
unable to survive in their absence. They may be either 
extracellular—residing in the mouth, gut, rectum, blood 
spaces, or exeretory tubules— or intracellular—living in 
the cytoplasm of various cells o fth e host. Because ofth e  
intimacy of such symbioses and the dependent nature of 
the associations, intricate mechanisms have evolved for 
the transmission ofthe endosymbiote from one generation 
of the host to the next. In some conenoses (Triatoma) and 
seed bugs (family Lygaeidae), intestinal symbiotes are de­
posited as fecal material with the egg, and newly hatched 
larvae regain the symbiotes by consuming this material. 
In some stinkbugs (family Pentatomidae) the symbiotes 
are smeared on the oviposited egg shell, reinfecting the 
new hatchling as it emerges from the shell. In the olive 
fly (Dacus oleae) the egg is smeared with bacteria as it 
passes down the ovipositor, the bacteria penetrating the 
egg and becoming enclosed in the developing embryo. 
Finally, there are cases where the symbiotes penetrate the 
female ovary to invade the egg before it is even deposited; 
this occurs in some roaches, weevils, and ants.

One of the most notable mutualistic associations is that 
between certain wood-eating insects and cellulose-digest- 
ing protozoans. The wood roach (Cryptocercus punctula- 
tus) acquires the intestinal cellulose-digesting symbiotes at 
an early age, retaining them for life. The termite, also a 
wood-eater, loses its symbiotes at each molt (shedding of 
skin) during its immature stages. The termites, however, 
reinfect themselves: newly molted nymphs ingest anal se­
cretions from nonmolting nymphs and thereby obtain the 
intestinal organisms.

Numerous insects have become adapted to the use of 
fungi as specific food resources. These include the wood- 
boring insects that introducé and maintain fungal growths 
in their nest galleries and termites and ants that cultivate 
fungal “gardens” in their subterranean colonies. Various 
wood-boring insects possess this habit: ambrosia beetles 
(family Platypodidae), bark beetles (family Scolytidae), and 
sawflies (family Tenthredinoidea). The adult ambrosia and 
bark beetles introducé the fungus into the brood galleries 
they make when they invade a tree. The adult timber bor­
ers and sawflies lay their eggs on or beneath the surface of 
the bark of a tree, introducing the fungus along with the 
eggs. The fungi then grow in the galleries formed iri the 
wood and provide food for the developing insect larvae.

Myrmicine ants and certain tropical termites also are 
fungal “gardeners.” The fungus-raising termites (subfam- 
ily Macroterminae) apparently utilize the fungi to control 
the localized climate of the nest rather than to obtain 
food. In termite nests where fungal gardens thrive, both 
the relative humidity and temperature are maintained 
at relatively constant, high, favourable levels as a result 
of the metabolic activities of the fungi. Fungus-culturing 
ants, however, clearly acquire nutrients from their gar­
dens. Leaf-cutting ants (Atta) clip off and carry to their 
nests pieces of fresh leaves on which the fungi grow. The 
gardens are established usually in enlarged underground 
cavities, well ventilated, and tended by a class of workers 
who remove undesirable fungi and bacteria. All members 
of the colony feed on strands of the cultured fungi.

Certain insects are obligatory mutualists o f the plants 
they pollinate. The California desert yucca (Yucca) can be 
pollinated only by the yucca moth; the moth, in turn, is 
wholly dependent on the yucca flower ovary as a place 
to deposit its egg and develop its young. The common 
Smyrna fig (Fiscus carica) can fruit only after pollination 
by the fig wasp (Blastophaga psenes). This is a much more 
complicated process, since three different kinds of figs are 
involved in proper sequence: one for maintaining an over­
wintering population of wasps, one for producing adult 
wasps during the growing season, and one (the edible fig)

Insects that
cultivate
fungi



)9 8  Biosphere

Simple
iggrega-
;ions

that requires pollination but is otherwise unavailable for 
wasp reproduction.

Insects also enter into protective relationships with plants. 
The acacia ant (Pseudomyrmex ferruginea), which lives 
on and derives its food from the bull-horn acacia (Acacia 
comigera), protects the acacia from intruding vines, com­
peting plants, and herbivorous insects. The ant depends 
on the acacia, and the acacia cannot survive without the 
ant. A concomitant development of this mutualism is that 
this particular acacia has lost the Chemical defenses against 
insect defoliators that other acacias possess.

NEUTRALISTIC INTERACTIONS
The final category of interspecies association commonly 
encountered in communities is neutralism, the persistent 
appearance of two or more species together with neither 
benefit nor harm accruing to any. It is a commonplace 
that seems self-evident and without significance; thus, it 
is often ignored in discussions of symbiosis. Indeed, in 
some cases—perhaps most—this interaction is trivia! or 
accidental, yet in many communities such interspecific 
associations are characteristic. Most often, neutralistic as­
sociations occur when a common resource for several 
species is highly localized within the community, as when 
numerous species aggregate about water holes or streams. 
Insectivorous birds and predatory insects and rodents are 
persistent followers along foraging columns o f army or 
driver ants, not to prey on the ants but rather upon the 
organisms stirred up by the mass advance. Neutralistic as­
sociations are characteristic in the distribution o f trees in 
forests. The common Situation is mixed stands of different 
species rather than pure stands of single species.

POPULATION EFFECTS OF INTERACTION 
At the population level the interaction between different 
species can have two different effects, particularly when 
the interaction influences the survival or reproductive 
success of either species (see also below Biological popu­
lations). One effect is on the numbers of individuals in 
the interacting populations. The other is on the qualities, 
or properties, of the individuals in these populations. The 
first effect—the quantitative one—is the basis for the bal­
ance of nature, the state of rareness or commonness of 
different species. The second effect—the qualitative one— 
is an aspect o f evolution. Biotic interactions, when influ- 
encing the survival of a species, tend to produce changes 
in such aspects as structure, function, behaviour, and 
colour of the affected species. Since inherited changes in 
one species can serve as the basis for change in the other, 
biotic interactions between two species often lead to mu- 
tually induced changes in both, or coevolution.

Ecological aspects. The effect of one population on the 
numbers of another can be either positive or negative. A 
positive effect occurs when the survival or reproductive 
success of individuals of one species, or both, is enhanced 
and leads to an increase in the numbers of one or the 
other interacting population. Hence, an insect that con­
sumes pollen in seeking a meal will generally bring about; 
the pollination of the flowers of the host plant concerned; 
the result is an increase in the reproductive success ofthe 
host plant. Algae in such hosts as coral polyps stimulate 
the growth rate of coral colonies, and the enhanced growth 
of the coral benefits the algae.

A negative effect occurs when the survival or repro­
ductive success of one or both interacting populations is 
reduced, usually leading to a reduction in numbers of the 
affected populations. Negative interactions are those re­
sulting from herbivory, predation, or parasitism, in which 
the food, prey, or host species suffers and may therefore 
diminish in abundance, or from competition or mutual 
antagonism, in which both interacting species may suffer, 
be reduced in numbers* or even be eliminated from the 
habitat altogether.

In cases in which the biotic interaction is obligatory for 
one or both participating species, both species must ap­
pear together in the same community for the interaction 
to persist and for one or both participants to survive. 
A host species that is dependent upon an endosymbiote 
to provide necessary dietary components will usually not

survive in the absence of the symbiote, and vice versa. A 
predator in consuming prey thereby reduces the numbers 
of the prey population to a point at which the prey be­
comes scarce and more difficult for the predator to find. 
The predator population then comes into balance with 
the diminished prey population. Any later increase in the 
prey results in an increase in the predator, and so on.

Evolutionary aspects. Since all species gradually change 
in response to selective factors, biotic interactions can 
serve as the means by which one of the interacting species 
brings about evolutionary change in the other. Just as 
predators can alter the numbers of a prey, and vice versa, 
evolutionary change in one interacting population can 
result in the evolutionary response o f the other. For exam­
ple, if a prey, through natural selection, becomes swifter or 
more agile in escape, a predator may develop, also through 
natural selection, capabilities for better pursuit. Plants, 
under the selective pressure of herbivory, often evolve a 
capability to produce toxic poisons that discourage her­
bivores. Subsequently, however, the herbivore, especially 
if  it is dependent solely on the particular plant group 
involved, tends to develop tolerance for or resistance to 
the poisons. These examples of coevolution illustrate the 
dynamics of the process, the constant influence of each 
participant upon the other.

Since two interacting species tend to influence each 
other’s evolution, it is not surprising that evolutionary 
convergence occurs in dissimilar organisms involved in 
similar biotic interactions. Convergence is the acquisition, 
through natural selection, of similar structure, function, 
or behaviour by unlike and totally unrelated species. One 
interesting example o f convergence is a consequence of 
insect herbivory. A variety of unrelated insect species at­
tack members of the mustard family (Cruciferae or Bras- 
sicaceae), the plant family that also includes the cabbage, 
brusseis sprout, and radish. All crucifers contain Chemical 
irritants or poisons that affect many animals and many 
microorganisms. Such toxins likely were evolved as Chem­
ical defenses in response to herbivore pressure. The insect 
species that now attack crucifers, however, have not only 
become capable of detóxifying the poisons but in some 
cases are even able to utilize them, either as attractants or 
as feeding stimulants.

Through coevolution, interspecific interactions among 
mutualists have led to mutual adaptations of unusual com­
plexity. The mutualistic associations between the yucca 
plant and the yucca moth, the Smyma fig and the fig wasp, 
and the bull-hom acacia and the acacia ant have already 
been described. An even more striking example concerns 
the mimicry developed in the fly orchid, or bee orchid 
(Ophrys insectifera). The flowers of this unusual orchid— 
pollinated chiefly by a species o f bumblebee—simulate 
very closely the shape and colour of a female bumblebee, 
so much so that male bumblebees frequently try to mate 
with it and in that attempt pollinate the flower.

Polymorphism, as mentioned before, is the occurrence 
in the same species of two or more different forms, distin- 
guishable by colour, pattern, function, body dimensions, 
shape of the appendages, or behaviour. Often, polymor­
phism in one species occurs as a consequence of biotic 
interactions with another species. Character displacement 
in overlapping competitor species may present a Situation 
in which the taxonomist often wonders whether he is not 
dealing with three or four different species rather than just 
two. Similarly, the discovery of noninterbreeding species, 
identical in every morphological detail but coming from 
different regions, also poses problems for the taxonomist. 
Such so-called sibling species often can be recognized only 
through differences in the nature of their biotic interac­
tions. An example is the two parasitoid species Trioxys 
complanatus and T. pallidus. They are virtually identical 
in structure, yet each attacks and is specific to altogether 
different aphid hosts. (P.S.M./Ed.)

Biological populations

Animal and plant populations (the numbers of individ­
uals of given species living in a particular area) tend to 
be stable—that is, their fluctuations are small compared

Inter- 
depen- 
dence of 
inter- 
actants’ 
popula­
tions

Mutual
adaptations



Biosphere 9 9 9

Human
popula­
tions

Age
distribu­
tion in 
salmon 
popula­
tions

with what would be theoretically possible if no limits were 
placed upon their increase. Only a relatively small number 
of species are either expanding in numbers or decreasing 
to extinction. Stability is possible only if numbers tend 
to rise when low and to fall when high, through the 
action of density-dependent factors. An attempt is made 
here to summarize what is known about the critical fac­
tors concerned.

Human populations are currently unstable. More specif­
ically, they are increasing at an unprecedented rate, owing 
in part to improved food supplies in many regions of the 
world and to the eradication of diseases. In the course 
of a few generations, these advances have signifieantly re­
duced infant and child mortality as well as increased the 
life expectancy of adults. In addition, human beings have 
characteristically insulated themselves from factors such as 
natural predation and severe weather that serve to regulate 
other species’ numbers. But a population must eventually 
cease to increase. It can do so in one of two ways, either 
through higher mortality (from starvation, disease, or war) 
or lower natality. While a further increase in food supplies 
may be desirable on humanitarian grounds, it can at best 
provide only temporary alleviation.

THE CHARACTERISTICS OF BIOLOGICAL POPULATIONS
Populations consist of individuals of different ages, of two 
sexes, and of varying heredity.

Age distribution. In some animals, the young are sim­
ilar to the adults except in size; they eat similar types of 
food and are subject to similar predators, so their num­
bers and those ofthe adults may interact with each other. 
But in other kinds, the young are extremely different in 
appearance, live in different habitats, eat different types 
of food, and are subject to different predators, so that 
adults and young have no direct influence on each oth- 
er’s survival.

In many small invertebrates, notably many insects, the 
eggs are laid in one short period of the year, hatch into 
larvae more or less synchronously, pupate synchronously, 
emerge as adults together, and die after breeding. Hence 
at any one time, almost all the population consists of ani­
mals o f the same age, and the breeding stock of one year is 
derived wholly from eggs laid the previous year. The Situa­
tion is slightly more complex in species that have a similar 
life history but raise two successive generations each year, 
or, altematively, that take several years to raise one gen­
eration. Most sockeye salmon (Oncorhynchus nerka), for 
example, live for four years. Each individual breeds once 
and dies; its young move from fresh water to the sea to 
complete their growth and then return to breed. Thus the 
populations coming up the rivers of British Columbia in 
four successive years are nearly separate. The point has 
commercial importance because in some areas one of the 
annual populations in a four-year period is much larger 
than the other three, probably because the average chance 
of survival is greater for a young fish hatched in a peak 
year, when they are much more numerous—relative to 
the numbers of predators—than in other years.

The age distribution {i.e., the proportion of individuals in 
each age group) is much more complex in most other ver­
tebrate animals and in some of the larger invertebrates. In 
these groups, most adults breed every year until they die, 
so that the breeding population at any one time consists 
of individuals of a mixture of ages. In most stable pop­
ulations the age distribution remains relatively constant. 
But in certain fish and marine invertebrates, many more 
young are produced in some years than in others, and 
the predominance o f a particular year class may persist 
for some years.

Various small plants, like various small animals, are an- 
nuals; they winter as seeds, breed once, and then die. Other 
species are biennials, and many more, including trees and 
bulbs, are perennials. Some large trees live much longer 
than any known animal—as long as several hundred or, 
in rare instances, 1,000 years.

Sex distribution. In most animals the male-female sex 
ratio is approximately equal. In various animals with an 
almost equal sex ratio at birth, one sex may become more 
common than the other later in life. In many monog­

amous birds, for instance, adult males are more common 
than adult females. This is probably because the females 
take the greater part, and in some species the whole part, 
in incubating and raising the young and thus are subject 
to heavier predation than the males. On the other hand, in 
polygynous birds {i.e., those in which each male has sev­
eral mates), breeding males are much scarcer than breed­
ing females, perhaps in part because their exceptionally 
conspicuous plumage and behaviour pattems render them 
more subject to predation than the females. In one such 
species, the boat-tailed grackle {Cassidix mexicanus), the 
conspicuous males disappear faster than the less-conspicu- 
ous females in winter, perhaps through predation. Among 
humans, about 51 percent of all births are male, but in 
modem Western civilization, females survive slightly bet­
ter than males, so that during adolescence the sex ratio 
becomes equal, and among adults there are slightly more 
women than men.

In certain arthropods, notably aphids and water fleas, 
some generations consist solely o f females that lay eggs 
that develop without fertilization by a male (parthenogen- 
esis), though at other times of the year males are present 
and fertilize the eggs, which are of a different type. In 
another group o f insects, the social bees and wasps (order 
Hymenoptera), most o f the population consists o f work­
ers, which are sterile females. In various rotifers, only 
females are known. The spoonworm {Bonellia) is at first 
undifferentiated, but environmental factors determine sex; 
while other marine worms change their sex with age. 
Earthworms and snails, along with a few other animals, 
are hermaphrodites, with male and female organs on each 
individual. Hermaphroditism is, o f course, common in 
flowering plants, both sets of organs usually being on the 
same flower. Asexual reproduction is common in plants, 
but in nearly all of them sexual reproduction is also the 
rule, and only a few species have dispensed with it entirely.

Genetic differences. In addition to the differences linked 
with sex, individuals of the same population differ some­
what in other genetic characteristics. These constitute the 
subject matter of population genetics, but it should be 
noted that the extent of genetic Variation may vary with 
the state of the population; in particular, it may be unusu- 
ally great in an expanding population because selection 
is temporarily lightened. Some researchers have argued 
that the regulär population cycles discussed later in this 
article result from the production, in different years, of 
individuals of different genetic makeup; but there is no 
positive evidence for this, and it seems unlikely to be an 
important cause of cycles (though some genetic change is 
to be expected in populations that altemately increase and 
decrease in numbers on a big scale).

NUMBERS AND DENSITY
The numbers q f large animals can often be counted di­
rectly, and aerial photography has been developed as a 
method for counting both big mammals and large birds. 
The numbers of various other animals have been assessed 
by capturing some of the population, marking and re­
leasing them, and in a further series of captures finding 
the proportion of marked individuals in the new sam­
ple. Given large samples and random means o f catching 
the animals, this “capture-recapture” method can provide 
accurate estimates of numbers. The results can be mis- 
leading, however, if the samples caught are biased as to 
age or sex, particularly if this varies seasonally, and also if 
previous capture affects the chances of later capture— e.g., 
if an animal learns to avoid being caught. In the case o f  
some animals, including small but abundant species, total 
numbers are normally estimated from those counted in 
sample areas.

Some animals are much more numerous than others. 
In general, large animals are sparser than small, because 
the larger the animal, the more food needed to sustain 
it; but there are so many exceptions that this generaliza- 
tion is of little use. Predators are much scarcer than their 
normal prey and are usually larger in size. Among the 
smallest existing populations are those of various land ver­
tebrates on remote islands, though this is partly the result 
of destruction by humans. Where human destruction is
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checked, even a severely reduced population may persist, 
as shown by the Conservation and recent small increase of 
the whooping crane {Grus americana) on the American 
mainland. The most numerous large animal in the world 
is man. It would be extremely hard to determine which is 
the most numerous small animal in the world.

The population density of a species typically varies in 
different parts o f its range. Population biologists have 
tended to study animals where they are common—in the 
middle parts of their range and in optimal habitats—but 
their relation to their environment may be different where 
they are sparse. In the few cases in which a population 
has been studied in two areas, it has been found that 
its density, natality, mortality, main predators, and even 
main foods may differ from one area to another. Most 
animal populations have inevitably been studied under 
conditions affected by humans. This need not affect the 
validity o f the general conclusions reached, but the pro- 
portionate importance of various factors influencing birth 
rates or death rates may be different in human-modified 
and in natural habitats.

Natality. The reproductive rate—in mammals the birth 
rate, in plants the rate of seed production—is the rate at 
which new individuals are produced. It should be distin­
guished from the recruitment rate, which is the rate at 
which new adults (not new eggs or new young) enter the 
breeding population. Most animal populations are not, on 
the average, either increasing or decreasing markedly, and 
in such populations the recruitment rate equals the adult 
mortality, while the natality or reproductive rate equals 
the total mortality of eggs, young, and adults.

Some biologists have argued that the equality between 
natality and mortality is an evolutionary mechanism to 
prevent overpopulation. This suggests that natality is 
smaller than it might otherwise be, particularly in long- 
lived animals. A different view holds that the implication 
of evolution by natural selection is that those hereditary 
types (genotypes) that leave most offspring must come to 
predominate over the rest. In other words, the reproduc­
tive rate o f each species has been evolved through natural 
selection to correspond with that which gives rise to most 
surviving young per adult. This does not mean that each 
species must produce an immense number of eggs or 
young. In some this may, indeed, be the most efficiënt 
means o f reproduction, but others are unable to form suf­
ficiënt food reserves for many eggs, or cannot find food for 
a large family without serious risk to themselves, or need 
large food reserves for the young at hatching, and hence 
produce few (but often large) eggs or seeds. In this view, 
natality and mortality are roughly equal because mortality 
rises when the population is high.

Natality differs signifieantly in different kinds of animals. 
An oyster can probably lay a hundred million eggs during 
its life, and even so complex an animal as the Atlantic 
cod {Gadus callarias) produces some four million. In 
contrast, an elephant matures late, has one offspring at 
a birth with an interval of several years between births, 
and may produce only five young in its life. Similarly, 
the number of seeds produced by a plant differs greatly in 
different species.

Birds. The average clutches of different species of birds 
vary from one to fifteen; the largest in ä species that feeds 
its young is ten, in the blue tit {Parus caeruleus). Clutch 
size is characteristic for each species and presumably de­
pends on hereditary factors, although there are also phe- 
notypic (nonhereditary) variations, the same individual 
laying clutches of different size under different conditions.

In birds that feed their young, clutch size corresponds 
to the greatest number of young for which the parents 
can find enough food without serious risk to themselves. 
For instance, the European common swift {Apus apus) 
usually lays three eggs. If it is experimentally given four, 
then, as shown in Table 1, so many nestlings starve that 
each pair raises, on the average, fewer young than pairs 
starting with three. Hence, any tendency to lay a clutch 
of four will be eliminated by natural selection. Similarly, 
the most frequent clutch size in  first broods of the Eu­
ropean starling {Sturnus vulgaris) and the great tit {Parus 
major) corresponds with thät brood size from which the

Table 1: Number of Young Raised by the European 
Common Swift {Apus apus)

brood
size

broods
observed

number
hatched

number
fledged

proportion
raised

(percent)
number raised 

per brood

2 72 144 139 97 1.9
3 2 0 60 51 85 2 . 6
4 16 64 27 42 1.7

Source: Observations by C.M. Perrins at Oxford in the years 
1958-61. Broods of four were not natural but were made up by 
adding newly hatched young from other broods, which does not 
disturb the parents. Some broods of two came from clutches of 
two, but others from clutches of three, either through failure of 
an egg to hatch or because a nestling was removed to make up a 
brood of four.

most young survive; in these species, however, the young 
in larger broods do not starve in the nest but leave it 
underweight and die soon afterward.

Many phenotypic variations in clutch size are adaptive. 
The Eurasian nutcracker {Nucifraga caryocatactes), which 
stores the food for its young the previous autumn, lays 
four after a good and three after a poor season for nuts. 
Various hawks and owls that prey on lemmings or voles 
lay unusually large clutches in the occasional years when 
their prey is extremely abundant. Regular seasonal vari­
ations in the clutch size of songbirds in north temperate 
regions broadly fit the seasonal variations in the availabil­
ity o f their food. Individuals breeding for the first time 
lay slightly smaller clutches than older individuals and are 
also known to be less efficiënt at finding food: If such 
phenotypic adaptations were perfect, each species would 
always lay the clutch best süited to its circumstances, but 
this would require precise prediction of future feeding 
conditions for the young.

In hawks, storks, and other large birds, incubation starts 
with the first egg, so that the young hatch at one- or two- 
day intervals. This is an adaptation, for if  food is sparse, 
the older nestlings are so much stronger than the younger 
that they get all of it, while if  the food is plentiful, the 
larger nestlings are sated and the younger are fed; hence 
the brood size comes quickly to correspond with the 
feeding conditions at the time, and food is not wasted 
on young that would starve later. Another adaptation is 
the growth rate of the nestlings, for the same quantity of 
food per day can be used to raise a larger brood more 
slowly or a smaller one more quickly. This is probably 
why hole-nesting songbirds have larger clutches than those 
with open nests; the latter suffer such heavy predation that 
there must be strong selection for rapid growth, but fewer 
young can then be raised together. A slow growth rate 
may also be advantageous for species that find difficulty 
in bringing enough food for even one nestling, such as 
various large raptors and seabirds.

Another general tendency is for clutches to be larger at 
higher than at lower latitudes. At the higher latitudes, 
summer days are longer, so the parents can collect more 
food per day. Many species breed with the flush of in­
sects after the winter dearth in which many adults have 
starved, so that food becomes plentiful in relation to adult 
number and large broods can be fed. Similar conditions 
hold in tropical savannas, where birds breed with the rains 
after a long dry season. In tropical evergreen forests, how­
ever, food may be available in nearly the same quantities 
throughout the year; hence, the number o f adult birds 
may stay close to the limit set by food, there being only 
enough extra food for small broods.

Although ducks (family Anatidae), unlike most birds, do 
not feed their young, there is a broad inverse correlation 
between the number and size o f the eggs in different 
species. This suggests that the female’s food reserves may 
be used for more and smaller, or fewer but larger, eggs. 
Presumably, natural selection has favoured the evolution 
of a larger egg (and therefore a smaller clutch) in those 
species in which it is advantageous for the young to be 
larger, or to carry greater food reserves, at hatching. In 
a few other birds, including the common swift and the 
red grouse {Lagopus scoticus), the clutch is slightly larger

Forms of 
adaptation
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when more food is available for the laying female, but this 
is a minor factor.

Natality is also affected by the number of broods raised. 
Most species raise one a year; many songbirds raise two, 
some even three, and the Senegal fire finch (Lagonostricta 
senegalla) raises four. At the other extreme, probably be­
cause their food is sparse, a few large raptors and seabirds 
take more than one year to raise a nestling; they breed 
successfully only once every two years.

The young of some finches and doves first breed when 
two to four months old; most birds when just under a 
year old; various water birds, raptors, and others not until 
several years old; and large albatrosses not until about the 

Deferred age o f 10. Such “deferred maturity” (like a small clutch) 
maturity has been seen as an adaptation to reduce natality in long- 

lived species. But it can as readily be explained in terms 
of natural selection, provided that those individuals that 
defer maturity ultimately leave more descendants than 
those that start breeding when younger. This will hold if 
(1) younger individuals are unlikely to raise young and (2) 
the attempt to breed involves a greater Chance of death for 
the adults. It has been found that in pelicans and herons, 
which have deferred maturity, immature individuals catch 
food less efficiently than adults and thus might be unable 
to feed a brood. Again, in the royal penguin {Eudyptes 
schlegeli), subadults weigh less than adults, presumably 
because they find it harder to obtain food, and only the 
heaviest birds breed; presumably this is because big food 
reserves are needed by the female to form eggs and by the 
male to take the first long incubation stint. Many species 
with deferred maturity lay only one egg, which suggests 
that they find it hard to obtain food for their young. In 
various seabirds, however, deferred maturity may simply 
result from an insufficiënt number of safe nesting sites. 
Finally, deferred maturity is also found in the males but 
not the females of various polygynous and promiscuous 
birds, in which there is such intense competition for mates 
that younger males may well fail to secure them and in 
which the elaborate plumage displays probably involve ex­
tra mortality from predation. One may conclude that, in 
birds, the age of first breeding may well have been evolved 
in relation to the maximum number of young that the 
adults can raise during their lifetime. Still, the alternative 
view—that breeding age is adapted to mortality—has not 
been disproved.

Mammals. Mammals produce from 1 to about 12 
young at a birth, the latter being the figure for the African 
multimammate rat (Rattus coucha). In some species, in­
dividuals breeding for the first time have smaller fitters 
than older parents; in others, such as hares and rabbits, 
there are seasonal variations in fitter size; and in some 
species fitter size varies with latitude. These parallels with 
birds suggest that similar factors operate in both birds and 
mammals. It has been shown that, in laboratories, infant 
mortality in {he guinea pig {Cavia porcellus) rises with in­
creasing fitter size, but the extent to which it may do so in 
the wild is not known. Similarly, in man, the proportion 
of stillbirths is lowest for single babies, higher for twins, 
and much higher for triplets; it is likely that, in primitive 
conditions with poor food supplies, infant mortality also 
rises with the number of young at a birth.

Many rodents have several fitters a year; many other 
mammals breed once annually and some only once in 
two or more years. The female meadow vole {Microtus 
arvalis) is fertile when 25 days old, many mammals when 
one year old, and other mammals not until several years 
old. As in birds, larger mammals tend to mature later 
than smaller ones, but there are many exceptions: at least 
two species of large whales first breed when two years 
old, whereas elephants and humans mature in their teens. 

Phenotypic Maturity is also influenced by phenotypic factors. Thus 
effects on a reduced diet delays maturity in various domestic and 
maturity wild species; this is because it retards the growth rate, 

and the species concerned breed at a particular size rather 
than a particular age. Humans are capable of producing 
young when quite undernourished, but in the near-star- 
vation conditions of some concentration camps in World 
War II, many women ceased to menstruate and could not 
have conceived. Conversely, the marked lowering of the

average age at which menstruation begins among girls of 
late-20th-century Western societies has been attributed to 
improved nutrition.

Fishes. In fishes, as in ducks, there is a broad inverse 
correlation between the numbers and sizes o f  the eggs; 
this implies that egg production is limited by the food 
reserves o f the female and that larger eggs may in some 
circumstances be sufficiently advantageous to offset the 
disadvantage of smaller numbers. In general, marine fishes 
with planktonic larvae have many small eggs, and the 
larvae hatch with abundant food around them and so do 
not need large food reserves; on the other hand, various 
deep-sea fishes and those that breed in polar Coastal wäters 
have fewer and larger eggs, because food is less abundant 
for the young and it is advantageous for them to be 
larger at hatching. Some species that have only a few large 
eggs protect them by making a case for them or even by 
staying beside them, and a few fishes are viviparous (pro­
ducing their young alive from eggs retained in the body).
This has given rise to the idea that, because the eggs are 
protected, fewer are “needed”; but, as suggested earlier, 
natural selection must favour those individuals leaving the 
most offspring. Presumably, the species in question leave 
the most offspring when they utilize their food reserves 
to produce a few well-nourished and well-protected eggs 
rather than many small and unprotected eggs.

Most temperate-zone fishes, once they mature, breed in 
successive years until they die. A few species living in 
lakes that dry up each summer breed once and die, their 
eggs withstanding the drought. More remarkably, various 
salmon and eels grow for several years and then undertake 
a long migration from the sea to fresh water (or conversely 
in the case of eels), where they breed once and die. The 
long distance between the growing and breeding grounds 
of salmon and eels doubtless makes it disadvantageous for 
the female to breed in successive years. If a female can put 
virtually all her food reserves into eggs, she can produce 
more at one time than if she has to survive afterward; 
even so, most species of fishes can probably lay more eggs 
in a lifetime by breeding in successive years.

The fishes, like various mammals, first breed at a certain The 
size rather than at a certain age, and they grow faster and relation 
mature earlier when food is more plentiful. Each individ- between 
ual also lays more eggs when it is larger. The young o f breeding 
many marine fishes have grown faster and matured earlier and food 
after commercial fishing made their food more plentiful supplies 
by removing many of the larger fishes.

Freshwater crustaceans. The inverse correlation be­
tween egg number and egg size is also found in crus­
taceans. Thus, the “clutch” (retained in a brood pouch) of 
the freshwater copepod Eudiaptomus graciloides consists 
o f 9 to 18 small eggs in spring and of 4 larger eggs in 
summer, the total volume being in both cases the same.
Food is plentiful for the larvae hatching in spring but not 
for those hatching in summer, for which food reserves in 
the egg are therefore advantageous. Similar variations have 
been found in other species. In the water fleas, as in fish, 
breeding starts at a particular size rather than a particular 
age, and the number of eggs laid tends to increase as the 
body size increases. Water fleas also have asexual genera­
tions, and the descendants o f one female (the members of 
a single clone) have the same genetic Constitution. Indi­
viduals of different clones living in the same environment 
at the same time may differ consistently from each other 
in egg number, which suggests that there are hereditary 
differences in the size of the clutch.

Insects. In insects there is also a general tendency for 
species in which the larvae hatch with abundant food to 
lay many small eggs and for other species to lay fewer but 
larger eggs. This reaches its extreme development in the 
few viviparous species, of which the tsetse flies {Glossina) 
produce only one young at a birth. In some insects, such 
as the bordered white moth {Bupalus piniarius), the num­
ber of eggs laid is proportional to the size of the female’s 
body and hence to thé amount of nourishment she re­
ceived as a larva.

In insects that lay their eggs on a limited source of food 
for the larvae, such as a flow of sap from a tree, a ripe 
fruit, a cowpat, or a corpse, there is some adjustment of



1002 Biosphere

\djust- 
nent 
o food 
lource

\dvantages 
ff  small 
seeds

the number of eggs laid to the duration of the food supply 
and to the number of eggs or larvae already present. An 
insect is likely to leave more survivors if it seeks another 
source of food than if it lays its eggs in a crowded or 
deteriorating source. Aphids, for instance, lay more eggs 
on fresh young leaves rieh in nutrients than on old leaves 
poorer in nutrients, and a predominance of old leaves 
may inhibit breeding. Comparable adaptations are found 
in parasitoid insects. Those that parasitize species of sim­
ilar size to themselves lay only one egg in each host and 
can also detect whether another individual of their species 
has already laid an egg there. In contrast, species that are 
much smaller than their host lay many eggs in it (see 
above Biotic interactions). Finally, in the specialized social 
insects, such as ants and bees, many sterile workers pro­
vide food for, and protect, the larvae hatching from eggs 
laid by the queens. This signifieantly increases the number 
of eggs a queen can lay, since egg laying is thus her main 
or sole duty; the modification reaches an extreme among 
those termites in which a queen lays 6,000 to 7,000 eggs 
every 24 hours for a period that may extend over years.

Flatworms. Small animals are often thought of as hav­
ing more young than large animals. But a freshwater 
flatworm in the genus Polycelis, which is less than 1 
centimetre (0.4 inch) long, produces only 2.7 young per 
cocoon; and the average natality is only 1.0 per adult 
because many adults do not breed. This low reproduction 
rate has been shown to be the result of a limited food 
supply: in one experiment, natality rose by seven Times 
when much extra food was provided in a pond.

Flowering plants. In certain fishes and insects, as al­
ready mentioned, the number of eggs laid by different 
individuals of the same species varies somewhat with 
their body size. This Variation is far greater in flowering 
plants. In the corn poppy {Papaver rhoeas), for example, 
the number of seeds produced by different individuals of 
the same genetic Constitution, but grown under different 
conditions, varies between 1 seed capsule with 4 seeds 
and 400 seed capsules with 2,000 seeds each. In some 
trees, the number of seeds produced by the same plant 
varies enormously in different years, depending partly on 
climatic conditions and partly on a tendency for a good 
crop to be followed by a small one.

When species of plants are compared, it is found that the 
size of the seeds tends to be smaller when there are more 
of them. Small seeds are advantageous, not only because 
more of them can be produced but also because they are 
dispersed more readily in the air. They are characteristic of 
those species that colonize broken ground. Because their 
seeds disperse so readily, species characteristic öf broken 
ground, such as many o f the daisy family (Compositae), 
are among the first to reach oceanic islands where, in the 
absence of competitors, some of them have evolved into 
trees that have larger and much less dispersible seeds. The 
seeds of forest trees usually have to germinate in deep 
shade, so it is advantageous for them to have large food 
reserves to give them a good start. Some plants have two 
means of reproduction: a seed requires fewer nutrients 
from the parent plant than a vegetative shoot but has a 
much smaller chance of survival than a shoot that remains 
attached to the parent plant until it is viable.

Mortality. The death rate varies at each stage of the life 
cycle. In long-lived species, the “potential age” to which 
survival is possible is much higher than the average age at 
death. Hence it is useful to calculate the mortality and The 
expectation of further life separately for each age group.

If an animal population is kept under favourable con­
ditions in the laboratory, with plentiful food and without 
enemies, the annual adult mortality is much lower, and 
the expectation of further life much higher, than in a 
wild population of the same species. In the laboratory, 
mortality may be fairly high in the small young, but it 
is low in large young and in young adults, and, while it 
rises with increasing age, it is high only in the elderly. At 
the opposite extreme, among wild birds in natural condi­
tions, the losses of young and juveniles are extremely high. 
Adult mortality is also relatively high but does not rise 
with increasing age, nor does the expectation of further 
life decrease, until the individual reaches senility, as in the

case of the lapwing. Relatively few individuals reach that 
age, however. A similar contrast is found in human be­
ings: mortality in Western civilization is similar in pattern 
to that of a protected laboratory animal, whereas that of 
Neanderthals and of people living in Roman times seems 
to have been similar to the pattem of various wild mam­
mals, though not so extreme in its characteristics as that 
of wild birds.

Birds. Two methods are available for determining the 
mortality of birds. The whole of a particular breeding 
population may be marked, and the number retuming in 
each later year recorded; or the age can be determined of 
all those birds, banded by many different observers, that 
are later found dead and reported by others. The former 
method gives a lower figure for the annual mortality than 
the latter, probably because breeding birds constitute the 
most successful part of a population.

In all the birds so far studied, mortality is much higher Death rate 
in juveniles than adults, and it is particularly high soon variations 
after the young become independent of their parents. The among 
highest known adult mortality is 70 percent per annum birds 
(which means an expectation of further life, at any given 
time, of only about 11 months), found in the Senegal 
fire finch. The lowest figure is 3 percent (expectation of 
further life, 33 years) in a very small population of the 
royal albatross {Diomedea epomophora) in New Zealand.
As already mentioned, in a stable population, mortality 
equals natality; correspondingly, the Senegal fire finch has 
four broods each year with a mean o f 3.4 young per 
brood, while the royal albatross raises, at most, only 1 
young every two years. The mortality of various birds is 
summarized in Table 2.

Table 2: Annual Adult Mortality in Various Birds

species average expectation of
annual further life
mortality
(percent)

(years)

Fire finch L agn ostic ta  sen egalla 70 nearly 1

Typical songbirds, ducks, gallinaceous 50 l '/2
birds, and doves shot for sport (northern (45-55)
Europe, North America)

Herons, gulls, terns, waders, plovers, and one species 30-40 2-3
of pigeon, in northern Europe and North America ;

Swifts A pus m elba and A. apu s 18-20 5
Penguin M egadyp tes an tipodes (New Zealand), 1 0 9'/2

kittiwake R issa  tr id a c ty la  (Britain), 
manakin M anacus m an acu s (Trinidad)

Gannet Sula bassana (Britain) and Australasian 6 16
shearwaters Puffinus tenu irostris and P. griseu s

Manx shearwater P. puffinus (Britain) 4 25
Royal albatross D io m ed ea  epom ophora 3 33

(New Zealand)

Mammals. The age of some mammals can be told from 
the annual rings on their teeth or horns, and that of a few 
others has been determined by marking. In all the wild 
mammals so far studied, adult mortality rises steeply with 
age after the first few years. In the Himalayan tahr {Hemi- 
tragus jemlahicus), a goat introduced into New Zealand, 
about half the young die in their 1 st year; in the 2nd year 
mortality is only 1.3 percent, after which the figure rises 
steadily to 38 percent in the 12th and 13th years; omitting 
the Ist year, overall average mortality is 15 percent. In the 
male waterbuck(Kobus defassa), annual mortality in the 
2nd to 4th years is only 2 percent, but in the 8th year it is 
14 percent; thereafter it increases steeply, and the overall 
figure is similar to That in The tahr. Because mortality 
rises with increasing age, the average annual mortality is 
a less meaningful figure in wild mammals than in wild 
birds. In young adult mammals, mortality ranges between 
50 and 67 percent in various larger rodents and smaller 
carnivores; it is between 15 and 40 percent in various 
deer; but it is apparently only 5 percent in the mountain 
sheep {Ovis dalli) and slightly less in the hippopotamus 
{Hippopotamus amphibius).

Fishes, The ages of fishes that live in high latitudes 
can be determined from The annual rings on The scales, 
bones, and the otoliths in their ears. Fish fry have a huge 
mortality. In the few unfished populations so far studied, 
adult mortality rises with age as it does in mammals. In
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the Lake Superior whitefish (Coregonus clupeaformis), for 
example, the figure rose in one Take from 8 percent in 
the 12th year to 17 percent in the 20th year and to 45 
percent in the 27th year; in another lake it rose from 
41 percent in the 7th year to 59 percent in the 13th 
year. Such figures show that annual mortality may differ 
greatly in different populations ofthe same species. In the 
Queen Charlotte Islands’ herring (Clupea pallasii\ annual 
mortality increased from 28 percent in the 6th year to 72 
percent in the 1 Ith year. With heavy commercial fishing, 
however, annual mortality becomes much higher and may 
be almost independent of age.

Insects. In most insects, as already noted, the adults 
die after breeding; interest therefore centres on the losses 
in earlier stages. The spruce budworm (Chorist oneura fu- 
miferana), the larvae of which eat the balsam fir, may be 
taken as an example. Each female lays about 200 eggs, 
of which an average o f  19 percent are lost (nearly half 
through insect parasitoids and one-third through preda­
tors), leaving 162. Of the newly hatched larvae, 82 percent 
are lost (mainly through failure to establish on suitable 
parts of the food plants), leaving an average of 29.2. Of the 
surviving larvae, 86 percent are lost (nearly half through 
insect parasitoids and more than one-tenth through preda­
tors), leaving 2.7 to emerge as adults. Of the adults, about 
one-fifth are lost before they breed, leaving one male and 
one female to repeat the cycle.

CHANGES IN POPULATION CHARACTERISTICS
Growth of populations. If a few fruit flies (Drosophila) 

are put in a milk bottle with banana mash suitable for 
their larvae, or a few flour beetles are put in a tin of flour, 
or a few water fleas are put in a jar of pond water, they 
increase through breeding, first slowly, then rapidly, then 
slowly again. If their numbers are plotted against time, as 
in Figure 11, they form an S-shaped curve with the ends 
flattened. The initial slow, and later rapid, increase may 
actually represent a constant rate of change. A population 
that doublés its numbers in each generation seems to in­
crease slowly from 2 to 4 to 8, and much more rapidly 
from 256 to 512 to 1,024. This type of population growth 
is called exponential or geometrie.

From W.C. Allee et al., P rin c ip le s o f  A n im al Eco lo g y , 
Ist ed. (1949); W.B. Saunders Company

Figure 11: Logistic grow th of a laboratory population of the small 
fruit fly (Drosophila melanogaster). Open circles indicate the points 
resulting from one experim ent.

When an animal is introduced by humans to a new 
region suitable for it, it increases at first slowly and then 
rapidly, probably in an exponential way. After an animal 
has become abundant where introduced, its numbers in 
that area may stabilize while at the same time it is spread- 
ing into new areas. In this way the house sparrow (Passer 
domesticus) spread from the Atlantic to the Pacific coasts 
of the United States in less than 40 years. Similar spec- 
tacular increases have been recorded among plants: the 
water fern (Salvinia auriculata) was introduced to Ceylon 
(Sri Lanka) in 1939 and only 16 years later had put more 
than 25,000 acres of rice paddy out of production.

Some laboratory populations eventually level off in num­
bers, but the Situation is artificial in that their food supply 
is constantly renewed. The evidence suggests that, in na­

ture, a successfully introduced population usually declines 
after a time and does not again reach its first high level, 
probably because its food supply declines. A few reindeer 
(Rangifer tarandus) introduced to St. George Island in the 
Pribilovs in 1911 increased to 200 by 1922, feil to 50 in 
1926, and fluctuated somewhat below this figure in suc- 
ceeding years. Another 29 reindeer introduced in 1944 on 
St. Matthew Island increased to 6,000 by 1963, decreased 
to less than 50 in the following year, and two years later 
were practically extinct. They had destroyed their food 
supply. In the late 19th Century the cattle egret crossed 
from the Old World to the New, where it is increasing 
and spreading rapidly, but in a habitat (grass pasture with 
cattle) made by humans. Humans have also caused the 
rapid increase of various species in their natural habitats 
by changing their food Situation. The herring gull (Larus 
argentatus) has been increasing rapidly on the coasts o f  
Europe and North America; in the latter it has been dou- 
bling in numbers every 12 to 15 years since 1900, mainly 
from feeding on fish waste and on rubbish dumps.

Examples of rapid increase by natural means in natural 
and undisturbed habitats are far less common because 
there are usually no ecological niches to be filled. A rapid 
though temporary natural increase can be observed when 
numbers have been greatly reduced by a catastrophe, such 
as a severe winter; the species involved usually attain their 
former numbers within a few years.

While the rate at which a population can increase is 
influenced by natality, this is not the main factor deter­
mining eventual numbers. Species with a high natality 
are not likely to be more abundant than those with a 
low natality. As pointed out by Darwin, the fulmar petrel 
(Fulmarus glacialis) is extremely abundant (and, since he 
wrote, has greatly increased in western Europe) but has an 
exceptionally low natality since it lays only one egg a year 
and requires several years to mature.

Fluctuations in stable populations. All animal popula­
tions eventually stabilize at a level around which they fluc­
tuate between relatively narrow limits compared with what 
is theoretically possible. The extent of the fluctuations, 
however, does vary signifieantly; for example, in studies 
over a period of 40 years of the gray heron (Ardea cinerea) 
in the Thames basin in England, the largest breeding pop­
ulation seen was about double the smallest. At the other 
extreme, in studies of the bordered white moth (Bupalus 
piniarius) in a German pine forest, the largest population 
in a period of 60 years was 100,000 times the smallest. But 
even the largest observed Variation is negligible compared 
with what is theoretically possible. The duckweed (Lemna 
minor) can double in numbers each 2 xh  days, and at this 
rate an initial square inch o f duckweed would cover one 
acre in 55 days: yet the waters of the world are not all cov­
ered with duckweed. A pair of European robins (Erithacus 
rubecula) producing 10 young a year could theoretically 
increase to more than 120,000,000 in 10 years. Since even 
the largest observed fluctuations are negligible compared 
with what is theoretically possible, animal populations are 
said to be “stable”; it should be understood, however, that 
this term allows for fluctuations of the size mentioned, 
provided that, in the long term, numbers tend to fall when 
high and to rise when low. The only unstable populations 
in nature are those recently introduced to a new area and 
those decreasing to extinction.

Most biologists consider that populations as stable as 
those found in nature must be regulated by “density- 
dependent” factors— i.e., factors that tend to reduce num­
bers when they are high and to allow them to rise when 
they are low. The contrary view, still advocated by some, 
is that animal numbers fluctuate irregularly by chance 
and should not be considered controlled or regulated. The 
conflict has been partly the result o f a difference in in­
terest. Some biologists are interested primarily in annual 
fluctuations (particularly if a pest is numerous only in oc- 
casional years), which may be caused by climatic or other 
factors acting independently of population density. Others 
are mainly concerned with the level about which such 
fluctuations occur, and it is in determining this level that 
density-dependent factors are important. Density-depen- 
dent factors may affect natality, mortality, or movements

Density-
dependent
factors
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of the population; though some populations may be reg­
ulated by a single factor, in others two or more factors— 
for example, food supply and predation—may interact, or 
the effect o f a density-dependent factor may be greatly 
influenced by that of a density-independent one.

Seasonal fluctuations in numbers. Nearly all animal 
populations show seasonal changes, offen large. In small 
organisms, some changes of this type are linked with the 
time needed to complete one generation, or in marine 
organisms they may be related to tidal cycles; but by 
far the biggest fluctuations are connected with seasonal 
change in the environment—from winter to summer at 
high latitudes, and from the dry to the rainy season in 
tropical grassland and savanna. This is because nearly all 
the animals in such places breed at one time of the year, 
usually in late spring or summer at high latitudes and in 
the rainy season (or just after it) at low latitudes. They 
increase signifieantly in numbers toward the end of the 
breeding season and thereafter decline until breeding com- 
mences the following year. Hence in studying statistics of 
animal populations based on annual censuses, it should 
be remembered that between the annual counts there is 
each year a big and rapid increase in numbers, followed 
by a corresponding but more gradual decline, and that 
these seasonal fluctuations in numbers may be much big- 
ger than those between one year and the next.

In a few natural habitats, notably evergreen forests, trop­
ical lakes and oceans, and the deep-sea bottom, seasonal 
changes are small or almost absent. Even in a rain forest, 
however, there are small regulär differences from month 
to month in rainfall, Vegetation, and the availability of 
insects; these seem to affect the breeding seasons of many 
birds. On the other hand, many tropical seabirds that feed 
on marine organisms on or near the sea surface may breed 
in any month ofthe year, which suggests great uniformity 
in the numbers of their prey and hence also in the food 
of their prey.

Irregulär annual fluctuations. All populations fluctuate 
in numbers to some extent, most fluctuations being irreg­
ulär. (The few regulär cycles are described later.) Large 
annual fluctuations are usually connected with climatic 
factors that affect natality or the survival of the young; 
they are most marked in animals or plants that live for 
only one year or at least have a high adult mortality, since 
in such species the young of one year form all, or at least 
mostj o f the adult population of the following year. Large 
annual fluctuations in the production of young (or of 
seeds) may, however, cause little change in the numbers 
of a species in which the adults have reached the limit 
set by space or food supply, especially if the adults have 
a low mortality. Also, not all annual fluctuations result 
from variations in the birth and survival of young; in a 
species living near the northern limit of its range the adult 
mortality linked with winter cold may vary signifieantly 
from year to year.

Irregulär fluctuations in numbers have been of special 
interest to entomologists, particularly in respect to species 
that remain comparatively scarce for many years and 
then have a huge outbreak. Examples are the spruce bud- 
worm moth, the larvae of which occasionally devastate the 
forests of balsam fir in northeastern North America, and 
several other species of moths, the Caterpillars of which 
occasionally strip German pine forests of their needles. It 
is thought that in most years the numbers of such species 
are held down by insect parasitoids or predators, but that 
if climatic factors lead to an exceptionally high production 
of larvae, especially in two or more consecutive years, the 
natural enemies do not have time to increase proportion- 
ately; thus, the Caterpillars then increase rapidly until they 
are so numerous that they defoliate the trees and eventu­
ally die in large numbers o f starvation.

Such occasional huge outbreaks are rare. A more usual 
picture is presented by the annual fluctuations of the red 
grouse (Lagopus scoticus). The adult grouse eat mainly 
heather. The average clutch is slightly higher and the 
proportion of surviving young much higher in summers 
when the heather has a high nutritive value. The actual 
mechanism of the link between the state of the heather 
and juvenile survival is not known. In the years when

many young survive, the size o f  the autumn territories 
is smaller, and the breeding population o f the following 
year is larger. These fluctuations in numbers are propor­
tionately greater in areas o f low, rather than high, average 
density of grouse.

Density-dependent natality. Density-dependent effects 
may be of two types: direct, in which increasing popula­
tion exerts a negative effect on factors causing population 
growth; or indirect, in which increasing population exerts 
a positive effect, tending to promote further population 
increase. The latter would not, however, regulate numbers. 
The natality of many animals is known to be influenced 
by food supplies, and, since food may be scarcer when 
the animals are more numerous, it is at least theoreti­
cally possible that natality varies inversely with population 
density. A probable example is the southem elephant 
seal (Mirounga leonina). On the island of South Georgia, 
where adults are killed in large numbers, cows first have 
pups at the age of three; bulls first arrivé on the breeding 
ground at the age of four and first hold harems at the 
age of seven. In contrast, on Macquarie Island, where the 
animals are protected, cows first have pups at a mean 
age of six; bulls first arrivé at the age of six to eight 
and breed much later (one marked buil at thirteen or 
fourteen). The age of first breeding depends on body size, 
and young seals grow much faster on South Georgia than 
on Macquarie, presumably because the removal of many 
adults on South Georgia leaves more food for the young. 
In the North American mule deer (Odocoileus hemionus), 
the average age of first breeding is also known to vary 
somewhat with population density. The same is doubtless 
true of other mammals.

In fish subjected to heavy fishing, the natality of the 
remainder rises, because with fewer numbers more food 
is available and the fish grow faster; both the age of first 
breeding and the number of eggs vary with body size. 
In the sycamore aphid (Drepanosiphum platanoides), and 
doubtless other species, crowding inhibits breeding; this 
may reflect reduced food supplies, since breeding is also 
inhibited by food shortage. The number of eggs produced 
per female is also density-dependent in the pine beauty 
moth (Panolis f  lammea), because when the larvae are 
crowded each forms a smaller pupa and, hence, in the 
following year a smaller adult, which lays fewer eggs than 
a larger adult. Again, the number of eggs laid by an insect 
parasitoid is equal to the number of unparasitized hosts 
it finds, and the latter number depends in part on the 
population density of the parasitoid species.

Density-dependent mortality. A simple example of den­
sity-dependent mortality was cited earlier for nestling Eu­
ropean swifts in which the mortality from starvation is 
much higher in broods of four than of three. Broods of 
young are not, however, independent populations. Three 
examples from such populations follow.

In British Columbia the adults of sockeye salmon come 
up the rivers to spawn in fresh waters between July and 
November. The proportion of eggs that fail to hatch rises 
markedly with an increasing density of adults. Latecomers 
may expose eggs laid by earlier females; many individuals 
are forced to lay in suboptimal places susceptible to either 
drying out or freezing; and crowded eggs may die from 
fungal infection or shortage of oxygen. These factors are 
not sufficiënt to regulate the size of the population, how­
ever, since the total number of young that hatch continues 
to rise, although at a slower rate.

The small fry suffer heavy predation, chiefly from fishes 
of other species, on the way from where they hatch to the 
lake nurseries where they grow. Probably this predation 
is proportionately less when population density is high. 
This is evidently because, in years when prey is sparse, the 
numbers of the predators are held down by the numbers 
of their prey, and hence in a year with far more fry than 
usual there are proportionately fewer predators (as their 
numbers häve not yet increased). In such years, small fry 
have a greater chance of survival than usual, which is 
probably why, as mentioned earlier, one of the four suc­
cessive sockeye populations is much larger than the others.

After the fry reach the Take nurseries there is further 
heavy mortality from predatory fishes, especially in the
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first 100 days. This is directly related to population density 
and therefore affects their numbers. While the immediate 
cause of their mortality is predation, it is closely linked 
with food shortage, because when the fry are at higher 
densities their food is sparser; they grow more slowly than 
at other times, and because they are smaller they are more 
vulnerable to predation.

The growth rate of the fry is inversely related to their pop­
ulation density, and so is the average weight of the smolts 
when they set off for the sea. Moreover, the proportion of 
smolts returning later to breed is strongly correlated with 
their weight at departure and hence with their density as 
fry in the lakes. The population density of the fry is there­
fore inversely correlated with their subsequent survival at 
several stages of their life history; its overall effect on the 
production of adult salmon is summarized in Figure 12. 
The density-dependent mortality ofthe salmon fry regu­
lates their numbers, bringing them down when they are 
high and allowing them to increase when they are low. 
The causal factors are predation acting in combination 
with food shortage.

From  M itte ilu ng e n  d e r  In ternationalen V e re in ig un g  
fü r theoretisch e  u n d  a n g e w a n d te  L im no log ie  (1965)

Figure 12: D ensity-dependent relationships in sockeye salmon 
{Oncorhynchus nerka): relation between density of fry in lakes 
and that of returning adults.

Food shortage also limits the population density of fresh­
water flatworms (genera Polycelis and Dugesid), though 
in a complex way because these relatively simple animals 
have the power, when food is short, of feeding from 
their own tissues. A Polycelis tenuis 8 to 9 millimetres 
(about 0.33 inch) long can survive without food for eight 
months, during which it shrinks to 1.5 millimetres (0.06 
inch). Only the largest individuals of the species breed. 
Three species studied in North Wales feed on oligochaete 
worms, one of them also on pond snails. When their food 
supplies start to increase in spring, the surviving large 
adults breed. But their numbers are sufficiently close to 
the food limit to mean that the appearance of many small 
young produces a shortage, as a result of which many large 
adults become small and many young fail to grow. A little 
breeding continues until autumn, at which time the food 
supply is low and hardly any large individuals remain; 
the heavy mortality of small individuals from starvation 
allows the remaining adults to grow larger. As mentioned 
previously, the experimental removal of two-thirds of the 
adults from one pond, and the Provision of much extra 
food in another, caused a large increase in natality. In 
addition, in both ponds the mortality feil and the propor­
tion of big adults increased. In an experiment in which 
a population was kept without food, the large individuals 
shrank to medium size, the medium-sized became small, 
and the small died.

Poppies have small seeds with small food reserves. When 
experimental plots are sown with seeds at different densi­
ties, the mortality of the seedlings becomes higher at the 
higher densities, until it is so high that the addition of 
further seeds does not produce any further increase in the 
number of surviving plants and may even cause a decrease. 
The mortality among densely planted seedlings in this and 
other species has a number of causes, including higher hu­
midity and hence greater fungal infection, more blanching 
because the plants partly screen each other from the light,

and a great attraction of predators such as wireworms.
In similar experiments involving plants with large seeds, 

such as the corn cockle (Agrostemma githago)i each seed- 
ling has more food reserves and mortality does not rise 
with increasing density, so that the greater the density 
of seeds, the greater the density of plants produced. At 
the higher densities, however, the rate of growth of each 
plant is signifieantly reduced, and above a certain density 
there is no further increase in the total weight of plant 
matter per unit of area, or in seed production per unit of 
area. Corn or maize (Zea) is another large-seeded plant 
in which the rate of growth decreases markedly with in­
creasing density of seedlings; above a certain density, the 
number of seeds on the plants falls, not merely per indi­
vidual plant but per unit area, although the total weight 
of green shoots continues to rise. These findings are of 
importance in determining the most economic density at 
which to sow crop seeds.

Predator-prey oscillations. In the examples so far con­
sidered, mortality was directly dependent on density, in 
the sense that the higher the density, the greater the pro­
portion of individuals dying. But in some cases the effect 
of population density on mortality is delayed, notably 
when a prey species and its predator (or an insect parasite) 
each limit the numbers of the other. If, for example, both Mutual 
species are scarce, the prey can increase rapidly through population 
reproduction; but the predator can then also increase in limitations 
numbers, and the process continues until the predator is so in preda- 
numerous that it begins to reduce the numbers of its prey; tor-prey 
this in turn brings down the numbers of the predator, interac- 
and the cycle starts again (see above Biotic interactions). tions 
In such a cycle, the relationship between prey numbers 
and prey mortality is not simple and direct. Instead, the 
prey mortality is low throughout the phase of increase 
and high throughout the phase of decrease. A particular 
density of prey is followed by an increase in numbers at 
one phase o f the cycle and by a decrease at the other.
This is because the increase of the predator lags behind 
the increase of the prey.

Early mathematical analyses suggested that, in a preda­
tor-prey interaction of this type, the numbers of both 
species should oscillate regularly and that the oscillations 
might increase in amplitude with time. Efforts to test this 
idea in the laboratory ran into difficulties in achieving 
ecological balance: the predator tended to increase, ex­
terminate its prey, and then die out. Regular oscillations 
were finally produced in a closed laboratory population 
(Figure 13), but only when the Situation was complicated 
by the addition of launching posts to assist the prey to 
reach undiscovered food sources within the culture and of 
partial barriers to reduce the movements of the predator 
between these sources.

From H ilg a rd ia  (1958)
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Figure 13: Laboratory study of oscillations in population 
density of a predator and its prey. The  predatory mite 
(Typhlodromus occidentalis) preys upon the orange-feeding, 
s ix-spotted mite (Eotetranychus sexmaculatus).

Few natural populations of predators and prey oscillate 
regularly in numbers. In some cases in which a predator 
has been successfully introduced to control a pest, the 
predator has at first increased greatly; as a result the prey 
has decreased greatly, and after it the predator, follow­
ing which both species have remained extremely scarce. 
This happened when the Australian ladybird beetle was 
introduced and successfully controlled the cottony-cush- 
ion scale insect in the citrus groves of California. The 
same result followed when the cactus moth (Cactoblastis 
cactorum) was introduced and successfully controlled the 
prickly pear (Opuntia) in Australia. As of 1971 there 
were more than 60 cases in which an insect pest had 
been signifieantly reduced through the introduction of a
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predator or insect parasite and a number of others in 
which a harmful plant had been similarly controlled by 
a phytophagous (plant-feeding) insect. These large-scale 

Effects o f field experiments show that a single predator is capable of
predators holding the numbers of its prey to a level far below that
)n prey which prevailed before its arrival. It is generally supposed
?opula- that the prey continues to survive and to multiply in little
ions pockets, but before it has multiplied far, the pockets are

discovered and eliminated by the predator, by which time, 
however, further pockets have appeared elsewhere. This 
capacity for movement of both prey and predator can 
only with difficulty be reproduced in the laboratory.

A phytophagous mite that damaged strawberry plants 
was maintained by a predator at a level low enough to 
cause minimal harm. The reverse can occur, however, in 
populations that lose their predators. An example is the 
mule deer (Odocoileus hemionus) on the Kaibab Plateau 
in Arizona, following the removal of carnivorous mam­
mals and human hunters. A population o f about 4,000 
deer in 1906 increased to about 100,000 in 1924 but 
then feil dramatically to about 20,000 in 1931 and to less 
than 10,000 in 1939, probably because overgrazing pre- 
vented adequate regeneration of the food plants (a delayed 
density-dependent interaction). Similar effects occurred in 
other parts of the United States following the removal of 
the natural enemies of the deer. In parts o f Alaska where 
wolves (Canis) are present, mule deer have a light winter 
mortality from starvation and the range remains in fair 
condition; but, in parts where wolves are absent, the deer 
have a heavy winter mortality from starvation and there 
is marked deterioration in the condition of the range. 
Thus, the interaction between the wolves and the deer 
signifieantly modifies the interaction between the deer and 
their plant food.

A similar Situation is found on Isle Royale in Lake Su­
perior, to which a few moose (Alces americana) crossed 
early in the 20th Century. They increased to about 3,000 
by 1930, when their food supplies were badly damaged, 
decreased through starvation to 200 in 1935, rose again to 
800 in 1948, and decreased to 500 in 1950. Shortly before 
1950, 20 gray wolves (Canis lupus) arrived; after that, 
up to the last published count in 1961, moose numbers 
stabilized near 600, The wolves tended to take calves or 
debilitated animals.

Regular, large, and continuing cycles occur in the num­
bers of some wild mammals. If a cycle is regulär, one may 
be reasonably certain that its cause is simple. The best 
attested example is that of the lynx (Felis lynx), which 
the records of the Hudsön’s Bay Company, covering more 
than a Century, show to have a remarkably uniform peri- 
odicity of 9 to 10 years. The years of peak numbers are 
similar in its prey, the varying hare (Lepus americanus), 
and clearly its numbers are determined by those of the 
hare. This is probably not a simple predator-prey inter­
action, for there is no evidence that the numbers of the 
hare are brought down primarily through predation by 
the lynx. The regularity in the successive declines of the 
hare suggests a simple interaction with some other factor, 
and the continuation of each decline for several successive 
years is characteristic of a delayed density-dependent fac­
tor; interaction with plant föods is perhaps involved, but 
this has not been investigated.

The best-known regulär fluctuations in numbers are the
4-year cycles of lemmings. The only population so far 

Lemming studied for a long period is that of the brown lemming 
cycle (Lemmus trimucronatus) at Barrow, Alaska, Lemmings

are vegetarian, and at the peak in numbers, about every 
fourth year, there is heavy overgrazing followed by starva­
tion. Grazing transfers most of the nutriënt salts from the 
Vegetation to the lemmings, but the nutrients eventually 
retum to the soil and thus, after delay, become available 
again to the plants, which regenerate only slowly in the 
cold soil. Once the plants have regenerated, the lemmings 
increase again, and the cycle is repeated. Removal of 
the plant cover by the lemmings also exposes them to 
predatory birds and mammals, but the latter are not the 
primary cause of their decline.

Several alternative theories of the lemming cycle have 
been proposed. One is that lemmings regulate their own

numbers by emigration. Emigration is particularly charac­
teristic ofthe Norway lemming (L. lemmus), which moves 
out of areas where food has become sparse to others 
where food is present. But when all suitable ground has 
been colonized and overgrazed, emigration is of no further 
benefit; the lemmings then descend in large numbers from 
the tundra and may even cross rivers or fjords. Another 
theory is that physiological stress caused by overcrowd- 
ing (not starvation) induces metabolic deficiencies in the 
lemmings, especially in the endocrine system, that reduce 
fecundity or kill them. A third theory advanced to explain 
the continuation of the declines after numbers have fallen 
is that genetic changes occur in the population at different 
stages of the cycle.

The mammals and birds that prey on lemmings, like the 
predators of the varying hare, fluctuate in numbers with 
their prey. The goshawk (Accipiter gentilis) and the Amer­
ican red fox (Vulpes fulva) are o f special interest in this 
connection because in some areas they prey on lemmings 
and have a 4-year cycle and in other areas they prey on 
varying hares and have a 10-year cycle. The numbers of 
grouse and ptarmigan living in the same areas also fluc­
tuate in parallel, for unknown reasons, but presumably 
because their numbers are linked with those of the rodents 
through common foods or common predators.

The examples discussed so far concem simple, or ap­
parently simple, interactions; but most animals, especially 
those living in natural habitats outside the Arctic, eat di­
verse foods and have diverse enemies. Because a diversity 
of factors is involved, their fluctuations are likely to be 
irregulär. The numbers of a species may be regulated in 
different ways in different parts of its range. For example, 
much of the mortality of young barnacles (Balanus) on the 
rocks in Scotland is the result o f intraspecific crowding, 
but in San Juan Island in the state of Washington, it is the 
result of predation by snails (Thais)', these very different 
factors govern both the distribution and abundance of the 
barnacles in the areas concerned.

Movements. Movements offen have an important effect 
on the size of a population, especially in mitigating tempo­
rary food shortage or overcrowding, and are o f four main 
types: migration, emigration, dispersion, and dispersal.

Migration. As commonly understood, migration is a 
regulär, seasonal, long-distance, large-scale movement of 
populations in set directions between two areas, one of 
which (rarely both) is used for breeding. The term is also 
used for short movements, in any compass direction, to 
a special habitat for breeding, such as are found in many 
types of land, freshwater, and marine animals.

Many birds breed at high latitudes in summer and move Migratory 
for the winter to low latitudes or to coasts or to the species 
sea. Many others have extensive movements between a 
breeding and a nonbreeding area within the tropics. A 
few, notably the common redpoll (Carduelis flammea) in 
northern Europe, the Old World quail (Coturnix coturnix) 
around the Mediterranean, and the quelea (Quelea quelea) 
in tropical Africa, almost certainly breed in two areas in 
succession, but this is not yet fully proved. In mammals, 
also, certain bats and the caribou (Rangifer tarandus) mi­
grate to breed at high latitudes in summer; various whales 
feed and form fat stores at high latitudes in summer and 
breed at low latitudes in winter. Various antelope migrate 
in the grasslands of tropical Africa. Some fishes and at 
least one squid migrate regularly like birds. In various eels 
and salmon, each individual moves once in its life from 
a breeding to a feeding area, returning after several years 
to the breeding area and then dying. Various northern 
butterflies breed in the north in summer; their offspring 
migrate south and breed; and their offspring in tum fly 
north the following spring, so that, while each individual 
migrates only once, there is a twice-yearly migration ofthe 
population. The monarch butterfly (Danaus plexippus), on 
the other hand, migrates from a northern breeding area to 
hibernate in the south, the same individuals returning to 
the northern breeding area the following summer. Other 
butterflies migrate within the tropics.

The migratory habit enables a species to breed in one 
area and to survive the winter in another, or to grow large 
in one area and to breed in another, or even to breed in
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two areas at different seasons. Nonmigratory animals may 
have to survive cold or drought in a resting stage as eggs 
or pupae; or, if adult, in hibernation or aestivation.

Certain northern birds are partial migrants, some of the 
population leaving and the rest staying for the winter in 
the breeding area. In such species, the advantages of leav­
ing or staying must be almost equal; this view is supported 
by the fact that the proportion migrating increases toward 
the north of the range, where the winters are more severe. 
Like other adaptations, migratory movements are antici- 
patory. If food will become scarce, it is advantageous for 
an animal to move away before this occurs, and similarly 
it is advantageous to leave a wintering area so as to arrivé 
on time in the breeding area. Many migrant species have 
evolved special abilities that enable them to sense time, ac- 
cumulate fat reserves, and navigate over long distances—  
strong circumstantial evidence that migration is advan­
tageous to the species concerned (see also behaviour, 
animal: Basic behavioral activities o f individuals: Migra­
tory behaviour).

Emigration. Emigration differs from migration in that 
it occurs at irregulär intervals, in a variety of directions, 
without a set retum movement, and in direct response to 
food shortage or overcrowding. The European red squirrel 
(Sciurus vulgaris) and the Siberian nutcracker emigrate 
from the taiga in years when they are numerous and 
coniferous seed crops fail; the common waxwings (Bom- 
bycilla garrulus) and some other northern birds emigrate 
when particular berry crops fail; the lemmings, as men­
tioned earlier, move from the tundra when they have 
overeaten their vegetable foods; the hawks and owls that 
prey on lemmings also move when the latter decline; wa­
ter birds breeding beside shallow lakes in the steppes leave 
in the occasional summers when the lakes dry out; locusts 
move when overcrowded, producing a special migratory 
form; and various aphids, after multiplying signifieantly 
on a food plant, produce winged forms that drift away. 
Some emigrations are combined with migration, in that 
they may occur at set seasons and in set directions with 
later return movements, but the numbers participating are 
much greater in occasional years than in others.

Emigration is advantageous for any individual that has 
a greater chance of survival if it moves than if it remains 

Emigration where it is, and hence the habit is explicable in terms of 
and natural natural selection. It may be specially advantageous in cases 
selection of local crowding or local food shortage, when small and 

inconspicuous movements suffice to take the emigrants to 
suitable new areas. Even in occasional catastrophic years, 
when many emigrants die, the chance of survival may be 
higher for an individual if it moves than if it stays; recov- 
eries of marked birds have shown that some of the emi­
grants, in fact, survive and return later to their breeding 
grounds. There is no positive evidence for the alternative 
idea that the emigrants constitute a doomed surplus that 
moves out to die in order to save a remnant of the species 
from starvation; no means are known by which a species 
can evolve behaviour that benefits unrelated members of 
the species but is harmful to the participating individuals.

Dispersion. The small and usually inconspicuous move­
ments by which various animals space themselves out, 
especially for breeding, lead to what is called dispersion. 
Birds that are solitary breeders tend to be spaced out fairly 
evenly but with a tendency to be denser where food and 
other conditions are more favourable; in colonial species, 
both the spacing and the size of the breeding colonies vary 
somewhat with the availability of resources. Since adult 
birds usually breed from year to year in the same place, 
dispersion is brought about mainly by the younger individ­
uals that are settling for the first time; they first of all seek 
the preferred habitat of their species, but, if it is densely 
occupied, they may choose to settle in suboptimal habi­
tats. The latter may give them a better chance of raising 
young than would otherwise suitable but crowded areas, 
and therefore suboptimal habitats are occupied chiefly in 
years of high numbers. Similarly, the young adults of colo­
nial species tend to settle in established breeding colonies 
but may move elsewhere if these are crowded in relation 
to resources. In winter, birds join feeding flocks if this 
helps them to obtain food and leave them if it does not.

Similar principles apply to many other kinds of animals.
Dispersal. Dispersal is offen used as a general term for 

animal movements but also in a special sense for the 
movements of young animals or plant seeds from their 
birthplace to where they settle down. It has little effect on 
numbers, although it is an important means by which an 
increasing species gradually extends its range. In various 
sedentary or sessile marine animals, however, and in many 
land plants, specialized larvae or seeds have adaptations 
for active or passive transport that enable them to settle 
at long distances from their birthplace (see above The 
distribution o f organisms: The nature o f dispersal).

(D.L.L./Ed.)

Biological communities, biomes, 
and ecosystems
A biological, or natural, community consists of two or 
more interacting and interdependent populations, such 
as the plant and animal inhabitants of a lake or forest.
The major biological communities of the world, such as 
the Arctic tundra or the Amazon rain forest, are called 
biomes. Similar biomes considered collectively in terms 
of predominant Vegetation constitute biome types— e.g., 
tropical rain forest, which comprises biomes in Southeast 
Asia, Africa, South and Central America, and northeast 
Australia. A biological community, biome, or biome type 
considered together with the nonliving components of its 
environment (i.e., soil and water conditions and climate) 
is called an ecosystem.

COMMUNITY STRUCTURE
Growth forms and life-forms. The different types of 

plants represented in a community, in terms of height, 
form, manner of growth, and kind of foliage, are termed 
growth forms. Every community includes a number of 
different growth forms, each represented by a number of 
plant species. The one or two growth forms that are most 
important are said to dominate the community. The ma­
jor growth forms o f the community determine its overall 
appearance or structure. The structure of a plant commu­
nity on land, as determined by its growth forms, is called 
its physiognomy.

The plant types, as distinguished in another concep­
tual system, are termed life-forms. Instead of the many 
characteristics of plants by which growth forms are dis­
tinguished, life-forms are defined by the relationship of 
the embryonic growing tissues from which new sterns 
and branches will come to the ground surface. The life- 
forms are (1) phanerophytes—trees and shrubs with grow­
ing tissues in buds well above the ground, (2) chamae- 
phytes—low shrubs with buds within 25 centimetres of 
the ground, (3) hemicryptophytes—perennial herbs with 
growing tissues at ground level, (4) geophytes—perennial 
herbs with underground bulbs, buried horizontal sterns, 
etc., (5) therophytes—annual herbs with the growing tis­
sues surviving unfavourable seasons only in seeds, and 
(6) hydrophytes—aquatic plants. The percentages o f the 
life-forms in a list of plant species for a community or 
landscape constitute a life-form Spectrum. Because the 
different life-forms represent the ways in which plants 
are adapted to survive unfavourable seasons, the life-form 
spectrum expresses aspects of the community’s adaptation 
to its environment. Thus, the phanerophytes predomi- 
nate in the life-form spectrum of a tropical forest, the 
hemicryptophytes in temperate forests and grasslands, the 
therophytes in some deserts, and the hemicryptophytes 
and chamaephytes in Arctic tundra; Life-form and growth 
form concepts are most commonly applied to land plants, 
but similar categories can be defined for animals and 
aquatic communities.

Vertical and horizontal patterns. Growth forms and 
life-forms relate to stratification—a general characteristic Stratifi- 
of communities. Plant communities on land show vertical cation of 
differentiation when the different life-forms and growth communi- 
forms bear their leaves at different distances above the ties 
ground. This stratification is strongly related to light con­
ditions because a given stratum is adapted to the light 
intensity at its own level and it reduces the light inten-
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sity for lower strata. Light intensity in a forest decreases 
downward; the light reaching leaves of the different strata 
decreases from full sunlight for the uppermost trees, to 
approximately 10-50 percent of full sunlight for smaller 
trees, 5-10 percent for shrubs, and 1-5 percent for herbs. 
The animal taxocenes of a community also show strati­
fication. In a forest three groups of bird species may be 
distinguished: those feeding in the tree canopy, those near 
ground level, and those in foliage of shrubs and low trees 
between these. Strata involving roots of different plant 
species, and different animal species, may be recognized 
from the soil surface downward. Stratification in relation 
to light and depth occurs also in aquatic communities. 
Marked vertical differentiation is observed in shore com­
munities and involves water depth and light intensity 
below tide levels, exposure to air and other factors within 
the tidal beit.

Many communities also show patterns of horizontal dif­
ferentiation. On the forest floor scattered patches o f dif­
ferent herb species may be observed. In some cases these 
patches are caused by environmental differences within 
the forest—differences in light intensity or small undula­
tions in the soil surface, for example, that affect distri­
butions of plant species. In some cases the patches result 
from growth of plant colonies that spread by underground 
sterns from a common parent; in others, they may result 
from interactions between species, as in a parasitic plant 
that forms patches where the roots of its host species oc­
cur. Individuals of plant species are not usually scattered 
at random through the horizontal space of the commu­
nity; they show clumped or clustered distributions. Many 
animal populations, both on land and in aquatic commu­
nities, also have clumped distributions. A less common 
condition is spacing that is more regulär than a random 
distribution. Shrubs in some deserts have regulär distribu­
tions, and singing birds and some other animals appear 
to occupy definite territories with roughly equal areas, so 
that individuals or breeding pairs are evenly spaced. 

internal In the community some species tend to occur together 
patterning in the same patches, others to occur separately. The ten­

dency to occur together has different causes for different 
associations o f species. Two species may be responding in 
similar ways to place-to-place differences in light intensity 
or other environmental factors within the forest; but an­
other pair of species may occur together because one is 
dependent on the other. The tendency of individuals to 
occur separately may result because each species responds 
differently to environmental factors, or because effects 
produced by one species tend to inhibit or exclude others. 
Species thus relate differently to environments and to one 
another within the community, and complex patterns of 
patchiness and horizontal differentiation of the commu­
nity can result from these different responses.

Time relations. Communities also show differentiation 
in time. In plankton different species of algae appear and 
disappear to give way to other species during the annual 
cycle of seasons. In a broad-leaved deciduous forest one 
group o f herbs blooms early in spring before leaves are 
on the trees; other groups bloom in later spring, early 
or later summer, or fall. Different insect species appear 
and disappear as the seasons progress, and bird species 
respond differently to seasons, some migrating and oth­
ers remaining throughout the year. Organisms also show 
rhythms of behaviour related to daily time. Some animals 
are active in the daytime, others at dusk, still others at 
night. Flowers of different plant species are open at times 
of day that coincide with the activity of the animals that 
pollinate them. Many plankton animals migrate upward 
toward the water surface at night and downward away 
from intense light in the daytime, but different species 
have different pattems and extents of vertical migration. 
The complex rhythms of the tides govem the activities of 
many shore-dwelling organisms. Plant and animal species 
of a community thus differ in their relationships to time 
(see behaviour, animal: Nature and patterns o f animal 
behaviour: Periodic biological phenomena).

Interactions. Species within the community also differ 
in sources of food and ways of interacting. Three major 
ways of obtaining food may be recognized in a commu­

nity: photosynthesis, ingestion (eating), and absorption.
These three means of nutrition represent major directions 
of evolution, corresponding, with a few exceptions, to 
major groups of organisms (plants, animals, and fungi).
As treated earlier, animals exhibit a variety of feeding 
adaptations—e.g., herbivory, camivorous predation, car- 
nivorous parasitism, and camivorous scavenging. Many 
aquatic animals filter a mixture of dead particles and liv­
ing microorganisms from the water and use some of this 
organic material as food.

Thus, most species are food specialists, differing from 
other species in the same community in the source of 
their food. Species differ in other ways of relating to 
one another. They may, for example, variously affect one 
another’s environment. An herb growing beneath a tree 
in a forest must be adapted to the low light intensity of 
the tree’s shade and to the Chemical effects produced by 
the tree in the soil where the herb grows. Some plant 
species release toxic materials to the soil, preventing some 
other species from growing nearby. Some species rely on 
another species for shelter, support, transportation, or con- 
cealment. Many plants live as epiphytes (plants not rooted 
in soil but living among the branches o f trees or on other 
supports) supported by another plant; the lichens on the 
bark of a tree and the orchids bome on high branches of 
tropical trees are epiphytes. Many marine animals live on 
the surface of another animal. A close, sustained living 
together of two species or kinds of organisms is referred 
to as symbiosis. Many species, rather than benefiting one Symbiosis 
another, are competitors. If two species live together and 
use the same resource, and use of the resource by one lim­
its the growth or population level o f the other, the species 
are in competition. Species may compete for food sources, 
light, soil nutrients, space, and other resources needed for 
the support of their populations (see also above Biotic 
interactions: Amensalism and antagonism: Competition).

Niches and species diversity. Species differ in their po­
sitions in a community—in their relation to vertical and 
horizontal space, time, resource use, and manner of inter­
acting with other species. The position and function of a 
species in the community in relation to other species is 
termed its niche. Competition relates to the niche concept.
In an experimental culture if two species are in direct 
competition for the same resources, the population of one 
species will decline to extinction in the culture. From sim­
ilar observations on competition and on species positions 
in communities, the principle of competitive exclusion 
can be stated: two species cannot occupy the same niche, 
in direct competition with one another in the same stable 
community. The species of the community consequently 
evolve toward niche difference— i.e., different positions in 
the community by which competition between them will 
be reduced. A community is, thus, a system of interacting, 
niche-differentiated species.

Because of niche diversification, many species are able to 
live together in a community without direct competition.
The community’s richness in species is referred to as its 
species diversity, a quality most directly measured in terms 
of the number of different species found in a sample of 
Standard size taken from a community. Another charac­
teristic of communities is to be recognized, however, in 
the manner in which relative importances or abundances 
of species relate to one another. In some communities one 
species is strongly dominant, and the abundances decrease 
rapidly in the sequence from the first to the second and 
third species and beyond. In other communities no species 
is conspicuously more important than others, and the de­
cline in abundance in the sequence of species is much less 
pronounced.

Species diversity o f communities is affected by evolution­
ary time (the time during which a community changes 
and evolves), environmental stability, and favourableness 
of the habitat. During evolutionary time new species enter 
a community, each new species adapting itself to a niche 
different from those of other species in the community.
Even though some species become extinct, species tend 
to accumulate in a community, and diversity tends to 
increase through evolutionary time. In more rigorous and 
unfavourable environments, however, fewer species are
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able to adapt to the environment itself. Such environ­
ments imply that selective forces acting on the species 
are directed primarily toward adaptation to environmen­
tal hazard, rather than toward niche differentiation in 
relation to other species. Many communities in rigorous 
environments have low species diversity and high con­
centration of dominance. In more stable and favourable 
environments (such as that of the tropical rain forest) se­
lection toward refined niche differences, acting through a 
long evolutionary time, has made high species diversities 
possible. Many of the aspects of community structure— 
e.g., differences among species in vertical and horizontal 
Position, time, food relations, and other interactions—  
are in part consequences of evolution of niche difference. 
Complexity of community structure tends to increase 
through evolutionary time as species of different positions 
in the community accumulate. Community structure and 
appearance reflect adaptation to the environment on two 
levels: (1) the limitations imposed by the environment 
determine what growth forms can survive in the commu­
nity, and (2) the niche differentiation among plant species 
is in part expressed by growth-form differences in stature, 
form, leaf type, and seasonal relations.

COMMUNITY FUNCTION
Productivity of organic matter. The existence of the 

community and of all organisms in it requires energy. 
Photosynthesis is the source of biological energy for com­
munities, and the creation, through the process of photo­
synthesis, of organic compounds from inorganic materials 
by the green plants of a community is termed primary 
productivity.

Primary productivity. Primary productivity may be 
measured either in terms of the amount öf energy incor­
porated in organic compounds by photosynthesis or in 
terms of the dry mass of the organic material produced. 
In approximate terms 1 dry gram of plant tissue repre­
sents 0.4 gram of organic carbon and 4.25 kilocalories 
of sunlight energy incorporated in organic compounds. 
The community’s gross primary productivity is the total 
energy captured by green plants (or the mass equivalent 
of this energy) per unit area and time. The community’s 
net primary productivity is the organic mass (or its energy 
equivalent) produced by photosynthesis that remains after 
some of that organic matter has been used in respiration 
(Chemical reactions supporting life processes) by the pho- 
tosynthesizing plants. In forests 60 to 75 percent of gross 
productivity may be respired by the plants; the remaining 
40 to 25 percent is net productivity. In aquatic commu­
nities less than half of gross productivity may be respired 
by the plants.

Amounts of photosynthesis vary widely in different com­
munities; communities may be grouped in terms of four 
ranges of net primary productivity as expressed in units of 
net dry weight in grams per square metre of earth surface 
area per year (g/m2/yr). The ranges correspond to different 
environmental and vegetational conditions as shown in 
Table 3. For a discussion of photosynthetic efficiency in

terms of overall energy flow in the biosphere, see above 
Energy flow and material cycling:

The amount of gross primary productivity represents the 
total energy available to carry on all the biological activ­
ities of the community if no organic matter is brought 
into the community from the outside. The amount of net 
primary productivity represents the total energy available 
for use by the community’s heterotrophs (nonphotosyn- 
thetic organisms that do not manufacture their own food 
like plants but that must obtain it elsewhere), the animals, 
bacteria, and fungi. The rate of utilization of net primary 
production by heterotrophs is important in determining 
the amount of the community’s plant biomass. Biomass Biomass 
(or standing crop) is the amount of organic matter present 
in a community at ä given time potentially available for 
harvest and use by heterotrophs. In a land community 
the biomass primarily comprises living and dead tissues 
of plants. A grassland, for example, might have a stable 
net primary productivity of 600 grams per square metre 
per year, and one-third of this plant tissue might be eaten 
by animals (or decomposed by bacteria or fungi) the first 
year, one-third of the remainder the second year, and so 
on. A forest, on the other hand, might produce 1,300 
grams per square metre per year and then lose by various 
means only one-fortieth of it each year. In each case the 
portion of past production remaining in the community is 
its biomass. Eventually the grassland biomass will remain 
steady at about 1,800 grams per square metre and the 
forest biomass will reach about 52,000 grams per square 
metre. The forest and grassland differ widely not only in 
amounts of biomass but in biomass accumulation ratios, 
the ratios of plant biomass to net annual primary produc­
tivity (3 and 40 in this example). Biomass accumulation 
time and standing biomass are compared for several com­
munities in Table 4.

The plant food harvested by herbivores is used for their 
growth and activity. Herbivores in tum are harvested by a 
series of carnivores. Such a sequence of organisms along 
which food is passed—for example from an oak tree (the 
producer) to a Caterpillar (the herbivore) to a warbler (the 
first carnivore) and finally to a hawk (second camivore) is 
called a food chain.

Secondary productivity. When organisms of the com­
munity are grouped by position along food chains, the 
groupings represent trophic levels. Pröductivities o f  the 
trophic levels above the primary level are referred to as sec­
ondary pröductivities. Because many animal species feed 
upon a number of other species, food chains are linked Food webs 
together into community-wide food webs. A species’ place 
in a food web is an important aspect o f its niche. At 
each trophic level some of the organisms’ energy is used 
in their own life processes, and some organisms die and 
decompose without being eaten by other animals. The 
productivity of a given trophic level, therefore, can never 
be more than a fraction o f that o f a preceding trophic 
level. The ratio of energy on a given trophic level to that 
of the preceding level is known as the efficiency of the 
given level. For the first and second consumer levels ef-

Table 3: Communities Arranged by Net Primary Productivity

net primary description some examples of communities
productivity* and productivity value with typical pröductivities 

in each range
3,000 or more very high productivity in 

particularly favourable 
conditions of water and 
nutriënt availability and 
temperature

some young tropical forests, 
salt marshes, coral reefs, 
rice paddies, sugarcane fields

1,000-3,000 high pröductivities in generally 
favourable environments

most forests and some highly 
productive grassland, some 
estuaries and nutrient-rich 
lakes

2 0 0 - 1 , 0 0 0 intermediate pröductivities
in environments in which water 
or nutrients or temperature 
are in some respect limiting

many temperate grasslands, 
semiarid woodlands and shrub- 
lands, many lakes and Coastal 
waters of oceans

2 0 0  or less low pröductivities in
environments that are severely 
limiting in some respect

dry and cold deserts, some 
nutrient-poor lakes, and many 
open waters of oceans

*Net dry weight in grams per square metre of earth surface area per year.
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Table 4: Comparison of Communities 
by Biomass

community accumulation
time

standing
biomass
(kg/m2)

Forest 10-50 10-70
Shrubland 3-10 2 - 1 0

Grassland 2-5 0.2-5
Field of 

annual herbs
1.0 0.1-1

Plankton 0.01-0.05 0.001-0.04 ,

ficiencies tend to be about 10 percent. Efficiency óf pro­
ducers, comparing their net primary productivity with 
their energy source in sunlight in the visible range, is much 
less— e.g., aböut 1 percent for many forests and even as 
low as 0.1 percent for some of the open-ocean plankton. 
Because of the loss o f  energy on each level, productivity 
must decrease up the sequence of trophic levels, forming 
what is known as a pyramid of productivity. In many, 
though not all, cases, biomasses and numbers of organ­
isms will also decrease up the sequence of trophic levels 
and for illustrative purposes these can also be visualized 
as pyramids.

Decomposition of organic matter. Only part of net pri­
mary productivity is harvested by animals. The remainder 
is decomposed by bacteria and fungi, or is transported 
out of the community, or accumulates as net ecosystem 
production. In many communities the fraction of net 
primary production harvested by animals from tissues of 
living plants is small compared with the fraction utilized 
after death of the tissues by scavengers, bacteria, and 
fungi. Less than 10 percent of leaf tissue and less than 1 
percent of wood tissue of living trees in a forest may be 
harvested by animals. The remainder falls to the ground to 
form the litter covering the soil surface and is utilized by 
the soil community. The soil community includes animal 
scavengers that eat dead plant tissue, scavengers on dead 
animal tissue, bacteria and fungi of decomposition, and 
animals feeding on these organisms. Although animals 
contribute to the breakdown of the litter, the bacteria and 
fungi have the most essential role in reducing dead organic 
matter to inorganic end products. The major modes of 
nutrition previously referred to thus appear as the three 
major trophic parts of the community: producers (pho- 
tosynthesizing plants), consumers (ingesting animals), and 
reducers or decomposers (absorbing bacteria and fungi).

The biomass of the reducers may be small compared 
with that of the consumers and very small compared with 
that of the producers: The activities of this small mass of 
reducers are, however, of great importance in community 
function. The reducers break down almost all remains of 
dead organisms in the community; food chains normally 

Decompo- end in reducers. Decomposition by the reducers in most 
ition cases prevents continuing accumulation of dead remains

of organisms. When such accumulation does occur, as in 
the peat formed in bogs, community productivity may be 
limited by the fact that nutrients are locked up in dead 
tissues. The reducers thus make possible the steady-state 
condition of a stable community’s biomass. In this steady 
state the pool of organic matter in the community is rel­
atively constant, while matter is being added to it as net 
primary production and subtracted from it by animal har­
vest and decomposition, at equal rates. Decomposition of 
the dead remains of organisms makes available to the soil 
or water the nutrients that were contained in those tissues.

Nutriënt circulation. The reducers thus make possible 
the circulation of nutrients in the community. The pro­
ducers take up inorganic nutrients (including nitrogen, 
phosphorus, sulfur, calcium, potassium, magnesium, and 
other elements) from the soil or water. The producers 
use these for the synthesis of certain organic compounds 
and to maintain the levels necessary for the composition 
of protoplasm and the functioning of cells. Animals and 
reducers obtain these nutriënt elements in their food. The 
nutrients are passed along food chains until released back 
into the environment by decomposition or excretion. In 
the nutriënt circulation of a forest a nutriënt atom or ion

may be taken up from the soil into a tree root, transported 
upward through the tree’s conducting tissues to a leaf, 
taken in by a Caterpillar that eats the leaf, consumed then 
by a bird that eats the Caterpillar, until, with the death and 
decomposition of the bird, it is released back into the soil 
for renewed uptake by a plant root. Many nutrients are 
returned from forest trees to the soil by shorter routes— 
by the fall of dead plant tissues to the litter and decompo- 
sition, or by washing down from plant surfaces to the soil 
in rainwater.

The community’s biomass has a marked effect on nutri­
ënt circulation. For some elements in some communities, 
the greater part of the ecosystem’s stock of that element is 
held in the tissues of the plants and a smaller part is free 
in the soil or water. The amount of phosphate in solution 
in the water, for example, may be a small fraction o f the 
amount in plankton cells and particles. Tropical forests 
hold the stocks of some nutrients in relatively “tight” 
circulation: much of the nutriënt stock is held in plant 
tissues, and nutrients released by leaching or litter decay 
by fungi are quickly reabsorbed into plants. When a forest 
is cut or burned, abrupt and extensive loss of nutrients 
from the ecosystem may occur by erosion or by downward 
movement of nutrients in soil water. The plankton of the 
open oceans is low in productivity because the settling of 
plankton cells and dead particles carries nutrients down­
ward, leaving only low concentrations of critical nutrients 
in the lighted surface water where photosynthesis occurs.
It is thus true both that nutriënt resources of the envi­
ronment affect community function and that community 
function affects observed nutriënt levels in the community 
and its environment.

Water movement transports nutrients between the dif- Move- 
ferent communities—plankton, shore, and bottom—of a ment of 
water body and relates these communities to one another nutrients 
as parts of the water ecosystem. Land ecosystems and lakes by water 
and streams receive some nutrients from the outside—  
by rain, dust, groundwater movement, immigration of or­
ganisms, etc.—and lose some nutrients to the outside—by 
settling, water movement, emigration, erosion, etc. There 
is, thus, some movement of nutrients between the commu­
nities of a given landscape. On a broader scale nutrients 
are taken up from the ocean surface into the air in the 
spray from waves, transported over the continents in air 
currents, and carried downward into land communities in 
rain. Nutrients from land communities are carried into 
streams and transported in stream water into the oceans.
The ecosystems of the world are linked together by the 
transfer of nutrients between them into the biosphere.

COMMUNITY SUCCESSION
When gross primary productivity is greater than total 
community respiration, and net primary productivity is 
greater than the rate of harvest and decomposition, or­
ganic matter accumulates. Coal and petroleum represent 
surpluses of productivity over respiration aceumulated in 
past geologie time. Such surpluses are bases also of shorter- 
term growth of communities, as is illustrated in the con­
trast of a mature, stable forest with a young growing forest 
shown in Table 5. The accumulating surplus in the young 
forest may be termed a net ecosystem production. If not 
exported from the community, net ecosystem production 
implies growth in the community’s biomass. Thus the 
young forest, with biomass of 10 kilograms per square me­
tre, may in time mature into a forest of 50 kilograms per 
square metre. The process by which communities grow 
toward a stable, mature condition is called succession.

Table 5: Contrasts in Productivity and Respiration 
Between a Mature and Young Forest*

gross plant decomposer animal net ecosystem
productivity respiration respiration respiration respiration

Young 2,650 1,450 580 80 540
forest

Mature 3,350 1,950 1,250 150 0
forest

♦Net dry weight in grams per square metre of earth surface per year.
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Developmental communities. If the forest is destroyed 
by fire, a new forest is established by developmental com­
munities, which replace one another in sequence (e.g., a 
field of annual weeds, a meadow of perennial grasses, a 
community of shrubs, a young forest, a mature forest like 
the one destroyed). If the soil has not been lost, such a 
succession replacing a former community is a secondary 
succession. A succession that develops a new soil in a 
bare environment is a primary succession. If a forest on a 
mountain slope is destroyed by an avalanche, a succession 
on the exposed, bare rock surface may lead back to forest 
by way of lichens, mosses, grasses, shrubs, and trees as 
dominants of successive stages. Each stage paves the way 
for the next stage. Thus the grasses are able to begin growth 
in the sparse soil formed and collected by the mosses. 
Growth o f the grasses suppresses the mosses and forms a 
meadow in which a deeper soil develops. This soil permits 
shrubs to enter the meadow, to grow taller than the grass, 
and to kill the grass by shading, etc. The soil and shelter 
of the shrub stage permits trees to enter, grow above, and 
replace the shrubs. A number of developmental trends—  
progressive changes in community characteristics—are ob­
served in most successions. During a succession there is 
usually not only increasing accumulation of biomass but 
also progressive increase in community height, differenti­
ation into strata of the plant community, and consequent 
structural complexity, productivity, effect of the commu­
nity on environment, soll development, stocks of circu­
lating nutrients, species diversity, longevity of dominant 
organisms, and relative stability of the community. There 
are exceptions. Productivity and species diversity in par­
ticular often decrease during the late stages of a succession 
and are lower in the stable end community.

Stable communities. The mature, relatively stable com­
munity in which a succession finally ends is termed the 

Climax climax. The climax is characterized not by maximum pro­
ductivity but by maximum biomass and biomass accumu­
lation ratio and by low or zero net ecosystem production. 
More broadly, the climax is characterized by steady-state 
function—that is, a dynamic equilibrium, a condition of 
relative constancy in an open system. Energy, materials, 
or individuals may flow through the system, but if the 
input and output o f these are equal, the system can re­
main stable in its characteristics. Thus in the community 
steady States may be recognized in these three categories: 
(1) population balances* (2) energy flow, and (3) materi­
als tumover.

The individual species populations of the climax are 
stabilized (relatively, and despite some fluctuation). The 
rate of addition of individuals by birth (and in some cases 
immigration) is balanced by rate of loss of individuals by 
death (and emigration).

Energy intake in photosynthesis is balanced by energy 
loss in respiration, while the community’s pool of energy 
in organic materials remains relatively constant. Intake 
of materials by photosynthesis and nutriënt uptake is 
balanced by loss through respiration, decomposition, ex­
cretion, and leaching, while the community’s biomass and 
nutriënt stock remain relatively constant.

The community is thus (like an individual organism or a 
cell) an open system through which energy and materials 

Open flow. The intimate relation ofthe community to its envi-
system ronment in this flow provides justification for the concept
concept of ecosystem. Like an individual organism, the community

sustains itself by continuing the intake of available free 
energy in organic compounds. Like the organism, it uses 
this energy to maintain its function and complex structure. 
Like the organism, the community grows with increase o f  
mass and structural complexity to a final, mature state. 
There may, however, be different reasons for growth and 
maturity. The manner of growth, functional organization, 
and point o f reproductive maturity are determined in the 
organism by its inherited genetic instructions. There are 
no corresponding community-wide instructions determin­
ing succession and climax. These phenomena are resul- 
tants of the manners in which species populations interact 
and of overall balance of materials and energy flow. The 
character of the climax is determined by the resources and 
limitations o f environment and by the characteristics of

the species that interact and maintain themselves in that 
environment.

The stability of the climax is suggestive of the homeo­
stasis (the constancy of function and internal conditions) 
in the organism, but the mechanisms are different. The 
community has no central regulatory System such äs the 
nervous, circulatory, and endocrine Systems provide in 
higher animals. Yet the community tends to stabilize itself 
and to retum to normal after disturbances. The expression 
“balance of nature” refers to this condition.

COMMUNITIES IN SPACE
Landscape patterns. Many ofthe habitats ö fa  landscape 

are related to one another along environmental gradients 
(adjacent regions of changing elevation, soil characteris­
tics, surface moisture conditions, ,etc.). Some o f these are 
interrupted by cliffs or other barriers, but the habitats 
may be conceived as forming a pattem of environmen­
tal gradients. At each habitat, or point in this pattem, 
a climax natural community may develop. Characteristic 
species and functions of the community are adapted to 
the habitat in which they occur. Along a continuous envi­
ronmental gradiënt the characteristics of one community 
change, often smoothly, into those o f other communities.
The environmental gradiënt is thus paralleled by a gradi­
ënt of communities developed in response to the environ­
mental gradiënt. An environmental gradiënt comprising 
many environmental factors that change together along 
spatial gradients may be termed a complex gradiënt; its 
corresponding gradiënt of communities is a coenocline.
The complex gradiënt and coenocline together form an Ecocline 
ecosystem gradiënt, or ecocline (see Figure 14).

A pattem of climax communities corresponds to the 
environments of the landscape. Climax communities over 
much of the area may have been replaced by disturbance 
and successional communities; but the climax pattem rep­
resents the potential maximum development of natural 
communities in equilibrium with environment for that 
landscape. A landscape is a pattem of ecosystems related to 
one another by (1) intergradation as parts of ecoclines, (2) 
occurrence of populations of the same species in different 
communities, (3) movements of materials and organisms, 
and (4) developmental relations of communities to one 
another (if some are successional).

Climax interpretation. There are three maj or approaches 
to interpreting climax communities: (1) monoclimax the­
ory, (2) polyclimax theory, and (3) climax pattem hypoth­
esis.

Monoclimax theory emphasizes the convergence of suc- 
cessions in a given landscape from different beginnings 
toward similar climaxes. Thus, in a forested area succes­
sions on a rocky hillside and a valley bottom will both 
lead to forests, though these forests may consist o f differ­
ent tree species. Because of this relative convergence, one 
may consider that in principle all the successional com­
munities of an area could converge on a single (broadly 
defined) climax community. This hypothetical single cli­
max is termed the climatic climax or monoclimax. If 
one of the communities of the area is interpreted as the 
climatic climax, the other stable communities present are 
termed proclimaxes.

Polyclimax theory recognizes more than one possible cli­
max community. As already observed, the communities 
of an area form a pattem in which a number of types of 
stable or climax communities may be distinguished. Many 
ecologists prefer to grant the occurrence of a number 
of climax communities in an area, hence they accept a 
polyclimax interpretation. One of these communities may 
be considered most typical, or most representative o f the 
general climate of the area, and this community may be 
regarded as the climatic climax. Other stable communi­
ties may be termed topographic climaxes (differing from 
the climatic climax because of topographic position) or 
edaphic climaxes (differing because o f soil characteristics).

The climax pattern hypothesis allows one to visualize the 
landscape as a pattern of intergrading communities corre­
sponding to the pattern of environmental gradients. The 
type of community that forms that largest fraction of the 
climax pattem and is most widespread in the landscape (if
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Figure 14: Four ecoclines representing major climatic gradients.
(A) From moist to dry climates in the temperate zone. (B) From moist to dry climates in the 
tropics. (C) From low to high elevations in the tropics. (D) From the tropics northward to cold 
climates of the far north. Numbers refer to formation types of Table 7.

From (A,D) R.H. Whittaker, Communities and Ecosystems (©  Copyright, Robert H. Whittaker, 1970), The Macmillan Company; (B ,C) Beard, Ecology (U.S.) (1955), by permission of the Duke 
University Press

undisturbed) is then regarded as the prevailing climax or 
climatic climax.

Community gradients. The appropriateness of the 
climax-pattern-hypothesis interpretation results from the 
manner in which species populations and communities 
relate to environmental gradients. Community samples, 
including counts of plant populations, can be taken at in- 

Sampling tervals along an environmental gradiënt to form a transect 
’ommuni- (a line along which measurements are taken). The rise and 
:ies along fall of species populations along the gradiënt can then be
;ransects observed. Results of interest emerge; especially significant 

are the symmetrical, bell-shaped form of the majority of 
such population curves and the scattered positions of the 
modes or peaks of the species distributions scattered along 
the gradiënt. The fact that the curves generally overlap 
broadly, rather than forming abrupt breaks where one 
species excludes another, is also apparent. The coenocline, 
or gradiënt of communities, may appear as a continuüm 
when species populations are observed along a transect, or 
when growth forms are observed along a climatic gradiënt, 
as in Figure 14.

Such study supports two principles that are basic to the 
interpretation of communities. The first is the principle 
of species individuality, which States that each species is 
distributed on the basis of its own genetic, physiological, 
and life-cycle characteristics and ways o f relating to envi­
ronment and other species; consequently no two species 
will be distributed alike. The second is the principle of 
community continuity. It States that along continuous 
environmental gradients, natural communities in general 
intergrade continuously, rather than appearing as distinct 
species combinations that give way abruptly, along distinct 
boundaries, to other species combinations,

Although they are basic, some exceptions to these princi­
ples must be noted. Certain pairs of symbiotic species have 
parallel distributions. Populations of certain animal species

exclude one another along a boundary, rather than over­
lapping broadly. There are some discontinuities between 
communities that are not produced by soil or topographic 
changes. The forest edge between forest and grassland 
is in some areas such a discontinuity, the abruptness of 
which may be increased by effects of fires that burn the 
grassland up to the forest edge but do not bum the forest.
Steep community transitions, known as ecotones, often Ecotones 
show an “edge effect.” The transition zone is a distinctive 
community of high species diversity, combining species 
of both communities that are bounded by the edge with 
other species that occur primarily in the edge itself.

Habitat differentiation. Underlying the manner in which 
species are distributed along a gradiënt is an evolution­
ary phenomenon related to the principle of competitive 
exclusion referred to earlier. Species may escape direct 
competition either by exploring different niches or by 
occupying different habitats. Species that are partial com­
petitors (with overlapping niches) evolve toward different 
locations of their population centres along environmental 
gradients. Many species that adapt to an environmental 
gradiënt and to interaction with one another do so by 
evolving toward a Scattering o f population centres along 
the gradiënt. Through evolutionary time additional species 
fit themselves into a gradiënt of communities (coenocline), 
with population centres between those of other species. As 
they do so they tend to narrow the distributions of the 
other species that are nearest to them along the gradiënt 
and that overlap with them in niche. Coenoclines may 
thus evolve from the condition of relatively few species 
with broad distributions to that of a larger number of 
species with narrower distributions.

Gradient analysis. An arrangement of community sam­
ples (or species) in relation to one or more environmental 
gradients or axes, by either direct or indirect means, is an 
Ordination and an essential means of accomplishing gradi-
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low er s lo p e s ------------------
d raws open slopes

Figure 15: A mountain Vegetation pattem in relation 
to environment.
Distributions of major kinds of plant communities are shown 
in relation to elevation and topographic moisture gradients in 
the Santa Catalina Mountains of Arizona, U .S . Locations of 
boundaries are approxim ate.
From R.H. Whittaker, C o m m u n itie s  a n d  E c o s y s te m s  (© Copyright, Robert H. Whittaker, 1970), 
The Macmillan Company

ent analysis. Gradient analysis is the study of communities 
in terms of how gradients of environment, species popula­
tions, and community characteristics relate to one another. 
Through gradiënt analysis the communities of a landscape 
may be analyzed and related as a pattern of intergrading 
communities. In one approach community samples are 
arranged on a diagram with major environmental gradi­
ents as axes as in Figure 15. The samples are classified 
into types o f communities, and boundaries between these 
may be drawn onto the diagram. Types of communities 
are then shown in their relations to one another and to 
the environments o f the landscape pattem. The types in 
Figure 15 have oblique boundaries because of the effects 
of topography, as well as elevation, on temperature and 
moisture conditions.

Alternatively, from a set o f community samples pairs of 
end-point samples can be chosen to represent extremes of 
environmental gradients. Other samples can then be ar­
ranged relative to these end-point samples to form what is 
known as an indirect Ordination. This ordination can also 
be displayed as a diagram that will show the changes in 
community composition in response to the environment. 

Chief aims Whether direct or indirect, gradiënt analysis has as its ob- 
jectives the observation and interpretation of relationships 
among environments, species, and communities, and the 
representation of the range of community Variation of a 
landscape as a comprehensible, unified pattern.

COMMUNITY CLASSIFICATION
Bases for Classification. In most ecological studies com­

munities are classified, whether or not they are also or- 
dinated. Because of the individuality of species and the 
continuous intergradation of communities, communities

do not form clearly defined natural units o f Classification. 
Classification units do not simply emerge from observa­
tion; they are created by an ecologist’s choice of criteria of 
Classification (Z e., characteristics of communities by which 
they are to be grouped into classes or units). Application 
of different criteria of Classification to communities o f the 
same landscape will result in the use o f different units of 
Classification for those communities. There is consequently 
no universally accepted “correct” approach to classifying 
communities, comparable to the system of species and 
other categories into which organisms are classified.

Table 6: Some Approaches to Community Classification

criteria upon which judgments are based terms used for the units 
of Classification

Physiognomy biome or formation
Dominant species of major stratum dominance type
Dominant species of the different strata sociation
Species composition using füll range of association, etc.

plant species present
Composition of the undergrowth independent forest site type

of the dominant species of canopy
Quantitative comparisons of composition of nodum

community samples
Characteristics of habitats habitat type
Kinds of communities recognized as beits life zone, littoral zone

forming a sequence along a major environ­
mental gradiënt

Characteristics of landscapes as patterns landscape type
rather than particular communities

Some of the principal approaches to community classi- Means of 
fication are given in Table 6. Although these and other classifica- 
approaches are in use, the classifications most widely in tion 
use are those that have been based on species composition 
and on physiognomy, that is to say, the associations and 
biomes, or formations.

Associations. The system of Classification most used for 
intensive study of particular landscapes has as its basic 
unit the association. The system considers all plant species

From P. Dansereau, B io g e o g ra p h y : A n  E c o lo g ic a l P e rsp e ctive , Lieth,
B e ric h te  d e r  d e u tsc h e n  b o ta n is c h e n  G e se llsch a ft, L.R. Holdridge, S cie n ce , 

vol. 105, pp. 367-368 (April 4, 1947) in R.H. Whittaker, C o m m u nitie s  a n d  
E c o s y s te m s  (copyright 1970), The Macmillan Company

30 25 20 15 10 5 0 -5 -10 -15
mean annual temperature (°C)

tropical subtropical warm temperate cold temperate arctic-alpine

Figure 16: A pattern of world biome types in relation to 
climates.
The numbers refer to biome types listed in Table 7. The 
dot-and-dash line encloses a w ide range of environm ents 
in which either grassland or one of the types dominated by 
w oody plants may form the prevailing clim ax Vegetation in 
different areas.
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in community samples as a basis for classifying those 
samples into units. In grouping samples into associations 
the ecologist seeks, however, for character species— i.e., 
those species that are centred in or largely restricted to 
the communities considered to belong to a given associa­
tion. These character species are emphasized as means of 
defining associations, though dominance and other crite­
ria may also be considered. Associations and other units 
are given latinized names (e.g., the Caricetum curvulae is 
an association characterized by the sedge, Carex curvula). 
Associations may be grouped into units termed alliances 
on the next higher level; alliances may be grouped into or­
ders, and orders into classes. These higher-level units may 
also be defined by character species, which are species that 
are too broadly distributed to become character species of

associations but are centred in or are largely restricted to 
one of the higher-level units. Vegetation of an area may 
thus be classified into a formal arrangement in a graded 
series of units from classes down to associations and lower 
units. The units below the association (subassociation, 
variant, and facies) may be defined by differential species 
and quantitative relations of species, (Differential species 
are those that tend to be present in one and absent in 
the other of two units being compared, regardless of their 
distributions in relation to other units.) The lower-level 
units make possible effective use of plant communities to 
indicate habitat properties and the potential of land for 
agriculture or forestry. This system has been important 
not only in the development of Vegetation mapping but 
also in the use of Vegetation for its indicator value in the

Table 7: Biome Types of the World

biome type

1. Tropical
rain forest*

2 . Tropical
seasonal forest 
and monsoon 
forest

3. Giant temperate
rain forest

4. Montane
rain forests 
and thickets

5. Temperate
deciduous
forests

6 . Temperate
evergreen
forests

7. Taiga or boreal
forests

8 . Elfin woodlands

9. Thorn forests 
and thorn 
woodlands

10. Thorn scrub

11. Temperate 
woodlands

12. Temperate 
shrublands

13. Savannas

14. Temperate
grasslands

15. Alpine meadows

characteristics and 
environment
large forests with many tree 

species, epiphytes (unrooted 
plants supported on trees), 
and lianas (vines) in area 
of abundant rainfall 
throughout the year 

forests adapted to climates 
with a marked dry season 
in which some or all leaves 
are shed

very large forests (trees up to 
1 0 0  metres tall) in areas of 
abundant rainfall 

smaller evergreen forests of 
wet temperate climates of 
mountains

trees with broad leaves that 
are shed in winter, mainly 
in Continental, moderately 
humid climates

either needle-leäved or broad- 
leaved evergreen trees or 
both, in moderately humid 
temperate climates 

needle-leaved forests, mostly 
evergreen, of cool temperate 
(subarctic and subalpine) 
climates

dense evergreen thickets with 
heavy moss and liehen 
growth in cool subalpine 
beits of tropical mountains

communities of acacias and 
other trees armed with 
spines, often in open 
growth, in moderately 
dry climates

dense communities of spiny 
shrubs and small trees, 
often with succulents, in dry 
climates of the tropics

communities of small trees in 
open spacing, generally with 
well-developed undergrowth, 
in climates too dry or 
otherwise unfavourable 
for forests

diverse shrub communities in 
temperate climates including 
as types macchie, or rrtaquis, 
garigue, chaparral, 
heath, etc.

tropical grasslands, often 
with scattered trees, in 
moderately dry climates or 
in consequence of soil 
conditions and fire

plains, prairies, steppe, 
pampas, and veld, 
moderately dry climates

treeless Vegetation above the 
subalpine forests or thickets 
in cold mountain climates; 
sedge or grass meadows, 
pararno and puna, tussock 
grasslands

distribution biome type

Southeast Asia, Africa, 16. Arctic tundra
South and Central 
America, northeast 
Australia

extensive in Southeast 
Asia; occurs in other 
tropical areas

northwest coast of the 
United States, eastern 
Australia

throughout the tropics 
and in the Southern 
Hemisphere 

Northern Hemisphere 
mostly, especially in the 
eastern United States, 
eastern Asia, and 
western Europe 

all continents (excluding 
Antarctica)

across northern North 
America and Eurasia 
and southward at high 
elevations in mountains

17. Tropical deserts

18. Warm-temperate
deserts

19. Cool-temperate
semidesert
scrub

20. Arctic-Alpine
deserts

21. Bogt

22. Tropical fresh-
water-swamp
forest

23. Temperate
freshwater- 
swamp forest

mountainous tropics 24. Mangrove 
swamps

widespread in the tropics 25. Marshes
26. Marine pelagiĉ

widespread in the tropics
27. Marine benthos

on all continents

28. Marine rocky 
littoral

on all continents
29. Marine sandy 

littoral

extensive in Africa, also 
in Southeast Asia and 
South America

30. Estuarine and 
marine 
mudflat

North America, Eurasia 
South America, Southern 
Africa, New Zealand

worldwide at high 
elevations

31. Freshwater 
lentic

32. Freshwater 
lotic

characteristics and distribution
environment

treeless Vegetation of cold 
climates north of the taiga, 
formed by varied combi­
nations of lichens and mosses, 
grasses and sedges, and 
dwarf shrubs

sparse Vegetation in very dry 
subtropical climates

scrub of small-leaved or 
spiny shrubs or both, in 
arid climates

shrub communities of sage- 
brush or other shrubs with 
grasses in semiarid 
climates

sparse Vegetation of widely 
scattered plants, or lichens 
only or rock or snow, in 
extremely cold climates 

wet communities with 
sphagnum moss, mostly in 
cold climates

evergreen forests of soils 
seasonally or pêrmanently 
submerged by water 

cypress swamps and other 
forests of seasonally or 
permanently submerged 
soils

forests of small evergreen 
broadleaf trees, growing in 
shallow brackish water 
or wet soils

wet soil communities of 
grasses or grasslike plants 

plankton (small plants and 
animals suspended in the 
water) of the open oceans, 
fish, marine mammals 
and birds

communities of the ocean 
bottom, at greater depths 
limited to microorganisms 
and animals living on, or 
rooted in, or burrowing in 
the bottom mud or ooze 

animals and algae living on 
rocky coasts, many of them 
attached to the rocks and 
subject to wave action 
and tidal exposure 

animals and algae living on 
pr in the sand of beaches 
and sandy shores in 
shallow water

microscopie algae of the mud 
surface, animals living in the 
mud, and plankton of bays 
and estuaries

communities of inland lakes 
and ponds, including in the 
biome type the plankton, 
bottom, and shore organisms 

communities of streams and 
rivers, with organisms of 
fast-flowing water and 
rocky bottoms, and of 
slow-flowing water and sand 
or mud bottoms, as major 
subdivisions

northern North America 
and Eurasia

North Africa, Asia Minor, 
southwestern Africa, 
western South America 

söuth-central Asia, south­
western North America, 
Australia, Argentina 

western United States, 
interior Asia, Southern 
Hemisphere

at high elevations, in the 
far north in America and 
Eurasia, and in Green­
land and Antarctica 

worldwide, most extensive 
in the Northern Hemi­
sphere, especially Ireland 
and Scotland 

Amazon basin and other 
areas of tropical forest

southeastern United States 
and other humid 
temperate areas

tropical coasts and 
estuaries

worldwide
worldwide

worldwide

marine coasts throughout 
the world

marine coasts throughout 
the world

marine coasts throughout 
the world

on all continents

on all continents

*Numbers 1-21 refer to biomes shown in Figures 14 and 16. fNumbers 21-25 are biomes determined primarily by wet soils. :j:Numbers 26-32 are aquatic biomes.
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Worldwide
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Types of
aquatic
ecosystems

intensively used land of the westem European continent.
Biomes or formations. A system ,of Classification is also 

used for treatment of communities on an extensive scale 
for whole continents and the world. Treatment of Veg­
etation on a Continental scale generally deals primarily 
with prevailing climax Vegetation, uses physiognomy as 
the criterion of community units and community expres­
sion of climate, and employs the formation as its Unit of 
Classification. A formation groups together the communi­
ties of a given continent that are of similar growth-form 
structure in response to broadly similar environmental 
conditions (especially climate). In studies concerned with 
animals as well as plants, formations are generally termed 
biomes. Similar formations or biomes occur as convergent 
responses to similar climates on the different continents. 
A grouping of convergent formations or biomes of the dif­
ferent continents is a formation type or biome type. Many 
systems of biome types have been proposed by ecologists 
and geographers; Table 7 employs one of these many Sys­
tems for its elaboration of the biome types of the world.

The relations of biome types to climate are represented in 
Figure 16, which represents the adaptation of world Veg­
etation to world climate. Mean annual temperature and 
precipitation are considered to be the principal factors de- 
termiriing physiognomy. On the basis of these factors ap­
proximate boundaries between major physiognomic types 
are shown, and the relations of the biome types in Table 
7 to these is indicated by their numbers. Community gra­
dients involving some of these formations are illustrated 
in Figure 14. The pattem of Figure 16 cannot adequately 
represent (1) the effects of different seasonal relations of 
temperature and precipitation, notably the eontrasts of 
maritime and Continental climates, (2) the effects o f fire 
in determining occurrence of communities dominated by 
grasses rather than woody plants in many areas, (3) effects 
of differences in soil, and (4) the continuous intergra- 
dations between formations. Despite these simplifications 
the figure offers, as does Figure 15, a representation of the 
broad pattem o f  natural communities on Tand in relation 
to climates. (R.H.W./Ed.)

AQUATIC ECOSYSTEMS
An aquatic ecosystem consists of plants and animals inter­
acting with the Chemical and physical features of a watery 
environment from the smallest puddle to the world ocean. 
And, while conditions in a short-lived puddle differ con- 
siderably from those in the ocean deeps, there are many 
points of similarity imposed upon the communities that 
inhabit such environments by the unique properties of 
water. Life forms have adapted to these environmental 
extremes and to the myriad intermediate aquatic environ­
ments available on Earth.

A common distinction is usually made between seawater 
and fresh water or between oceans and inland waters. 
The oceans of the world constitute a deep, interconnect- 
ing system of saline water (salty with dissolved minerals) 
surrounding the continents. This world ocean is character­
ized by complex circulation and tidal movements. Inland 
waters, on the other hand, comprise a widely disparate 
series of bodies of water that tend, generally, to be fresh 
(i.e., low in dissolved salts) and to drain into the oceans.

Many variations in the aquatic environment are prod­
ucts of organisms themselves; for example, the diatom 
(one-celled organisms with skeletons composed of silica) 
population of a lake in May is determined by Chemical 
nutrients, but the Chemical composition of the lake, par­
ticularly the aspect of it most important to diatoms, is 
very much the product of diatom activities in the same 
lake a month earlier. It is impossible to understand the 
life of waters without taking into account a reasonably 
large part of the web of circular causality that binds the 
system together.

Water as a medium for life. Because organisms are 
themselves aquatic systems, water provides a more kindly 
environment than does land (and the air above it), the 
other principal medium of the living world. Yet problems 
exist that must be overcome. Maintaining the proper in­
temal concentration of water may cost organisms some 
energy in salty environments. An organism living in a 
concentrated desert lake or Coastal lagoon may be faced 
with problems of water balance similar to those of its 
terrestrial neighbours. At the other end of the salinity 
scale, in freshwater environments, organisms must work 
to keep an excess of water from flooding in and disrupt- 
ing their metabolism. In general, though, the problems of 
gaining and holding an adequate supply of water are very 
much less in aquatic ecosystems than they are in terres­
trial systems.

Water has a high specific heat, which, simply stated, 
means that water gains or loses a large amount of heat be­
fore its temperature changes appreciably. This property of 
water moderates seasonal, daily, and local extremes of tem­
perature. In even the coldest polar environments, aquatic 
ecosystems commonly provide refuges beneath the winter 
ice where the temperature is above the freezing point and 
far above that of the overlying air. In hot regions, evap-

orative heat loss rises with increasing temperature under 
most circumstances and keeps the water relatively cool. As 
a further consequence of the high specific heat of water, 
aquatic ecosystems do not show the pronounced microcli- 
matic variability of many terrestrial systems. The contrast 
between the higher temperatures close to the ground in 
a sheltered hollow and the lower temperatures a few feet 
above an exposed ridge—a characteristic o f high moun­
tains in summer—is not found in mountain ponds, at least 
the surface water of which is nearly the same temperature 
throughout. High specific heat is also an important factor 
in maintaining the temperature of deep ocean water, even 
at the equator, always a few degrees above freezing.

Water is much denser than air, so the structural difficul­
ties of maintaining a large organism in it are much less. In 
water, whales and sharks, much larger than any terrestrial 
organism—including the dinosaurs—are supported with 
ease. It is largely this property o f water that has permitted 
the evolution of a style of life—that of the plankton—  
that has no analogue in air. Plankton is a collective term 
for all the aquatic free-floating organisms that are buoyant 
or nearly so. They sink so slowly that normal turbulence 
keeps most of them in suspension. Birds, bats, insects, and 
other organisms use the air as a medium of transport, to 
get from place to place, but typical plankters, by contrast, 
are completely at home in  the water—breeding, feeding, 
and dying there. Their movements, if any, simply keep 
them in suspension and do not afförd transport.

Water exhibits some important differences from related 
substances—such as ammonia, hydrogen fluoride, and hy­
drogen Chloride—that theoretically could have provided 
a fluid medium for the maintenance o f life. The hydro­
gen atoms in the water molecule are on one side, the 
oxygen atom on the other. The hydrogens being posi­
tively charged and the oxygen negatively charged creates a 
strong polarity and is responsible for the unusual physical 
and Chemical behaviour of water as a solvent for many 
solids. Some idea of the importance of this capacity in 
organic evolution can be gained by comparing the relative 
abundance of the elements in the Earth’s crust and in 
organisms. The elements that accumulate in living things 
are those that form soluble ions (charged particles) under 
the conditions of oxidation and acidity normally found in 
aquatic ecosystems.

The asymmetrie arrangement of the hydrogen atoms also 
creates strong forces of attraction between the molecules 
of water, so that they tend to dump together. With, on the 
average, six molecules clumped together, water has much 
higher values for properties such as viscosity (resistance to 
flow), surface tension, specific heat (heat required to raise 
the temperature of one gram of water one degree Celsius), 
melting point, and boiling point than it would have if its 
molecules remained separate.

One other important consequence öf the asymmetry of

The
supporting 
ability of 
water
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the water molecule is worth particular note. Most sub­
stances contract (i.e., become denser) as they become 
colder. Water is unique in contracting and increasing in 
density down to about 4° C (39° F), after which it starts 
to expand again, undergoing a great expansion as it freezes 
into ice. If it were not for this anomalous thermal expan­
sion of water, ice would form on the bottoms of polar seas 
and temperate lakes and rivers. Instead of winter water 
being insulated from further freezing by a surface layer 
of ice, summer ice would be insulated from melting by a 
surface layer of water. The ice would gradually increase 
in volume until all the aquatic ecosystems that are com­
monly ice-covered in winter became solid ice, and life in 
them would be impossible.

Physicochemical control of life in water. Water, how­
ever, does place limitations on its denizens that air in 
terrestrial ecosystems does not. Since water is denser and 
more viscous than air, it is more difficult for an organism 
to move through water, a matter of consequence to an 
organism attempting to travel quickly or to move large 

Mixing of quantities of water over its gills. Mixing of ingredients 
ingredients occurs slowly in water by comparison with air. Although 
in water a productive forest on a clear day or a downtown avenue 

at rush hour may show departures from the normal levels 
of carbon dioxide or monoxide, generally the atmosphere 
is well mixed. In aquatic ecosystems, mixing is so slow 
that local depletions and excesses of biologically important 
substances are common.

The mass and metabolic activity of organisms in the wa­
ter are governed by many physical and Chemical factors. 
For the Earth as a whole, the most important of these is 
certainly light. If the light intensity throughout the deep 
ocean water were raised to the level in the upper 10 me­
tres (33 feet), the effects would be to increase the amount 
of photosynthesis and the activities of plants and animals 
dependent on it more than any other single change in 
physical and Chemical factors. The fundamental control 
imposed by the supply of solar energy is so all-pervading 
that it is usually taken for granted, and investigations 
are limited to the experimental manipulation of other 
factors, particularly dissolved Chemical substances known 
to be essential to plant growth. For particular places at 
particular times, it is possible to enhance photosynthesis 
by experimental additions of a wide variety of substances. 
Phosphorus, nitrogen, sulfur, Silicon, iron, and other ele­
ments may all produce important increases in productivity 
when used singly and dramatic increases when used in 
combination; commonly, however, the biggest increase for 
a single element is obtained with phosphorus. Potassium, 
a common constituent of agricultural fertilizers, is seldom 
or never in short supply in aquatic systems.

It is reasonable to expect an enhancement of photosyn­
thesis if the supply of carbon dioxide is increased in a sys­
tem with a high light intensity. Certain elements required 
in small amounts and vitamins, known to be essential 
to the nutrition of many aquatic plants, are occasionally 
scarce in aquatic ecosystems, but for the most part these 
substances seem to be available in adequate supply. This is 
undoubtedly because nutrients are more readily circulated 
through the water than they are on land.

Animals are affected by anything that influences the 
plants on which they depend for food. In many aquatic 
situations, they also must contend with a shortage of 
oxygen. Many plants and animals are excluded by the 
extremely acid or extremely alkaline waters of a few lakes 
in volcanic regions or by the extreme salinity of Coastal 
lagoons or lakes in arid lands saturated with sodium chlo­
ride. Whereas the entire range from salt-saturated lakes to 
fresh snow meltwater provides living space for communi­
ties of organisms, the constituent species are seldom able 
to tolerate more than a small part of that range.

Major divisions of the aquatic environment. The world 
ocean constitutes the largest ecological subdivision on 
Earth. Inland waters, which occupy far less area, are gen­
erally grouped into two categories on the basis of move­
ment: standing water, or lentic environments; and flowing 
water, or lotic environments.

The marine division. The world ocean is enormously 
bigger than any lake, is much older, and has much greater

local Variation in surface illumination and temperature.
Its biota is richer. Its Chemical composition is relatively 
uniform, with about 3.5 percent minerals, mostly salts, 
and a smaller percentage of organic matter in solution.
Unlike the separate lakes that constitute the rest of the 
Standing water of the hydrosphere, the ocean may be 
thought of as a single system, with no part completely 
isolated from any other.

The inland divisions. Inland waters include the standing 
waters of puddles, ponds, and lakes; the critical element 
is size. Ponds and lakes present many of the same limit­
ing factors and stratification. Smaller bodies of standing 
water, such as temporary ponds and puddles, are severely 
limited by drying out and thus maintain transient and 
quite variable communities.

In common usage many lakes are referred to as seas—  
e.g., the Caspian Sea, the Dead Sea, and the Aral Sea. The 
important distinction between a lake and a true sea, such Distinction 
as the Baltic Sea or the North Sea, is that a sea is in open between a 
communication with the world ocean; however, a lake, lake and a 
if connected to an ocean at all, is connected through a true sea 
river that flows in only one direction, from the lake to the 
ocean. The common criterion of saltiness, which separates 
most lakes so clearly from the ocean, is not universal.
Some lakes are about 10 times as concentrated as open 
ocean water, and there are parts of the ocean, such as the 
upper Baltic, that would hardly be considered oceanic on 
the basis of salinity alone,

The other inland waters are the flowing waters, which 
include springs, brooks, creeks, streams, and rivers. Al­
though springs present a wide spectrum of temperatures 
and Chemical properties, they remain relatively stable—  
in some cases very stable—with time. The march of the 
seasons does not affect them to nearly the same extent 
that it does other ecosystems, so the observations on one 
aspect of their function may Tegitimately be compared 
with observations on other aspects taken at different times.
Although the inorganic Chemical composition of springs is 
diverse, springs share the feature of having a small part of 
their total content o f  nutriënt salts combined into organic 
matter, either living or dead. During its long sojourn un­
derground, springwater has lost by oxidation most of the 
dissolved and particulate organic matter it once contained 
but tends to be richer in available nutrients than most 
river water and therefore capable o f supporting active 
plant growth as it issues forth into the sunlight. Rivers and 
streams are much more uniform in Chemical composition 
than are springs, being integrations o f the discharge of 
many individual springs and shallow seepage and surface 
runoff water. They are highly responsive to the vagaries 
of weather. From week to week, season to season, and 
year to year, the discharge and Chemical composition of a 
river may show great Variation. During a flood, when the 
water is laden with silt and Spilling over the bank onto the 
floodplain, a river is a different ecological system than it 
is during the clear, quiet times oflow  discharge.

The ocean and its communities
THE OCEANIC ENVIRONMENT
The ocean is by far the largest of all aquatic ecosystems.
Once the ocean basins seemed stable and permanent fea­
tures of the Earth, but it is now known that they are con­
tinuously changing in size and configuration at rates that 
are almost directly observable. Seafloor spreading from the 
mid-oceanic ridges carries the entire mass of suboceanic 
sediments, together with everything living on them, on a 
giant “conveyor belt” that spreads out from the middle 
ridge, apparently to plunge into the relatively small and 
localized oceanic deeps.

There is good reason to believe that the ocean basins have 
been growing steadily since their beginning. The ecosystem 
consequences of the concept of young and dynamic ocean 
basins have not been fully examined, but it is likely that 
they will influence knowledge about the geochemistry of 
the oceans, and possibly the age, origin, and distribution 
of the ocean biota as well.

The water of the ocean circulates on a global scale with Oceanic 
a pattern that is vital to the organisms (particularly the circulation
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deep-sea organisms) dwelling in it. The circulation pattem 
of the ocean is determined both directly, by observa­
tion, and indirectly, by inference from the distribution of 
water density. The basic data have been obtained from 
oceanographic vessels and consist of vertical profiles of 
temperature and salinity, the two main variables influenc- 
ing the density of seawater. The driving force of oceanic 
circulation appears to be a combination of wind stress 
on the water surface, so that the sea is carried along 
by the atmospheric circulation, and differential heating 
and evaporation of the surface water at different places 
in the ocean.

One of the most important features of the entire circu­
lation, with biological consequences for the deep waters 
of the entire world, is the cooling of surface water in the 
Arctic North Atlantic to the temperature of maximum 
density. This water is fully charged with oxygen, then 
sinks to the ocean floor and spreads out to all the oceans 
of the world. As it moves south and away from the source 
area there is some mixing with warmer surface water, 
so that a perennial thermocline (a middle layer of water 
with a temperature gradiënt) is set up at a depth of many 
hundreds of metres. In the upper part of the mixed layer 
over this permanent thermocline in temperate climates, a 
seasonal thermocline develops, with a thin layer of light, 
warm, surface water riding over the much deeper layer of 
seasonally mixed water.

Much of the particulate organic matter carried down 
in the cold, descending water masses of the North At­
lantic decomposes as the water sinks. In addition, there 
is a steady rain of dead organisms and feces from the 
overlying surface water in all parts of the ocean into the 
cold, slow-flowing, deep water of North Atlantic origin. 
The decomposition of organic matter consumes oxygen, 
but the rate of renewal of the deep water and its oxygen 
content are so great that the oxygen depletion of the deep 
water, though easily measurable, is not sufficiënt to pre­
vent oxygen-requiring animals and bacteria from living in 
most of the deep sea. In only a few localities, such as the 
Black Sea, the Cariaco Basin, off Venezuela, and many 
fjords of heavily glaciated coastlines, as along Scandinavia 
and Alaska, is the renewal o f water restricted enough to 
produce severe oxygen depletion comparable to that in 
the hypolimnion (stagnant water below the thermocline) 
or monimolimnion (water rich in dissolved salts, below 
the hypolimnion) of lakes.

As in lakes, plankton and detritus sink to the deep water, 
releasing the nutriënt salts needed to sustain plant growth. 
When this nutrient-rich water wells up to the lighted sur­
face, as it does in a ring around Antarctica, off the coast 
of West Africa, off California, off Chile, and in various 
other places, it supports rapid growth of planktonic algae, 
which, in turn, supports large populations of animals. 
Many on the major fisheries of the world, such as the Pe- 
ruvian anchovy fishery, are sustained by the productivity 
of these localized areas of nutriënt upwelling.

Mineraliza- The mineralization of plankton and detritus in the sea 
tion is never complete. A residue of undecomposed organic

matter remains in extremely dilute solution and extends 
to the greatest depths. Since living creatures are abundant 
only in the illuminated surface layer of water, the mass of 
dissolved organic material in the sea greatly exceeds the 
total mass of particulate matter of all kinds—from phyto- 
plankton (e.g., algae) to whales, both living and dead.

The upper atmosphere mixes with ocean surface water 
rapidly—in about 10 years—but exchange of gases at deep 
levels is much slower—on the order of 1,000 years. In 
other words, an average molecule of deep oceanic oxygen 
or carbon dioxide left the atmosphere about 1,000 years 
ago.

The ocean is the great sump, or drain, ofthe hydrosphere. 
Its chief contributors, the dissolved and suspended loads 
of rivers, are relatively easy to measure. Other gains and 
losses are less easily measured, but the ocean appears to 
have been in a Chemical steady state before the advent of 
industrialized society. The main buffer in the system con­
sists of reactions between seawater and solid compounds 
(silicates). This, for example, is the mechanism that buffers 
the ocean in the face of a continual input of acidic gases

from volcanoes, although short-term and local buffering is 
dominated by reactions with carbonates and bicarbonates.

The ocean receives much of the total o f human indus­
trial, municipal, and agricultural wastes. Some persistent 
synthetic Chemicals, such as the chlorinated hydrocarbon 
insecticide DDT, are carried to the sea, where they ac- 
cumulate in the fatty tissues of organisms and become 
concentrated as they are transferred up the food chain.
The lead content of surface seawater appears to be in­
creasing rapidly. Oil spills and leaks from oil wells, which 
formerly had disastrous effects only locally, now appear to 
be polluting the surface water on a worldwide scale. The 
ecological effects o f these Chemical changes are cause for 
serious concern. If they are reinforced by further expan­
sion of the present regrettable practice of using the deep 
sea as a dumping ground for noxious substances, such as 
radioactive wastes and nerve gases, it is possible that the 
deep parts o f the entire ocean will be profoundly modified.
Because of the slowness of the deep circulation, serious 
and irreversible harm to the ocean ecosystem could be 
inflicted before the effects became noticeable.

(D.A.L./Ed.)

CHARACTER OF OCEANIC COMMUNITIES

The fossil record shows that a rich and diverse marine 
fauna has persisted on Earth since the beginning o f the 
Cambrian period (about 570 million years ago). The pres­
ent oceanic fauna—clearly and smoothly traceable from 
that period—is incomparably richer than the fauna o f any 
lake or river.

Life in the open sea occupies the vast extent of the sea Habitat 
bottom (benthic zone) and overlying water (pelagic zone), zonation 
Assuming that 200 metres (660 feet) below the surface is 
the upper limit of the habitat o f the deep-sea fauna, the 
surface of the deep-sea region lies under about 92 percent 
of the total surface of the sea, equivalent to about two- 
thirds o f the total surface of the globe. This three-dimen- 
sional region of faint light or complete darkness, with its 
stränge creatures, possesses monotonous uniformity and 
stands apart from other biological realms on Earth.

The lighted, shallow, populated pelagic zone extends up­
ward and oceanward from the upper boundary o f the Con­
tinental slope. The dark, deep, sparsely populated pelagic 
zone extends outward and upward from the Continental 
slope and the deep-sea floor and abyssal region. The corre­
sponding zones o f bottom-dwelling, or benthic, organisms 
are the archibenthic (800-1,100 metres, or about 2,600-
3,600 feet) and abyssobenthic (below 1,100 metres) zones.
The latter zone is sparsely populated and contains some 
of the most unusual animals known.

Organisms of upper layers o f the open sea (Figure 17) 
are exposed to the füll daylight spectrum. Relatively small 
numbers of organisms inhabit the offshore oceanic waters.
The more conspicuous components of the surface popula­
tion are the Portuguese man-of-war (Physalia\ the purple 
sailor (Velella), the purple storm snail (Janthina), and a 
nudibranch mollusk, Gaucus.

The transient animal life of the surface layers includes 
many fishes. The relatively permanent surface fauna, apart 
from such large forms as cetaceans (whales), turtles, and 
sea snakes, are o f two main types: animals adapted entirely 
to a surface existence partly in air and partly in water and 
animals that inhabit the immediately subsurface layers.
The strictly surface forms usually have floats o f various 
types; some are definite organs of buoyancy, while others 
are formed of bubbles or trapped air. The only known 
open-ocean insects are water striders (family Gerridae) 
that live on the surface film, buoyed by air trapped in the 
hairs on the body.

The subsurface layers of the lighted open sea contain 
many of the free-floating, or planktonic, forms, including 
many kinds of animal larvae. Apart from the blue col- 
oration that is a most striking characteristic of plankton of 
the open ocean, there are few signs o f adaptive character­
istics special to this environment. The minute copepods of 
the family Pontellidae are capable of jumping out of the 
water to distances of about 15 centimetres (6 inches). The 
paper nautilus (Argonauta) is able to ride on the upper 
surface of the bells of certain jellyfish.
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Seaweed buoyed by bladders is widespread in the oceans 
of the world and carries with it many associated animals 
that show adaptations of colour and form suitable to 
the habitat (interestingly, most are from near the shore, 
not oceanic).

Plankters such as diatoms and copepods migrate up and 
down in response to light. Illumination in the upper few 
metres is too bright for survival of most phytoplankton 
and Zooplankton; hence, this vertical zone of distribution 
is sparsely populated. The Zooplankton of the deeper but 
still lighted zone in which photosynthesis is active un- 

Diurnal dergo diurnal migrations determined by food and light 
migrations intensity. Vertical movements of plankton diatoms are 
of zoo- related to variations in structure. Increase in spination
plankton (the distribution and arrangement of spines) increases the

relative surface area and so retards sinking or flotation of 
the organism when its specific gravity differs from that 
of the water. Special types of plants adapted to a floating 
existence have evolved.

In the open sea the chief grazers are the copepod crus­
taceans, semimicroscopic in size, that feed mainly on

diatoms, dinoflagellates, and other microorganisms. Pro­
tozoans and the larval stages of larger invertebrates also 
graze upon the phytoplankton. Some fish, such as herring 
and menhaden, feed on phytoplankton but are mainly 
Coastal forms.

Bathypelagic animals inhabit the deep, dark waters of the 
ocean above the bottom (Figure 17). The deep-sea plank- Life in 
ton contains no algae except for a few so-called olive-green dark open 
cells. At 50 metres (160 feet) or less, from 3,000 to 100,- water 
000 plankton forms occur per litre. The number of species 
in the plankton does not decline with depth as strildngly 
as its number of individuals. Unusual size characterizes 
some of the deep-sea plankton forms. Microscopie swim­
ming forms such as crustaceans differ signifieantly from 
their relatives of shallow seas in usually being luminous 
and sometimes blind. Other forms have enlarged eyes and 
long appendages that assist in floating.

There is a great diversity of features and forms among 
the deep-sea fishes. Many of them are blind and small, 
from about 10 to 30 centimetres (4 to 12 inches) in length.
One of the chief characteristics of this deep zone is food

Figure 17: The food chain in the marine environment.
All life in the sea is dependent upon sunlight, which is directly converted into food by 
m icroscopie plantlike floating organism s (phytoplankton). Phytoplankton in turn is eaten by 
anim al-like plankton (Zooplankton). The  plankton supports a succession of actively swimming 
predators (nekton). O rganic debris rains down (dots) and provides food for animals at lower 
depths. N e ar-shore  organism s are supported by land drainage. Coastal upwelling (upward 
arrow s) provides the phytoplankton with nutrients released by decomposition of organic 
matter on the bottom. (Organism s not drawn to scale.)
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scarcity. Another is the size and extension of locomotory 
appendages o f crustaceans as well as fish. The scarcity of 
food near the sea bottom results in considerable modifica­
tion o f feeding structures: great teeth, enormous jaws, and 
uncannily extensible stomachs.

Organic material in various States of decomposition rains 
down from above and is cönsumed by mid-depth and 
abyssal detritus feeders. In fact, plant material as such 
probably never reaches the bottom but goes into solu­
tion to be reclaimed by bacteria and other consuming 
forms. The previously mentioned olive-green cells have 
maximum distribution below the euphotic zone and are 
believed to reclaim significant amounts of dissolved or­
ganic matter.

Deep-sea, or benthic, animal life shows special features. 
The abyssal region extends from 100 to 1,500 metres 
(about 330 to 4,920 feet) to the lowest depths. It is a 
zone of muddy bottom characterized by low temperatures 
(usually between 1° and 2.5° C, or 34° and 37° F) and 
by food scarcity. The population is sparse. Sessile animals 
(those that tend to remain in a given locale but that are not 
necessarily fixed) are characteristic and include sponges, 
stalked polyps, sea anemones, sea lilies, and rhizopod pro­
tozoans. Characteristic forms are the echinoderms, such 
as the sea urchins, some of which have abnormal body 
forms. There are giant isopods, 15 to 20 centimetres (6 to 
8 inches) long, with large eyes. Some blind isopods have 
long legs and tactile feelers that enable them to move over 
the muddy ooze and feel for their prey. Deep-sea crabs of­
ten have long, slender extremities, sometimes armed with 
great spikes that keep them from sinking into the ooze.

ADAPTATIONS TO MARINE CONDITIONS
Structural adaptations. Structural adaptations pertain 

to the rigid conditions of existence at great depths. They 
relate to acquisition of food, absence of light, stillness of 
waters, low temperature, and great pressure. The unifor- 
mity of these factors is more marked in the deeps than 
elsewhere in the ocean. The enormous pressure experi­
enced by deep-sea organisms is not countered by any 
special development. Because of the balancing of external 
and intemal pressures, water pressure is apparently not 
feit. Pressure changes can be endured if they are gradual 
enough to permit adjustment. A swim bladder, the hy- 
drostatic apparatus so widespread in surface-living fishes, 
enables them to float or, by varying the gas content, to 
rise or sink in the water. A number of deep-sea fishes 
possess swim bladders. At a depth of 1,000 metres (3,280 
feet), with a pressure of 100 atmospheres, the gas content 
of the swim bladder is compressed to one-fifteenth o f the 
volume it would have at a 10-metre (33-foot) depth.

Aids to The most widespread means of reducing specific grav- 
buoyancy ity among pelagic forms is through the absorption of 

large amounts of water in, for example, connective tissue, 
thus producing transparent gellike tissue found in cnidar- 
ians (coelenterates), snails, annelid worms, and pelagic 
cephalopods. Certain decapods are so transparent because 
of such tissue that print may be read through their bod­
ies. Plankton fishes and eel larvae are also watery and 
transparent.

More effective than the absorption of water is the stor­
age of lighter materials, such as low-salinity water, fat, or 
even air. The fluid of vacuoles of radiolarians and certain 
ctenophores has a lower specific gravity than seawater. The 
accumulation of fat is widely distributed among pelagic 
animals, thus lowering the general specific gravity. It is 
present in protozoans, such as radiolarians that contain oil 
drops, in crustaceans such as cladocerans and copepods, 
in some mollusks, and in many fishes that store food in 
the form of fat in their livers and that have oil drops 
in their eggs.

The most effective buoyancy means is the inclusion of 
air or other gases in the body. Jellyfish have air sacs filled 
with gas from a gas-producing gland. Certain cephalopods, 
such as the nautilus, have a shell containing air in cham­
bers. The air sacs of fishes have already been discussed.

The relative immobility of deep water favours special 
animal developments. Fragility of the skeleton and other 
structural elements of the body is an example. Occasional

development of giant forms— sponges and coelenterates 
more than two metres high and sessile tunicates one me­
tre high—are a product of perpetually still water. The 
deep-sea environment also produces the largest of the sea 
urchins, crabs, ostracods, isopods, and sea spiders. This 
unique environment also permits the degeneration o f  all 
supporting and strengthening elements of the body. Thus, 
the shells of unicellular radiolarians, skeletal spicules of 
sponges and echinoderms, shells of sea urchins, mussels, 
and snails, and bones of fish are often so thin and scarce 
that they could not provide support or protection in dis- 
turbed waters. Below 2,500 metres (8,200 feet), the water 
is so deficiënt in calcium that the element dissolves readily 
in it; hence, it is difficult for animals to build up and 
maintain calcareous supporting structures.

The common factor of all pelagic animals is their inde­
pendence of the bottom. They have obvious means, al­
ready discussed, for maintaining themselves in open water 
without sinking. In addition, shelled pelagic protozoans 
have thinner shells than bottom species. The calcium 
carbonate content of the shells is higher and the size of 
the pores is larger in the pelagic forms, thus favouring 
suspension. The shells o f pelagic crustaceans are less cal- 
cified than those of their benthic relatives; they also have 
a higher fat content. Pelagic snails have delicate shells or 
none at all. The pelagic bivalve mollusk Planktomya has 
uncalcified shells. The skeleton of many pelagic fishes is 
weak, little caleified, or signifieantly reduced. Reduction 
of weight in pelagic copepods is achieved by depositing 
their eggs singly instead of carrying the egg sacs with them.

Effects of light and oxygen content. Lack of light in 
oceanic depths has important implications for physiologi­
cal vitamin balance. For example, vitamin D, needed for 
building bones of vertebrates, can form and function only 
in the presence of light. Perhaps the lack of this vitamin Lack of 
accounts for the slightness and delicacy o f bones of deep- vitamin D  
sea fishes and for the markedly distorted forms of many 
bottom-living fishes.

Pelagic forms of the deep usually have an adequate sup­
ply of oxygen. Because of the low temperatures, these 
animals have low oxygen requirements. But the benthic 
occupants of the deep-water sediments require adaptations 
to meet the problem of low oxygen content. Some bottom 
dwellers can survive for relatively long periods without 
oxygen in the liquid environment. Respiratory pigments 
may provide an oxygen reserve during short periods in 
oxygen-deficient depths. The shipworm (Teredo), which 
may be found at great depths, makes use of glycogen as 
an oxygen supply, the glycogen eonstituting half the dry 
weight of its tissues. The biology and physiology of inhab­
itants o f such anaerobic sediments are specially adapted 
to their environment. Besides a biochemical adaptation 
through the breakdown of glycogen, some animals cease 
to move. Others have morphological features that enable 
them to supply aerated water to vital respiratory organs.

Bioluminescence, or the production of light by organ­
isms, is especially characteristic ofthe deep-sea population.
The bottom of the abyssal swarms with light producers, 
including coelenterates, echinoderms, and annelid worms.
As many as 44 percent o f the fishes of depths below 900 
metres (3,000 feet) are light producers. The light organs of 
deep-sea fishes vary in size and form. Their source is func- 
tionally metamorphosed skin glands or trapped luminous 
bacteria. Bioluminescence serves to lure prey, to frighten 
enemies, to enable the sexes to find each other, and to 
enable species that move in schools to keep together.

Maximum diatom abundance in the open sea is at about 
30 metres (100 feet). The daytime concentration of up­
per Zooplankton is at about 125 metres (410 feet), the 
level varying with location and light intensity. Most of 
the Zooplankton ascend to the surface at night. The echo 
phenomenon known as the scattering layer is caused by 
plankton or nekton or both throughout the oceans of the 
world at from about 400 to 800 metres (1,300 to 2,600 
feet). Some of the anima! components o f this layer un­
dergo diurnal migration of 400 metres or more.

The distribution of euphausid crustaceans has been ex­
plained in terms of temperature and salinity. In the 
Antarctic, there appears to be a regulär cycle in which
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the immatures and adults are carried into lower latitudes 
by shallow water movements, and the eggs are returned 
to high latitudes by deeper, southward-flowing water 
movements.

Associations. Mutualism, as discussed above in The 
zone o f life: an overview: Biotic interactions, is illustrated 
by the widespread cleaning of fish surfaces of undesirable 
parasites by associated organisms in search of food. Many 
species o f fish and shrimps, as well as other organisms, 
clean parasites from other animals. The host is relieved of 
irritation while the cleaning species gains food. An exam­
ple is the Spanish hogfish (Bodianus rufus), which swims 
into the mouth of the barracuda (Sphyraena) and forages 
among its teeth for food.

^om- The advantage derived by a commensal (species asso-
nensal dated with the host) may be the Provision of a resting 
idvantages place, shelter, or transport and often of food. Commensals 

in somewhat permanent contact with their hosts include 
many animals and plants that simply require physical 
support. Certain barnacles are found only on the backs 
of whales, where they benefit by being transported great 
distances. Pilot fish (Naucrates ductor) eat leftovers from 
sharks, which they follow at close range. Whiting (Godus 
merlangus) and man-of-war fish (Nomeus gronovii) shel­
ter among the tentacles of jellyfish. Tiny gobies (suborder 
Gobioidei) hide under the gill covers of larger fish.

Fish serve as hosts to a large number of parasites, in­
cluding protozoans and many kinds of worms. They are 
also plagued by fish lice or copepods. In many deep-sea 
angier fish, the male lives as a tiny permanent parasite 
upon the body of the female and obtains his entire nour- 
ishment from her blood supply. These species have solved 
the problem of finding mates in the inky blackness of 
the deep sea.

PRODUCTIVITY OF MARINE COMMUNITIES
The productivity of the oceans may be judged by the 
biological oxygen consumption of the water or by nutri­
ënt concentration, including soluble inorganic phosphätes, 
nitrates, nitrites, ammonium salts, and silicates. These 
minerals are consumed in the upper lighted layers, the 
inorganic phosphorus and nitrogen are regenerated by bac­
terial decomposition or by dissolved organic debris, and 
silicates are reformed by the dissolution of planktonic tests. 
The return of nutrients to the upper photosynthetic layers 
is accomplished by upwelling and the action of currents.

There are vertical-distributional strata that may differ 
markedly in nutriënt concentrations in any one ocean. 
Four layers are recognized: (1) the surface, well-mixed, 
euphotic layer of relatively low concentration that varies 
little with depth, (2) the layer in which the concentrations 
increase signifieantly with depth, (3) the layer of maxi­
mum concentration, which has a range of between about 
500 and 1,600 metres (1,640 and 5,250 feet), and (4) 
the thick bottom layers of relatively uniform phosphate 
and nitrate concentrations and in which silicate content 
increases signifieantly with depth.

Differences in the nutriënt concentrations of the oceans 
depend largely on the composition of the deep water 
masses at their origin and subsequent changes induced by 
circulation and biological processes. Meaningful compar­
isons of oceans are thus difficult to make. Available data 
for the Indian Ocean suggest annual biological oxygen- 
consumption levels of about 0.45 millilitre of oxygen pér 
litre of seawater in the upper 400 metres (1,300 feet) in the 
Antarctic shelf area and corresponding levels in the equa- 
torial region of about 1.5 millilitres per litre. The North 
Indian bottom water levels below 2,000 metres (6,600 
feet) average about 0.04 millilitre per litre, and at depths 
between 600 and 1,200 metres (2,000 and 4,000 feet) 
biological oxygen consumption levels have been found to 
range from 1.5 to 2.0 millilitres per litre.

The standing crop, or abundance, of Zooplankton in the 
Antarctic waters in summer has been found to be about 10 
times greater than that in the tropical Atlantic waters. At 
low temperatures, a larger total number of organisms can 
be supported on the same amount öf food; and, in colder 
waters, nutrients may be supplied more rapidly in relation 
to their use. In tropical waters with great upwelling of

nutrients from the bottom layers, a large standing crop o f 
plankton exists and can support a productive food chain.

Probably the total marine biomass is far greater than the Marine 
combined biomass of land and fresh water. Standing-crop biomass 
data are commonly reported as milligrams of carbon (C) 
per cubic millimetre (or other unit of volume). The range 
is commonly 10 to 1,000 milligrams of carbon per cubic 
metre. Values are usually derived from measurement o f  
phytoplankton pigments, especially Chlorophyll a. Values 
for open-ocean areas may range around 5 to 150 mil­
ligrams o f carbon per cubic metre.

The entire oceanic productivity falls in the range 1.6 
to 15.5 X 1010 tons of carbon per year, compared with
1.9 X 1010 tons for the land. About 58 X 106 tons of fish 
and shellfish are produced annually by the oceans, an 
amount believed to represent only about 0.03 percent of 
the total amount of organic material estimated to be pro­
duced annually in the sea. Most o f the fishery yield comes 
from waters over the Continental shelves and within the 
200-metre depth range where nutriënt concentrations are 
high.

This productive area represents only about 3 percent 
of the total ocean surface. The deep, open-ocean areas 
are comparable to Continental deserts. The reduction in 
biomass from shallow Coastal waters to oceanic depths is 
about 106 for a benthos (organisms living on or near the 
bottom); and for the plankton it approaches 104. Undóubt- 
edly, this low rate is associated with and indeed reflects 
the small amount of detritus and other food material 
reaching the bottom at great depths. The low temperatures 
of the ocean deeps reduces respiratory rates and growth 
rates. Maintenance demands in terms of food supply are 
correspondingly low. In summary, the pelagic and benthic 
zones of the deep open ocean are sparsely populated and 
the least productive of all oceanic areas.

Instances of productivity variations among the Atlantic,
Pacific, Indian, and Arctic oceans are associated with lati- 
tudinal temperature differences and upwelling of deep wa­
ter rich in nutrients. The maximum-minimum variations 
in standing crop of Zooplankton during the year at a par­
ticular station in the open ocean may amount to a factor 
of two or three. With approach to Continental regions, the 
productivity of the water is greater, and the seasonal vari­
ations in volume o f dominant Zooplankton forms is much 
greater, perhaps seven or eight times richer. Temperate 
areas o f the Atlantic are much richer in macroplankton 
numbers than the sparsely populated waters of the Sar­
gasso Sea, which are about four times less populated than 
continental-slope areas. The standing crop of Zooplankton 
in cold northern waters is sometimes over eight times that 
of tropicaTwaters, and there may be a possible tenföld to 
twentyfold increase in Zooplankton from the winter mini­
mum to the late summer maximum. (C.N./Ed.)

Inland waters and their communities

For purposes of convenience, ponds and lakes are de­
scribed as lacustrine ecosystems and springs and rivers as 
riverine ecosystems.

LACUSTRINE ECOSYSTEMS
The lacustrine environment. Standing waters—ranging 

from days-old ponds to million-year-old lakes—despite 
differences in size and in age, share certain factors in 
common; these determine the kind of organisms that can 
live in such communities. Among the most important of 
these factors are light, temperature, and dissolved nutri­
ents; wind waves are important in large lakes.

The influence o f light. If a lake is turbid, photosynthesis 
is possible only in the uppermost lighted layers. In fact, 
when the sun is high in the sky, the illumination in the 
upper few centimetres of even a murky lake is likely to 
be too high, rather than too low, for optimum photosyn­
thesis to occur. Deep in the lake, however, light is scarce. 
Attenuation of light is a logarithmic process; for exam­
ple, if one-half o f the incident sunlight reaches a depth 
of one metre (about three feet), only a quarter of it will 
reach two metres, an eighth o f it three metres, and so on. 
Accordingly, the illumination and the amount of photo-
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synthesis drop off extremely rapidly with increasing depth.
The food requirements of organisms, however, are nearly 

constant. Respiration o f both plants and animals contin­
ues in the dark, so in the deeper levels of a lake respiration 
is likely to exceed photosynthesis. If the depth is great 
enough, plants will not be able to manufacture enough 
organic material to keep themselves alive, and the animals 
must depend upon food falling from the illuminated sur­
face layers of the lake.

It is convenient to think of a deep lake as divided into 
two layers (Figure 18), a food-generating, or trophogenic, 
zone, in which there is enough light for photosynthesis 
to exceed respiration over a 24-hour period, and a food- 
consuming, or tropholytic, zone, in which respiration ex- 
ceeds photosynthesis. The boundary between trophogenic 
and tropholytic zones (the compensation level) commonly 
moves up and down with the seasons, particularly in 
polar lakes with their pronounced seasonal pulse of inci­
dent sunlight.

Temperature effects. Temperature is also important to 
life in lakes. It acts directly, of course; fluctuations in 
temperature are gradual and less extreme than they are 
in air. In the temperate zone during spring and summer 
and in the tropics during the dry season, solar heat is 
commonly delivered to the surface of a lake faster than 
the wind can stir it into the depths. Unless the lake is very 
shallow relative to its size, the warm surface water, being 
lighter, rides over the cool water beneath, and the lake 
is effectively divided into two compartments until either 
autumn or a rainy season cools the surface enough for 
complete mixing to occur.

The surface layer of a stratified lake is called the 
epilimnion and the deep layer the hypolimnion. The 
boundary zone between them, where temperature changes 
rapidly with depth, is usually known as the thermocline. 
Epilimnion and hypolimnion are not completely sealed 
off from each other. There is a continual rain of debris, 
largely corpses and feces, through the thermocline and 
some upward movement of gas bubbles, mostly methane 
produced by bacterial decomposition of organic sediment. 
Organisms with a broad enough range of temperature 
tolerance may move freely through the thermocline in 
either direction. In general, however, movement through 
the thermocline is slight.

The relative extent of the epilimnion and the trophogenic 
zone and of the hypolimnion and the tropholytic zone 
depends upon both the transparency of the water and the 
interplay of wind mixing and solar heating, but in gen­
eral the epilimnion tends to be strongly trophogenic, the 
hypolimnion tropholytic. During Stagnation, respiration 
by organisms in the deep water may use a large part of 
the hypolimnetic store o f dissolved oxygen, so that only 
animals capable of respiring without oxygen can survive 
there. If the hypolimnetic volume is large or if it includes 
an appreciable part o f the trophogenic zone, then an ad-

Figure 18: A lake in midsummer, showing zones of food 
production and consumption.

Figure 19: The influence of the seasons on lake stratification. 
The Oxygen and temperature curves of the superimposed 
graphs are related to the depth of the water, as shown.
From E c o lo g y  a n d  F ie ld  B io lo g y  by Robert L. Smith, Copyright © 1966 
by Robert Leo Smith. By permission of Harper & Row, Publishers

equate supply of oxygen will be available throughout the 
period of Stagnation, and the hypolimnion may provide a 
refuge for oxygen-demanding animals, such as lake trout 
or whitefish, which cannot tolerate summer surface tem­
peratures (Figure 19).

In most lakes temperature differences are the most im­
portant cause of stratification; of special interest, however, 
is the minority that are stratified because of Chemical Chemical 
differences between deep and shallow water. In this con- stratifica- 
dition, called meromixis, a pocket of dense water (the tion 
monimolimnion), rich in dissolved salts, lies under the 
fresher upper water of the lake.

The wärmest lakes known are meromictic ones of such 
high transparency that an appreciable amount of solar heat 
penetrates to the monimolimnion, where it accumulates.
The density changes in such chemically stratified lakes 
are much greater than those resulting from temperature 
changes in freshwaters and occasionally lead to the forma­
tion of a lake— such as Soap Lake, in Washington, U.S.— 
that in wintertime may have a surface layer of ice although 
its hypolimnion is almost hot enough to poach eggs.

Mineral factors. Life in calcium bicarbonate lake waters 
is determined less by changes in the major constituents—
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calcium, magnesium, sodium, potassium, bicarbonate, sul­
fate, chloride, and silica—than by variations in biologi­
cally important substances that are commonly present in 
much smaller concentrations. The production of a lake 
commonly can be increased by adding phosphorus or 
compounds containing nitrogen; the addition of both in­
creases production more than the addition of either alone. 
Changes in silica content have serious consequences for 
diatoms, algae with a siliceous cell wall; iron affects plant 
life directly and also chemically Controls the availability 
of phosphorus.

In laboratory experiments it is possible to show that 
lake algae require numerous elements—nitrogen, phos­
phorus, sulfur, potassium, magnesium, Silicon, sodium, 
calcium, iron, manganese, zinc, copper, boron, molybde- 
num, cobalt, and vanadium—and three vitamins. In most 
lakes, however, most of these materials are generally pres­
ent in such adequate supply that it is usually difficult to 
demonstrate a deficiency.

Wind waves and seiche effects. Lunar tides are insignif- 
icant to life in lakes, being barely detectable on only a 
few of the world’s largest lakes. Progressive wind waves, 
however, are a dominant influence on the plants and an­
imals of the shore zone. In locales where the winds are 
strong and act over considerable surface area, waves more 
than 5 metres (about 16 feet) high can be produced—high 
enough to remove mud, clay, silt, and many organisms 
from beaches. Waves are probably the dominant influence 
on the distribution of shore plants and of the many smaller 
organisms of all sizes adapted to life among them.

The effect Less evident most of the time, though perhaps even more 
of an significant to life in many lakes, are standing waves called
internal seiches, which are usually produced by the wind or by
seiche abrupt pressure disturbances. The initial disturbance tends 

to pile the water against one shore of the lake, leaving the 
opposite shore more exposed than normal. After the dis­
turbance passes the lake, water rocks back and forth like 
soup in a bowl. Seiches only occasionally exceed one me­
tre (three feet) in height. Biological significance is attached 
not so much to the surface seiche, however, as to the 
corresponding displacement of the thermocline, set up at 
the same time. Such an intemal seiche is usually of greater 
amplitude than the surface seiche; in fact, all of the epi­
limnion may rock toward one shore, leaving hypolimnetic 
water exposed at the other. These large displacements of 
water are the main mechanism for generating turbulence 
in the hypolimnion of a stratified lake, and they play 
a vital role in the biological and Chemical economy of 
such a lake.

Character of lacustrine communities. Suspended in the 
open water of a lake is a distinctive community of small— 
mostly microscopie—organisms, the plankton. Although 
many plankters can swim weakly, they do not use this 
ability to move from one part of the lake to another but 
only to maintain themselves at a desirable level in the wa­
ter. They are thus at the mercy of the currents, and even 
turbulent eddies may overpower their slight capacity for 
directed movement; planktonic organisms were generally 
overlooked before the invention of fine silk nets and other 
devices that separated them from the water.

Sharing the open water with the plankton are the nekton; 
they are large, active swimmers able to move under their 
own power from one part of a lake to another. Fish, seals, 
turtles, hippopotamuses, and other large animals of lakes 
are all nektonic.

Often associated with the surface film of the lake is a 
well-developed community of plants and animals known 
collectively as the pleuston. Many of these organisms are 
small enough that the surface tension of the water supports 
them; microscopie members of the pleuston are sometimes 
distinguished as neuston.

More important in a quantitative sense is the benthos, 
the community of organisms inhabiting the lake bottom. If 
the water is shallow and transparent, the benthos may in­
clude an array of rooted vascular plants with microscopie 
algae living on them. Even deep or opaque lakes may 
have a dense population of benthic animals, sustained by 
organic matter descending from the trophogenic zone.

Lakes with waves adequate to maintain sand beaches

are ringed with a psammon community, tiny organisms 
adapted to grow or move through the grains of sand. This 
community includes both plants and animals. Although 
sand grains reflect light in all directions and destroy visual 
images, a considerable amount of diffuse sunlight pene- 
trates many centimetres into clean sand.

All the above-mentioned communities include microor­
ganisms; some are only passive riders on the bodies of 
larger creatures. In addition, bacteria are found to depths 
of many metres in the mud under a lake—depths not 
considered part of the benthic habitat. Stratified lakes, 
especially meromictic ones, often have a layer of bacteria 
that live by reacting with sulfate compounds so as to form 
hydrogen sulfide at the interface between oxygenated and 
nonoxygenated (reduced) zones.

In the Arctic and in the temperate zone the abundance of 
plants of both major producing communities, the plank­
ton and the shallow-water benthos, fluctuates with the 
seasons. This presents no problem as far as the higher 
plants ringing the shore are concerned: like the land Vege­
tation, they sprout in the spring, grow more slowly during 
the summer, and die back in the fall in response to the 
same climatic Controls that influence trees or grasses.

The fluctuation in abundance and activity of the plank- Plank­
tonic algae, however, is more complex. A common pattem tonic 
consists of two peaks of abundance and activity each year, cycles 
one in the spring and one in the fall, with a period of rela­
tive quiescence during the summer. It appears that during 
the winter, when solar energy is scarce, photosynthesis is 
reduced, and many planktonic organisms die, releasing 
the nutriënt salts of which they are composed. If the lake 
is covered with ice and snow, this process is so enhanced 
by the intensification of the darkness that oxygen may be 
sufficiently depleted to kill fish.

In spring the ice melts and freely circulating water, rich 
in nutrients, is exposed to bright sunlight. The result, 
predictably, is a spurt o f photosynthetic activity and an 
increase in plankton abundance. During summer, thermal 
stratification occurs and with it a gradual depletion of 
nutrients in surface layers.

With the autumn overtum, however, nutrient-rich water 
is once again exposed to surface light intensities, which, 
though lower than those of spring, are still sufficiënt to 
sustain a burst of plankton production. The fall “bloom” 
of plankton, however, is usually somewhat less intense 
than the spring one.

As might be expected, many variants o f this basic pat­
tem occur. In cool, deep Alpine lakes the summer drop 
in production may be slight; in very cold Alpine lakes ör 
in Arctic ones, there is likely to be no drop at all but 
only one burst of production—starting much later in the 
spring, ending much sooner in the fall, and peaking in 
midsummer.

In addition to these regulär and predictable fluctuations 
in total plankton production, there are changes in the 
plantlike plankton (phytoplankton), with first one species, 
then another, appearing in a fairly regulär seasonal suc­
cession, repeated with minor variations from year to year.
There is also a succession in the animal-like plankton 
(Zooplankton), with some species remaining throughout 
the year but others appearing only during the winter or 
only during the summer.

These changes probably could be understood in terms of 
seasonally changing Chemical and physical conditions, but 
the exact way in which the environment acts to control 
a single species throughout the year has not been worked 
out in a single lake as yet.

It seems likely that the appearance of blue-green algae in 
many lakes during midsummer, when dissolved nutrients 
are at their lowest ebb, has to do with their capacity to 
utilize atmospheric nitrogen, giving them an advantage 
over spring and fall species that must have their nitrogen 
presented to them in the form of nitrates or ammonia. It 
is also possible that biochemical factors may be important: 
perhaps the blue-greens require organic growth factors re­
leased by the dominant algae of spring.

Adaptations to the lacustrine environment. Compared 
with rivers and oceans, lakes are rather transitory features 
of the Earth. A lake is likely to fill in or be drained, to
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evaporate or freeze solid, in a time that is short compared 
with the rate o f evolution. Many ponds are seasonal, some 
desert lakes (playas) hold water for only a few weeks af­
ter each rain. Lake Eyre, in Australia, contains water so 
seldom that its flooding is usually recorded in the scien­
tific literature.
Dormancy and emigration. Because of the ephemeral 

nature of lakes, many aquatic organisms have mechanisms 
of resting in a dormant state or for moving from one 
lake to another. Aquatic vascular plants are commonly 
provided with large, thick-coated seeds, with underground 
storage rhizomes (underground sterns), or with overwin­
tering buds that will keep the population alive while most 
of the active individuals succumb to drought or cold. 
Daphnia, the water flea, normally reproduces partheno- 
genetically (without the need of mating), but, when food 
gets scarce or the pond begins to dry up or some other 
unfavourable circumstances develop, males appear in the 
population and fertilize the females. The offspring of this 
sexual union develop inside a thick-walled resting egg, 
which is shed into the environment at molting, instead 
of being placed in the mother’s brood pouch. The resting 
egg is capable of withstanding adverse conditions of cold 
or drought and does not hatch until favourable circum­
stances have returned. Similar resting eggs are produced 
by many other planktonic crustaceans and by bryozoans. 
In the fall, in temperate-zone lakes, large, globular, jelly- 
filled colonies of bryozoans are blackened by thousands 
of small, round resting eggs, each armed with a ring of 
anchorlike hooks that increase the egg’s chances of being 
carried to a surface suitable for growth.

Many planktonic algae produce resistant spores capable 
of withstanding drought, and the larvae of bivalve mol­
lusks are adapted to cling for dispersal to the gills of fish 
or to the feet of ducks. The short adult phase in the life 
of aquatic insects is also a device for moving from lake to 
lake. A large part of the lacustrine biota seems to consist 
of species well-adapted to fleeing to more favourable areas 
should the lake in which they live become unsuitable. 
This is true even of such large, self-sufficient animals as 
the hippopotamus and the crocodile.
Planktonic adaptations. Plankters must stay suspended 

in the light water to survive. If they sink into the tropholytic 
zone, they die, either by poisoning or by starvation. Many 
plankters have overcome this threat by moving enough 
to keep themselves suspended. A few have developed gas 
bubbles or oil droplets to aid buoyancy. Other plankters 
have adapted by becoming as small as possible; thus, they 
sink very slowly through the water, relying on normal 
turbulence to hinder sinking farther. If the growth of the 
population is greater than the slow loss to the depths, then 
the species can survive. This is probably the commonest 
way out of the dilemma and may explain why so many 
plankters are microscopie in size, especially in fresh water. 
In the sea, .with its higher salinity, the sinking problem is 
less acute, and larger plankters are found.

Many of the planktonic organisms in lakes are surrounded 
either with a jelly coat or with long spines sticking out in 
all directions. Both are probably adaptations for increasing 
effective diameter without greatly increasing mass, thus 
reducing the sinking rate. Many diatoms are slightly asym­
metrical— sigmoid or S-shaped, for example—a physical 
advantage that also reduces the rate of sinking.

Many species of lake plankton show one or another of 
two bizarre phenomena that may adapt them to open- 
water existence, although just how is still obscure. The 
first phenomenon is daily vertical migration: the plankters 
move up and down in the water, often considerable dis­
tances, according to the daily cycle of solar illumination. 
The second phenomenon is cyclic change of form. This 
occurs in animals such as daphnia and in some plants, all 
of which reproduce asexually as they change in form from 
one generation to another. Some populations show only 
slight change during the course of each year; others go 
through such Variation that the extremes in form would 
certainly be taken for different species if the intermediate 
types were not known. These form changes are induced 
largely by changes in temperature during development, 
although turbulence also plays a role. Of the many ideas

that have been advanced for the adaptive value of the 
changes—that they are adjustments to the properties of 
warm water, that they keep the animals swimming in 
strata in which food is densest, that they are defense 
mechanisms against seasonal predators— none seems a 
convincing explanation for the general phenomenon.

Physiological adaptations. The ancestors of most ani­
mals that live in lakes were either terrestrial or marine. 
Adapted to a Situation in which water was scarce, these 
ancestors had to be able to conserve water and to ex- 
crete extra salts and waste products with minimal water 
loss. The water in most lakes is much more dilute than 
is the body fluid of the animals; there is thus a strong 
tendency for the animals to gain water. This problem has 
been solved in two fundamentally different ways. One is 
typified by the freshwater musseis, which have an enor­
mous area pf mantle (an extension of the body wall) and 
gill exposed to the water; it might seem that they would 
take up water at a high rate. The mussei, however, has 
developed extremely dilute body fluid—thus minimizing 
the tendency for water to cross its membranes—and a 
kidney that, because it is able to excrete very dilute urine, 
can excrete the excess water that does happen to enter 
the body. The problem has been solved in a different way 
by most insects in fresh water, which have a hard outer 
skeleton (or exoskeleton), covering as much as possible o f  
the body; because the exoskeleton does not allow water 
to pass through {i.e., it is impermeable), water uptake is 
reduced and can be handled adequately by an excretory 
apparatus designed for terrestrial performance,

Not all lake dwellers face the problem of an excess o f 
water. The problem of those who live in waters many 
times more concentrated than the sea is to conserve water 
and get rid of excess salts. Relatively little is known about 
the excretory mechanisms of animals in such environ­
ments, however.

Water and salt balance are more easily studied in large 
nektonic and benthic animals than in microscopie organ­
isms, but the latter, with their relatively thin walls and 
enormous surface-to-volume ratio, are exposed to severe 
stresses. In the case of single-celled protozoans, the Prob­
lem is met by a structure called a contractile vacuole, by 
which dilute fluids are exereted.

Lake animals such as musseis, which have a large per­
meable surface exposed to the environment, are able to 
obtain their oxygen by diffusion from the water. Many 
insects, however, exploit the natural advantages of air as 
their respiratory medium.

Lake plants are commonly well provided with hollow 
tissues in their sterns, through which they are able to 
pump oxygen down to roots and tubers buried deeply in 
mud. Mosquito larvae of the genus Mansonia tap into 
this gas supply with their respiratory organs and so free 
themselves from the usual repeated journeys to the surface 
to replenish their air.

Species interactions. Probably because most lakes are 
young and transitory, they have few of the elaborate and 
subtle interactions between species that are so conspicu­
ous a part of the marine or terrestrial scene. A few cases 
are reminiscent of sea corals and the algae that live in 
them (zooxanthellae). Freshwater sponges, for example, 
are green because of the algae within them when they 
grow in the light; the same sponges are white when they 
grow in darkness. Some salamander eggs are usually green 
as a result of algae growing in the jelly masses.

Among the fishes of the oldest lakes are some interesting 
cases of egg predation; in one, a species of cichlid fish 
feeds exclusively on the eggs of mouth-brooding cichlids 
of other species. The predatory cichlid mimics the prey 
cichlid closely in colour pattem and general appearance, 
persuading the mouth brooder to spit out its incubating 
eggs.

Parasitic relations between lake dwellers are elaborate, 
probably because the cycle has evolved in rivers and been 
secondarily extended to lakes. Many parasitic life cycles 
involve both lakes and terrestrial organisms; for example, 
the schistosomes, a group of blood flukes that are widely 
distributed in the lakes of the world, pass several larval 
stages in freshwater snails but spend their adult lives in

Oxygen
sources
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the bloodstream of a terrestrial vertebrate. In most of the 
temperate zone the vertebrate host is usually a duck. Oc­
casionally, certain of the larvae may penetrate the skin of 
humans, where they die, producing an annoying but usu­
ally short-lived dermatitis called swimmer’s itch. In Japan 
and much of the tropics, however, the larvae o f several 
species complete their development in man and cause a 
serious human disease.

Biological productivity. Generally, the productivity of 
lakes is lowest in the Arctic, intermediate in the temperate 

Correla- zone, and highest in the tropics. The dark Arctic winter 
tions with provides little solar energy for photosynthesis, and most
latitude of the springtime period of bright sunshine and long days

occurs when the lakes are still covered by a thick layer of 
ice. In the tropics, on the other hand, where there is an 
adequate supply of solar energy all year and no ice cover 
to absorb it, high temperatures speed decomposition of 
plants and animals, so that nutrients of which they are 
composed are returned rapidly to the water and support 
new growth.

A second important influence on the productivity of 
lakes is the nature of the underlying bedrock. Rocks that 
are readily soluble and rich in nutriënt elements, such as 
calcium, potassium, silica, and phosphorus, provide for a 
high and sustained rate of photosynthesis. Lakes resting 
on insoluble rocks, even though located in the favourable 
light and temperature environment of the tropics, have a 
productivity so low as to be unmeasurable by Standard 
methods. It is in tropical regions of internal drainage, with 
much volcanic ash in the rocks— such as the rift valleys 
of tropical East Africa—that the most productive lakes in 
the world are found.

Presumably, an estimate of the total amount of each 
nutriënt in the water and organisms of a lake would 
show a clear relation with productivity, but such an es­
timate is difficult to make. Even for phosphorus, which 
can be detected easily by radioisotope-tracer methods, the 
estimate is too cumbersome to be used on a widespread 
comparative basis.

There is, on the other hand, a fairly strong correlation 
between the bicarbonate-carbonate content of lakes and 
their primary productivity. This is likely to be at least 
partly the result of a correlation between bicarbonates and 
the generally unknown and unmeasurable total supply of 
nutriënt salts, but it also may mean that plants in most 
lakes are chronically short of a convenient carbon source 
for photosynthesis.

If a lake is deep and transparent, it can sustain a re- 
spectable productivity per unit surface area while at the 
same time exhibiting a low productivity per unit volume 
of water. In a shallow lake, on the other hand, all the 
primary production takes place in a short water column, 
so that its effects, such as the production of algal blooms, 
are much more pronounced. This concentration of such 
growth is beneficial to organisms higher up on the food 
chain, such as Zooplankton and fish, because large vol­
umes of water are not required to obtain food. This is 
probably one reason the shore zone of a lake normally 
supports much denser populations of fish than does the 
open water.

The depth of mixing is important to the phytoplankton 
in another way. If it is so great that the phytoplankters 
spend an appreciable part of their time in the tropholytic 
zone, they may use up a large part of the food they manu­
facture in their own respiration. This is probably why the 
dense perennial blooms of highly productive tropical lakes 
develop only in shallow lakes or in meromictic ones, in 
which mixing is shallow and contained largely in the zone 
of trophogenesis.

In general, only about 10 percent of the energy passing 
through one level in any food chain is consumed by the 
next trophic level above, which places a severe limit on 

Lake food thé possible length of lake food chains. Few, if any, consist 
chains of more than six links, and in small lakes they may be 

only three links long. A high-level predator can increase 
its population by shortening the food chain on which it 
is dependent, just as human populations can (and do) by 
shifting from a diet rich in meat to one that is largely 
cereal. The resulting increase of food from a short food

chain, however, is obtained at a considerable increase in 
the energy used to gather the food. (D.A.L./Ed.)

RIVERINE ECOSYSTEMS
The riverine environment. By volume, the rivers of the 

world constitute a small fraction (1 percent) of the total 
amount of water in aquatic systems, but their high rate 
of flow gives them great ecological significance. As active 
agents of mechanical and Chemical erosion, rivers exert 
a major control upon the terrestrial ecosystems o f their 
watersheds, as well as any lakes or oceans into which 
they discharge.

There are significant differences among the rivers of the 
major continents regarding Chemical composition, con­
centration, and rate of erosion. Australia is so dry and 
Antarctica so cold that they make little contribution to 
the global budget for river transport. The streams of Asia 
carry almost three times as much suspended material per 
unit area as do those o f any other continent. The river 
waters of South America are the most dilute; those of 
Africa, being similar in composition, are about twice as 
concentrated. North America, Asia, and especially Europe 
differ from the two more southem continents in carrying 
a much larger quantity of calcium and bicarbonate. The 
low salt concentration of South American rivers is offset 
by their great discharge.

Rivers, particularly in arid lands, show great annual fluc­
tuations in size and other properties. Variations of four 
times the normal discharge and six times the quantity of 
suspended particles are not unusual and are accompanied 
by changes in current velocity, concentration o f dissolved 
substances, and shape o f the channel. The formulation of 
the properties of a riverine ecosystem is accordingly more 
difficult than it is in lakes and the ocean, and, although 
considerable attention has been devoted to the biology 
of streams, the results have tended to be descriptive and 
individual, with little applicability to streams in general.

A distinction is often made between a zone of erosion Zones of 
and a zone of deposition in rivers, but it must be remarked erosion 
that, whatever the size o fth e  partiele that is moved by and 
a flood, it will be deposited when the flow is less. It is deposition 
preferable to make the distinction between zones where 
the bottom has stones large enough för the biggest inverte­
brate animals to cling to and where the bottom is of sand 
or mud whose particles are so small that the larger inver­
tebrates must burrow. If a river with a sandy or muddy 
bottom is shallow enough, rooted plants will grow in it.
Between the two zones there will be an intermediate one 
where fine particles settle during low flow and are washed 
away by a flood, and the slope, or river bottom grade, 
may be such that this intermediate zone is longer than 
either of the other two. A river from source to mouth is 
a continuous whole, and attempts to divide it into zones 
must be arbitrary. Any Classification system may prove 
useful for a particular purpose, without being a concept 
with fundamental significance for biologists.

Water emerging from deep underground layers is gen­
erally cold, often with but a small range of temperature 
change during the course of a year, but it may be warm 
if it drains shallow soil. The smaller the volume of water 
the warmer it will become in the sun and the more heat 
it will lose at night. Larger water volumes have less daily 
temperature fluctuation and they are never far from av­
erage air temperature. If there is not a big difference in 
altitude, headstreams may therefore reach a higher maxi­
mum temperature than the main river. This condition, of 
course, has importance regarding the type of life found in 
the various parts o f a stream.

A torrential stream is nearly always well oxygenated. A 
slow river is often well oxygenated by day because of 
the activities of photosynthetic plants, but it may be de- 
pleted of oxygen by night, when only oxygen-consuming 
and decomposition processes are active. Turbidity, the 
muddiness and cloudy condition of the water, generally 
increases steadily from source to mouth. Aceumulated 
organic matter washed from the land is believed to be 
the main base o f the food chain in running water, and 
therefore in hilly or mountainous regions the amount of 
material entering the stream that may become a source of
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food tends to increase as the area drained increases with 
distance from the source. The amount may decrease far­
ther downstream where the carrying capacity of the river 
drops with reduced flow.

An old and well-known method of dividing rivers into 
zones is based on the presence of one of four fish species 
commonly found in western Europe: Salmo (trout), Thy- 
mallus (grayling), Barbus (barbel), and Abramis (bream). 
Each zone as defined by these fish coincides with a given 
slope, though for any zone the wider the stream the more 
gentle the slope. Even in western Europe there is a certain 
inconvenience in designating the zones by species of fish, 
for some, notably grayling, are not widespread. Elsewhere 
other species must be sought. Running water systems 
have also been classified into zones called the rhithron, 
which is roughly the stony upstream region, having well- 
oxygenated water and with temperature rising to no more 
than 20° C (68° F), and the potamon, which is the down­
stream portion, having a sandy or muddy bottom and 
temperature exceeding 20° C at the wärmest time of year. 
Both rhithron and potamon are subdivided. Within any 
one subdivision, however, the composition of the living 
community may be changed by some factor unconnected 
with flow or temperature, and the terms therefore have no 
precise biological significance though they may be useful 
in a general sense.

Character of riverine communities. Organisms in 
streams. The slower the streamflow, the more the com­
position of the living community resembles that of still 
water, and, therefore, any discussion of peculiar features of 
running-water organisms must centre largely round those 
that have colonized the swifter-flowing waters.

Stagnant waters fill and disappear but a watercourse must 
flow as long as there is precipitation to supply it. It is, 
therefore, not surprising to find in running water certain 
groups of organisms that have changed little during the 
millions of years in which others have evolved and adapted. 
Most stone flies (order Plecoptera) and many mayflies 
(Ephemeroptera ) inhabit running water, and other prim­
itive groups confined to it include the crustacean sea hare 
and the caseless free-ranging caddis fly larvae of the insect 
family Rhyacophilidae. Moreover there are few groups of 
freshwater organisms that are not represented in running 
water. The exceptions are extreme specialists such as the 
phyllopod crustaceans (fairy shrimps and related forms), 
which must swim to feed and have survived only in tem­
porary water where they are free from the predation to 
which this mode of life exposes them.

Rapidly flowing water is well oxygenated, and a moving 
medium brings to its inhabitants a constant supply of 
oxygen and also salts, at the same time removing their 
waste products and carrying a constant supply of food. 
The disadvantage of life in a moving medium is that any 
accidental displacement must always be in one direction. 
Even the organisms that live in the substratum (various 
layers of the stream bottom) are occasionally subject to 
this hazard when exceptional flow causes the substratum 
to shift. A further problem is the accomplishment by 
organisms of colonization of a biotope (uniform habitat 
occupied by a uniform community of organisms) that may 
be very long and very narrow.

Plant communities. Stones and rock are covered by 
algae, many of which are single cells, though some are fila­
mentous and trail in the water in tresslike tufts. There are 
many species of these, and they are often scoured off their 
supports by sand and gravel when the rate of streamflow 
increases; there are marked changes in the communities 
with the seasons even when this does not happen. Algae 
tend to occur in irregulär pattems varying considerably in 
species composition and abundance. It has not, therefore, 
so far proved possible to discem definite algae communi­
ties associated with given stream conditions, though it is 
known that temperature, light, substratum, and dissolved 
substances in the water are factors that influence the oc­
currence of certain species.

A stone or boulder that survives for a long time without 
being overtumed, and that is not scoured by particles of 
sand and gravel, will become densely covered by mosses 
and liverworts.

Rooted plants grow thickly where substratum and water 
depth are suitable, but attempts to define communities 
comparable with those in still water have been unsuccess- 
ful. This is partly because of the instability of the flowing 
water system. Once established, a tuft of Vegetation im- 
pedes flow and facilitates the deposition of silt, which 
may alter the substratum until it becomes favourable for 
some other species. Eventually the Vegetation may present 
so much resistance to streamflow that the whole mass is 
washed away. Many species of plants in temperate lati­
tudes die down in winter and no longer protect silt that 
settled round them in summer. Copious plant growth 
interferes with water flow to such an extent that it of­
ten becomes necessary to cut and remove it from some 
streams to prevent flooding.

Animal adaptations. Life in the streambed. There is a 
zonation of animals in the substratum, as may be seen in 
Figure 20. If bottom particles are not too fine, there is a 
rich and varied animal community down to 1 metre (3.3 
feet) or more below the surface o f the streambed. Certain 
crustaceans, mites, and nematodes are restricted to these 
deep habitats but also abundant may be tiny nymphs or 
larvae, the immature insects that, when they are larger, 
inhabit higher regions where the particles are coarser.

Nearer the surface, in sand and gravel, may be found Stratifica- 
various animals, notably segmented worms (of class tion of 
Oligochaeta) and the larvae o f certain families of flies (of life in the 
the insect order Diptera) that, having come in from a streambed 
similar habitat elsewhere, have been able to colonize run­
ning water with little change of form and habit. Nearer 
the surface still, but protected from the current by the 
ïarge stones above, are many animals that show no struc­
tural adaptation to life in running water, though obviously 
without some modification of behaviour they would not 
survive. Most of the stone flies, various caddis fly lar­
vae (order Trichoptera) that make cases, and amphipods 
(shrimplike crustaceans) such as Gammarus are examples 
that are likely to be familiar over most o f the world.
Some of the stone fly nymphs are long and thin and 
consequently are well designed to live among the spaces 
between small stones and pieces o f gravel. There is no 
rigid line of distinction between the inhabitants o f the 
three zones mentioned.

Life at the surface o f the streambed. Finally come the 
animals that colonize the large stones forming the sur­
face of the streambed. Many are structurally modified for 
swift-water environments. The freshwater limpets (family 
Ancylidae) have a simple conical shell that offers little 
resistance to the current and a foot that forms an efficiënt 
sucker. Larvae of the net-winged midges (family Blepharo- 
ceridae) have six suckers provided with muscles that can 
create a powerful suction. Another similar adaptation is 
seen in several families of beetles and reaches its highest 
development in the water pennies (family Psephenidae).
The body is flat and wide, and the margin is pliable 
and beset with spines and hairs. It can be adjusted to 
fit the irregularities of the surface sufficiently to prevent 
any water flow undemeath the larva, and the pressure on 
the rounded upper surface tends to press it against the 
substratum even though there are no suction-producing 
muscles. In certain mayflies, modification of the nymph’s 
gills produces the same effect. Such nymphs are frequently 
confined to running water because they cannot use their 
gills to create a current if necessary. For example, the 
mayfly genus Rithrogena, which has modified gills, respires 
less rapidly as current speed falls, whereas related genera 
that can move their gills consume as much oxygen in still 
as in flowing water. They occur on stony lakeshores, and 
species of Rithrogena do not.

Nymphs of the mayfly family Ecdyonuridae (or Hepta- 
geniidae) have broad flat heads with thin margins, and 
upper leg segments are of a similar shape though less acute 
at the margins. The body and legs are pressed against the 
surface; retaining its hold by means of sharp claws, the 
nymph can scuttle across a flat hard surface with great 
nimbleness. In the Southem Hemisphere this adaptation is 
found in spinners (family Leptophlebiidae), which replace 
the Ecdyonuridae.

Larvae of the blackflies (family Simuliidae) may perhaps
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be said to be the most highly adapted of all running-water 
animals because they not only anchor themselves in swift 
currents but also make use of the flow to bring food. At 
the tip of the abdomen and on a proleg near the head are 
pads armed with concentric rows of hooks, o f which the 
points can be directed outward by pressure of the body 
fluid and retracted by muscles. The larvae can produce 
threads of silk, and these they lay over the surface of a 
stone, often where the current is swift. At intervals, tangled 
masses of silk are laid down. The larva can move across 
its silken lattice with a looping action, taking hold with 
fore and aft pads of hooks alternately. Most of the time it 
trails in the water with the rear hooks embedded in one of 
the tangled blobs of silk. It extends a rakelike apparatus, 
and when this has strained a mass of fine particles from 
the water the appendage is retracted and the mass is eaten.

Three families of caddis flies utilize the current to bring 
food. None makes a case in the fashion of most caddis fly 
larvae but all spin nets. Members of two of these families 
feed on drifting organic matter, but the third is carnivo- 
rous and lives a life not unlike that of a spider on land. 
Members of this family occur in still water.

Adults of most beetles (order Coleoptera) and bugs (or­
der Heteroptera) must come to the surface periodically to 
renew their store of air, a necessity that is plainly inconve- 
nient in a medium flowing one way; It is not unexpected, 
therefore, that in swifter regions of rivers these two orders 
are represented mainly by families that have developed 
plastron respiration and can live permanently on the bot­
tom (riffle beetles, family Elminthidae, and creeping water 
bugs, family Aphelochiridae).

Factors affecting communities in streams. Several fac­
tors influence the composition of the communities. It 
is impossible to separate the effects of streamflow and 
substratum. When current falls to a speed at which fine 
particles settle, the animals that inhabit the spaces between 
small stones and pieces of gravel are replaced by bur­
rowing forms, of which the main groups are oligochaetes 
(worms), lamellibranchs (clams, musseis), and chirönomid 
larvae (flies). Nymphs of the burrowing mayflies (family

Ephemeridae) burrow in sand and mud, and some drag- 
onfly nymphs have also taken to this way of life, particu­
larly in Africa.

A varied animal community is found in Vegetation, if this 
develops. Animals with adaptations for life on a hard flat 
surface, such as the mayflies of the family Ecdyonuridae 
or limpetlike mollusks, do not occur, but less specialized 
forms such as the shrimplike Gammarus may continue in 
great numbers. Simulium (gnats and blackflies) and Baetis 
(mayflies) are two genera that are also abundant in both 
stony and weedy zones, though the species are generally 
different in the two.

Within one zone, rate of flow is probably not of great 
importance for most species since they live among stones, 
avoiding places exposed to the full force of the current. It 
is important to the net-spinning caddis fly larvae, which 
must find a place where current speed lies within a narrow 
range. It has been shown experimentally that a change in 
the pattern of flow is quickly followed by a change in the 
distribution of their nets.

Different kinds of rock break up into stones that differ 
in shape and size and texture, but whether this affects 
the communities that colonize them is not known. That 
the distribution of certain species that inhabit streambeds 
of fine particles is related to the size o f the particles 
has been clearly established. In Europe the green drake 
mayfly (Ephemera danicd) inhabits sand, and the common 
mayfly (E. vulgata) mud, and several similar examples 
have been described in North America. Stones that have 
been rounded by abrasion during transport by ice or wa­
ter provide a difficult substratum colonized only by agile 
animals. Rat stones that move less easily harbour a more 
varied community, and it is richer still if, as generally 
happens, the stones become covered with moss.

Springs and the stretch immediately below them are of­
ten inhabited by species not found elsewhere, and some of 
these are confined there by their requirement of low tem­
perature. One of the few species that has been thoroughly 
investigated, both in the field and in the laboratory, is 
the flatworm, Crenobia (Planaria) alpina. It is commonly

Relation 
between 
stone size 
and species 
coloniza- 
tion
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Polar bears Crossing ice in Norwegian Bay, Northwest 
Territories, Canada.

Lake near Bergen, Norway, fed by a glacier.

Vegetation clothing banks of hot springs in iceland.

(Top left) Ted Grant—Information Canada Phototheque, (top 
nght) Syen Samehus, (centre right) Peppe Traversa-FPG, (bottom 
left) Charles Steinhacker, (bottom right) Anthony Mercieca from Root 
Resources—EB Inc.

Algae-stained thermal pool, Yellowstone National Park, Wyoming.
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Salt-encrusted shore of Great Salt Lake. Utah

Lake Manyara, Tanzania, a soda lake, containing only 
alkali-tolerant species.

Lake Baikal, Soviet Union, the world’s deepest lake, rich in unique species.

Toad tadpoles massed in the remains of a drying 
puddle, Kenya.

Permanent pond, Loughrigg Tarn, Cumbria.

1

Plate 2: (To p  left) Barbara Van C leve , (top right) Harrison Forman, (centre right) Jane Burton— Bruce 
Coleman Ltd., (bottom left) from the book The African Experience and The Tree Where Man Was Born, 
text by Peter Matthiessen, pictures by Eliot Porter, published in 1972 by E P. Dutton & Co.. Inc., and used 
with their permission, (bottom right) Tourist Photo Library

Plate 3: (Top) Laurence R. Lowry— Rapho/Photo Researchers, (centre right) G .R . Roberts, Nelson, New 
Zealand, (bottom left, bottom right) B ruce Coleman Inc., (bottom left) Mira Atkeson, (bottom right) James 
R. Simon
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The Salinas River, California, emptying muddy water into 
Monterey Bay.

Inland water Systems

A clear, rapid-moving alpine stream, Goat Rocks Wilderness, 
Washington.

Delta of the Tongariro River, New Zealand, composed of aceumulated silt 
washed downstream

Trout Creek, a slow-moving, mature river, Yellowstone National Park, 
Wyoming.
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Sand dunes encroaching on salt marshes bordering the entrance of Laguna Ojo de 
Liebre. Baja California.

Marine life typical of that found in cold water, on a piling 
in Hodgkins Cove, Cape Ann, Massachusetts.

Kelp seen at low tide, Point Lobos Reserve State Park, 
California.

(Left) Marine life typical of that found in tropical waters, Palau Islands, Trust 
Territory of the Pacific Islands. (Below) Coral reef, Belize.
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Algal community, Sea of Japan, near Shimane.

Plate 4: (To p) David Cavagnaro, (centre left, bottom left, bottom right) Douglas 
Faulkner, (centre right) Tom  Myers
Plate 5: (Top left) Jeff M yer— Animals Animals, (top right) © Costa Manos— Magnum, 
(bottom left) W H Hodge, (bottom right) AI Low ry— Photo Researchers

Sea bottom near Bonaire Island, Lesser Antilles.

Marine environments

Land spit at Hog Island, Virginia, forms the tranquil lagoon 
(bottom right) by separating it from the sea (top left).

Leaf barnacles and colony of tube worms exposed at low tide, Santa Cruz, 
California.
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Detergent foam on Escondido Creek, California.

Plate 6: (T o p ) Barbara Adams from Root Resources— EB Inc.. (centre left, centre right) The National Audubon 
Society Collection Photo Researchers. (centre left) Raymond L. Nelson, (centre right) Lincoln Nutting, (bottom 
left. bottom right) Tom Myers

Polluted water systems

Duck feeding in refuse, Lake Mendota, 
Madison, Wisconsin.

Oil in surf at Santa Barbara, California.

Paper mill pollution, St. Catharines, Ontario, Canada.

Straw-covered tide pools soak up oil at Agate Beach, near San Francisco, 
California.
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confined to water whose maximum temperature does not 
exceed 15° C (59° F), though it can tolerate 25° C (77° 
F), provided it is not exposed to it for too long. Reproduc­
tion generally takes place only in water colder than about 
12° C (54° F). Other animal species are confined to cold 
water not by physiological limitations but by their inabil­
ity to compete with a rival in warmer water. Britain for 
example lacks the amphipods Gammarus fossarum and 
G. roeselii and instead G. pulex ranges in British streams 
from source to mouth. In Europe G. pulex is confined 
to the middle reaches o f flowing waters and is apparently 
kept out of the upper ones by G. fossarum and the lower 
ones by G. roeselii.

Animal populations tend to be densest in those places 
where the configuration of the bottom produces areas of 
still water with consequent settling of debris. In addition 
some of the most notable changes in the composition 
of the population can be related to food supply. Below 
lakes the water is rich in floating algae and tiny drifting 
animals as well as suspended organic matter, and here 
the numbers of net-spinning caddis flies and blackflies 
are much higher than elsewhere. They appear to exclude 
other species found under similar conditions of flow and 
substratum but without the augmented food supply. Slight 
enrichment by sewage leads to an increase in the number 
of flatworms and a decrease in the number of certain other 
species. It has been suggested but not proved that the flat­
worms eat them. In rivers enriched by the decomposition 
of sewage, great numbers of Asellus (a freshwater crus- 
tacean), leeches, mollusks, and alderflies (Sialis) are found. 
Below the zone of enrichment these animals become 
progressively scarcer and are replaced by the community 
associated with similar conditions of flow and substratum 
in unenriched water. Again the full interrelationships have 
not been worked out. Decomposition of sewage is accom­
panied by lowered oxygen concentration in the polluted 
waters, and the typical inhabitants of stony rivers require 
a high concentration. There is also evidence that they are 
adversely affected by the bacteria that coat the stones and 
indeed some of the animals themselves. In lakes the most 
plausible explanation at present is that predation by the 
species favoured by enrichment leads to the elimination of 
the species typical of areas where there is no enrichment, 
and it is reasonable to postulate that this factor operates 
in running water too.

Life cycles of running-water animals are unexpectedly di­
verse and offer a rich field for experimental investigation. 
Nearly all the observations have been made in temperate 
regions. A number of animals, notably the larger ones such 
as leeches, snails, bivalve mollusks, and crayfish, take more 
than a year to reach maturity. Many are univoltine; i.e., 
they take one year to complete development. Some species 
in the genera Baetis (mayflies) and Simulium (blackflies) 
and in the caddis flies pass through two generations in a 
year. Quicker development is rare, Gammarus pulex being 
an outstanding example, completing its life cycle in less 
than two months.

Many of the univoltine species have a resting stage, which 
generally tides them over the warm period of the year. It 
is often the egg stage, sometimes the early nymphal stages, 
and sometimes, chiefly in caddis flies, the last larval molt­
ing stage. The common European spiny crawler mayfly 
(Ephemerelia ignita), apparently spends some 10 months 
in the egg stage, at least in parts of its range; nymphs 
appear about midsummer, grow rapidly, and emerge in 
August or early September. In other species, the small 
minnow mayfly (Baetis rhodani) for example, some eggs 
remain unhatched for many months, whereas others hatch 
after a few weeks.

A net set so that water flows through it catches repre- 
sentatives of many of the species inhabiting the stream. 
Catches o f most are much higher by night than by day 
and are often greatest just after dusk and sometimes again 
before dawn. This phenomenon, commonly referred to as 
drift, has been much studied and has provoked several 
controversies. The number of specimens drifting seems to 
bear some relation to the population in the stream and 
is at its highest during the period of most rapid growth. 
Therefore it probably represents to some extent a removal

of surplus population. Drifting animals are likely to fall 
prey to fish, but there is evidence that those that escape 
this fate do not travel far before regaining the safety of the 
bottom. Some of the larger adult caddis flies have been 
observed flying upstream to lay their eggs, but there is ev­
idence that other insects do not maintain the population 
in the upper reaches in this way. Many have been shown 
to move against the current during the aquatic stage of 
their life cycles, particularly when small, and it is likely 
that uniform colonization of all suitable Stretches of a 
watercourse is maintained in this way.

Detritus, drifting organic matter originating from dead 
leaves and other vegetable fragments that are blown or 
washed into the water from the land, is the main primary 
source of food in rivers and streams. The limpets, the flat 
nymphs o f the mayfly family Ecdyonuridae, and larvae of 
various caddis flies graze upon the algal feit that covers the 
upper surface of stones but probably subsist extensively on 
the detritus trapped in this. Detritus may also stick to the 
mucous trails left by flatworms or lodge in the irregulari- 
ties of a rough surface. Little is known about the digestive 
powers of the various detritus feeders. That vegetable re­
mains are not an easy source of food is indicated by the 
frequency with which they are passed twice through the 
same intestinal tract. It is likely that the actual source of 
food is the fungi and bacteria that are breaking down the 
vegetable tissue. The flatworms, the large stone flies, some 
of the caddis flies, and many fish are camivores.

Biological productivity. In a study o f total production 
of flesh by trout (Salmo) per year in the Horokiwi Stream 
in New Zealand, there were about 50 grams per square 
metre {i.e., 500 kilograms per hectare, which is approx­
imately 450 pounds per acre). An important point that 
came out of this investigation was the large contribution to 
production made by young fish, whose size was very small 
but whose numbers were large. Fish are comparatively 
easy animals with which to work, mainly because of their 
large size and the fact that the eggs hatch within a short 
period. Moreover the young do not live in the substratum. 
The trout establishes territories whose sizes depend on the 
configuration of the bottom and not on food supply. Fish 
secure efficiënt exploitation o f the resources of the envi­
ronment by means of an indeterminate size at maturity. 
If food supply is poor, the fish remain small; if it is good, 
they grow much more rapidly; but sexual maturity is at- 
tained after a period that does not vary signifieantly with 
size, and the small fish reproduce just the same as normal 
adults. That calculations of production by populations of 
wild fish are of the right order can be confirmed by com­
parison with the extensive data obtained by commercial 
cultivators. Consequently there are reliable figures for the 
production by several species in the wild state.

Information about invertebrates is much less satisfactory. 
It was discovered how much the trout in the Horokiwi 
ate, and it turned out to be some 17 times greater than 
the number of invertebrates apparently available as food. 
This observation, known as Allen’s paradox, has been 
confirmed also in other parts of the world. In other words, 
production is underestimated. It is possible that unac- 
counted-for populations among running-water animals are 
to be found well below the surface o f the substratum, 
where it is known that tiny nymphs abound and where 
most sampling instruments do not penetrate. They may 
also be washed down from the smallest tributaries, which 
are too shallow or too swift for fish to enter. This explana­
tion of Allen’s paradox is speculation, but it is plausible. 
What can be stated with confidence is that, until an ex­
planation has been provided and verified, calculations of 
production of invertebrates are premature.

Measurement of primary production by algae is difficult 
because any enclosing of them in containers, the technique 
that has been used extensively in lakes, alters the environ­
ment drastically by cutting off the current. Measurements 
o f changes in the concentration of oxygen in a natural 
stream have been made, but the difficulty of ascertain- 
ing the amount of exchange between air and water has 
not been entirely overcome. Results suggest that primary 
production by algae is generally low. In contrast, that by 
rooted Vegetation may be high. (T.T.M./Ed.)

Detritus

Allen’s
paradox
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Between the water and the land, and between one kind 
of water and another, a diversity of ecosystems exists. 
Small in extent, they differ from each other more, in 
some respects, than do Standing and flowing waters; for 
convenience, they are here treated as a group.

BOUNDARY SYSTEMS BETWEEN WATERS
Estuaries. Boundary systems in which there is an ap­

preciable current are most like oceans, lakes, and rivers. 
Estuaries, in which seawater is diluted by freshwater in- 
flow, share many features with rivers and the ocean. An 
estuary has a net seaward flow equal to the discharge of 
its tributary rivers, but that flow is affected by the surge 
of tidal currents. It also has other distinctive features of 
circulation. As river water in an estuary reaches seawater, 
the river water, being lighter, rides on top and, having 
a considerable velocity, tends to drag the upper part of 
the seawater underlayer along with it. Under steady-state 
conditions, this salt water carried seaward by the fresh sur­
face flow is continuously replaced by a landward flow of 
seawater at greater depths. Variations o f this basic pattern 
are produced either by differences in size and shape of 
the estuary or by differences in the relative importance of 
river discharge and tidal mixing. The typical estuary may, 
however, be thought of as a two-way flow: the seaward- 
flowing water is lighter, at the surface, and of low salinity, 
and it courses along the right bank of the estuary (facing 
downstream) in the Northern Hemisphere and along the 
left bank in the Southern Hemisphere, because of the 
inertial effect of the Earth’s rotation; the landward flow 
is heavy, deep, and saline and courses along the bank 
opposite from the seaward, surface flow.

A pollutant introduced into an estuary, therefore, is par- 
titioned between the two flows and moves landward as 
well as seaward (see rivers: Rivers as agents o f landscape 
evolution: Estuaries).

Lagoons. Coastal lagoons in arid regions have a current 
system that is opposite to that of estuaries. Seawater flows 
inward on the surface at the inlet to replace the water that 
is lost from the lagoon by evaporation, and dense water 
flows outward at depths and maintains the salt balance of 
the lagoon. In cases in which a lagoon is cut off from the 
sea, some parts of the lagoon may become two or three 
times saltier than the sea. The fauna is often that of brack­
ish water—for example, nereides (polychaete worms), cer­
tain small clams, the barnacle Balanus eburneus, mullets, 
sand smelts, and cyprinodont fishes. Lagoons supplied 
with an inflow of fresh water that more than balances its 
loss due to evaporation may be much less salty than the 
sea and have a fauna with more fresh-water-tolerant, but 
related, species (see also oceans: Features o f the oceanic 
shoreline: Lagoons).

BOUNDARY SYSTEMS BETWEEN WATER AND LAND
Shores. The shoreline environment. A great variety of 

plant and animal life is compressed into a narrow strip 
along the rim of the sea, Stretching from the highest level 
wetted by waves at the highest tides down through low 
tide to a level where seaweeds cease to grow. This zone 
of Coastal life can be as much as 100 metres (330 feet) in 
vertical extent but is usually much less. The upper limit 
of the zone depends on how high the waves can reach; 
cliffs exposed to frequent ocean storms may be wetted 30 
metres (100 feet) or more above nominal high tide. The 
lower edge of Coastal life may be the edge of the seaweed 
“forest” or the seaward slope of a coral reef, or it may 
merge imperceptibly with the benthic life of the seabed, 
as on many sand beaches. The lower limit of Coastal life 
depends on extent of light penetration and varies from 
a few metres in muddy waters of temperate and Arctic 
regions to 100 metres in clear tropical seas.

A factor common to all Coastal life is the continuous 
water movement: the daily or twice-daily rise and fall of 
the tide, the perpetual to-and-fro of alongshore currents, 
and the crash and wash of wind-formed waves. By these 
means the supply o f oxygen and nutrients in the water is 
continuously renewed.

In most parts of the world, the tide is the most obvious 
environmental influence on the shore. The period of the 
tide and the extent of the rise vary signifieantly, and the 
part of the shore directly influenced—the intertidal zone—  
also varies greatly in extent and type.

Wave action along the shore also varies, but much more 
irregularly than the tide. Its influence is difficult to relate 
to the distribution of Coastal life and almost impossible to 
separate completely from purely tidal factors.

It is obvious that physical forces mold Coastal commu­
nities. Not so obvious, but just as certain, is that the 
organisms themselves affect the habitat. Gastropod mol­
lusks such as winkles, limpets, and top shells (turban 
shells) contribute signifieantly to erosion of the rock while 
grazing on attached seaweeds. Erosion from such sources 
is uneven, resulting in the formation of pits and hollows 
that encourage other erosive forces. Along the open ocean 
coasts o f Portugal, Spain, France, western Ireland, and the 
northwestern United States, sea urchins honeycomb the 
lower rocks. A group o f bivalves found on most shores 
can tunnel into all but the hardest rock.

The animals living on sandy and muddy shores vary 
widely in response to the predominant size of particles 
making up the shore surface (e.g., whether coarse sand, 
fine sand, silt, or mud). Many o f the animals continu- 
ally burrow in the deposit and turn it over much in the 
same way earthworms do on land. Where the deposit is 
sheltered from wave action, complex burrows and hollows 
may build up.

Many worms and some mollusks secrete tubes made of 
limestone or of sand grains cemented together. In some 
parts of the world, sizable aggregations of these tube- 
building creatures build up large reef structures near the 
low tide level of the shore. The greatest reef builders, of 
course, are the corals and other organisms associated with 
them in tropical seas.

The ecologist divides up the shore and shallow sea into 
a series of horizontal beits, or zones, according to the 
dominant plants or animals found in each (Figure 21). 
The widely used scheme of T.A. and Anne Stephenson 
recognizes three main zones and two fringing zones. The 
supralittoral zone, subject to salt air and some spray but 
not normally wetted by the highest tides, is inhabited 
by salt-tolerant lichens and maritime land plants, insects, 
and Coastal birds. On sandy shores this is the seaward 
side of the dune formation, and in mangrove swamps the 
upper edge of the buttonwoods. On tropical shores there 
are animals of marine origin, including robber and ghost 
crabs. The supralittoral fringe extends from the highest 
level washed by the waves at high tide down to the upper 
limit of barnacles. The organisms in this fringing zone are 
wetted only by the higher tides each month and may thus 
remain dry for several days at a time. On a rocky shore 
the typical inhabitants are small winkles and the dark, 
encrusting marine lichens that form a black band on the
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Adapted from E c o lo g y  a n d  F ie ld  B io lo g y  by Robert Leo 
Smith, illustrated by Ned Smith (Harper & Row, 1966)

Figure 21: Coastal life on the sandy shores of the North 
American coast.
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rocks (Figure 22). Some grapsid crabs and isopods may 
be found, though these all take refuge in crevices when 
disturbed. The red alga laver, or nori (Porphyra), and, in 
the North Atlantic region, two brown algae, Pelvetia and 
spiral wrack (Fucus spiralis), occur at the lower end of the 
zone. The eulittoral, or mid-littoral, zone can be divided 
into three subzones on most rocky shores. The uppermost 
part is usually dominated by barnacles (Chthamalus, Bal­
anus) and by more of the winkles. In shelter, algae may 
take over from the barnacles—for example, in the North 
Atlantic and North Pacific, various species of brown sea­
weeds (fucoids) and the green alga Enteromorpha. The 
middle region of the eulittoral is often bamacle-dominated 
like the upper part, but limpets, musseis, and stalked bar­
nacles (Pollicipes) may be present; in shelter from wave 
action, the barnacles tend to be overshadowed or replaced 
by algal growths. The lowest part of the eulittoral is the 
easiest to distinguish; it often lacks barnacles and may 
be dominated by a red algal turf or by an association of 
limpets and encrusting calcareous algae or by large brown 
seaweeds. Locally it may show reefs formed from the tubes 
of marine worms or mollusks or sheets of anemones. The 

Infralittoral lowest part o f the intertidal zone is called the infralittoral 
fringe fringe and is often regarded as an upward extension of the

infralittoral (sublittoral) zone. The fringe may be contin­
uously submerged for days and is often characterized by 
growths o f large brown seaweeds. Where the laminaiian 
seaweeds are not present, the infralittoral fringe may take 
the form o f a turf o f small red seaweeds of many genera, 
without large limpets and with masses of encrusting cal­
careous algae, or in tropical regions it is part of the coral- 
reef formation. Other more local forms of the infralittoral 
fringe also can occur: groups of sea urchins, associations 
of anemones and starfish, and beds of marine grasses, 
which can mingle with the laminarian seaweeds present. 
In the Southem Hemisphere a fringe of sea squirts (class 
Ascidiacea) sometimes dominates this part of the shore.

Adapted from E c o lo g y  a n d  F ie ld  B io lo g y  by Robert Leo 
Smith, illustrated by Ned Smith (Harper & Row, 1966)

Figure 22: Typical life-forms of a partly wave-beaten rocky 
shore of the North Atlantic.

As already noted, the infralittoral or sublittoral zone itself 
is not unlike the infralittoral fringe, and many organisms 
are common to both. In temperate and cold climates it is 
preeminently the home of the large seaweeds (laminarians 
and giant kelps) that can reach up from as much as 30 
metres depth to float part of their fronds at the surface. In 
warmer waters the corresponding algae are much smaller. 
As the influence of exposure to air and strong light de­
creases, the hardy forms typical of the intertidal zone 
become less abundant and their place is taken by more 
delicate forms; e.g., smaller limpets, gastropod mollusks, 
sponges, long-spined sea urchins, starfish, and the finer 
red algae. In the tropics the infralittoral zone is often part 
of the coral reef formation.

Sand On sand and mud shores the same basic zones can be
and mud recognized, though the organisms are different from those 
shores described for rocky shores. The supralittoral fringe of a

sandy shore is the semiarid region of loose sand near the 
high-water mark, with varying amounts of dried seaweed 
fragments and other detritus left by the tide; it is inhab- 
ited by sand hoppers, which live in burrows in the damp 
sand. The corresponding part o f a mud shore may carry 
a typical salt marsh association (see below) or may be a 
shingle (pebbly) bank with sand hoppers among lines of 
rotting seaweed. The eulittoral of sand and mud shores 
is usually inhabited by several types of polychaete worm, 
the most typical being lugworms. Other worms, such as 
nereides and spionids, may be commonest near the upper 
edge, corresponding to the barnacle zone of rocky shores, 
while other nereides and Nephtys may predominate lower 
down. On wave-beaten shores, the worms are fewer but 
are accompanied by a large transient population compris­
ing crustaceans, amphipods, isopods (which swim about in 
the sea at high tide), and the mole crab (Emerita talpoida).
The fiddler crab {Uca) occurs widely on sand and mud 
shores. With increasing shelter from wave action, a beach 
becomes less sandy and more muddy and is inhabited by 
the smaller mollusks, which are common in the lower 
half o f the eulittoral, and in full shelter the larger clams 
may be found. The infralittoral fringe of a sandy shore is 
usually inhabited by the same worms and mollusks found 
higher up, but in addition there are razor clams, cockles, 
heart urchins, and sand dollars. The infralittoral fringe is 
less marked than the rocky shores, and many of these or­
ganisms continue below the level of low tide. At locations 
where a few loose stones occur and where water move­
ment is slight, brown seaweed occurs, while in muddy 
places the marine eelgrass (Zostera) forms dense beds.

Character o f shoreline communities. One of the most 
characteristic features of life on the rocky shore is the 
tenacity with which the organisms attach themselves. The Attach- 
large brown seaweeds have strong disk-shaped or root- ment 
like extensions o f the thallus by which they hold fast to methods 
the rock. Many of the animals {e.g., the barnacles and 
tube worms) are permanently cemented to rock. Other 
animals, such as the limpets, have a large muscular foot 
capable of strong temporary attachment to the rock sur­
face. Some shore animals, such as small crabs, amphipods, 
and isopods, resist detachment by the waves by fitting 
themselves into crevices, using some of their legs as an­
chors. Small crustaceans and mollusks take refuge among 
the fronds of seaweeds. Perhaps the most highly adapted 
clinging organ is found in the sucker fish (family Catosto- 
midae), which has pelvic fins modified as vacuum cups.

Many inhabitants of severely wave-beaten rocky shores 
also show adaptations that reduce the effects of waves; 
e.g., the depressed conic shape of limpets and barnacles, 
the short, relatively unbranched yet flexible and mucus- 
coated thallus of the seaweeds.

The animals of the shore are ultimately dependent on 
seaweed and larger plants for food, supplemented by plank­
ton from the ocean and by organic debris from the land.
The main herbivores of the shore—the limpets, winkles, 
and top shells—are all grazers. They feed on the mature, 
large algae directly or on the smaller recently settled plants 
and other simple algae that grow on rock surfaces. Pieces 
of seaweed that accumulate after a period of rough seas 
also are eaten by winkles and top shells, which can thus 
act as scavengers.

Most of the crustaceans of rocky shores feed on a wider 
variety of organisms and also are scavengers. The barnacles 
that sweep the water passing over them with a net formed 
from six of their appendages can eat anything from mi­
croscopie algae up to crustaceans a few millimetres long.
Other crustaceans stir up and sort over the silt that often 
collects in crevices. Bivalve and vermetid mollusks, as 
well as some tube worms and sea squirts, feed on floating 
particles that they remove from the water by filtering.

The predators of rocky shores include dog whelks {Thais), 
phyllodocid worms, crabs, and shore fishes. Many of these 
predators, especially fishes and starfishes, lurk in pools 
and crevices or below low-tide mark and come up to feed 
only at high tide. In contrast, rodents and seabirds feed on 
mollusks and crustaceans when the tide is low. On sand 
and mud shores, large plants occur only at the upper and 
lower levels {e.g., grasses at and above high tide, eelgrass at
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low tide), but on very sheltered mud flats some green algae 
(Enteromorpha, Chaetomorpha) form mats on the surface 
in the eulittoral zone, while in salt marshes there may be 
clumps or beds of reedlike flowering plants. There may 
also be films of microscopie algae lying free on the surface 
or between the particles of the shore. These diatoms and 
flagellates can show daily and seasonal changes and may 
be numerous enough to give the surface a greenish or 
yellowish tinge.

Larger animals o f sandy and muddy shores include bur­
rowers, which form galleries in the substrate, and tube 
dwellers, which live in tubes formed from secretions and 
sand grains or both stuck together. The burrows and tubes 
are only a few centimetres deep in the case of small 
amphipods and spionid worms, but half a metre or more 
with large worms and clams. Many o f the animals feed 
by ingesting sand or mud and sorting out and digesting 
the organic fraction inside their gut. Some carry out more 
complex sorting operations to explore the surface of the 
ooze and suck in lighter particles. A large proportion of 
the mollusks of beaches are plankton feeders, who lie in 
the substrate with extensible siphons raised above the sur­
face of the bottom. The sabellid worms found at low-tide 
levels feed in much the same way.

On the whole, predators are less common in sandy or 
muddy beaches or are less easy to recognize. There may be 
predatory gastropods and various small crabs, but much 
of the predation occurs at high tide, when crustaceans and 
fishes move in and attack exposed siphons and tentacles 
of partly buried plankton feeders. At low tide wading birds 
probe wet places with their beaks or puddle shallow pools 
with their feet to get at crustaceans and other small ani­
mals buried shallowly. Some animals of muddy shores are 
more or less sedentary (e.g., tube-living worms such as the 
elymenids and sabellids), but others, like the small clams, 
are mobile and search for food, Generally, plankton feed­
ers are evenly spread out, while deposit feeders aggregate 
where the organic content is highest or the partiele size 
easiest to sort.

Productivity o f shoreline communities. The large sea­
weeds are the most obvious primary producers of energy- 
containing matter. In the northern, cool temperate re­
gions, the fresh weight of brown seaweeds such as knobbed 
wrack (Ascophyllum) can reach 32 kilograms per square 
metre of shore, and one kilometre of shoreline may hold 
up to 40 metric tons of one species of laminarian seaweed. 
The annual production of new organic matter from these 
plants averages about 10 to 20 metric tons per hectare per 
year. This production on rocky shores may be compared 
with production values of 20 to 30 metric tons per hectare 
per year from the best cultivated crops on land, and 30 to 
75 metric tons per hectare per year from salt marshes and 
tropical swamps.

The algal symbionts in animal tissue are a special case. 
Primary production in coral may be as high as 30 to 40 
metric tons per hectare per year, though the algal biomass 
may be no more than 700 grams dry weight per square 
metre. Of this, the larger proportion belongs to filamen­
tous algae growing within the reef structure below the 
animal tissue, and not to the symbiotic algae. The total 
animal tissues in a coral reef may reach 200 g/m2, and it 
appears that the primary production just about balances 
the needs of this animal tissue.

The phytoplankton in the sea is the least productive in 
terms of unit area and is generally found to be about one 
to five metric tons per hectare per year. The relatively 
greater production o f Coastal communities is a matter of 
greater actual utilization of energy in the shallow-water 
habitat and a better supply of nutrients circulated by vig- 
orous water movements.

The production of animal organic matter, the so-called 
secondary production, is always less than the primary pro­
duction on which it depends for its existence. On rocky 
shores the animal biomass may include 200 to 300 grams 
of dry organic matter per square metre of barnacles, 200 
to 2,000 g/m2 of musseis, but only 60 to 100 g/m2 of 
littorinids. The barnacle zone of the eulittoral zone of 
a Pacific shore has been shown to contain 315 g/m2 of 
algal tissue, 2.2 kg/m2 of barnacles and other Alter feeders,

and 130 g/m2 of limpets, winkles, top shells, and other 
herbivores. In limpet-dominated communities, there may 
be only from 20 to 50 g/m2 of these herbivores, and since 
many of them live a long time and grow slowly, the an­
nual production will be much less.

In sand and mud communities the biomass can be even 
smaller. For example, high values of the order of 20 to 80 
g/m2 of clams and 4 to 12 g/m2 of lugworms (Arenicola) 
have been noted in favourable places, but average shores 
of muddy sand show a total biomass of only 1 to 15 g/m2, 
of which the largest component are lugworms. There are 
as yet no estimates of production of animal matter in the 
entire community of a sand or mud shore, but in warm 
waters the small clams may grow fast enough to show 
an annual production of two to three times the biomass, 
which is, however, very small (0.2 g/m2).

It seems that, of the high primary production of shore 
communities, only a small proportion, less than one-tenth, 
is turned into animal matter, even less if allowance is 
made for the contribution of organic matter from the land 
and the ocean. The shore is less efficiënt overall than the 
ocean in spite of having higher primary production, and 
much of the organic matter of the shore is lost to other 
communities—e.g., to Coastal plankton, to benthic life be­
low the level at which seaweeds grow, and to land animals.

(A.J.So./Ed.)
Other boundary systems between water and land. Coral 

atolls and salt marshes are both Systems in which a solid 
surface is bathed by a continuously renewed supply of 
water. In the case o f the atoll, it is full-strength seawater, 
swept over the reef by the trade winds. In the case of 
the salt marsh, it is estuarine water flushed in and out 
by the tides.

The coral community is diverse, with many species of 
organisms. The salt marsh community, however, is sim­
pler, with many individuals of a relatively small number 
of species. Both systems provide a surface to which pro­
ducers can attach as they extract nutriënt salts from the 
flow of water past them.

Groundwater is not without life. A sparse fauna lives in 
subterranean streams, feeding on the detritus washed down 
from the surface or carried into caves by other animals. 
Blanched and eyeless groundwater fishes and crustaceans 
are found chiefly in caves or where wells pierce the water- 
bearing layer in which they live.

In addition to salt marshes, with their abundant tidal 
flow, there are many kinds of wetlands that have so lit­
tle flow that they are best considered as semiterrestrial 
analogues of standing waters. The principal distinction of 
importance is between swamps and marshes, on the one 
hand, which have access to mineral-rich groundwater; and 
bogs, on the other, which are insulated from groundwater 
by a thick layer of peat and receive most o f their water and 
mineral salts through the atmosphere. The terminology of 
wetland types is confused by the use of many names, such 
as fen, mire, and carr, all of which, like swamp, marsh, 
and bog, are, by origin, simply local names meaning “wet 
land.” For ecological purposes it seems sufficiënt to dis­
tinguish wetlands with trees as swamps; wetlands without 
them as marshes; and wetlands receiving their water and 
salts from rain as bogs.

Because of reactions between peat and bog water, the 
supply of dissolved salts is decreased below that in rain. 
As a result, the nutrients needed by plants for growth are 
in short supply, and many bog plants— such as sundews, 
pitcher plants, and bladderworts—have evolved the habit 
of trapping insects and other small animals to augment 
the meagre supply of mineral food in the water.

The great accumulation of acidic peat under a bog— 
often raised some metres above the level of the surround­
ing countryside—is an extreme case of one of the general 
puzzles of aquatic ecosystems: in few of them is all the 
organic matter produced in photosynthesis broken down 
completely after the death of organisms. A certain residue 
of organic matter remains and is preserved in a basin of 
sediment. Evidently, the sedimentary bacterial community 
is incapable of anything approaching complete decompo­
sition of the organic matrix in which it lives. It is a curious 
fact that no microorganisms make use of this undecom-

Swamps, 
marshes, 
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posed residue—a fact to which human beings owe their 
supply of fossil fuels, such as coal, gas, and oil.

The best basis for comparison among ecosystems is prob­
ably photosynthesis by green plants. There are boundary 
systems without photosynthesizers—a cave stream, for ex­
ample—but they have no primary production. The food 
that sustains them is imported from outside the system. 
They may have a productivity of blind crayfish, but their 
net production of organic material is negative.

Unfortunately, there is no generally applicable method 
for measuring primary productivity in all boundary Sys­
tems. In places with a strong seasonal pulse of growth—

as in a temperate cattail marsh—the maximal amount o f  
plant material present after a growing season can be har­
vested in order to estimate net primary production, which 
is somewhat smaller than the gross rate because it takes 
no account of food consumed by the cattails (family Ty- 
phaceae) to maintain themselves over the season of growth 
or of cattail substance that may have been consumed by 
animals or bacteria during the same span of time. Other 
methods depend on measuring changes in the quantities 
of various substances, commonly oxygen or carbon diox­
ide, in the medium in which the plants are growing.

(D.A.L./Ed.)

TERRESTRIAL ECOSYSTEMS
A terrestrial ecosystem is a landscape that supports life; 
its components include earth materials at least as deep 
as roots extend, boundary layers of air, films of water, 
and interacting organisms. It is these components and the 
interactions and diverse relations among them that fulfill 
the concept of an ecological system.

Land as a medium for life. The complexes of terrestrial 
ecosystems in Table 9 indicate the wide range of tempera­
tures and precipitation encountered in different communi­
ties throughout the world. If monthly or hourly extremes 
of these and other climatic variables are considered, as well 
as the conditions at different levels (microenvironments) 
above or below the ground, some idea may be gained 
of the constraints that land organisms had to overcome, 
during their evolution, after leaving the confines of water. 
Organisms that are available to colonize a given area and 
the local physical factors of soil, topography, and moisture 
availability limit what can arrivé, survive, and thrive.

Pioneer organisms may change a bare land surface, thus 
making it suitable for other species, which, in turn, further 
modify the local ecosystem and prepare the way for still 
later generations. Some combinations of species persist 
for hundreds or thousands of years if average rates of 
change of soil and other internal system conditions are 
slow enough. For intervals of more than a few thousand 
years, however, gradual shifts in the boundary conditions 
are imposed from larger systems (e.g., climatic changes 
bringing on glaciers and major relocation of populations 
and life zones; gradual shifts and extinctions of species 
available over wide regions). Undisturbed natural systems 
adjust accordingly on a time scale that is long by compari­
son with the recovery times of communities resulting from 
perturbations of both human and natural impacts. Organ­
isms along the evaporating fringes of the ice cap creeping 
into Antarctica’s dry valleys may encounter water during 
only a few days in summer. Mountains—from Antarctica, 
along many Andean summits, around the Plateau of Ti­
bet, and locally elsewhere—reach altitudes above which 
only wind-bome, wind-nourished life (with few or no vas­
cular plants) persists. These and other extreme outposts of 
Earth’s life were colonized from places where the obstacles 
to survival were not so severe.

The use of studies of successively smaller ecosystems 
and Subsystems—not in isolation from one another but 
as nested in the progressively large systems—provides the 
breadth of data needed to comprehend fully the workings 
of the global ecosystem.

Smaller systems are dependent on larger ones in many 
ways. Like space vehicles or stations, some fascinating 
natural ecosystems depend on the importation of outside 
energy and some nutrients.

Fewer than 133 million square kilometres (51 million 
square miles) are accounted for by glacier-free land, com­
pared with 362 million square kilometres (140 million 
square miles) by the oceans and adjacent waters. Small, but 
important, fractions of these areas lie in shifting boundary 
zones between land and water. Floodplain, swamp, and 
delta complexes include some of the world’s most produc­
tive landscapes. Tides and currents, however, wash away 
some nutrients from these complexes—and from grassy 
salt marshes—fertilizing shallow marine waters and stim­
ulating the aquatic food chain growth.

Even regions so dry that they have no exterior outlets o f 
water to the sea gather saline waters in some rare storms 
or during moist years. Adjacent flatlands of sodium chlo­
ride and even sodium carbonate may be mostly barren 
but yet support salt-tolerant plants at certain times and 
places after water flows in from surrounding highlands.

As noted previously, such cases of shifting boundary 
conditions of land and water are of interest partly because 
special displays of clear-cut environmental control of life 
can be sorted out in the extremes. Similarly, bogs and 
mires receive widespread interest as wetlands dispersed 
widely, from the vast lowland Arctic tundras through bo- 
real forest (taiga) beits to a few places farther south.

The ancestors of present land life evolved in fresh and 
salt waters with the appropriate membranes and metabolic 
processes for selecting the scarce elements and compounds 
that each cell requires for survival, possible genetic change 
(mutation), and further evolution.

Limiting factors to living on land. Many adaptations 
were required before organisms could leave the seas and 
live on the land. Most green plants evolved from algae 
that had fluid sacs (vacuoles) inside cells which helped 
maintain water and Chemical balances in the living cell 
substance. Vascular conducting systems help pipe water to 
all tissues. Impermeable outer coverings control outgoing 
water and incoming carbon dioxide through special open­
ings called stomates, which are regulated by guard cells. 
Specialized adaptations have allowed desert succulents to 
take in carbon dioxide at night, when temperature and 
stress of moisture loss are low. Certain organisms have 
drought-resistant cytoplasm. Lichens, fungi that enclose 
algal cells in a biological partnership, survive far into the 
polar regions and into temperate and tropical deserts. The 
right species can photosynthesize for brief periods under 
favourable conditions of moisture or humidity, while re- 
sisting attrition of their aceumulated assets of water and 
organic compounds during the long times of intervening 
aridity. In the dry as well as in fairly wet areas of tundra 
and taiga and especially in the rocky parts of mountain 
landscapes, other lichens and many mosses illustrate the 
patchwork patterns of colonization such as might have oc­
curred as the continents first became populated by green 
plants. Microbes and animals were ready to follow, con- 
suming dead or live organic matter, or both.

Major life forms and classes. Growth habits and indica­
tor organisms. A classic ecological approach to interpreting 
environmental constraints on regional plant formations or 
local community and site types within regions is based 
on the kind of plant group, or life-form, that predomi­
nates (see Table 8). Anglo-American and Soviet forestry 
traditions have tended to emphasize the indicator value o f 
such life-forms and, where possible, the genus and species 
of the main community or perhaps each of several layers 
(strata) approximating a class. The preliminary indications 
of community change are based on the prevailing heights 
of plants constituting the class and include the appear­
ance of different species combinations in seedling or other 
young strata as compared with the Vegetation that cur- 
rently dominates.

In a complex ecosystem, however, the species of great­
est abundance is frequently not such a sensitive indi­
cator of habitat conditions as are others having lesser

Adaptation 
to land 
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Table 8: Life-Forms of Primary Producers

plant life-form group height Raunkaier categories*
Epiphytes (growing 

on plants of the 
following groups)

Woody or evergreen buds more than Phanerophytes
perennials (bud- 0.25 metre
bearing shoots above ground
above ground)

Trees (one to few sterns; taller than Megaphanerophytes
self-pruning) 30 metres

10-30 metres Mesophanerophytes
less than 10 metres Microphanerophytes

Shrubs (smaller woody taller than Microphanerophytes
plants, often with 0.5 metre
many sterns and less than Nanophanerophytes
with shoot replace- 0.5 metre
ment)

Subshrubs less than 
0.25 metre

Chamaephytes
Semishrubs partly dying 

annually
Chamaephytes

Lichen-moss layer(s) buds near
ground surface

bryoid-chamaephyte
Perennial (or biennial) herbs

Grasslike (including buds near Hemicryptophytes
sedges, rushes, etc.) ground surface

Forbs (including non- buds below Geophytes
grassy herbaceous plants) ground

Water plants buds or bulbs 
below water

Hydrophytes
Marsh plants buds or bulbs 

in wet ground
Hydrophytes

Annuals
Summer, winter, and “buds” in seed Therophytes

facultative perennial 
Special formst
*A traditional Standard terminology for life-forms as devised about 1900 by
C. Raunkaier, a Danish botanist, tlnduding bamboos (woody grasses), tuft
plants, climbers (lianas), succulents (stem and leafy).
Source: After H. Ellenberg, D. Mueller-Dombois, A. Kuchler, W. McGinnies,
and others.

Eurasian abundance but greater fidelity or differential occurrence. 
ecosystem Several Eurasian schools of ecosystem Classification and 
flassifica- newer techniques of Statistical analysis have introduced 
;ion the relative importance of various combinations of factors

distinguishing one ecosystem type from another.
Ecologically similar species within major genera are rec- 

ognizable among distant areas—especially in the Northern 
Hemisphere. On the other hand, the physical constraints 
of water relations and energy balance have led to conver­
gent evolution of similar life-forms from genetically distant 
stock. Notable examples among plants include the hard- 
leaved (sclerophyll), mostly evergreen scrub and woodland 
or forest in the winter-rain, summer-drought (Mediter- 
ranean-type) climates of Chile, Australia, and California, 
as well as southemmost Europe, northemmost and South­
west (Cape) Africa, and areas o f Southwest Asia.

The evolution, successional change, and seasonal move­
ments of animals are related directly to plants that pro­
vide them food and shelter. In the cold or dry regions 
noted earlier, herbivorous and especially predatory and 
scavenging animals may have to range widely to survive 
and reproduce. Warmer, humid regions include migrants 
as well, but they also allow many other organisms within 
almost any habitat.

Classification by habitat. The habitat—where an or­
ganism lives—is frequently used to categorize the living 
things in an ecosystem. The range o f such categories within 
terrestrial ecosystems may be divided broadly into soil or­
ganisms, rooted plants, organisms attached to plants, and 
free-moving animals.

Soil organisms include a size range from microbiota 
(microorganisms and minute animals) through mesobiota 
(arthropods and smaller larvae) to macrobiota (roots of 
plants, larger invertebrates and burrowing vertebrates). 
Plants provide an aboveground layer consisting of pros­
trate herbaceous plants, shrubs, vines, and trees. The or­
ganisms that attach to such plants are called epiphytes; 
those that cling but can move are often called periphytes. 
The freely moving animals—both walking and flying—are 
referred to as permeants.

Classification by niche. Not only the habitats but the 
niches (operating roles of organisms throughout their life)

are involved in a careful consideration o f ecosystems and 
their evolving populations. Just as people “find their own 
niches” in a complex society and adapt, through learn- 
ing, to their own special vocations, an indefinitely large 
number of species possibilities have been narrowed down 
during the course of evolution to those especially adapted 
to definite and perhaps discrete “vocations” in a natu­
ral ecosystem.

Considering first the environment as conditioning a local 
ecosystem through climate, the presence of other organ­
isms, preexisting surface, surrounding relief, and related 
moisture factors, then within a specified local area, or 
volume, on the Earth’s surface, the range of variables is 
seen to be much smaller than in the entire biosphere.

If each available species in neighbouring ecosystems is 
allotted a dimension, for example, those that never be­
come established in a local ecosystem in question measure 
zero. Whatever the measure used, pioneer species are 
those scoring high soon after a bare or disturbed area has 
opportunity for recovery but declining—usually to zero— 
as waves of replacement species arrivé. Self-perpetuating 
(climax) species may have more dimensions than the pi­
oneer species or those that typically rise and disappear in 
stages of succession.

All of the organisms with which a species coexists at one 
time or another (a kind of intersection set) constitute part 
of its niche. Microclimatic variables within the local habi­
tat occupied by the species limit the range of favourable 
conditions. Soil conditions, microtopography, and mois­
ture conditions, all of which change with the other vari­
ables, are additional ecosystem properties that influence 
most of its inhabitants directly or indirectly. Also upper 
and lower limits of physiological tolerance influence where 
and how long a species can persist—either locally, on the 
time scale of a species life cycle, or globally, on the time 
scale of evolution,

Not only mere survival but also the probable rates of 
intake of resources, of elimination, o f growth and re­
production, and of death for each kind of organism are 
influenced by the other variables. An organism can fill 
any of three niches at any given time in its life: it can 
be a producer of goods, like green plants; a consumer of 
goods, like most animals; or a decomposer of goods, like 
many microorganisms. The entire complex constitutes a 
food web or network. Energy passes along this net as in 
a power grid and is dispersed as heat along the way (see 
above The zone o f life: an overview: Energy flow and ma­
terial cycling).

Major divisions of the land environment. Polar regions 
and tundra. The colder divisions of the land environment 
can be grouped broadly as tundra and polar barrens, which 
include cold “deserts” and spotty tundra (Table 9). Bogs 
and mires accumulate dead carbon wherever decomposi­
tion fails to match production over a long period. Altitudi- 
nal and local mixtures of tundra dwarf scrub and meadow 
extend to many boreal mountains (and also to Alpine 
temperate and tropical areas tabulated under grassland in 
Table 9). Subpolar areas also include cold maritime herb 
meadow and scrub, bogs with dwarf woods, and open- 
wooded or tall-shrub “tundra.”
Boreal and temperate forest complexes. The boreal for­

est (taiga) is sometimes divided into northern (transitional 
to tundra), middle (open woodland to closed forest), and 
Southern (denser forest) zones. Estimates of typical forest 
area (and total carbon in living organisms) are separated 
from figures for unwooded and sparsely wooded bogs on 
peaty soils. Although “boreal” is frequently used in the 
general sense to refer to anything northern, it is best dis­
tinguished from several other predominantly coniferous 
zones called semiboreal. These include the subalpine and 
montane zones of mountains, as in the North American 
Western Cordillera. A mixed-forest zone in eastem and 
western Eurasia has some broad-leaved species besides the 
usual poplar and birch that are common in the taiga 
and its grassland-fringe zone of western Siberia and south 
central Canada. Except in these and a few other areas in 
which aridity and local relief complicate the pattem, a 
broad climatic outline around most boreal and semiboreal 
ecosystems is bounded on the north by the farthest extent

Measuring
species’
dimensions

Boundaries 
of boreal 
and
semiboreal
ecosystems
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ofthe 10° C (50° F) July average temperature and on the 
south by areas with more than four months above this 
temperature.

Temperate areas include some predominantly coniferous 
forests— e.g., from the central British Columbian inte­
rior to lower elevations around Alpine-subalpine-montane 
complexes farther inland in North America. Except in 
parts of a cool Coastal beit and some other local rain 
forests, conifer growth is usually limited by droughts as 
well as by sporadic insect outbreaks. These repeated dis­
turbances, plus sporadic lightning fires, have influenced 
the extent of most conifer stands. Giant evergreen forests 
locally attain much greater than average carbon mass. 
Evergreens of lesser stature, dwarfed in areas of salt-wind 
exposure, may line these and other Vegetation beits in 
Coastal strips too narrow to map on a global scale.

Temperate summer-green or cold-deciduous forests, in 
contrast to the drought-deciduous forests of tropical mon­
soon regions, prevailed originally in the now industrialized 
areas of the northeastern United States, mid-latitude Eu­
rope, central eastern Asia, and locally elsewhere. Conifers 
peculiar to special habitats, especially in mountains and 
sand plains, also may have been part of the original Veg­
etation and certainly have been extended in plantings in 
much of the cool temperate zone. In North America, for 
example, below the latitudes or altitudes where spruce fix 
was common, pines were important pioneer species on 
burned-over forestland and abandoned Clearings; eastern 
hemlock, which is more shade-tolerant, persists or even 
expands in areas protected from fire, especially in the 
Great Lakes and Appalachian regions.

The warm temperate zone, as generally understood in 
English, is referred to as subtropical in Soviet atlases and 
literature (which provided many of the preliminary esti­
mates in the tables included in this section). Broad-leaved

forests are partly deciduous but increasingly evergreen 
near the southem coasts of the United States, Japan, and 
China. Only a few conifers are important.

Mostly evergreen broad-leaved forests prevailed in humid 
portions of the Southem Hemisphere areas: eucalyptus 
in Australia, false beeches (Nothofagus) in New Zealand 
and the Southern Andes. Here oceanic climates moderate 
winter cold. Wet hard-leaved (sclerophyll) forest and tem­
perate rain forest ecosystems are localized on favourable 
sites; dry sclerophyll communities of varied height and 
tree spacing are especially prominent in both temperate 
and subtropical parts of Australia. Monterey pine (Pinus 
radiata) outgrows other planted conifers and the several 
native evergreen genera.

Scrublands. Forest and woodland areas include also 
maquis and garigue scrub in the Mediterranean area, 
Chaparral in California, and similar Vegetation capable of 
maintaining its leaves through dry summers or wet win­
ters or spring seasons. Such scrublands merge into steppes 
toward regions of decreasing precipitation.

Grasslands. As the cool temperate forests interfinger 
with grassland in the Soviet Union and the northern 
United States, so the warm temperate forest altemates with 
grassland on different substrates west of 95° W longitude 
in the south central United States. As in tropical savan- 
nas, burned fringes of all the foregoing forests included 
open woodlands and sparser groupings of trees. Semiarid 
grassland is here typical throughout, but gradations to cold 
Alpine Vegetation and semidesert are also evident.

Tall grassland includes the beit of meadow steppe south of 
the Eurasian forest and the North American prairie. Short 
or mixed grassland prevails in the next drier beit. From 
Mongolia westward, barely interrupted by the mountain 
meadows and terraced conifer forests of the Altai and 
other mountains, the shortgrass steppes offered a corridor

Table 9: Approximate Zonal Distribution 
of Major Preagricultural Ecosystems

major bioclimatic zones, moisture ecosystem type area*
temperature, relief (000,000

sq km)
Polar to subpolar area
Polar arid to humid tundra, barren 7.86
Polar to boreal wet peat open bog and mire 1.30
Boreal Alpine mostly humid “tundra” meadow 1.58
Subpolar mostly humid scrub, herb, bog-woods 2.80
Total 13.54
Boreal and semiboreal area
Boreal mostly humid taiga 10.10
Semiboreal or montane mostly humid mostly coniferous 6.91
Total 17.01
Temperate forest complexes
Cool or montane mostly humid mostly coniferous 3.77
Cool humid mostly deciduous 3.76
Warm humid evergreen, deciduous 5.76
Warm or montane mostly semiarid woodland, scrub 3.83
Warm (moist site) arid to semiarid herb-woods mix 1.07
Total 18.19
Grassland area
Alpine mostly humid mountain meadow 1.81
Temperate humid tallgrass, marsh 1.05
Temperate or montane semiarid grass, scrub, puna 9.43
Cold tropical montane humid paramo, scrub 0.94
Tropical, subtropical mostly semiarid grassy savanna 9.73
Total 22.96
Desert and semidesert area
Temperate and tropical semiarid to arid sandscapes 5.77
Cold montane semiarid to arid mountain desert 3.20
Other temperate arid desert 10.45
Tropical and subtropical very arid to arid desert 9.93
Total 29.35
Tropical forest complex
Hot (moist site) humid lowland rain forest 4.56
Hot mostly humid semievergreen 8.83
Hot to montane humid-dry monsoon deciduous 1.18
Warm to montane humid mostly evergreen 2.42
Total 16.99
Other tropical woodland-

savanna complexes
Hot (moist site) arid to semiarid herb-woods mix 0.32
Hot humid-dry woodland, savanna 8.93
Hot dry-humid scrub, wood, savanna 5.12
Total 14.37
* Areas regrouped after N.I. Bazilevich, L.E. Rodin, and Rozov.
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for Asian horsemen to the Caucasus, the Crimea, and 
central Europe.

In the Southem Hemisphere occur the pampas of 
Uruguay and Argentina and the grassy parts of the South 
African veld, which share the scattered parklike tree 
growth of the subtropical savannas. With woodland or 
scmb mixed in, these latter are marked by seasonal mois­
ture and fire.

Deserts and semidesert areas. Arid lands, climatically 
defined, include mixtures of grassy and open scrub or 
special life-forms. Cool semidesert steppes typically are 
marked in the north by silvery sagebrushes (Artemisia). 
Extremes of hot and cool temperatures, in addition to 
low moisture, further constrain plant growth in the warm 
semidesert. Saline deserts are interspersed among both of 
the above arid lands and even in some grasslands but 
occur in greatest extent in central Asia.

In Table 9, sandy landscapes, especially those with dunes, 
are probably estimated conservatively, but biomass is not 
great even in semiarid, grassy sand hills or in the sax- 
aul (Haloxylon) sand woodlands actively cultivated in the 
Kara-Kum Desert. Almost 10 million square kilometres 
(4 million square miles), from semidesert savanna to ab­
solute barren deserts of several kinds, are included as 
tropical desert.

Jungles and rain forests. When these and transitional 
semideciduous and semievergreen forest or woodland are 
taken into account, the area of completely evergreen 
tropical forest is more limited than many maps suggest. 
Substantial tropical or equatorial rain forests occupy only 
a fraction of this total area. Sites that are enriched by nu­
trients from upstream or upslope yield exceptionally high 
production, but only over still more limited areas, which 
have long been the first to attract shifting cultivation.

Other tropical-subtropical woodland complexes. Below 
the highest snowfields are equatorial mountains that in­
clude treeless zones with temperatures near freezing on 
most days of the year. These areas, with a peculiar 
combination of low and exceptionally tall cold-resistant 
herbs, are called paramo in Colombia and Ecuador. Far 
less localized are elfin woodlands and scrub Vegetation, 
widespread near the summit of mountains in both the 
tropics and subtropics. Evergreen subtropical mountain 
forests are typical of monsoon regions that have drought- 
deciduous forests in the lowlands.

Natural deterioration by leaching of nutrients and by 
clearing and erosion have already created much savanna 
and scrub in the Coastal rain forest belt o f eastem Brazil 
and in many areas of the Amazon basin. In West Africa, 
rain forest and moist evergreen forest appear to be more 
vulnerable to conversion to grassy savanna than are drier 
types o f ecosystems because fire-resistant trees are not al­
ready present. Moist semideciduous forest, dry deciduous 
forest, and woodland are considered more likely for con­
version to savanna woodlands through selection favouring 
resprouting of resistant trees already mixed in the Vegeta­
tion or available for invasion from the Vegetation of sur­
rounding regions. Original savanna woodland maintains 
resistant trees but has opened up to allow more grass or 
scmb since burning has become an annual management 
tooi—especially where fires are mostly started late in the 
dry season. (J.S.O./Ed.)

Polar barrens and tundra

The polar regions comprise the Arctic, in the north, and 
the Antarctic, in the south, and although these two are 
often confused they are indeed poles apart in their systems 
of animal and plant life, or biomes. The few similarities 
that exist result chiefly from the coldness, widespread 
aridity, and level of latitudes. (Because of the latitude, day 
and night practically divide the year: in both the Arctic 
and Antarctic the sun is continuously above the horizon 
in summer and below it in winter.) Even the criterion 
of coldness is useful mainly in contrast with more hos- 
pitable regions; although in the Arctic there is probably no 
lowland area that does not enjoy for at least one month 
in each year a mean temperature appreciably above the 
freezing point, in the Antarctic only the offshore islands

and the coast of the Antarctic Peninsula are favoured with 
this warming.

Because the arbitrary latitudinal Arctic and Antarctic 
circles have no meaning as natural boundaries for plants 
and animals, biologists regard the polar regions in general 
as lying poleward of the limits of tree growth. One gen­
erally recognized natural boundary of the Antarctic is the 
Antarctic Convergence—a delimitation in the sea, where 
cold surface-water layers spreading northward from the 
Antarctic continent meet with and sink below warmer, 
mixed subantarctic waters. This boundary embraces to its 
south some of the subantarctic islands, such as Heard 
Island and South Georgia.

THE ENVIRONMENTAL SETTING
Fossil evidence indicates that in earlier geologie ages many 
parts of the Arctic and Antarctic had temperate or warmer 
climates favouring luxuriant tree growth. Over millions 
of years the change to relative barrenness has occurred 
probably both through variations in world climate (the 
ice caps are no more than 4.5 million years old) and 
through the drifting of landmasses poleward from lower 
latitudes. In any case the polar regions today—especially 
the Antarctic—are characterized by extremely harsh cli­
mates. Precipitation is generally so low—often only a few 
centimetres a year—in the highest latitudes that, coupled 
with the low temperatures and permanently frozen sub- 
soil, there prevails a desertlike barrenness. Nevertheless, 
the availability of snow meltwater, often throughout the 
short growing season, and the long-lasting summer day­
light favour some limited plant growth.

The Arctic. The highest latitudes in the north are oc­
cupied by the Arctic Ocean, the land farthest north being 
in Greenland and the Arctic Islands of Canada. To the 
south stretch islands or major landmasses, which in many 
sectors of the northern polar cap extend into the subarctic 
and then temperate zones, thus affording more or less 
continuous dispersal routes for plants and animals from 
the south. The Arctic Ocean is deep, but the surface is 
largely covered by floating ice. The land area is commonly 
rugged, with widespread mountain ranges and glaciers de- 
scending to the sea—especially in Greenland, occupied by 
the world’s second largest ice cap (see arctic, the).

The Antarctic. The highest latitudes in the south are 
occupied by the continent o f Antarctica, which is largely 
covered under the world’s greatest ice cap. Only on pro­
jecting mountains (nunataks) and limited ice-free tracts 
near the shores can land plants grow. The continent is 
far more isolated than is any Arctic land, being fully 
800 kilometres (500 miles) from the nearest Continental 
landmass, though scattered and usually small subantarctic 
islands exist and probably act as “stepping stones” for 
some limited plant and animal dispersal. Nevertheless, for 
practical purposes the Antarctic is isolated by formidable 
sea barriers that have made it extremely difficult for colo- 
nization by plants and animals since the last glacial period 
(see ANTARCTICA).

THE BIOTIC COMPONENT
Arctic and Antarctic plants and animals are well adapted 
to their harsh and inhospitable environments. The form 
of adaptation is often similar in both polar regions, but 
few species are common to the two. While their terrestrial 
and freshwater ecosystems are widely different, the far 
more prolific marine ecosystems are comparable; indeed, 
in both the Arctic and the Antarctic, it is chiefly in the 
seas that life abounds.
Vegetation. Polar food cycles, from plant producers 

through various animal consumers, are relatively simple, 
with few organisms linked together. Unfavourable climatic 
and soil conditions combine to limit severely plant growth 
in the Antarctic. But in the Arctic, Vegetation is often 
fairly luxuriant in the southem tundra ranges, and its 
component plants are diverse—as also are the dependent 
animal species. Of Arctic flowering plants and fems, about
1,000 different species are known from regions north of 
the tree line. Some of these are confined to the Arctic, but 
the vast majority range far southward—especially on the 
mountain slopes above the tree line in temperate regions.

Desertlike
barrenness
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Such Vegetation is known as Alpine tundra. Over much of 
the Arctic tundra and in many Alpine tundras the general 
appearance of the Vegetation is that of a greenish brown, 
low grassland. While plants do not remain in flower for 
more than a few days or weeks, the blossoms are generally 
large in relation to plant size and are colourful, especially 
in Alpine habitats.

Across the southerly Arctic tundra, with vast areas of 
low relief, boggy peat soils with an abundance of lakes 

Coastal and meandering rivers prevail. These Coastal plain areas 
plain areas are dominated by sedges and cotton grass, and mosses 

including peat moss {Sphagnum) are common. On slightly 
elevated sites, often only 15 to 60 centimetres (6 to 24 
inches) above the wet peaty soils, low willows, grasses, 
and rushes occur. Taller willows, grasses, and plants in the 
sunflower and legume families are common on the sands 
and gravels of riverbanks.

In marked contrast to the Arctic, the Antarctic proper 
possesses only three native flowering plants: two grasses of 
the hair grass genus (Deschampsia) and a relative of the 
pinks, Colobanthus quitensis. Although they are limited 
to favourable exposures in the peninsula sector, they also 
occur on the subantarctic islands and in southernmost 
South America. Apart from some algae and other rela­
tively simple organisms, terrestrial life is restricted to the 
4 percent of land area that is ice-free. There occur more 
than 70 species of mosses but relatively few liverworts. 
Lichens are the most successful and widespread group 
of plants in Antarctica because they have the ability to 
colonize bare rock surfaces and they have physiologically 
adapted to low temperatures and arid conditions; about 
400 species have been recorded from the continent, al­
though this number may be reduced by critical taxonomie 
study in the future. Lichens extend to slightly over 86° S 
and include Verrucaria serpuloides, the only known ma­
rine liehen, which passes its entire existence underwater. 
Of algae, there are approximately 360 nonmarine species 
that have been recorded from Antarctic ice, snow, soils, 
and temporary summer ponds. The snow algae, which 
give rise to reddish, yellow, or green patches of snow, are 
found only in the Coastal areas where permanent snow- 
fields undergo extensive annual thawing.

Fungi and Compared with the Arctic, fungi and bacteria are few 
bacteria in the Antarctic. Bacteria that were isolated from lakes, 

and candida yeasts isolated from rock detritus and snow, 
proved remarkably well adapted to low temperatures. In 
the seas more than 200 species of algae have been recorded, 
the majority being diatoms; bottom-dwelling algae in shal­
low waters sometimes form extensive miniature “forests.”

Animal life. Arctic animals tend to be far less numer­
ous than plants, in both species and individuals. In North 
America the most notable among Arctic mammals on 
land are the Arctic hare, wolf, fox, collared lemming, po­
lar bear (chiefly along coasts), short-tailed weasel, caribou, 
and musk-ox. Except for the musk-ox, these animals are 
all represented in Arctic Eurasia by the same or related 
species. All these mammals reach the far north, most 
of them practically to the northernmost limits of land, 
but some others, including the wolverine, shrews, ground 
squirrels, and some additional small rodents and weasels, 
range well into the Arctic without reaching so far north. 
This is also the case with the brown bear, red fox, and 
ermine.

Alpine tundras are similarly limited in the number of 
animal species and diversity. Accumulating evidence indi­
cates that Alpine animal life in the Northern Hemisphere 
evolved in the central Asian highlands and spread to Eu­
rope via mountain systems and to North America via the 
Bering Strait.

Many animals found in Alpine tundras are not espe­
cially adapted for year-round Alpine life and undergo 
vertical migrations, descending into the less severe forest 
environments in winter and returning to the heights in 
summer. Such mammals include the mountain sheep, 
ibex, chamois, several wildcats, and many birds. Moun-

Leonard Lee Rue III

Figure 24: Caribou {,R a n g ife r) feeding on mosses, lichens, and 
dwarf trees common to the tundra.
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tain goats spend more time in winter at higher elevations 
than do ptarmigan.

In contrast with Arctic tundra mammals, some Alpine 
ones hibernate, such as marmots, ground squirrels, and 
zapodids. These animals consume large amounts o f Vege­
tation in summer and early fall before hibernation begins. 
Other small mammals, such as the pika and voles, cache 
hay in the fall for winter feeding, while rabbits and others 
forage as they can in winter. Foxes range over large areas 
of Alpine habitats in winter.

Many tundra animals sport white coats in winter, among 
them the foxes, wolves, and ptarmigan. This camouflage 
helps both predator and prey: predators can steal up with­
out detection and prey can hide easily in the snow.

Although the number of species of Arctic insects is small 
compared with that of temperate regions, those that are 
present are successful. Arctic insects resist freezing win­
ter temperatures. In some species a high glycerol content 
acts as an “antifreeze” to lower the temperature at which 
freezing occurs. Many tundra insects and spiders are dark 
in colour, as a result of which they absorb more sunlight 
and maintain higher body temperatures. Some of the tun­
dra species of blackflies and mosquitoes do not require 
a blood meal before depositing their eggs, in contrast to 
their temperate-region counterparts.

The Arctic seas are the habitat of various seals, whales, 
walrus, and narwhals, while belugas frequent narrow in- 
lets and the mouths of rivers. (Humans in ever-increasing 
numbers threaten to change the fragile ecosystems of the 
Arctic as never before.)

Although a few marine birds range over the Arctic Ocean 
north of the northernmost coasts, most Arctic birds are 
limited to the vicinity of land and southward. Almost all 
of them migrate south to spend the winter, but Arctic 
ptarmigan (Legopus) regularly and snowy owls (Nyetea 
scandiaca) sometimes remain in the far north. On land, 
numerous ducks, geese, and waders, particularly, come to 
nest and pass the summer, as do some swans, while pipits 
and ravens are widespread, as are various falcons and 
other birds of prey. Often nesting in vast numbers col- 
lectively on birdcliffs or on the ground are various kinds 
of guillemots (murres) and terns, as well as puffins, little 
auks, and fulmars. Loons, or divers, call eerily from the 
numerous shallow lakes, and various kinds of gulls and 
skuas, or jaegers, screech from above. The Arctic, in fact, 
seems to abound in bird life in summer. At this time of 
year also the air inland (except in the far north) teems 
with insects, especially mosquitoes. Still farther south the 
insects probably contribute the greatest number of species 
to the total fauna; they diminish drastically in the far 
reaches of the north, except for the wingless springtails 
(order Collembola), which occur even on snow and ice.

Like the land Vegetation, the animal life of Antarctica 
is extremely poor. Truly terrestrial vertebrates are lack- 
ing, though various sea-feeding penguins and fulmars and 
other petrels come ashore to breed—as do also the great 
skua, Dominican gull, Antarctic tem, and Antarctic shag. 
There are four kinds of truly Antarctic seals—the Weddell 
seal {Leptonychotes weddelli), the leopard seal (Hydrurga 
leptonyx), the Ross seal (Ommatophoca rossi), and the 
crabeater seal (Lobodon carcinophagus), o f which the last- 
named is the most abundant seal in the world, numbering 
an estimated five to eight million individuals. Several of 
the largest species of whale (order Cetacea) are still found 
in the open seas around Antarctica, though their popula­
tions have been drastically depleted by excessive hunting. 
By contrast the largest terrestrial animals o f these rigorous 
regions are two species o f small midges (family Chirono- 
midae), one of which is winged and the other wingless; 
these, in addition to a limited array of mites, springtails, 
microscopie rotifers, tardigrades, protozoans, nematodes, 
and rare enchytraeid worms, constitute the native land 
fauna.

COMMUNITY STRUCTURE
Unlike the Situation in most parts of the world, where 
plants form the main embellishment on land, the Arctic 
and, to a far greater extent, the Antarctic tend to have 
the framework of their terrestrial ecosystems dominated

by the physical structures that locally make up the Earth’s 
surface. In the Antarctic, nesting penguins, because of 
their aceumulated mineral-rich guano (excrement), may 
create barrens on which no plant can grow. Thus on land 
it is chiefly in the low-Arctic and the subantarctic islands 
that plants really affect the landscape.

In the polar regions the struggle of the totality of or­
ganisms tends to be more with the exacting environments 
than with one another, though some competition for space 
and food does exist. This occurs among both animals 
and plants, but, in general, what one immediately sees of 
living materials in these regions consists almost entirely 
of plants, the greatest development of which is the Arctic 
tundra of low-growing species interspersed with lichen- 
covered rock fields and numberless ponds,

Besides marshy and other seaside vegetational types of 
limited extent, there may be extensive areas of sedges and 
cotton grasses and of true grasses, such as Arctophila and 
Arctagrostis, around lakes and ponds in the Arctic. Lux­
uriant “patchwork quilt” communities of mixed mosses 
and lichens are often found around and above bird-cliffs, 
nourished by guano. Where the snow drifts so deeply in 
winter that the growing season is drastically reduced by its 
late melting, zoned series of Vegetation types develop. The 
seas abound in tiny free-drifting organisms, or plankton, 
of which the plant component, or phytoplankton, occur as 
deep as light penetration allows; these last support a wealth 
of crustacean and other Zooplankton and, ultimately, fish 
and mammals {e.g., seals and whales). Even floating ice 
bears a considerable population of diatoms on both its 
upper and lower surfaces, making the ice appear a dirty 
brown in summer.

The Antarctic, by contrast, is impoverished. There is no 
true tundra on the continent, but only occasional thin tracts 
of sparse mossy Vegetation and algal and liehen patches 
in especially favoured places. These tracts are found along 
coasts where the climate is mildest; they contribute to the 
peat formations on the west side of the Antarctic Penin­
sula. Other terrestrial habitats include rocky coastlines, the 
slopes of mountains projecting above the Continental ice 
cap, glacial moraines, summer meltwater channels, and 
warmed areas around volcanically active fumaroles (holes 
emitting hot gases and vapour). There are also some lakes 
and numerous freshwater ponds and puddles. In all such 
areas on land and in fresh waters, however, the biomass is 
such that Vegetation appears to be virtually lacking except 
in especially favoured areas that are merely tinted by it. 
By contrast, in shallow marine waters of the Antarctic the 
biomass of living matter may be considerable, being often 
greater than in the Arctic. This richness of sea life results 
in part from the upwelling of nutrient-rich waters in the 
Antarctic Ocean.

The subantarctic islands south of the Antarctic Conver­
gence show polar affinities and are commonly included 
as part of the Antarctic in the broad sense, though on 
the islands of Kerguelen, Heard, and South Georgia, there 
occur Coastal tussocky grasslands of meadow grass or fes­
cue and inland fields of herbaceous plants, with mainly 
lichens and mosses on higher land. Especially notable is 
the Kerguelen cabbage {Pringlea antiscorbutica), the sole 
representative of its genus. Some ferns and a club moss 
occur in protected habitats. Animal life on these islands is 
more prolific than on the Antarctic continent; insects and 
birds are numerous.

BIOLOGICAL PRODUCTIVITY
In polar regions the greatest biological production occurs 
in marine waters rather than on land, with higher produc­
tion occurring in the Antarctic than in the Arctic Ocean.

Production studies of Arctic tundra lakes indicate that 
there are many species of algae and even aquatic mosses 
living in the higher latitudes of the Arctic. These support 
a limited number of small crustaceans, worms, and insect 
larvae, which in turn support the Arctic char {Salvelinus 
alpinus), a fish related to salmon.

Plant production in the tundra appears to range from 
3 to 10 grams of vegetable matter per square metre of 
area in willow-dryas barrens of the higher latitudes of 
the Arctic to values of 100 to 250 g/m2 in lower-latitude

Antarctic
habitats
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Figure 25: A n im a l li fe  in  A n ta rc t ic a . 
(Top left) Emperor penguin 
(A p te n o d y te s  fo rs te r i) , the only

sedge-dominated wet sites. The widespread cotton-grass- 
dwarf-shrub heath communities produce about 50 to 75 
g/m2 in new shoots per year. Values for temperate region 
grasslands and forests are about four to six times as great 
as the maximum rates for the Arctic tundra.

The accumulating data for Alpine tundras show 50 to 
100 g/m2 in windswept habitats, 100 to 200 g/m2 in 
meadows, and values of 250 to 300 g/m2 in dwarf-shrub 
heath communities. These values are higher than those in 
the Arctic because the growing season is often longer by 
several weeks.

These data do not teil the entire story, for the amount 
of plant material (standing crop) is often 10 to 25 times 
greater below ground than above ground, which indicates 
that the soil environment may be more favourable for 
growth than is the air.

Herbivore In many tundras, the harvest by plant-eating animals 
consump- amounts to no more than 0.1 to 2.0 percent of the live 
tion plants per year. This means that the great majority of

the plants produced fall to decay and are decomposed by 
microorganisms.
With Alpine and Arctic Vegetation so sparse, it is no 

accident that humans have harvested herbivorous ani­
mals, including caribou, reindeer, ducks, and geese, rather 
than harvesting native or cultivated plants as they do in 
other major Vegetation complexes (forests, grasslands, and 
deserts). (N.Po./L.C.B./Ed.)

Boreal and temperate forests

Forests are complex ecosystems dominated by trees, which 
form a buffer for the Earth against the full impact of the 
sun, wind, and precipitation. Whatever the type of forest—  
whether evergreen or deciduous, boreal or temperate—  
the trees that constitute it provide special environments, 
which in turn affect the kinds of plants and animals that 
can live within the forest.

THE ENVIRONMENTAL SETTING
Climate. Forests may develop wherever there is an aver­

age temperature greater than 10° C (50° F) in the wärmest 
months and an annual rainfall in excess of 200 millimetres 
(about 8 inches). Above these limits there exists an infinite 
variety of tree species grouped into a number of stable for­
est types that are determined by the particular conditions 
of the environment. Although boundaries between these 
types are difficult to determine precisely, the major for­
est communities can be linked to broad latitudinal zones 
(see Figure 26).

The forests of the high latitude subpolar regions con­
stitute the taiga and are dominated by stands of such 
conifers as pines, spruces, and larches. Taiga forests are 
found only in the Northern Hemisphere, where winters 
are long, with six months of the year showing an average 
maximum temperature of less than 0° C (32° F), there is 
a growing season of one to three months, and precipita­
tion varies between 250 millimetres (about 10 inches) and 
500 millimetres (20 inches), evenly distributed throughout 
the year. Broad-leaved trees predominate in the middle 
latitudes, where there are six months with an average max­
imum temperature above 10° C (50° F), precipitation in 
excess of 400 millimetres (about 16 inches), and a growing 
season of between 100 and 200 days. Broad-leaved decid­
uous forests occupy the cooler regions and are dominated 
by associations of several species including oaks, beeches, 
birches, aspens, elms, and maples.

Mixed forests form a transition between the conifer­
ous taiga and the deciduous broad-leaved forest. Farther 
south, as frost becomes infrequent, the composition again 
changes, and a temperate rain forest of evergreen broad- 
leaved species develops. In the Southem Hemisphere the 
forest type contains conifers similar to the true pines:
Kauri pine, Chile pine, and white pine. The temperate 
rain forest, also known as temperate evergreen forest and 
laurel forest, has fewer tree species than other types of rain 
forests and is lower and less dense.

Precipitation and temperature play important roles in the 
determination o f forest type. The combined effect Controls Determi- 
the amount of soil water available for tree growth. Water nation of 
is lost from the forest by evaporation from the tree crowns forest type 
and by transpiration from the leaves, both processes in 
large measure controlled by air temperature.

The principal influence o f sunlight is on the air tem­
perature. At high latitudes the sun’s rays strike the Earth 
at a larger angle and therefore give less heat than at low 
latitudes. Another influence of solar radiation is through 
the day length (photoperiodism), which varies according 
to the season and affects flowering, bud opening, and a 
range of other physiological activities.

Topography and soil. Topography is also an important 
influence on forest Vegetation; an increase o f 300 metres 
(984 feet) in altitude is equivalent to a movement of 480 
kilometres (300 miles) closer to the pole at sea level, so 
that a broad correlation can be drawn between montane 
forests and those at higher latitudes. Exact duplication of 
forest type is not expected, however, since the montane 
environment differs in important respects from that at an 
equivalent lowland station; notably, it has a shorter day 
length, greater precipitation, and higher maximum tem­
peratures. The altitude at which the lowland forest passes 
into an Alpine type depends chiefly on the length of the 
growing season and the frequency of frosts. The zonation 
of forest types with increasing altitude is seen in the sub­
alpine forest formations of the middle latitudes and the 
montane forests of the tropics. In the middle latitudes the 
subalpine forest is dominated by the more tolerant conifers 
(pines and larches), with poorly formed deciduous broad-
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Figure 26: (Top) Northern coniferous forest in Nova Scotia, 
of red spruce (P ic e a  r u b e n s ) . (Bottom) Moist temperate 
coniferous forest in California, of redwood (S e q u o ia  
s e m p e r v ir e n s ) .
(Top) Ken Brate— Photo Researchers, (bottom) A.C . Shelton— Publix

leaved species (beeches, birches, and willows) occupying 
the tree line, the upper limit.

Another important physical influence on forest type is 
the soil. The most important feature is soil depth, because 
this determines not only the capacity of the tree roots to 
reach for water and nutrients but also the stability of the 
trees. Forest soil shows considerable variability, but com­
mon features are depth, relative infertility, an undisturbed 
condition, a large quantity of woody perennial roots and 
characteristic plant and animal life. Quick-draining, highly 
stratified, sandy soils (podzols) are characteristic o f the 
taiga. Brown forest soils, which are richer in nutrients, less 
porous, and less stratified than podzols, are characteristic 
of deciduous broad-leaved forests. Variation in soil type 
may be considerable even in small areas, e.g., in regions 
subject to past glaciation; this Variation is often reflected 
in species preference. In the mixed broad-leaved-conifer 
forests of the middle latitudes, conifers are usually found 
in poorer sandy soils of low alkalinity, whereas broad- 
leaved trees prefer richer clayey soils.

Wind and fire. Wind plays a primary role in the cre­
ation of the forest, by assisting in pollination and seed 
dispersal, but has only a secondary role in its mainte­
nance. Air movement affects transpiration and may be

a significant ecological factor in determining some forest 
types. Violent winds destroy forests by either uprooting 
or breaking sterns; prevailing winds affect tree growth by 
producing eccentric sterns and deformed crowns. Promi­
nent among the physical destructive agents in the forest 
is fire, which usually results from human encroachment. 
Infrequent natural fires arising from lightning may be re- 
sponsible for the development of stable fire forest types, 
such as Douglas fir {Pseudotsuga menziesn) stands in 
North America.

BIOLOGICAL FACTORS
Forests are distinguished from each other primarily by their 
composition. The number and variety o f species present 
in the forest community depends on the age and density 
of the tree cover, the type of climate and soil, and the geo­
logie history of the region. The richest forests in terms of 
total species composition are those having older and more 
open stands of trees, situated in favourable climates, and 
on fertile soils that have been relatively undisturbed in re­
cent geologie time. Thus, within a given forest community 
there exists a complex interaction between the Vegetation 
and the environment, which leads to the development of 
microenvironments with many physical properties.

Plant stratification and its influence on the forest environ­
ment. The forest community shows an extensive vertical 
stratification, from the tops of the tallest trees to the tips 
of the deepest roots. The effect on the stratification above 
ground is to moderate climatic extremes progressively 
downward from the treetops to the soil surface.

The pattern of vertical stratification varies with forest 
type. The conifer-dominated forest has the simplest struc­
ture: the tree layer is continuous up to 30 metres (100 feet) 
high, the shrub layer is absent or spotty, the field layer 
of herbaceous plants is best developed in more southerly 
forests, and the ground layer of liverworts, mosses, and 
lichens is almost uniform, particularly in the northerly 
forests. In the deciduous broad-leaved forests stratification 
becomes more complex. The continuous canopy of trees 
is between 10 and 30 metres (33 and 100 feet) tall but is 
subdivided into distinct upper and lower stories, in addi­
tion to the shrub field and ground layers.

Considerable lateral variability exists within each layer, 
or stratum, resulting from local differences in environ­
mental conditions. Forests thus provide a great range of 
habitats for both other plants and animals. The most im­
portant physical factors influenced by forest structure are 
air temperature, precipitation, and soil characteristics; of 
secondary importance are sunlight and wind.

The forest environment exercises a moderating influence 
on air temperature, which is especially marked at the ex­
tremes of the temperature range. The forest is cooler in 
summer and warmer in winter, when compared with sur­
rounding areas. The effect is most marked where seasonal 
temperature Variation is greatest; i.e., the farther removed 
from the equator, the greater the effect.

The ameliorating effect of the forest on air temperature 
results from the vertical stratification of the forest Vege­
tation and is less marked as the canopy cover decreases; 
thus, winter temperatures are little influenced in the leaf- 
less deciduous forest, although in the summer the same 
forest, in full leaf, shows not only differences in tempera­
ture compared with outside conditions but also a temper­
ature gradiënt within the various strata of the forest. Daily 
fluctuations of temperature within the forest also depend 
on the nature of the vertical stratification. In the single- 
storied temperate conifer forest, temperatures are highest 
nearest the tree crowns. At night, heat is radiated from 
the crowns and the surrounding air is cooled, increases in 
density, and sinks to the ground. Subcanopy temperatures 
are therefore lower than canopy temperatures. During the 
day the temperature gradiënt is broadened; the crowns of 
the trees are warmed by the sun but at the same time shade 
the subcanopy region. As the canopy structure becomes 
more complex, more than one form of daily fluctuation 
in temperature can exist. Forest Vegetation also has a 
marked effect on soil temperature. Forest soils are cooler 
in the day and warmer at night and show less seasonal 
fluctuation than similar soils outside the forest.

Prevailing
winds

Vertical 
stratifica­
tion and 
air temper­
ature
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As precipitation falls on the forest, its movement is sig- 
nificantly influenced by the forest cover. The dense tree 
layer initially intercepts precipitations, some of which is 
immediately evaporated back to the atmosphere. Conifers 
tend to hold more water than broad-leaved trees (there is, 
of course, little or no interception from dormant leafless 
trees). Water penetrates to the soil from the canopy either 
through stem flow down the main trunks and thence into 
the soil along the root channels or by direct absorption 
in the litter o f the forest floor. In either case the velocity 
of the fall is reduced and there is little soil compaction 
or surface runoff and consequently a reduced risk of soil 
erosion. Compared with stations outside the forest, the 
moisture content o f forest soil, particularly at the surface, 
tends to be high. Water is lost through surface evapora­
tion, which is low in the forest because of the ameliorating 
effect of the tree cover, and by transpiration, which is 
high and may be a limiting factor in tree growth. The 
water budget for the forest will vary signifieantly with 
type and Situation, but the ability of the forest cover to 
reduce erosion and to even out the yearly fluctuations of 
stream flow are recognized advantages to water catchment 
areas. Although there is no evidence that forest conditions 
affect the amount of precipitation, the forest atmosphere 
is always more humid than surrounding areas.

The forest floor consists o f a layer of organic matter 
Types of overlying mineral soil. In the temperate regions two major
organic types of organic matter predominate, the mull and the
matter mor. The mull is associated with broad-leaved deciduous 

forests, especially those growing on relatively rich soils. It 
is less acid than the mor type, of a granulär structure, and 
contains a considerable admixture of mineral soil. There 
is an indistinct boundary with the upper horizons, owing 
to the activity of earthworms moving freely between the 
decomposed layer o f litter and the mineral soil. Mor hu­
mus, on the other hand, is strongly acidic and of a matted 
structure (attributed to the network of fine roots). There is 
a distinct boundary between mor humus and mineral soil, 
with little evidence of the activity of mixing agents. The 
earthworm population is smaller, although fungal activity 
may be greater, than in mull. Mor is characteristic of the 
northern coniferous zone and is especially evident under 
pines growing on mineral-poor soil, although some broad- 
leaved species, especially oaks (Quercus) and beeches (Fa- 
gus) produce a mor humus when growing on similar 
soils. The differences between mull and mor are generally 
attributed to differences in the Chemical composition of 
the plant material from which they are derived and the 
nature of the mineral soil, rather than to the rate of 
decomposition. Occasionally in swampy conditions where 
acidic groundwater percolates laterally, and in conditions 
of heavy, regulär rainfall, a thick peat, made up almost 
entirely of woody plant debris, may develop.

The forest structure produces less spectacular, though 
equally important changes in wind speed and solar ra­
diation. Dense multistoried forests are most effective in 
reducing overall wind velocity in the subcanopy layers. 
The filtering of the tree strata also affects solar radiation. 
A conifer forest typically allows no more than 10 percent 
of visible light to reach the forest floor, and a deciduous 
forest about 5 percent when in leaf but between 50 and 90 
percent when leafless. Forests in full canopy approach the 
maximum possible efficiency in their utilization of solar 
energy: 60-90 percent is absorbed, and the remainder is 
reradiated and used up by evaporation and transpiration. 
In qualitative terms the light values within the forest vary 
since the canopy Vegetation absorbs more red than blue 
light. Blue light is, however, utilized at subcanopy and low- 
canopy levels and is said to reduce the tendency toward 
side branching, a possible explanation for the observation 
that understory trees are generally pyramidal but adopt 
a rounded crown when they achieve upper-story height. 
In their youth some trees, such as oak and pine (Pinus), 
require much sunlight, whereas others, spruce (Picea), firs 
(Abies), and beech, almost demand shade.

As indicated earlier, stratification within the forest 
supplies many habitats for both plants and animals and 
provides the opportunity for considerable interaction be­
tween organisms.

The role of decomposer organisms. The fungi of the 
litter and mineral soil layers play an important role in the 
chain of litter decomposition and the release of nutrients 
in the soil. Some species live in a mutually beneficial asso­
ciation (called mycorrhiza) with active tree roots, thus im- Mycorrhiza 
proving the efficiency of nutriënt uptake by the trees. On 
the other hand, some species are parasitic and may cause 
devastation; e.g., the chestnut blight, caused by the fungus 
Endothia parasitica, which has decimated the population 
of native chestnut (Castanea dentata) in North America, 
and the blister rust fungus, which is a serious pest of white 
pine (Pinus strobus). The fungus Fomes annosus attacks 
a number of conifer species; it is transmitted from tree to 
tree not only by spore infection via cut wood surfaces but 
also by root contact. Some higher plants are also parasitic; 
e.g., the European mistletoe (Viscum album) and its North 
American counterpart cause stem and crown deformation.
Among the animals, the insects are the most mobile in 
the forest. They are also the most numerous and the most 
highly adapted as to feeding habits. Insects are an impor­
tant link in the food chain between Vegetation and higher 
animals, particularly birds. Many tree species have flow­
ers adapted to insect pollination; the range is wide from 
simple nectar-rich flowers to highly structured pollination 
mechanisms. Insects are often highly specialized in their 
feeding habitats; of 20 species known to occur on white 
pine, five are leaf feeders, three are bud feeders, three 
are twig borers, two are wood borers, and two are root 
borers. Species preference is also noticeable; of 43 species 
of British weevils whose larvae feed on Scotch pine, oaks, 
and birches, all except one attacks only one species o f 
tree. Insect damage to forests reaches disaster proportions 
only when populations break through the natural control 
barriers; e.g., the periodic defoliation of balsam fir (Abies 
balsamea) by the spruce budworm (Choristoneura fumifer- 
ana) is triggered by several summers of clear, dry weather, 
which favours a rapid increase in the insect population.
Insects also are known carriers of the viral, bacterial, and 
fungal diseases of trees. As a proportion of the total insect 
population, however, the serious forest pests are small in 
number and localized in their influence.

Forest animals and their adaptations. Larger forest ani­
mals are likewise especially adapted to their environment.
Sharpness of sight and smell are apparently not as use­
ful as a sense of hearing in the forest habitat, and most 
gregarious animals, including birds, are noisy in contrast 
to the animals of open country. The value o f flying and 
running is also reduced, and true forest birds are poor 
flyers but good climbers. Movement on the ground is 
restricted, but deer and antelope, slender and lithe, can 
thread their way through the forest. Specialist adaptations 
include those that enable the animal to move through 
the dense canopy layers, sharp claws (as on woodpeckers, 
squirrels, martens), gripping feet or prehensile tails (as 
on porcupines, anteaters, marsupials), and parachute-like 
skin extensions (as on flying lizards and flying squirrels).
Some animals, such as birds of prey, wolves, foxes, and 
stags, use the forest only for shelter. Although the forest 
is a sheltered and ameliorated environment, food is scarce 
and populations are relatively low.

Each forest type has its distinctive animal life. In the 
deciduous broad-leaved forests snails and slugs are more 
numerous than in the conifer forest, a reflection of the 
difference in the quality and quantity of the herb layer.
In temperate zones forest birds distribute seeds and in­
sects pollinate.

Animal damage rarely reaches catastrophic proportions 
in the forest, but local damage from grazing and browsing 
can result in bark Stripping of young trees.

SEASONAL CHANGE
The forest community changes with the seasons. Superim- Forest 
posed on these changes are the daily rhythms of daylight rhythms 
and darkness; of these effects, the length of daylight, 
or photoperiod, is an important component of seasonal 
change, or aspection. The stimulus of these changes is 
environmental and as a consequence is most marked in 
regions where temperature, precipitation, and day length 
are seasonally variable. The responses of organisms to
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periodic changes in the environment have evolved over a 
long period of time to parallel the external environmen­
tal conditions.

Aspection is also influenced by latitude, altitude, and 
rainfall distribution. At high latitudes the winters are pro­
longed, snow and frost occurring for as long as six to eight 
months continuously; the spring and autumn periods are 
short, and the growing season may be as short as three 
months. (Seasonal changes in the Southem Hemisphere 
are the reverse of those in the Northern Hemisphere.) 
Longer, cooler periods are associated with increasing al­
titude and are reflected in the forest composition. The 
seasonal changes in forest communities at high elevation 
are similar to those closely related communities at lower 
elevation but higher latitudes. Finally, aspection is affected 
by moisture availability; thus in Mediterranean climates, 
the resting period for many plants, presaged by leaf fall in 
deciduous species, results from a seasonal lack of moisture 
rather than from decreasing air temperature and decreas- 
ing day length.

In the middle latitudes of the temperate zone, character­
ized by the deciduous broad-leaved forest beit, six phases 
of the seasonal cycle are recognized. In this region as­
pection is most strongly evident, and the phases correlate 
climatic conditions with the outward appearance of the 
tree cover. In the early spring, or prevemal period, the 
hardy species and the lower-storied trees bud and bloom 
as air temperatures and day length increase. In the upper 
stories, bud break is delayed, but the sap rises from the 
roots to the crown. The late spring, or vemal period, sees 
soil temperatures rise with air temperatures and day length 
reach its maximum value. As the leaves expand, shoot 
growth accelerates; the transpiration rate becomes more 
rapid as the leaves mature and as moisture in the soil 
becomes more readily available. At this period the Vege­
tation is most vulnerable to frost damage. The next two 
periods, estival (aestival) and serotinal periods, cover early 
summer and midsummer, when conditions for growth are 
optimal. Air and soil temperatures reach their maximum, 
the full-storied structure of the forest is operative, and the 
metabolic rate is at its highest. During this period, mois­
ture availability becomes the critical, or limiting, factor to 
growth; high temperatures combined with extremely dry 
conditions may induce a lowering of the metabolism o f  
the tree, characterized by premature aging of leaves and 
a slowing down of plant activity. The autumnal period is 
characterized by falling air temperatures, decreasing day 
length, and the advent of frosts. These changes induce 
a gradual reduction of metabolic activity and defoliation 
of deciduous Vegetation. Finally, the winter, or hiemal 

Hiemal period, is characterized by low daily maximum tempera- 
period tures, heavy frosts, precipitation in the form of snow, and 

short day lengths. During this season the trees enter a 
dormant stage in which metabolic activity is diminished 
to the minimum level necessary for survival.

Seasonal change is least marked in the higher latitudes of 
the temperate zone, characterized by the coniferous beit 
of forests. Here the species mixture is limited and simple 
in physiognomy, and although the conifers are evergreen, 
water loss through transpiration is considerably reduced 
as water becomes less available from the freezing soil. The 
evergreen habit does enable the maximum use to be made 
of the short growing season, and conifers are particularly 
well adapted to rigorous environments. The understory 
plants, mosses, ferns, lichens, and grasses, show no spec- 
tacular seasonal changes, and the trees themselves change 
little in appearance with the passage of the seasons, ex­
cept for the deciduous species such as the larches (Larix). 
Even in the species-rich coniferous zones of western North 
America and in Asia, aspection is not well marked in the 
tree cover, although breaks in the canopy reveal herb and 
shrub layers that show the same periodic changes that are 
seen typically in the broad-leaved forest.

One common feature of the extratropical forest regions is 
the periodic activity of the tree growth. The growing tips 
(meristems) in the buds, which are responsible for height 
growth and crown development, are most active in the 
spring. The lateral, or cambial, meristem, which is respon­
sible for increase in the diameter of the tree trunk, also

is most active in the spring, slowing down in the autumn 
and ceasing activity in the winter. All temperate trees 
show an annual ring structure, roughly indicative of age, 
resulting from the episodic nature of this cambial activity.

COMMUNITY DEVELOPMENT
Forest communities represent the terminal aggregation of 
species in a series of associations that may have begun from 
primary succession— i.e., colonization o f bare mineral oil, 
exposed rock surfaces, volcanic ash, or sand dunes—or 
from secondary succession, in which the substrate had 
first been occupied by a community that, because of a 
catastrophic event (e.g., wind devastation, fire, or human 
intervention), has since been destroyed. Although succes­
sional changes may vary considerably between these two 
major avenues of development, the time span in each case 
is long, and the biological interactions between the various 
plant and animal components are complex. Each recog- 
nizable stage in the development of a stable, or climax, 
community is known as a sere. Climax forest communi­
ties, because they usually represent the terminal point of 
seral development, are grouped together in more or less 
climatically controlled geographic groupings identified as 
forest biomes (see Figure 27).

Coniferous forests. Taiga. The circumpolar high-lati- 
tude forests of the Northern Hemisphere are dominated by 
pines, spruces, firs, and larches. The Eurasian and North 
American formations are similar in structure, and in both 
the species composition changes from east to west of the 
formation. Important eastem formations in Europe are the 
native stands of Siberian pine, Siberian fir, and Siberian 
and Dahurian larches; in North America, white spruce and 
balsam fir are the eastem dominants. In western Europe,
Scotch pine and Norway spruce absolutely predominate; 
in western North America, lodgepole pine and Alpine fir 
are among the important species in the area.

The taiga forests, especially in the almost pure stands, Exploita- 
have been exploited on a large scale from the mid-19th tion and 
Century on. On cleared areas, on catastrophic bums, or recovery 
whenever adequate precautions to ensure conifer regener- of the 
ation are not taken, secondary succession begins. Domi- taiga 
nated initially by herbaceous cover, the succession soon 
contains deciduous broad-leaved trees, especially birches 
(Betula) and aspens (Populus), prolific seed bearers, whose 
seeds are wind-dispersed and of a high germination ca­
pacity. Willows (Salix) and alders (Ainus) are also early 
arrivals in the hardwood stage o f succession. Scotch pine 
(Pinus sylvestris) in Europe and jack pine (P. banksiana) 
in North America produce the advanced succession stage.
Final reversion to the climax forest is achieved after a con­
siderable time interval through the ability of the conifer 
species to regenerate and grow under the shade of the 
canopy. In addition, conifers tend to grow taller than the 
broad-leaved species when in direct competition and even­
tually shade them out. Broad-leaved species occur in the 
taiga in locally induced biotic climaxes and are common 
on the latitudinal and altitudinal margins of the biome.
Moist-temperate conifer forest. Forests o f this distinctive 

type occur along the western seaboard of North America 
from Alaska to California and inland to the Rocky Moun­
tains. Here conditions are humid and a high proportion of 
the precipitation occurs as mist. Species domination shifts 
from Sitka spruce (Picea sitchensis) in Alaska through the 
western red cedar (Thuja plicata)-western hemlock (Tsuga 
heterophylla) association in British Columbia to Douglas 
fir and finally the coast redwood (Sequoia sempervirens).
Because of the high humidity a rich understory devel­
opment, especially of mosses and other moisture-loving 
plants, is a feature of this forest formation. The trees are 
massive, and they constitute the richest commercial forest 
in the world. As in the taiga, secondary succession features 
the pioneer broad-leaved species, especially the alders and, 
in the south, maples (Acer). Where the humid conditions 
are maintained only under continuous conifer cover, oaks 
infiltrate late in the succession from the neighbouring 
transition to the Califomian chaparral. Primary succession 
from the coast tends to be dominated by pioneer pine 
species, especially lodgepole pine (Pinus contorta), before 
the climax is rapidly formed.
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Adapted from B io lo g ic a l S c ie n c e s  C u rricu lu m  S tu d y  G reen  Version  H ig h  S c h o o l B io log y , 2nd ed.; Chicago: Rand McNally & Co., 1968

Middle-latitude forests. Deciduous broad-leaved forests. 
This biome, which occurs in Europe and North America, 
is floristically the richest in the New World. Associations 
of beeches and maples occur in the north, maples and 
basswoods in the centre, oaks and hickories in the west 
and south, and oaks and chestnuts in the Appalachian 

Northern Mountains. Native species of oaks, beeches, and birches 
European form the associations in the northern European formation, 
forests limes, chestnuts, and elms appearing in the south. Com­

munity development in this region again arises from forest 
clearances; in North America, where population pressure 
is not so great as in Europe, abandoned agricultural land 
is a common starting point. The grassland community is 
first invaded by broad-leaved shrubby trees, and a mixed- 
species thicket stage develops. Later successional changes 
feature the invasion of jack pines for reasons analogous to 
those operating in the conifer biome. The richer soils and 
better growing conditions of the deciduous broad-leaved 
biome allow a more rapid growth of broad-leaved species, 
some of which are shade-tolerant. The pioneer pines soon 
become mixed with broad-leaved species, which in tum  
dominate the community as the climax forest develops. It 
is not uncommon for the succession to be deflected to a 
conifer climax by either regulär burning or grazing. The 
pine barrens of southeastern North America, dominated 
by several pine species, are an example of such a climax.
Evergreen broad-leaved forests. This formation occurs 

both north and south of the equator on the eastern 
seaboards of Continental landmasses. The cooler temper­
ate formation is found in the Southern Hemisphere; in 
New Zealand, Southern so-called false beeches dominate. 
Although evergreen, the formation has much in common 
with the deciduous broad-leaved forest of the north. In the 
warm temperate forests of the Southern Hemisphere, the 
beeches are joined by the southem conifers: Kauri pine 
(Agathis australis) and yellowwood (Podocarpus) species in 
New Zealand, and Araucaria species in Chile. Particularly 
in the warmer regions secondary succession is complex 
and slow. Pure Strands of Southern beeches develop espe­
cially on the more exposed hillsides. The Southern conifers 
are slow-growing and are susceptible to grazing damage; 
once removed they are unlikely to regain their place in the 
community. False beeches are very susceptible to grazing 
damage; recovery is difficult, and often the forest reverts 
to a thick grassy turf.

PRODUCTIVITY OF FOREST ECOSYSTEMS
Quantitative estimates for the productivity of forest com­
munities are scarce and unreliable. Among the reasons for

these conditions are the complexity of the forest commu­
nity, the longevity of tree species, and the lack of historical 
records of routine weight data. Moreover, there are three The three 
levels o f production that might be measured. Gross, or levels o f  
primary, productivity is the quantity of organic matter production 
created by photosynthesis. From this value the energy used 
in respiration is subtracted to give the net production, 
which is measured as the dry matter, or dry weight o f the 
total community. A third measure is the merchantable 
production, which is the dry weight of the usable tree 
sterns only and is calculated by multiplying the stem vol­
ume by the basic density of the wood. Although volume 
figures are available for most of the species under regulär 
forest management, this measure cannot be regarded as 
an estimate of total production; even for a single tree it 
represents less than 70 percent of the total dry weight, the 
unmerchantable stem (1-6 percent), stump (10-18 per­
cent), green branches and foliage (10-20 percent) making 
up the remainder. For a complete evaluation of forest 
productivity, both the Vegetation and the animal life need 
to be measured, a task that is overwhelming in magni­
tude. The difficulties of measuring even the dry weight 
of the total plant community present extreme sampling 
difficulties. Much of the data available are concerned with 
the plant biomass (net production), and often only for the 
tree component.

Forests are the most efficiënt of all terrestrial commu­
nities in the production and storage of organic matter. A 
high proportion of the sunlight that falls on the forest is 
absorbed; the canopy provides a large area of chlorophyll- 
bearing tissue dispersed through a considerable volume 
of air for the absorption of carbon dioxide, and tree 
roots exploit a considerable volume of soil for water and 
nutrients. The three essential prerequisites for efficiënt 
photosynthesis are, therefore, effectively fulfilled, and as a 
consequence the forest system capitalizes on the produc­
tion of organic matter. Additionally, the forest community 
operates efficiently through time, although forests o f ev­
ergreen conifers are more efficiënt than deciduous broad- 
leaved forests in total as well as tree biomass production.
Systematic studies of the changes in the rate of organic 
matter production through the life of the forest are lack- 
ing, but the data available from reforestation programs 
indicate that the tree component increases slowly as the 
canopy closes, maximizing at the point of greatest com­
petition between trees, and thereafter falling as trees are 
removed or die. The contribution of the ground layer is 
most marked at the youngest and oldest ages of the crop—  
i.e., when the canopy is open. Complementary data on
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Table 10: Plant Biomass of Woodlands
(units are in dry weight 100 kg/ha)

P inu s
nigra

P in u s
sy lvestr is

B etu la
verrucosa

Quercus
borealis

P icea
abies

N oth ofagus
tru n ca ta

Pseu dotsu ga
m en zie s tli

evergreen
gallery

Location northeast eastern Moscow Minnesota, Sweden New Washington, Thailand
Scotland England U.S. Zealand U.S.

Status plantation plantation natural natural natural natural natural natural
Age of tree in years 48 55 67 57 58 110 52
Tree height in metres 14 16 26 17 17 21 17 29
Number of trees/ha 1,112 760 800 924 490 1,157 16,209
Tree leaves 5.6 7.2 *2.8 3.5 9.1 2.7 12.0 19.0
Tree branches 11.2 12.3 11.3 49.5 14.3 42.0 17.9 50.0
Tree trunks 95.1 96.7 156.7 111.9 85.3 224.8 174.8 225.2
Shrubs and herbs 7.0 2.6 2.0* 0.6 1.0* 0* 0.1 0.2
Roots 34.0 34.1 43.1 15.0 60.0* 39.2 12.3 88.5
Dead branches on trees 10.0 10.0 2.0* 21.9 2.6 1.1 11.2
Organic matter on ground 22.0 45.0 3.0 36.7 78.0 16.7 117.3 3.0
Total 184.9 207.9 220.9 238.1 250.2 326.5 345.6 385.9
*Estimates from other similar woodlands.
Source: J.D. Ovington, W oodlan ds (1965)

the dry weight of foliage confirms this pattern, and it is 
probable that the number of sterns per unit area (stand 
density) is as important as geographic location for both the 
weight of foliage and the total biomass produced. Within a 
given geographic region there are considerable differences 
between tree species in their rate o f organic matter accu­
mulation. Various estimates of timber production indicate 
that conifer stands usually are more productive than de­
ciduous tree stands. Despite the lack of comprehensive 
data, the biomass production from the forest community 
is impressive (Table 10). (G.K.E./Ed.)

Scrublands

Scrublands are areas where low, evergreen, leathery-leaved, 
and often aromatic shrubs (or scrubs) dominate the Vege­
tation. Mostly they are confined to a Mediterranean type 
of climate—hot, dry summers and cool, wet winters— and 

Mediter- therefore are often called the Mediterranean Vegetation,
ranean This type of climate is found most often near seacoasts,
Vegetation and it commonly occurs in a latitudinal zone between 

30 and 40 degrees both north and south of the equator. 
Scrublands merge into monsoon forests and evergreen 
forests toward regions of wetter climate and into thorn- 
shrub Vegetation and steppes toward regions of decreasing 
precipitation.

THE ENVIRONMENT AND BIOTA
During the dry summer months, the temperature differen­
tial between day and night in scrublands is much greater 
than during winter, and during the wet winter months the 
night temperatures are usually between 10° and 16° C 
(50° and 60° F), which is optimal for the growth o f scrub 
Vegetation. The night temperature is most important in 
the control of plant growth.

The high summer temperatures make the small amount 
of precipitation insufficiënt for growth of scrubland plants, 
and most of them become dormant. Scrub plants flower 
and produce fruit before the onset of the hot, dry sum­
mer, the scrublands bursting into colourful display during 
spring. In California, for example, sage, mountain lilac, 
tree poppy, and Fremontia bloom at this time. In Aus­
tralia Grevillea, acacia bottlebrush, and Dryandra are the 
principal genera of spring flowering plants. In the Cape 
scrublands of South Africa various members o f the pro- 
tea family and heath colour the hillsides with spectacular 
displays of flowers. This same feature o f the climate also 
conditions the dominance in the scrubland Vegetation of 
winter annuals— i.e., plants that complete their life cycle 
in a single growing season, in this case during the wet 
winter months. The summer drought makes it impossible 
for shallow-rooted herbs to survive, leaving most of the 
space between shrubs bare. Thus, at the beginning of the 
autumn rains, the seeds of annual plants are able to ger- 
minate on the bare ground.

The shrubs of the scrublands are adapted to growing 
in winters that combine low temperatures with adequate 
moisture. Typical desert plants that grow only at high 
temperatures, such as the creosote bush, or jarillo (Larrea

divaricata), cannot live in the scrublands nor can shrubs 
native to areas with summer rains and winter drought 
(e.g., in western Texas or the Transvaal).

The dry climate of the hot summer months predisposes 
scrublands to fires, and most of them can be described as 
being a fire-maintained Vegetation. The shrubs are adapted 
to fires in being able to sprout from their root crown.
Since most trees are unable to form new shoots from the 
base of their trunk, a scrubland Vegetation is kept free 
from invading trees through frequent fires.

Many of the scrubland plants have seeds whose germi­
nation is stimulated by high temperature treatment. This 
is known, for example, for the chamiso (Adenostoma fas- 
ciculatum), whose seeds do not germinate until very old 
unless they are subjected to dry heat near 93° C (200°
F) or eise are treated by being placed near charcoal or by 
being leached for a long time in water.

Scrublands are not usually browsed by animals; although 
deer may live nearby, they normally do not eat the fre­
quently aromatic or toxic shrubs. Another reason why 
the scrublands in general are not grazed or browsed by 
the larger mammals is their impassable, dense growth.
Although not as forbidding as the thom-shrub Vegetation, 
scrublands are accessible to larger animals only with diffi­
culty. In Australia, the wallabies (Wallabia) and even the 
so-called scrub wallabies (Thylogale) use the scrub Vege­
tation only for resting during daytime, feeding in open 
grasslands during night. Scrublands also are impassable to 
the Australian flightless birds.

While not inhabited by larger mammals, scrublands are 
frequented by small seed eaters. Typical of these seed eaters Scrubland 
are small rodents, such as pocket mice (Perognathus) and animal life 
kangaroo rats (Dipodomys), and quail. None of these ani­
mals is restricted to scrublands, however, and most prefer 
a more open Vegetation.

Insects and insect-eating birds and reptiles are common 
in scrublands but not more so than in other types of 
Vegetation. Because it is impossible to characterize scrub­
lands by any typical animals, botanical criteria are relied 
upon exclusively.

SCRUBLAND DISTRIBUTION
The accompanying map (Figure 28) shows the distribu­
tion of the most important scrublands over the world. A 
description of each of them follows.

The Californian chaparral. The scrubland Vegetation of 
the Californian chaparral occurs on the lower slopes (gen­
erally below 1,000 metres, or 3,280 feet) of the Coastal 
and inland mountains of southwestem North America, 
wherever the yearly rainfall ranges from about 250 to 
500 millimetres (10 to 20 inches) per year, with a pro­
nounced dry summer. At higher altitudes with increasing 
precipitation, the Vegetation gradually changes into fir and 
pine forests, and in the interior the scrubland flora is re­
placed by a steppe Vegetation dominated by the sagebrush 
(Artemisia tridentata).

Along the coast and in the higher rainfall areas, the 
dominant shrubs of the chaparral are sages, mountain 
lilacs, rhuses, desert buckwheat, and the scrub oak. In
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Terrestrial environments

Mariposa grove of sequoias, Yosemite National Park, 
California.

Elfin woodland at an elevation of 10,000 feet in 
Celebes.

Boreal forest, or taiga, of Labrador.

Deciduous hardwood forest of northeastern United Alaskan tundra in the summer.
States.

Plate 7: (Top left) Grant H e ilm a n -E B  inc . (top right) Gene A h re n s -B ru c e  Coleman Inc.. (centre left) A J  Jerm y, (centre right) Tom W illo c k -A rd e a  Photoaraphics (bottom left) Walter Chandoha, (bottom  right) 
Willis Peterson
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Terrestrial environments

Savanna on the Serengeti Plain, Tanzania.

Tropical rainforest on western Madagascar.

Chaparral in California showing (top) chaparral fire, necessary factor 
in the maintaining of the chaparral ecosystem and (bottom) denseness 
and extent of scrubland.

Sub-alpine grassland, Yellowstone National Park. Bamboo forest at Sagano, Kyöto, Japan.
Plate 8: (To p  left) Ingm ar Holm asen, (top right, centre right) J .w  Wilburn, (centre left) Peter Johnson trom The Natural History Photographic A g en cy— EB  Inc.. (bottom left) Charles Hannum— EB  Inc., (bottom 
right) Maeda trom Shostal— E B  Inc.
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Warm desert plant life on the Sonoran Desert of Southern California. Sphagnum bog in northern Wisconsin.

Cold desert in the Pine Nut Mountains of Nevada.

Okefenokee Swamp of Georgia. Sand dunes on the Atlantic coast of Southern Spain.

Plate 9: (Top left) Dennis Brokaw, (top right) Harold Hungerford— Photo Researchers, (centre left) J.W . Wilburn, (bottom left) C  Hardin from Shostal— EB  Inc., (bottom right) A lfonso Gutierrez Escera— 
Ostman Agency
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Shepherds herding their sheep on the alpine tundra of the Austrian Alps.

Oasis on the Sahara of Morocco.

Mosses, ferns, fungi, and other plant life that form the 
extremely dense undergrowth in the Olympic National Forest 
of Washington.

Lichen community thriving on a rocky cliff. Spring wildflowers growing in the desert in Namaqualand, South Africa.

Plate 10: (To p  left) A .J  H uxley— EB  Inc , (top right, centre right, bottom left) Shostal— EB  Inc.. (top right) J. Turver. (centre right) B Nelson, (bottom left) W Wiley. (bottom right) Gerald Cubitt



Biosphere 1043

drier localities and on poorer soil, chamiso or ribbon- 
wood becomes dominant. If left undisturbed, live oaks 
and big-cone spruce invade the chaparral on the better 
sites o f north slopes, gradually transforming them into 
forests. Only in exceptional localities does the chaparral 
remain undisturbed; normally it bums over once every 
10 to 40 years. After a fire the shrubs resprout from the 
root crown, and many germinate from seed, together with 
many herbaceous plants.

The Mediterranean maquis. Although human activities 
have removed much o f the Mediterranean maquis, in 
Spain, southem France, Greece; Lebanon, Coastal Israel, 
Tunisia, and Algeria a shrub Vegetation still covers the 
lower slopes of the mountains bordering the Mediter­
ranean Sea. This Vegetation consists of many aromatic 
shmbs such as savory and other members of the mint 
family, rockrose, laurel, myrtle, and different brooms, 
with olives, carob, figs, and other semitrees transform­
ing the scrublands into forests in the absence of human 
interference.

Where the soils are poorer and rockier, the maquis is 
more open, sometimes with shrub palms (Chamaerops), 
and is called garrigue in the French Mediterranean.

Many of the plants of these Mediterranean scrublands 
are well known, such as the laurel and the olive. The myr­
tle, and innumerable spices, such as rosemary, thyme, and 
maijoram, are also familiär members of this Vegetation.

Northward, toward central Europe, summer rainfall in- 
Boundaries creases, and a forest climate replaces the Mediterranean 
of maquis climate, whereas south and eastward the climate becomes 

drier and changes into a steppe and desert climate. This 
occurs along the Mediterranean shores in Libya and Egypt, 
where a semidesert Vegetation replaces the maquis because 
of an absence of moisture.

A Vegetation similar to the Mediterranean scrublands 
extends from Turkey along the lower mountain ranges of 
Asia Minor. This is a reflection of the climate, with the 
rainfall decreasing eastward but increasing at higher alti­
tudes. It is at the borders of the Mediterranean scrubland 
climate where the first successful attempts at agriculture 
occurred in Asia Minor, about 10,000 years ago.

With the unprecedented increase in population since 
Roman times, most of the original maquis Vegetation has 
been transformed by humans into cultivated areas. River 
valleys are irrigated, and profitable crops now replace the 
maquis. On mountain slopes, olive orchards now grow in 
areas formerly occupied by a varied maquis Vegetation.

The Australian scrublands. Australia has probably the 
most extensive and richest scrubland Vegetation. In West­

ern Australia rainfall ranges from about 250 millimetres 
(10 inches) in the interior to about 1,500 millimetres (60 
inches) along the Southwest coast. There are extensive eu­
calyptus forests in the high rainfall area, but in areas hav­
ing between about 380 millimetres (15 inches) and about
1,000 millimetres (40 inches) o f precipitation, varied scrub 
Vegetation covers the land except near the roads, where 
extensive Clearings have removed the shrubs. There are 
about 1,000 shrub species living in southwestem Australia, 
many of them with spiny branches and leaves and with 
brightly coloured flowers ranging from deep blue, lilac, 
yellow, and brown to red. Most of these shrubs belong 
to a few families, such as the pea family (especially the 
wattles [acacia]), the myrtle family, the protea family, and 
the nie family.

Eastward, past the desert o f the Nullarbor Plain, an­
other scrubland is found, commonly named mallee, where 
shrubby eucalyptus, wattles, Banksia, and other members 
of the protea family reign supreme in South Australia.

The Chilean scrublands. Also in the Southem Hemi­
sphere are the scrublands of central Chile, where Acacia 
cavenia, groundsel bush, and tall cacti grow on the Pacific 
slopes of the Andes. Lower on the eastem slope of the 
Andes in Argentina grow desert shmbs, which are replaced 
farther eastward by chaco, a thom-shmb Vegetation that 
merges into campos cerrados (scattered trees in dense 
grasslands) in central Brazil and caatinga (stunted, sparse Caatinga 
forests, leafless during the hot dry season) in eastem Brazil.

The Cape flora. The Cape flora is a restricted shrub 
Vegetation in South Africa, consisting chiefly of heath and 
members of the protea family. This flora is remarkable 
in that it occupies an area of not more than 518 square 
kilometres (200 square miles), yet it is exceedingly rich in 
species, having more than are present on a several thou- 
sand times larger area of the central United States or of 
central Europe. It differs totally in its composition from 
the surrounding evergreen forest, karroo, veld, and desert 
Vegetation, most of which occurs in a climate with winter 
drought and summer rains.

SCRUBLAND GROWTH AND DEVELOPMENT
Floristic comparisons between scrublands. All of the

scmbland floras have developed locally and are not re­
lated to each other, except for a few genera they have in 
common. In the five main regions with scmbland Vege­
tation, all major floral constituents are unique for each 
of them, yet there are certain plant genera or families 
that have representatives in more than one o f the five 
areas. The scmblands of the Northern Hemisphere, for

Figure 28: World distribution of the most important scrubland Vegetation areas.
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example, have a number of genera in common and so 
have those in the Southern Hemisphere. The scrublands 
on the same Continental masses (Chile and California, 
Cape and Mediterranean) also have a number of related 
plant species. The Australian scrubland, however, has no 
relationship with either North American or European 
scrublands, nor has the South American scrubland any 
relationship with the European.

Seasonal aspects of scrublands. Scrublands in general 
do not change much in the course of a year. The shrubs 
are evergreen, and they change colour only slightly during 
the dry season, when the bright green foliage turns an olive 
green. After the first rains in late autumn, lush, new, green 
foliage appears and remains green into early summer.

The Mediterranean climate has mild winters, and most 
of the scrubland species are only mildly frost-resistant. In 
the chaparral, the laurel sumac (Rhus laurind) is probably 
the least frost-resistant, and after an exceptionally cold 
winter a number of shrubs of this species may be killed 
through freezing.

After an exceptional series of drought years, mortality 
among the less drought-resistant chaparral plants is greater 
than normal, and many sage shrubs die during such peri­
ods. The more resistant species, such as chamiso (Adenos- 
toma fasciculatum) and desert buckwheat, survive even 
after drought periods. Thus these latter drought-resistant 
shrubs spread into the desert shrub Vegetation. It is, there­
fore, not in the years with average winter temperature 
and average winter rainfall that selection in the chaparral 
occurs. It is in the exceptional years that the composition 
of the scrubland flora is determined.

The most pronounced seasonal changes in the flora of 
scrublands are provided by annual plants. Their seeds ger- 
minate within a few days after the first extensive autumn 
or winter rain, and the plants continue to grow slowly dur­
ing winter. In spring, flowers are produced in response to 
the lengthening of the days. Fruit is set and ripens before 
the long summer drought. Many of these annual plants 
occur both in the chaparral and in the desert. The major 
difference between these two habitats is the frequency of 
winters having rainfall sufficiënt for germination of the 
annual plants. Since annual plants require one inch of 
rainfall to germinate, they develop only when enough wa­
ter has fallen to complete their life cycles.

Annuals occurring in both chaparral and desert are gold 
fields, which can produce spectacular displays in March 
and April, when large tracts o f land become golden yellow 
with the flowers of this tiny composite, whispering bells, 
several poppy species, fiddle-necks, and different kinds of 
forget-me-nots.

In Western Australia the displays of annuals in the 
scrublands during September are just as spectacular, with 
the deep blue of Leschenaultia and Dampiera and the 
pinks of trigger plant (Stylidium) and sundew. Perennial 
herbs such as Conostylis and many orchids add to the 
flower displays in the underbrush. In the scrublands of 
the Mediterranean, mustards, legumes, and bulbous plants 
such as grape hyacinths lend special colour to the spring 
annual flora.

Evolution of scrublands. The scrublands Vegetation pro­
vides many interesting evolutionary problems. In the 
southwestem United States, all scrub areas are relatively 
young in an evolutionary sense. Until 10,000 years ago 
the area now occupied by chaparral in southem Califor­
nia had a much denser forest Vegetation in which sabre- 
toothed tigers, giant sloths, and camellike animals lived. 
This oak woodland, which also occupied extensive areas 
in the Great Basin (now the semideserts o f Nevada), grad­
ually retreated against the onslaught o f drought, which 
caused the disappearance o f the great inland lakes—Bon- 
neville and Lahontan—and which caused the extension of 
incipient deserts.

In the Mediterranean the climate probably was drier to 
start with and the Vegetation did not change as rapidly as 
it did in the southwestern United States.

And in Australia the flora and fauna, like the conti­
nent itself, are very old. Consequently the mallee has not 
had invasions of exotic elements, and most of the shrubs 
growing in it have evolved in their present sites and long

ago. They have evolved in directions different from other 
scrublands. The proportion of shrubs with spiny leaves, 
for example, is significant in Western Australia, as is the 
number of shmbs with spectacular flowers.

Occurrence of fires in scrublands. Scrublands form 
dense stands of Vegetation that become tinder-dry toward 
the end of summers without precipitation and are partic­
ularly susceptible to fires. Not only the shmbs themselves 
but also the dry annuals and litter accumulation under- 
neath provide plenty of fuel for extensive fires, which 
burn up into the forests bordering the scmblands at higher 
elevations. But they stop at the transition to the more arid 
regions where the Vegetation becomes widely spaced. Not 
all scrublands are equally susceptible to fire. There are 
fewer and less extensive fires in the Mediterranean maquis 
than in the Californian chaparral or the Australian mallee.

All plants consist of combustible organic matter, but 
there are considerable differences in their flammability. 
There are two major factors that influence the ease with 
which a plant catches fire. One is obviously its water 
content, and thus water-filled cacti and succulents will not 
burn. The other is the quantity of aromatic flammable 
compounds contained in the plant and the ease with which 
they are released. The aromatic sage plants burn easily, 
whereas the Mediterranean rockrose (Cistus) is definitely 
fire-retardant.

A shmb fire is usually followed the next winter by de- 
stmctive floods. For this reason attempts are made to 
reestablish as quickly as possible burned-over scmb Veg­
etation. This is done by seeding a burned area with fast- 
growing annual plants. But since these plants—ryegrass 
and mustard—take some time before they produce a pro­
tective cover, and also because they need a good rain 
before they germinate, such seeding does not provide pro­
tection against the first rains after summer or autumn 
fire; moreover, a Vegetation of annual plants needs to be 
renewed every year. The ideal solution, therefore, is to 
get as quickly as possible a renewal of the permanent 
perennial shmb Vegetation. This is the natural sequence of 
events anyway. Whereas a climax forest Vegetation usually 
does not directly regenerate itself and passes through one 
or several different successional stages before it becomes 
reestablished after destmction by humans or fire, chaparral 
regenerates easily. The old stumps of the burned shmbs 
often resprout and usually do so before the advent of the 
first rains. Secondly, the seeds of many chaparral plants 
are stimulated to germinate by the fire. Unfortunately, 
there usually are not enough seeds of chaparral plants 
present to get a good stand in the first year after the fire. 
Therefore a compromise is reached: as soon as possible af­
ter the fire, the slopes are seeded thinly with some annual 
plant that does not interfere with the reestablishment of 
the natural Vegetation. The second year after the fire, the 
natural Vegetation may have grown sufficiently to provide 
a fairly effective protection against erosion, which it does 
by shielding the soil against falling raindrops with foliage 
and litter. (F.W.We./Ed.)

Grasslands

Evidence suggests that, before humans began the present 
rapid modification of environments by extensive agricul­
tural and industrial operations, between 40 and 45 percent 
of the land surface of the Earth was occupied by grass­
lands, in which grasses and grasslike plants dominated in 
the absence of trees or with widely spaced trees. Although 
tracts of grasslands and savannas still survive in a modified 
state as rangelands for domesticated livestock and game 
animals, much has also been exposed to such intensive 
agriculture that the original plants and animals have been 
virtually eliminated.

THE ENVIRONMENTAL SETTING
Regions of natural grassland (Figure 29) occur where the 
environment is too arid for the development of closed 
forest but not so adverse as to prevent smaller, nonwoody 
but long-lived plants from forming a dense layer. Cli­
mate Controls the biotic components of a region directly, 
through temperature and moisture extremes, as well as

Factors
influencing
plant
flamma­
bility

Original 
extent of 
grassland
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Adapted from Biological Sciences Curriculum Study Green Version High School Biology, 2nd ed.; Chicago: Rand McNally & Co., 1968

indirectly, through its influence on soil development by 
such long-term physical and Chemical processes as freezing 
and leaching. Within the grassland zone, however, local 
variations in topography and soils result in microclimatic 
conditions so different from the typical regional norms 
that nongrassland ecosystems dominated by plants and 
animals not characteristic of the remainder of the region 
may develop locally. In certain warm regions, for example, 
the woody habit is exhibited by many plant species even 
under arid conditions, so that specially adapted trees are 
scattered throughout the grassland to form a characteristic 
parklike Vegetation type known as a savanna (see below).

Climate. The subhumid to semiarid climates of natural 
grassland areas are characterized by marked periodicity of 
precipitation, both from season to season within the year 
and between years. Consequently, annual drought periods 
of several weeks to several months are typical. The severity 
of drought increases with the distance from the forest mar­
gin. It is also accentuated by a cyclic climatic pattern that 
often results in several consecutive dry years. Droughts 
are particularly difficult for plants and animals in regions 
where the dry season is lengthy—as in the Mediterranean- 
type climate of some temperate grasslands and in most 
tropical and subtropical grasslands—or where a series of 
moister than average years is followed by several years of 
below-average moisture (see above Scrublands).

Annual Mean yearly precipitation in most temperate grasslands 
precipita- ranges from 250 to 750 millimetres (10 to 30 inches) and 
tion in in tropical and subtropical grasslands from 600 to 1,500 
grasslands millimetres (25 to 60 inches). Precipitation determines the 

nature and extent of natural grasslands through its effect 
on soil-moisture supply, since trees have difficulty com­
peting with grasses in areas where upper soil layers are 
moist during part o f the year but where deeper layers are 
continuously dry.

The adverse effect of drought on organisms is made 
more severe when accompanied by high temperatures. In­
creased duration and intensity of sunlight associated with 
decreasing cloudiness during periods of low rainfall tend 
to raise air and soil temperatures. In regions where the dry 
season is warm, the combined effects of drought and high 
temperatures make living conditions particularly adverse. 
Many organisms adapt to the hot, dry season in grasslands 
of tropical, subtropical, and Mediterranean climates and 
to the cold season (also a time of low precipitation) of 
many temperate regions by becoming dormant.

In the grasslands of tropics and subtropics, the length of 
the growing season is determined by the length of the rainy 
season, ranging from 120 to 190 days. In cold, temper­

ate regions, however, temperature is a Controlling factor.
Growth begins in such regions when the mean daily tem­
peratures reach 5° to 10° C (40° to 50° F). Although the 
frost-free season in cold, temperate grasslands may be as 
short as 100 continuous days, the vegetative season usu­
ally exceeds 165 days. Less temperature difference occurs 
among various grasslands during the growing season than 
during the dormant season. The temperatures during the 
wärmest month in temperate grasslands are usually not 
lower than 15° to 20° C (60° to 70° F); in tropical and 
subtropical regions, the mean during the rainy season is 
commonly no more than 10° C (50° F) higher.

Grassland regions tend to have higher than average wind 
speeds, in part because of their low wind resistance.

Fire. Fire is an important feature of the grassland 
environment. Lightning-induced fires are common and, 
before their control by humans, periodically burned over 
extensive areas. The causes of fire are so closely related 
to the more or less arid nature of the grassland climate 
that it is not reasonable to separate fire from the more 
traditional climatic factors. Some geographers, however, 
have not been prepared to accept fires as a climatic factor 
and consequently have considered the natural Vegetation 
to be that which would exist in the absence of fire. It 
seems more practical, in regions where aridity, continuity 
of combustible plant cover, and frequent thunderstorms 
lead to the frequent occurrence of natural fires, to consider 
the Vegetation as it has been modified by fire to be the 
stable one. Fire maintains the boundaries of grasslands in 
climatic regions (usually the wetter portions of the grass­
land zone) capable of supporting forest growth. The effect 
of fire here, therefore, has been principally to prevent the 
extension of the forest into the grassland. The nature o f  
the soil in such transition zones between grassland and 
forest is such, moreover, that the long-term existence o f  
grassland is indicated.

In the temperate grasslands, a climate adverse to tree 
growth exists except near the forest edge, but, in the 
tropics and subtropics, trees and shrubs are often scat­
tered throughout the grassland to form a savanna. The 
luxuriant growth of herbaceous (nonwoody) plants during 
the rainy season provides fuel, which, in the dry season, 
supports fires almost annually in many regions. Whether 
or not a forest would develop in the absence of fires in 
these tropical areas is speculative. It is most satisfactory to 
consider them as savannas in which the herbaceous layer 
predominates.

Fire is more destructive to trees and shrubs than to Fire’s 
grasses and other herbs, because the buds, from which new effects
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growth will begin the next season, are located well up on 
the stems in a position vulnerable to fire. In herbaceous 
species, the growth zones are at or below the soil surface.

Topography. Many grassland regions are characterized 
by level to gently undulating topography. Often, however, 
the land surface is sufficiently irregulär to provide varia­
tions in microclimate that result in a mosaic of Vegetation 
types, as, for example, in the glacial moraines and loessial 
(loess is a soil material carried to its present location by 
winds) hills in parts of the Central Lowland and Great 
Plains of North America and in sandhills everywhere. 
Near the forest-grassland margin, grassland is favoured, 
even within the forest zone, on dry slopes that are sub­
jected to greater radiation and wind than is level terrain. 
Conversely, patches of trees occur within the grassland 
zone on protected slopes.

Contrasts in Vegetation on slopes with different charac­
teristics are particularly noticeable in the higher latitudes, 
where the slopes facing the equator regularly receive more 
radiation than do poleward-facing ones. Various habitats 
also are found in sheltered basins and on exposed hill- 
tops. Forest occurs within the grassland zone in protected 
basins, and patches of grassland occur within the forest 
zone on exposed hilltops.

Within the grassland zone, the herbaceous Vegetation of 
depressions and poleward-facing slopes often consists of 
species that dominate on level ground in poleward areas. 
In the same regions, the species in exposed habitats are 
those that dominate communities that range toward the 
equator. Similarly, where grassland gives way to desert, 
desert species appear in exposed locations.

Soil. In regions where natural grasslands have devel­
oped, physical and biotic components have combined to 
produce soil different in its character from that of forest re­
gions. In the temperate grassland, soil leaching (downward 
movement of water-soluble soil constituents) is restricted 
both by the scarcity of percolating water and by the low 
solubility of soil materials. The soil of natural grasslands, 
consequently, contains an abundance of organic matter 
at all depths, and Chemical substances that are leached 
precipitate at the bottom of the soil profile (i.e., the layer- 
ing of soil as seen in a trench). Consequently, temperate 
grassland soils have the capacity to release nutriënt ele­
ments to plants slowly and over a long period of time, 
thus permitting the production of annual crops, even after 
destruction of the natural plant cover. The abundance of 

Colour of organic matter (humus) in grassland soils is reflected in 
grassland the colour of the upper part of the soil profile; in temper-
soils ate grassland, the colour varies from black near the forest

margin, where the organic content approaches 10 percent 
in some areas, to chestnut and to brown in areas where 
the organic content is below 3 percent.

In the tropical and subtropical grasslands, soil develop­
ment is influenced by high temperatures and high precipi­
tation in a process called laterization. By this process, soils 
become highly leached, and there is rapid decay of organic 
matter with low levels of humus accumulation. These soils 
are often reddish or yellowish in colour, reflecting the high 
content of iron left in the profile by the leaching of other 
minerals under conditions of high temperature. They are 
also much more subject to nutriënt depletion under agri­
cultural practice than are temperate grassland soils.

Differences in soil texture and soil structure throughout 
the grassland zones modify the vegetative cover because 
of influence on water regimes. Although sandy soils hold 
less moisture per unit volume, they permit more rapid 
percolation of surface moisture than do soils of finer 
texture, with a lower resultant loss by runoff and evapo­
ration. Because o f their greater moisture supply and the 
availability of moisture to greater depths, sands support 
stands of tall grasses or even trees in regions where grasses 
of smaller stature and less depth of rooting occur on soils 
of finer texture.

THE BIOTIC COMPONENT
Flora. The Vegetation of natural grasslands is primarily 

composed of seed-bearing herbaceous plant species, which 
are classified, on the basis of gross morphology, into two 
groups: (1) grasses and grasslike plants (particularly sedges),

which are collectively referred to as graminoids, and (2) 
nongrasslike herbs, mostly broad-leaved species, known as 
forbs. Woody components also occur, which, unlike the 
herbs, maintain perennial stems above the soil surface— 
i.e., they live through several growing seasons. Frequently, 
there are dwarf shrubs that do not exceed the stature of 
the grasses; taller shrubs occur in some areas as isolated 
individuals or in patches. In some grassland areas, groves 
of trees are found in locally modified habitats such as 
along stream courses. Occasionally, colonies of non-seed- 
bearing plants, particularly lichens, club mosses, mosses, 
and algae, are found on the soil surface.

A considerable number of species constitute the Vege­
tation of grasslands in areas of favourable moisture and 
temperature conditions, but the number decreases with 
increasing environmental adversity. In about 2.5 square 
kilometres (1 square mile) of rolling grassland in the 
black-soil region of eastem Nebraska, for example, more 
than 200 different prairie species are found; in a similar 
area of level brown soil 1,600 kilometres (1>000 miles) 
to the northwest in Southern Saskatchewan, the flora of 
seedbearing plants is about 50 species.

The graminoids (grasses and grasslike plants) are well 
adapted to dominate in herbaceous communities, so that, Success of 
although they typically make up less than 20 percent of grasses in 
the number of species present in grassland, they often fur- occupying 
nish 90 percent or more o f the plant biomass (dry weight) habitats 
present. Similarly, though only a small percentage of the 
seed-bearing plant species belong to the grass family, their 
contribution to plant communities is great everywhere.

Grasses evolved from tropical woody ancestors, of which 
the bamboos are a present-day example. This origin is 
reflected in the relatively primitive nature of grasses com- 
posing the grasslands adjacent to forests in both tropical 
and temperate regions. Their adoption of the herbaceous 
habit, however, has permitted survival through such ad- 
versities as periodic burning and seasonal drought. Other 
adaptations that increase the chances of seed production 
in arid, windy, and cold environments include wind pol­
lination, increased protection of flowers, and a reduced 
stature.

The graminoid life-form is particularly well adapted to 
dominate in competition with forbs. Success of grasses is 
associated with their ability to provide a dense plant cover 
in which seedlings of less aggressive species have difficulty 
becoming established. Graminoids are well adapted to ex­
ist in conditions of frequent fire and in areas of animal 
grazing by their manner of growth. New growth is from 
a zone of cell division located at the bases of leaves and 
stems rather than at the tips, as in forbs and woody plants.
This permits continued growth when the upper ends of 
shoots or the leaves are cut, eaten, or burned. The growth 
zones in the stem also assist shoots that have been bent 
by trampling to regain a vertical position.

Grasses and the grasslands they dominate are sometimes 
classified as high, tall, mid, and short. High grasses, fre­
quently reaching heights of 3 metres (10 feet) or more, are 
limited to tropical grasslands with high precipitation. Tall 
grasses are found in the most favoured parts of the tem­
perate grasslands, moist habitats being particularly suited 
to them. Midgrasses, the flowering stems of which usually 
reach heights ranging from 30 to 90 centimetres (1 to 
3 feet), dominate portions of the grassland closer to the 
woodlands of temperate regions. The short grasses, with 
leafy shoots often only 8 to 15 centimetres (3 to 6 inches) 
high, are dominant in the most arid grasslands. Between 
these extremes, the short and mixed grasses intermingle to 
form mixed-grass prairie, as in most of the Great Plains 
of North America.

The adaptation of each species of grass is also dependent 
on whether it is a turf former or a bunch grass. Turf-form- 
ing grasses spread by means of buds on lateral stems below 
the soil surface (rhizomes) or, much more rarely, above 
it (stolons). Bunchgrasses are able to spread horizontally 
only far enough to extend the size o f the dense bunch, 
which eventually declines with age. Occasional develop­
ment of seeds is necessary for the perpetuation of a bunch- 
grass cover but not of turf grasses. Bunchgrasses tend to 
dominate in arid habitats and turf formers in moist ones.
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Grass species also differ physiologically in ways that adapt 
them to withstand adversity. Some species can continue 
growth during drought by extracting a greater amount of 
moisture from the soil. Others endure drought by achiev- 
ing a dormant state before desiccation becomes excessive. 
Under extreme conditions, drought or overwinter, survival 
is achieved only by means of seeds, in which case the 
plants are known as annuals. Annuals are common in 
disturbed habitats in grassland, but they are more charac­
teristic of the temporary herbaceous cover of deserts.

The root Systems of grasses are typically finely branched 
and rebranched to form a dense network extending through 
the soil. Depth of rooting of tall grasses and midgrasses is 
characteristically not greater than 183 centimetres (6 feet) 
and those of short grasses only 30 to 90 centimetres. These 
distances are also the maximum depths of moisture Pene­
tration in the soils of the habitats in which they dominate.

In some grasslands of both temperate and tropical re­
gions, sedges (Carex) are associated with the grasses and 
have similar ecological relationships. The composites (e.g., 
asters, sunflowers) commonly rank next to grasses and 
sedges in abundance. Under the favourable growing con­
ditions near the forest boundary, forbs are abundant; the 
adverse conditions in the drier grassland regions, however, 
reduce their abundance relative to grasses in number of 
both species and individuals. Many forbs are adapted to 
arid conditions by rooting to depths much greater than 
the grasses, by surviving as dormant underground organs 
for periods as long as many years, and by storing water in 
their tissues. The root Systems of some forbs are similar in 
structure to those of grasses, but a variety of other types 
exist, including taproots, bulbs, corms (rootlike or bulb- 
like stem structures), and roots capable of forming shoot- 
producing buds. Species with the last type are particu­
larly vigorous competitors with grasses and are especially 
abundant in the grasslands of the Soviet Union, where in 
some areas forbs are considered to dominate over grasses. 
Eurasian forbs with such root systems have become the 
most persistent introduced weeds of arable land in many 
parts of the world. Among them are perennial species of 
spurge, hoary cress, thistle, and moming glory.

The complexity of the vegetative cover of natural grass­
land is much greater than it appears to the casual observer. 
The many plants occupying grasslands may exhibit as 
much variety within a square metre as is present in about 
two hectares o f forest.

The dominant and associated species are arranged hor- 
izontally into colonies and societies and vertically into 
layers, both above and below the ground. The number of 
layers discemible depends on the nature of the grassland. 
The uppermost one is composed of the tallest grasses and 
forbs. Some forbs have vegetative growth confined to lower 
layers but thrust their flowering parts, often on leafless 
stems, upward above the grass layer to ensure pollination 
and seed dispersal. Others grow vegetatively at a rate sim­
ilar to that of the taller grasses and bear their flowers on 
leafy stems. A lower layer is made up of species of shorter 
stature, some of which are secondary species that grow 
early in the season, before the dominants cover them.

The lowest layer above the ground is the crust of lichens, 
mosses, club mosses, and algae that often occurs on the 
soil surface among the fallen stems and leaves (litter) of 
the upper layers. Various groups of plants tend to root 
to different depths, so that short grasses and small sedges 
form a shallow layer underground and taller grasses a 
deeper layer. The roots of some forb species often branch 
only below the deepest layer of grass roots; they sometimes 
penetrate to depths twice that of the dominants.

The appearance of temperate grasslands changes from 
season to season as a result of the successive flowering 
of different species. A few species thrust their flowering 
stems upward shortly after the disappearance of snow and 
before they are shaded by the spring growth of the cool- 
season grasses. These are followed by the spring flowers, 
which, in the temperate grasslands, are composed of many 
forbs including early legumes (members of the pea family). 
Early grasses and some sedges begin to .flower near the 
end of this period. Most of the dominant grasses, of both 
warm and cool seasons, blossom during the summer, as

do most of the legumes, all of which give a predominantly 
bluish and whitish tinge to the landscape at this time. The 
predominant colour of autumn flowers is yellow, and the 
floral display is made up principally of an abundance of 
composites. During these shifts in the seasons, the grasses 
also change in the early spring from the grayish colour of 
the preceding year’s old growth through rich greens as the 
new leaves emerge to a straw-coloured hue of pale yellow 
in the late summer and early fall. Curing of shoots to a 
yellowish colour is characteristic of the more arid grass­
lands; those in more humid areas tum gray more rapidly. 
The growing season varies in character from year to year 
as differences in weather differentially stimulate or retard 
flowering of the various species. The grassland tends to be 
drab and relatively lifeless during the winter. The changes 
in the season have not been as well documented in the 
tropical grasslands, in which the main changes apparently 
take place with the shift of the season from dry to rainy, 
with the resultant prompt resumption of luxuriant green 
growth that ends only with the renewed onset of drought. 
Some tree and forb species in tropical savannas anticipate 
the change in the season by leafing out before the arrival 
of the rainy season.

Animal life. The natural animal populations in grass­
lands are much more diverse than is generally realized, 
as many surface species are small and inconspicuous, and 
many other species live underground for at least part o f 
their lives. The best known are the large grazing mammals, 
or game animals. Other well-known groups in grasslands 
include grazing marsupials (pouched animals, such as the 
kangaroo), predators belonging to the cat and dog fami­
lies, rodents of various sizes, birds, lizards and snakes, and 
the larger insects, particularly grasshoppers and locusts. 
A large proportion of surface species are either running 
or burrowing types. The characteristic aggregation into 
colonies or herds provides some measure of protection in 
the open type of habitat. Invertebrates of various kinds 
are abundant in the soil.

Vertebrates. The large grazing mammals, subject to the 
influence of humans, have been reduced in number, and 
some species survive only in protected areas. Their for­
mer ranges have become densely populated and are being 
grazed by cattle, sheep, horses, and goats. In some of the 
managed reserves in Africa, the natural and domesticated 
populations intermingle, but for the most part, the native 
grazing species are considered intruders, and their preda­
tors also are excluded by poisons, hunting, or fences.

The African grasslands were once abundantly supplied 
with a large number of species, of which perhaps the 
wildebeest, gazelles, and zebra were the most numerous 
over large areas. Other species included buffalo, giraffe, 
eland, antelope, hartebeest, hippopotamus, waterbuck, 
and impala. Some species, which are browsers as well as 
grazers, have had significant influence in restricting the 
growth of trees. These herbivores are accompanied by 
a variety of omnivores (animals, such as the warthog, 
Phacochoerus aethiopicus, that feed on both animal and 
vegetable substances) and camivores (meat eaters), partic­
ularly the lion, leopard, hunting dog, and fox. The hyena 
(family Hyaenidae) is perhaps more truly a scavenger, but 
it also fills the role of predator while traveling in packs. 
The characteristic grazing species of the Asian grasslands 
include wild cattle, saiga antelope, wild horse, marmot, 
stag, and boar; predators are represented by the wolf and 
the fox. Wild horses and cattle, formerly abundant, have 
been exterminated by humans, and antelope and marmot 
have largely been forced out o f the grassland region.

The number of species of large grazing mammals in the 
Western Hemisphere, while it was larger during the early 
geologie stages of development of grasslands, has been low 
in recent geologie time. In North America the principal 
species once were the bison and the pronghom antelope. 
Their most important predators were the coyote and bob- 
cat. In South America the large grazing mammals have 
been less influential; rather, the llama and its relatives and 
the ostrich, a native of Africa, are the most important. 
The isolated fauna of Australia includes several kangaroo 
species as the major large grazing animals, with the dingo 
as their prime predator.

Large 
animals of 
grasslands
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In some grasslands the large grazing mammals are as 
important as climate and soil conditions in determining 
the nature of the vegetative community, since some plant 
species are more sensitive to grazing pressure than others.

Smaller herbivorous mammals, common in natural grass­
lands, include many species of rodents, such as mice, voles, 
shrews, ground squirrels, gophers, prairie dogs, hares, and 
rabbits. Some species have increased their populations in 
regions where humans have reduced the numbers of their 
predators, others, such as the prairie dog (Cynomys) in 
the Great Plains of North America, have suffered from 
a direct effort by humans to exterminate them. Rodents, 
now reported to be the most frequently found mammals 
in some grasslands, are credited with causing widespread 
range deterioration, because they modify the speciation of 
the plant cover and expose the soil surface to erosion.

Many birds, including herbivorous, camivorous, and om- 
nivorous species, inhabit grasslands. The herbivores are the 
least numerous in terms of different species, and the omni- 
vores are most abundant. The passerines (perching birds) 
are particularly common and include larks, longspurs, 
meadowlarks, starlings, grouse, cranes, partridges, and 
doves. Hawks, owls, and eagles are important predators.

The amphibians and reptiles are important organisms 
in many grasslands. Lizards, toads, and box turtles are 
mainly functional as predators of insects; snakes are preda­
tors of rodents and some other small vertebrates. These 
organisms, probably the least conspicuous components of 
grasslands, are often, however, among the most abundant 
vertebrates.

Invertebrates. Great numbers of species of insects and 
other invertebrates inhabit grasslands, forming large popu­
lations of individuals. Most conspicuous are the grasshop- 

Insect pers (Orthoptera) and their relatives. The numbers of
numbers surface insects present in grasslands have been estimated 
and bulk to be as many as 1,000 per square metre (about 100 per 

square foot), and the number of species present in one 
type of grassland may exceed 200. Insect bulk, or biomass, 
has been reported to be greater in some areas than that 
of large grazing mammals. Next to the grasshoppers, the 
insects with the most pronounced effect on herbage are 
probably bugs, aphids, and leafhoppers. Ants and termites 
are found particularly in tropical and subtropical grass­
lands. The larvae of beetles (order Coleoptera) feed on 
roots o f plants and on feces, especially those of large graz­
ing animals. Larvae of flies (order Diptera) often affect 
seed production and are active in decomposing carrion. 
Larvae o f moths and butterflies (order Lepidoptera) feed 
on the crowns of grasses; and thrips (order Thysanoptera) 
also affect seed production. The most abundant preda­
tory invertebrates above the soil surface are spiders (class 
Arachnida).

Small soil animals are important to the grassland ecosys­
tem. Chief among them are roundworms, springtails, 
mites, and small segmented worms, as well as insects. 
Earthworms, although common in semipermanent and 
seeded grasslands, are rare in natural grassland conditions.

Microorganisms. Microflora (bacteria, actinomycetes, 
fungi, and algae) probably are found in greater numbers 
in grasslands than are microfauna (protozoans). The great 
majority o f microorganisms present in the soil are appar­
ently dormant or inactive at any one time, although the 
bacterial biomass to a depth of 15 centimetres (6 inches) 
in agricultural soil has been estimated to range from 330 
to 720 kilograms per hectare. Grassland soils, because 
they have considerable root systems that provide habitats 
for markedly higher numbers of bacteria, thus contain an 
even greater bacterial biomass. Fungi, although present 
in appreciably lower numbers than bacteria, have much 
larger cell sizes and are estimated to possess a biomass 
twice that of the bacteria. Algae are commonly estimated 
to contribute less than 10 percent of the total microfloral 
biomass in mature soils.

COMMUNITY DEVELOPMENT
Stages. Grassland ecosystems have developed through 

an orderly series of changes in plant cover and soil, as one 
has affected the other through climatic influences. These 
progressive changes in plant cover are known as primary

plant succession. As plant succession progresses toward a 
stabilized plant community, a soil gradually develops a 
profile that reflects the nature of the plants occupying it.
The end of this process, a climax Situation in which the 
organisms and soil are in equilibrium with the climate, 
is a stable system with many buffers to protect it from 
changes in climate and animal populations.

Primary succession of grasslands begins on bare, dry land 
surfaces or in water. In each Situation, development is to­
ward a more moderate water regime. This is accomplished 
in the dry habitat by the development of an insulating 
plant cover that protects the surface from the desiccating 
effects of the sun and wind and by the incorporation of 
organic matter into the soil, which increases its water- 
holding capacity. In wet habitats, the process involves 
gradual elevation of the substrate (bottom of the water 
body in question) by deposition of both organic and min­
eral particles.

The series of changes in plant cover resulting in grassland 
begins with a layer of crustose lichens, followed by foliose 
(leafy growth form) lichens. Eventually, annual herbs and 
a series of perennial species—first forbs and short-lived 
grasses, finally a stable community of long-lived grasses 
and forbs—becomes established.

The succession beginning in a body of water starts Gradual 
with submerged aquatic species and progresses through succession 
floating-leaf, reed-swamp, and sedge-meadow stages as the of water 
water level decreases. This moist habitat may survive for bodies to 
thousands of years and permit the development of various grassland 
vegetative stages (even of shrubs and trees) before the 
depression containing the water gradually fills from the 
edges and the Vegetation becomes dependent, for the first 
time, on climatic factors (chiefly precipitation) that permit 
the establishment of a climax grassland cover.

The uniformity of the climax vegetative cover depends 
on the degree of irregularity of the landscape, for the final 
stages of the dry-habitat succession will not be reached 
while exposed locations survive on sunny and windy slopes 
and on hilltops, and protected situations are preserved on 
sheltered slopes and in depressions. The regional charac­
teristics of the vegetative cover, however, are expressed 
in topographic locations between these extremes. It is on 
this portion of the landscape, which in most grassland 
areas constitutes the major area, that the following brief 
survey of the grasslands of the Earth is based. While this 
survey considers the temperate regions separately from 
the tropical and subtropical grasslands, the distinction is 
arbitrary. Subtropical grasslands give way imperceptibly 
to temperate communities through the arid areas where 
contact usually takes place.

Temperate grasslands. The most extensive grassland 
areas of the temperate zone are the steppes of Eurasia, the 
prairies and plains of central and westem North America, 
and the pampa and adjacent areas of Argentina. Less ex­
tensive areas are found in the velds of South Africa, in the 
mountain grasslands of South America, and in Australia 
and New Zealand.

North America. The North American grassland is com­
posed of seven regional types. The largest, the mixed prairie, 
extending from Southern Alberta and Saskatchewan south­
ward to western Texas, lies between the lOOth meridian 
(west longitude) and the foothills of the Rocky Mountains 
to the west. It is dominated in the north by bunch-form- 
ing spear grasses and turf-forming wheatgrasses, which 
are midgrasses that gradually give way to short grasses 
southward, particularly blue grama (Bouteloua) and buf­
falo grass (Buchloë). The next largest area of grassland 
east of the Rocky Mountains occurs in a higher pre­
cipitation beit extending from the mixed prairie to the 
eastern deciduous forest. Although it is now the “corn 
beit,” this area was formerly dominated by spear grass 
and dropseed in the drier habitats and by bluestems in 
more favourable locations. Both types occur in areas east 
of the Rocky Mountains, where there is an early-summer 
peak in precipitation, followed by late-summer drought.
West of the Rockies the most northerly grassland area 
occurs in eastem Washington and adjacent parts of Idaho 
and Oregon and in the valleys of British Columbia. The 
dominant grass species is a large, bunch-forming wheat-
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grass. The upper slopes in the northern part of this region 
are occupied successively by remnants of mixed prairie 
to the east and then by fescue prairie. The latter also 
occurs as a beit around the mixed prairie’s northern edge 
in the eastem foothills of the Rocky Mountains and in 
parklands of Canada’s Prairie Provinces. Southward, in 
the Mediterranean climate of the valleys of California, the 
native, perennial grass cover has been replaced—through 
overgrazing—by annual weedy grasses, but spear grasses 
formerly dominated. The southwestem United States and 
north-central Mexico contain the most arid prairies, the 
desert plains grasslands, which surround the warm desert 
at elevations between 300 and 1,500 metres (1,000 and
5,000 feet). Short grama and wire grasses abound here in 
an environment similar to that of the dry subtropics. The 
region of Texas adjacent to the Gulf of Mexico also has 
subtropical Vegetation characteristics.

South America. The best-known temperate grassland in 
The pampa South America is the pampa of east central Argentina, 

which occupies a region of level, black soil. The annual 
precipitation of 1,000 to 1,250 millimetres (40 to 50 
inches) is the highest of the temperate grasslands, and 
frequent drought periods do not occur. Similar grassland 
extends on more rolling topography to the north through 
Uruguay into the semiarid campos region of southem 
Brazil and north westward in Argentina. Westward, the 
pampa becomes drier and the soils gradually change to 
chestnut and brown and then to gray in colour near the 
Andes Mountains. In the driest areas, shmbs and small 
trees (mesquite, senna) form a dwarf savanna. Southward, 
the pampa gives way to the semiarid regions of Patagonia. 
Only part of these areas have grassland character. The 
extremely dry regions contain shrubby, cold desert Vegeta­
tion. The pampa and the adjacent less humid grasslands 
have been exposed to grazing by domesticated livestock 
for about 400 years. Heavy grazing, particularly in the last 
Century, has modified the Vegetation to the extent that 
the identity of the natural dominant species is not known, 
although spear grasses are thought to have been included 
among them. The Vegetation is now composed principally 
of introduced species. Cool mountain grasslands are ex­
tensive at various altitudes in the Andes, occurring at high 
elevations even in the tropics. These areas are dominated 
by species of spear grass, fescue, bluegrass, and reed grass.

Eurasia. The body of natural grasslands in Eurasia 
lies within the Soviet Union, extending from north of 
the Black Sea in the southem Ukraine eastward through 
northern Kazakhstan and southem Siberia. These steppes 
are bordered on the north by forest steppe where the ele­
ments of the boreal forest intermingle with the grassland, 
as is the case in the similar climate at the northern edge of 
the Great Plains grassland of North America. Southward, 
the climate becomes warmer and drier, particularly in the 
Asian portion, and the soils gradually lighten in colour 
from black to dark brown, brown, and gray at the edge of 
the cold-shrub desert region. The most important domi­
nants are species of spear grass, feather grass, and fescue. 
Here, the species of fescue that dominates over large areas 
is more drought-resistant than the dominant spear grasses 
and feather grasses, a Situation the reverse of that in the 
northern American grasslands.
Africa and Australia. The South African veld, the tus- 

sock grasslands of New Zealand, and the grasslands of 
Australia are much less extensive. They are similar mainly 
in that oat grasses are dominants in each. In Australia, 
however, the oat grass-dominated grasslands are restricted 
to the southeast, with more extensive grasslands domi­
nated by Mitchell grasses, which occur in arid situations 
blending into subtropics. Grassland of temperate character 
also occupies the highlands of East Africa.

Tropical and subtropical grasslands. Tropical and sub­
tropical grasslands are located in central Africa and central 
South America.
Africa. In Africa, semidesert and desert grasslands occur 

in areas where the annual rainfall averages less than 500 
millimetres (20 inches). Important species in such lands 
include spear grasses and wire grasses, and the woody 
element is limited to low, thomy shrubs.

South America. The most extensive tropical grassland

area in South America is the Llanos of Venezuela, which The Llanos 
lies between the Andes Mountains and the Orinoco River.
This region is composed o f a complex of plant commu­
nities including grassland and savanna, with high grasses 
dominating in some parts and tall grasses in others. Over 
large areas there are no trees, apparently because of wa- 
terlogging of soil. The best-known dominants in many o f 
these areas are Para grass and guinea grass. The semiarid 
region of northeastem Brazil is similar to those on the 
equator side of the deserts in Africa, with wire grasses 
among the dominants and also with scattered shrubs.

Lands surrounding the Mediterranean Sea and those in 
Asia Minor and parts o f southwestem Asia (Iran, Pakistan,
Afghanistan, Tadzhikistan [in the Soviet Union], and In­
dia) have been exposed so long to the effects of human 
occupation that it is no longer possible to determine their 
original character. It is probable that many areas that are 
presently desertlike were previously grassland. Elsewhere, 
the change from grassland to desert because of human 
occupancy has been observed during the last Century.

FUNCTIONING AND PRODUCTIVITY 
OF GRASSLAND ECOSYSTEMS
The organic component of a grassland ecosystem is a 
complex of producers, consumers, and decomposers that 
are highly organized into a food web. The system is driven 
by energy fixed from sunlight during the process of pho­
tosynthesis in the green tissues of plants (the producers).
This energy is passed on in the form of organic matter—  
used as food—from one to the other of various groups 
of organisms, each of which liberates some of the energy 
in its own body functions. Finally, the photosynthetically 
produced organic matter is transformed back into min­
eral elements, which may again be used by plants in 
photosynthesis.

The biological productivity of such a system is expressed 
in terms of the rate of fixation of solar energy by the 
producers and is known as primary productivity. The rate 
at which the consumer biomass increases, by transforma­
tion of plant materials into animal tissue, is referred to 
as secondary productivity. Primary productivity for natu­
ral, temperate grasslands ranges mostly between 200 and
1,000 grams per square metre o f dry matter per year; 
that in the most favourable tropical areas is much greater.
Secondary productivity is considerably less than primary 
productivity in all regions. In the central Great Plains of 
North America, for example, yearling cattle consume only 
a portion of the Vegetation present in their grazing area, 
and of this it is estimated that only 9 percent is used 
in meat production, 48 percent being lost as heat to the 
atmosphere and 43 percent to other food chains in the 
form of feces and urine.

Plant species in natural grasslands are sensitive to the 
removal of more than a moderate proportion of their 
shoots. Unconsumed shoots die and remain standing, in 
some communities for periods as long as two or three 
years, during which time they protect the soil against 
erosion and contribute toward increasing the rate of its 
water intake. In some grasslands, there is more of this 
“old growth” present than the current season’s crop of Old growth 
green shoots. The old shoots gradually decay or fall to 
the ground to produce a litter layer. The depth of litter 
depends on amount of growth, amount of consumption, 
and rate of transformation (by microorganisms and soil 
animals) to soil humus.

The plant biomass (including underground parts) of nat­
ural temperate grasslands is usually in the range of 1,000 
to 3,000 grams per square metre o f dry matter. As much 
as 85 percent of this biomass occurs underground. Dead 
material constitutes only a fraction of the aboveground 
parts (both standing and as litter) but up to 75 percent of 
the underground parts. About half o f the energy fixed in 
a given year is deposited in underground tissues. The rate 
of decomposition of dead, unconsumed plant parts is such 
that, on the average, the amount of biomass present dis- 
appears in about two years above ground and about four 
years under ground. The amount of plant litter present 
usually reaches an equilibrium state (i.e., the condition 
that exists when the rate of disappearance equals the rate
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of new litter added), which varies from less than 100 
grams per square metre in dry, temperate grasslands to 
about 1,000 grams per square metre in black-soil areas. 
Lower values than these prevail in areas where a higher 
than usual proportion of the shoots enter the consumer 
food web or where recurrent fires occur.

In grassland stands in the subhumid tropics and subtrop­
ics, biomass of herbage sometimes exceeds 5,000 grams 
per square metre; but the rate of decomposition of organic 
matter is high in such areas, leading to low quantities of 
litter and soil organic matter.

It has been estimated that about two-thirds of the energy 
of the grassland ecosystem is released through the activity 
of reducers and decomposer organisms that feed on detri­
tus and animal wastes. This activity is almost all in the soil 
or in the litter at the soil surface. Only general conclusions 
can be given concerning the proportion of this activity 
caused by invertebrates and other decomposing reducers, 
since it has not yet been quantitatively evaluated. It is 
generally agreed, however, that the soil microflora (micro­
scopie plants, including fungi and bacteria) is the single 
most important group of organisms affecting the turnover 
of energy. The biomass of soil microflora has been esti­
mated to be 400 to 600 grams per square metre of soil 
surface on a dry-weight basis; however, probably less than 
1 percent of this is active at any one time.
It is not yet possible to identify to what extent vari­

ous groups of soil microflora contribute to the total of 
decomposer activity in any given system. The rate of de­
composition in standing dead Vegetation is usually slower, 
however, than in litter and in Vegetation in contact with 
the ground. The bulk of the microbial decomposition does 
not occur until the litter has either made contact with the 
soil or has become densely compressed just above the soil 
surface. The smaller macrofauna (animals bigger than mi­
crobes), such as litter-feeding insects and worms, are active 
in bringing litter into more intimate contact with the soil.

UTILIZATION OF GRASSLANDS
Many early human civilizations developed in grassland 
regions, so humans should be familiär with the ecology of 
grasslands. Greater interest, however, has been shown in 
Converting grasslands to the growth of annual crops than 
has been devoted to considering whether they would have 
been a more valuable resource in an untilled state.

Domesticated grazing animals occupy the most important 
role in the human conversion of natural-grassland plant 
growth. While conservationists in the past may have seen 
the domesticated grazing animal as an intruder in natural 
grassland, this does not necessarily mean that the grass­
land environment deteriorates through the replacement of 
natural by introduced animals. The philosophy of range 
management that has developed in North America is based 
on the concept of obtaining the highest sustained level of 
animal production on natural grassland that is compatible 
with maintenance of the resource. Range ecologists have 
been much more conscious o f the need to conserve land 
resources than have agriculturalists. In the management of 
arable lands, for example, the guiding principle has been 
almost exclusively determined by the need to produce the 
maximum harvestable yield, a practice hardly compatible 
with Conservation. The advantage that ecologists see in the 
use of domesticated livestock in the rational management 
of rangelands is that the distribution and density of these 
animals is under their control to a far greater extent than 
would be possible with native animals. The domestication 
of the range is thus seen as a stabilizing Situation.

The success achieved in increasing the harvestable yield of 
intensively managed arable land and improving semiper­
manent grasslands of woodland climate has led to the 
Suggestion that the plant cover of nonarable grasslands 
should be changed as much as possible by the introduction 
of domesticated forage crops that have been selected and 
bred for high yield and for optimum response to fertil­
ization and management. A high degree of environmental 
control is needed, however, to utilize the higher potential 
of these species, and the indication is that the native grass 
cover cannot be excelled by introduced species for range 
production on nonarable land.

Attempts have been made to increase the productivity 
of natural grassland by the use of herbicides and fertiliz­
ers. Weed control of rangeland is economically practical 
only in cases where the weedy Situation has been induced 
by mismanagement and when this Situation is corrected. 
The effect of fertilizers is variable, yielding better returns 
where moisture conditions are most favourable. Some na­
tive species do not respond to increased levels of nutriënt 
supply and may be replaced after fertilization by species 
that are more productive but dependent for survival on a 
continued supply of fertilizer nutrients.

After the initiation of tillage, highly fertile, temperate 
grasslands gradually (over a period of 50 to 100 years) 
attain a new level of equilibrium, which is associated with 
a lower content of soil organic matter. The full impact 
on organic-matter content will not occur until the origi­
nal organic material is replaced by that formed from the 
annual agricultural plant cover. The concept that correc- 
tive measures can be taken by future human generations 
by addition of Chemical fertilizer does not account for 
changes in soil structure that may be associated with de- 
clining organic content.

The maintenance of both arable and nonarable ecosys­
tems in grassland zones is vital to the continued Provision 
of food for the world. The temperate grassland zones in­
clude an important portion of the cropland of the Earth 
(for example, 90 percent of the grain for commerce origi- 
nates here); the tropical and subtropical grasslands provide 
a possible means for expanding agriculture when technol­
ogy is developed to manage these lands on a long-term 
basis. (R.T.C./Ed.)

Deserts

Deserts are arid areas of sparse to absent Vegetation and 
low population density that constitute more than one- 
third of the Earth’s land surface, if semiarid regions are 
included. Approximately 5 percent of the Earth’s land 
area can be categorized as extremely arid; the regions 
involved are the central Sahara and the Namib Desert 
areas of Africa, the Coastal areas of Ethiopia and Yemen 
(San'ä5) near the southem end of the Red Sea, the Rubc al- 
Khali in Saudi Arabia, the Takla Makan Desert in central 
Asia, the Atacama Desert o f Peru and Chile, and parts 
of the southwestem United States and northern Mexico. 
Although the desert environment exists on parts of each 
of the continents, the nature and diversity of deserts are 
not widely understood.

The populär view of deserts as predominantly sandy 
areas that have existed in their present locations through­
out geologie time is an unfortunate misconception. Sands, 
for example, may cover about 10 percent of the surface 
area in the Sahara and, where dunes or sand sheets occur, 
are certainly prominent features of the Namib, Arabian, 
and some other deserts. In general, however, desert sands 
must be regarded as a minor portion of the deserts as a 
whole and are essentially absent over vast reaches of arid 
terrain. And with regard to the permanence of deserts, it is 
fair to say that the land areas subjected to arid conditions 
have varied widely throughout Earth history. This is a 
consequence of both Continental drift—the shifting about 
of landmasses on the Earth’s surface, thus bringing differ­
ent regions into conjunction with arid climatic zones— 
and climatic changes per se.

During the Quaternary period (the last 1.6 million years) 
some profound climatic changes o f uncertain synchroneity 
with the ice ages affected some desert areas. Artifacts in­
dicate that early humans hunted large mammals in areas 
that could not possibly sustain such life today; forests of 
oak and cedar grew in such highland areas as Tibesti, in 
the central Sahara; lakes and lake Systems were at one 
time extensive in such regions as the Kalahari, the Ira- 
nian desert, and the western United States, where there 
is evidence of a former body of water 180-210 metres 
(600-700 feet) deep in Death Valley, for example. Indeed, 
relict surface features of many kinds, as well as some relict 
animals (specialized fishes and some crocodiles in oases), 
point toward the existence o f former moist conditions in 
many of the world’s desert areas in the relatively recent
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Figure 30: Deserts of Africa.
Adapted from U N ES CO , Reviews of Research on Arid Zone Hydrology, 
"World Distribution of Arid and Semi-arid Homoclimates” (1953)

past. The same may be said of habitation in Roman times 
in North Africa. The theatre at Leptis Magna, near pres­
ent-day al-Khums, Libya, for example, was designed to 
seat many thousands, but the site today is reminiscent of 
a ghost town.

Principal
landforms

Trade 
winds and 
westerlies

ENVIRONMENTAL FACTORS
Topography. A considerable number of landforms oc­

cur in desert areas, and though some are considered 
characteristic of arid regions, nearly all have counterparts 
in the more humid environments. Mountain ranges and 
plateaus, volcanic peaks and isolated bedrock knobs, pe­
ripheral landforms that are alluvial fans if composed of 
sediment and pediments if consisting of a sloping rock 
surface, sand sheets and sand dunes, playas and other dry 
lakes, and desert plains and depressions—these are the 
principal elements of the desert landscape, which is often 
described as stark, harsh, and angular in profile. This is to 
some extent more closely related to the relative absence 
of Vegetation and soil cover in arid regions than to some 
fundamental physiographic distinction that is climatically 
based (see further Continental landforms).

Aridity and its causes. The general cause of the arid 
zones of the Earth and, hence, of the present location of 
the world’s deserts resides largely in the dynamics of the 
atmospheric circulation. In the simplest sense, the engine 
that drives the planetary atmosphere is incoming solar ra­
diation combined with the effects of the Earth’s rotation. 
Much more incident heat is received in the equatorial 
region than at the poles, and this tends to lead to a pole­
ward transfer of heat and to a meridional atmospheric 
circulation pattern. The rotation of the Earth produces 
latitudinal wind zonation at the Earth’s surface—e.g., the 
trade winds, or easterly winds, in equatorial regions and 
the westerlies in middle latitudes. Although the physical 
causes of these two circulatory patterns are complex, the 
reason that they lead to the existence of arid zones is 
easily understood.

Basically, air that is heated at the equator by incident so­
lar radiation rises and cools; its moisture condenses and is 
released in the tropical zone; the air then subsides toward 
the Earth’s surface near latitudes 30° N and 30° S, thus 
producing two great beits of subtropical high pressure. This 
descending air is also the source of the easterly trade winds 
that blow toward the equator. Some of the world’s great­
est deserts are located beneath or near these high-pressure 
beits—the hot, dry trade winds blow across the Sahara 
(Figure 30), the deserts of the Middle East and South 
Asia (Figure 31), and part of the North American Desert 
(Figure 32) in the Northern Hemisphere, and this effect 
of the general planetary circulation is also responsible for 
the occurrence of the Atacama-Peruvian desert of South 
America (Figure 33), the Namib Desert and the Kalahari 
in Southern Africa, and the Australian desert (Figure 34) 
in the Southern Hemisphere. It should be noted, however, 
that where the trade winds blow onshore, as along the 
east coasts o f Africa, South America, and Australia, the 
moisture they bear precludes the existence of deserts.

These generalizations concerning the locations of the 
world’s deserts and wind systems are bome out by several 
of the maps shown in Figures 30 to 34. Aside from the 
disruption in continuity of the arid zone along the east 
coasts of the continents mentioned above, it also may be 
noted that several of the world’s deserts can be character­
ized as high-latitude types— i.e., they lie north or south of 
the principal arid beits. Included in this group is much of 
the North American Desert and the Patagonian Desert of 
Argentina. These arid areas result principally from physio­
graphic causes: a rain-shadow effect is involved. The latter 
term is applied when warm, moisture-laden winds must 
cross a mountain system or similar topographic barrier. 
When this occurs, as on the west sides of the Andes and 
the Sierra Nevada, the air masses cool as they rise, and 
condensation and precipitation occur over the mountains 
proper. When the air descends on the leeward sides of 
such barriers, it is thus devoid of moisture and deserts 
result. The deserts of central Asia, principally the Takla 
Makan and Gobi, are also related to physiographic causes 
in the sense that their locations in the Continental interior 
are remote from any sources of moisture. The distribution 
of land and sea can therefore be cited as a second general 
cause o f aridity on the Earth’s surface.

Principal hydrologie factors. The factors that govem  
the hydrology of arid regions are climatic, topographic, 
and geologie. Considering climatic factors first, precipita­
tion and evaporation are perhaps most important because 
these two variables tend to control the water balance of 
an area. Precipitation is highly variable in arid areas, and 
as a general rule the variability is inversely related to 
the mean annual precipitation— i.e., as annual precipita­
tion decreases, the variability increases. This variability, in 
tum, is directly related to the nature of surface runoff in 
desert regions; it is spasmodic, and streamflow on a large 
scale will occur only after intense rainfall.

Another moisture source in deserts is dew, which is 
worthy of mention because its contribution to the water 
input and, hence, to the general hydrology of an area 
has been overemphasized upon occasion. Dew can derive 
from the condensation of atmospheric water vapour or 
from water vapour that is emitted from moisture present 
in the soil. In the latter instance, there clearly can be no 
net water gain, so the dew derived from soil moisture 
can be disregarded. The maximum total dewfalls reported 
do not exceed 0.2 millimetre (0.008 inch) per day in any 
case, whereas total daily evaporation of about 5 to 6 mil­
limetres is not uncommon. On these grounds it can be 
argued that the contribution of dew to the overall water 
balance in arid regions is of negligible import. lts greatest 
significance is (1) in west-coast deserts such as the Namib 
in Namibia, where the influx of humid air from adjacent 
oceans permits optimal dewfall that benefits Vegetation 
and (2) as a necessary moisture source for the Chemical 
weathering of rocks.

Evaporation in all desert regions is a factor of great signif­
icance. It is here designated a climatic factor, because it is 
related to incident solar radiation and air temperature and 
to atmospheric humidity. The total annual evaporation
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Figure 31: Deserts of Asia.
Adapted from UN ES CO , Reviews of Research on Arid Zone Hydrology, "W orld Distribution of Arid and Semi-arid Homoclimates" (1953)

everywhere exceeds total precipitation signifieantly, and, 
indeed, this relationship can be considered one o f the cli­
matic hallmarks of the arid regions. Wherever evaporation 
exceeds precipitation, the presence of free-standing natural 
water bodies such as lakes is generally precluded, unless 
some permanent source of water is involved. The Nile, for 
example, can cross the eastem part of the Sahara despite 
high evaporation rates (approximately 3,000 millimetres 
[ 120 inches] per year at 'Atbarah, The Sudan) because its 
source is in the equatorial highlands and because ground­
water contributes to its flow over part of its course. This 
is flowing water, however; an equal volume of standing 
water whose only input was derived from precipitation 
would eventually dry up.

Evaporation is greater over water surfaces than over bare 
soil surfaces, but it occurs over the latter as well and has 
much to do with depleting soil moisture and inhibiting 
plant growth. The occurrence of hot dry winds will tend 
to increase evaporation rates, and for these and other 
reasons— including difficulty of accurate measurement— 
existing evaporation data are in some instances debatable.

With regard to topographic and geologie factors that 
influence desert hydrology, these can best be considered 
together. Topography may on occasion promote increased 
aridity by the rain-shadow effect previously mentioned, 
but it also may promote rainfall where highlands occur 
within arid regions. The Tibesti massif (Figure 30), within 
the central Sahara, for example, attains a maximum ele­
vation o f 3,415 metres (11,204 feet); this is sufficiënt to 
render it a semiarid “island” in an extremely arid area 
by reason of the increase of precipitation with increas­
ing elevation.

Geologie factors such as rock type and structure, the

character of the soil, and the porosity and permeability of 
surface materials in general also can affect the hydrology 
in two ways. If water will readily seep to the subsurface 
because of the presence of rock fissures and fractures or of 
highly permeable materials, then the runoff from a given 
amount of precipitation will be less than normal because 
of water losses. On the other hand, this same set of condi­
tions may promote recharge (the addition of water) of the 
groundwater reservoir in the area. Where geologie factors 
inhibit the downward percolation of water, runoff follow­
ing a storm may be enhanced, but, ultimately, greater 
evaporation may result.

Surface water. Although hydraulic and hydrologie prin­
ciples are unvarying in all environments, some substantial 
differences exist between the characteristics o f streamflow 
in arid regions and in more humid areas. The drainage 
networks that exist in the latter, for example, generally 
reflect the nature of runoff conditions today, whereas in 
desert areas there are many drainage systems that reflect 
establishment during Pleistocene time (1,600,000 to 10,- 
000 years ago), when moister conditions prevailed and 
streamflow was more abundant.

Streamflow in humid and semihumid areas has been 
studied in detail, and it has been established that the 
channels of all rivers are in adjustment to a number of 
hydraulic parameters— i.e., the width, depth, and velocity 
of flow and the sediment discharge are related to the bank- 
full water discharge, and this water discharge govems the 
nature of the channel. The frequency of occurrence of the 
bank-full discharge is generally about once every 1.5 to
2.5 years, and overbank floods of great magnitude tend 
to occur every 50 to 100 years. Rivers in these regions 
exhibit far more days of low flow than of high flow per
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Figure 32: Deserts of North America.
Adapted from U N ES C O , Reviews of Research on Arid Zone Hydrology, "World Distribution of 
Arid and Semi-arid Homoclimates" (1953)

year; they usually transport the bulk of their suspended 
sediment load during high-flow stages, but the many low 
flows during a year serve to transport much of the total 
load (the suspended load, dissolved load, and bed load). 
Finally, flow is perennial, with rivers linking up to ulti- 
mately reach the sea.

In desert areas, streamflow is extremely sporadic. An 
effective precipitation sufficiënt to overcome both evap­
oration and seepage losses into the channel bed and the 
surrounding dry terrain of the drainage basin involved is 
required for streamflow to occur. This usually involves 
a storm yielding relatively intense precipitation (e.g., 36 
millimetres [1.4 inches] of rain were recorded in 40 min­
utes during a storm at Tamanrasset, Alg., in the central 
Sahara). Low flows tend to be few by reason of the seepage 
and evaporation losses, and, when flow does occur in arid 
areas, it will likely be of high stage, violent, and highly 
charged with sediment that is derived from the abundance 
of loose sand and gravel that blankets most areas. Dis­
charge of any magnitude, however, and particularly bank- 
full discharge, may have a frequency of occurrence that is 
as small as once in 100 or more years, and the recurrence 
interval of major overbank floods may be measured in 
thousands of years in extremely arid areas. Streamflow is 
thus characterized as ephemeral rather than perennial, and 
because drainage generally fails to reach the sea, save for 
rivers of the first rank such as the Nile or those with rela­
tively short distances to traverse such as the Kuiseb in the 
Namib Desert, it is termed interior drainage (Figure 35).

Where surface flows are ponded or terminate in low 
depressions, marshy areas or lakes may result. If there is 
sufficiënt precipitation over the site of termination or if 
there is sustenance by groundwater flow, then a relatively 
freshwater lake may result. Most desert lakes are without 
outlet, however, and thus become highly saline, because 
each increment of inflow transports additional salts in 
solution and the constant evaporation of water from the 
lake causes salt concentrations. Salinity values as high as 
200 to 300 parts per thousand are not uncommon.

Subsurface water. Subsurface water is present in each 
of the desert areas, but lack of exploratory drilling pre- 
cludes definitive statements on the total amount of water 
involved in most instances. Groundwater is easily the 
principal water resource of the arid regions. Water seeps 
into the ground and flows downward under the influence 
of gravity—always assuming, of course, that the materials 
through which it migrates possess the requisite porosity 
and permeability. Some of this water migration occurs in 
the deserts proper; surface water losses caused by down­
ward percolation into the sands and gravels of stream 
beds have been previously mentioned. Indeed, there is al­
ways some close relation between groundwater and surface 
water wherever stream channels occur, but much of the 
groundwater also is related to the vast areas over which 
rain may fall and ultimately reach the saturated zone in 
the subsurface.

In the near-surface zone, the water present, principally 
derived from rainfall, is termed soil moisture. Some o f Soil 
the moisture is lost because capillary action brings it back moisture 
to the surface, where it may form dew and is in general 
subject to evaporation. There is a second zone extending 
to perhaps 100 metres (330 feet) beneath the zone of soil 
moisture in many areas. This is a relatively dry zone, but it 
may contain lenses of water-bearing sediments surrounded 
by more impermeable beds or layers. Such groundwater 
is termed perched in reference to its mode of occurrence.
Beneath this zone the groundwater proper occurs; the sur­
face of this saturated zone is called the water table.

In many instances the general subsurface structure, or 
configuration of strata, in desert areas is that of a basin.
When the principal water-bearing strata, or aquifers, are 
upturned and are exposed at the surface in regions of high 
rainfall, much of the water input to the groundwater Sys­
tem will be so derived—rather than from seepage due to 
rainfall over the entire basin region. In the Great Artesian 
Basin, in Australia, for example, the total area is about
1.760.000 square kilometres (680,000 square miles), but 
the principal water intake is on the eastern edge of the 
basin, over an area of about 100,000 square kilometres 
(38,610 square miles), in which precipitation is 625 mil­
limetres (25 inches) per year. The water flows downward 
through upturned sandstone aquifers and thence into the 
centre of the basin, which attains depths of as much as
2,100 metres (6,900 feet). This circumstance of distant 
intake for groundwater, wherever it occurs, is responsible 
for the age of the water that has been determined in North 
America, in the Libyan Desert of the eastern Sahara, and 
elsewhere. All absolute age measurements on groundwa- Age of 
ters in desert areas indicate a range in age of between ground-
20.000 and 35,000 years. This means that waters tapped waters 
by wells in Egypt, Libya, and adjacent regions of the 
Sahara entered the groundwater system from Pleistocene 
rainfall in highland areas to the south. The groundwater
is often called fossil water for this reason.

If the principal water intake is at the upturned edge of 
a basin structure and if the water-bearing strata crop out 
at the surface (or occur near the ground surface) farther 
out in the basin, then there will be a pressure dilference 
caused by the difference in elevation of the water within 
the aquifer. When this condition exists, the flow of water 
is termed artesian, and artesian water is the source for 
most springs, oases, and near-surface water wells in desert 
regions. The other principal mode of occurrence of these 
lifesaving caravan stops is also related to groundwater 
flow. Instead of artesian conditions, the termination of 
a subsurface aquifer within permeable sediments or the 
existence of fractures that penetrate the aquifer may be 
responsible. (L .K .L./Ed.)
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Climatic patterns and the biota. Biological activity is 
inevitably limited when water is scarce or lacking. Above 
all, it is the green plant that is so limited. Few plants can 
continue photosynthesis for long in the absence of water; 
and in the absence of plant growth other living forms have 
no opportunity to develop. Animals and microorganisms 
can exist only if energy sources from green plants are 
available. They are further limited, though, in the absence 
of water, for most animals and all microorganisms can be 
active only while moisture is adequate.

In the cold deserts in the interior of Continental masses, 
drought is severe for at least a part of the year, and 
the daily and annual range of temperature may be great. 
Moreover, low winter temperatures have a more severe im­
pact on the biota than they might in a region with greater 
precipitation, because the protection by snow cover is less.

In the tropical deserts cold is no problem, but the clear 
skies result in a high radiation load on organisms and in 
high daytime temperatures, often with large fluctuations 
from night to day. These factors, too, create more intense 
stresses on organisms than occur in most environments.

Other effects on the biota of the desert environment arise 
from the abrasive effects of windblown sand and from 
the high surface salinity in areas where temporary waters 
accumulate and evaporate or where evaporation leads to 
upward movement of salts through the soil profile.

Limited leaching and the small accumulation of organic 
matter in deserts result in desert soils remaining much 
closer to the types found in pioneer habitats than do

Adapted from U N ES CO , Reviews of Research on Arid Zone Hydrology, 
"World Distribution of Arid and Semi-arid Homoclimates" (1953)
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Figure 33: Deserts of South America.

soils in more moist environments. Desert soils seem par­
ticularly subject to the formation of impervious surface 
layers—either by physical processes or through the surface 
development of algae and lichens—so that the effective 
drought is accentuated by excessive runoff.

The pioneering conditions that organisms encounter in 
the desert are permanent, unlike those of other bare and 
inhospitable habitats, such as Coastal sand dunes, rocks, 
and denuded areas left by human activity. In these climat- 
ically more favoured situations, the pioneering organisms 
initiate changes in the parent soil material that render it 
more hospitable to newcomers; and a succession of differ­
ent living communities, each more complex than the last, 
can take place, leading to a climax community. In the 
deserts, harsh conditions are not ameliorated by biological 
activity, and the pioneers themselves constitute the climax 
community.

There are limited desert areas—notably along the coast 
of South America but also in Baja California, Mauritania, 
and Namibia—where the extremely low rainfall is supple- 
mented by dew and the aridity is ameliorated by frequent 
mist and cloud. The relatively low evaporation rates make 
conditions in such areas much more moist than a simple 
examination of their precipitation records would suggest.

Spatial dispersion of biota. All of the organisms in a 
desert do not live under the same environmental condi­
tions. Although the variety of habitats is less than in many 
wetter environments, it is still great enough to provide ef­
fective living conditions for a wide diversity of organisms. 
Moreover, many organisms show structural and behav­
ioral responses to the environment that tend to neutralize 
at least some of its extreme features.

It is well known, for instance, that perennial plants in 
the desert tend to be widely spaced. But, although there 
are large unoccupied areas between the aerial parts of the 
plants, excavation may reveal that the root Systems are 
in contact and they exploit the soil so effectively that 
establishment of new individuals becomes difficult. When 
rain penetrates the soil, it is rapidly absorbed by the con­
tinuous net of roots, and little penetrates to the subsoil. 
If situations differing in rainfall but otherwise similar are 
compared, it is found that the plants are more widely 
spaced as the rainfall decreases. This implies that the 
amount of plant material remains roughly proportional 
to the rainfall and that the individual plant is receiving 
about the same amount of rainfall, thanks to its inhibitory 
effects on the establishment of competitors.

A similar response leads to the establishment of denser 
Vegetation around the watercourses, even when they run 
infrequently, for there the longer periods of availability of 
subsoil water permit more plants to have similar produc­
tivity without more water per individual.

Different plant species in the desert under the same 
climatic conditions may differ markedly in their local 
environment, thanks to differences in soil conditions and 
topography. Even in the tropics there may be a marked 
difference in growth conditions between the steeper slopes 
that face north and those that face south. Desert soils, 
though with little organic matter and less well-developed 
profiles than are usual in more humid conditions, differ 
sufficiently in their mechanical and Chemical properties 
from place to place to support different types of Vegeta­
tion. And, where stones and boulders are scattered over 
the soil surface, the microclimates they generate—and the 
local increase in rainfall penetrating the soil around their 
edges—permit even some moisture-loving plants such as 
mosses to develop. Oases similarly are places where a lo­
cally dense Vegetation corresponds with a locally available 
water supply.

For animals, the variety of habitats is still greater, for they 
are generated by the Vegetation itself, and since animals 
are not rooted and dependent on light as green plants 
are—facts that oblige plants to be more or less exposed 
to the prevailing atmospheric conditions, however harsh 
they may be—animals are free to move to more com- 
fortable locations if they desire, even underground. Each 
species of plant modifies the conditions for the animals 
around it and may generate living conditions that permit 
particular animal species to exist, whether providing food,

Pioneering 
organisms 
form the 
climax 
community

Perennial­
plant
spacing
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Figure 34: Deserts of Australia.
Adapted from UNESCO, Reviews of Research on Arid Zone Hydrology, 
"World Distribution of Arid and Semi-arid Homoclimates" (1953)

shelter (shade or protection from predators), or layers of 
litter in which they can live. Movement between different 

Movement habitats further varies the living range of animals, as when 
between bats (order Chiroptera) roost in caves during the day and 
habitats emerge in the evening to feed or when the subterranean 

larvae of darkling beetles (family Tenebrionidae), feeding 
on living and dead roots, emerge as adults into the harsh 
world of the desert soil surfaces to begin their reproduc­
tive activities.

Like plants, some animals may show a wider disper­
sion in deserts than elsewhere, thus giving each individual 
a broader area of ground as “its own.” Kangaroo rats 
(.Dipodomys), for instance, are reported to manifest more 
aggressive behaviour in the deserts than in other habitats, 
resulting in larger and more effectively defended territories 
for each individual animal.

TYPES OF DESERT ECOSYSTEMS
Cold deserts. These occur mainly in the interior of Asia 

and in the intermountain zone of North America. Win­
ter temperatures are well below freezing, and the ground 
may be snow-covered for considerable periods. Summer 
temperatures are moderately high (up to 40° C [104° F]), 
though the temperature extremes of regions farther south 
near the tropics are avoided since the sun is not so high 
in the sky. Precipitation often is between 200 and 300 
millimetres (8 and 12 inches), and a good part of it com­
monly falls as snow.

The dominant Vegetation is of shrubs, with a discontinu­
ous canopy, but not as widely spaced as in the drier deserts 
nearer the equator. In the spring, as the snow melts, there 
is a flush of growth, and many short-lived annual plants 
occupy the soil surface. Among the shrubs, sagebrushes 
are prominent, as are a number of species of the goosefoot 
family (Chenopodiaceae), particularly in lower-lying areas, 
where there is some accumulation of salt.

Shrub deserts and thorn scrub. These ecosystem types 
occupy a large part of the area of the tropical deserts. The 
peripheral zone of the Sahara (the Sahel) is dominated 
by the acacias, many of them thorny. The Mojave and 
Chihuahuan deserts in North America are dominated by 
a range of shrubs, of which the creosote bush is probably 
the commonest. The same is true in similar deserts of

South America. Much of the Australian dry country is 
dominated by many sparse, small acacia trees, while other 
acacias, Eremophila, sennas, and members of the goose­
foot family form a denser understory. In other peripheral 
parts of the Australian arid zone, the low-growing mallees 
(eucalyptus) take the place o f the treelike acacias.

Under the shrubs there is often a partial ground cover 
of tufted perennial grasses, while the interspaces are filled 
with short-lived, small flowering plants following rain.

Larger plant-eating animals are not uncommon in this 
type of country, entering from the surrounding areas of 
somewhat higher rainfall and more grass during periods 
when forage is more abundant and retreating when times 
are harder. Some, such as the desert white-tailed deer 
(Odocoileus virginianus) and collared peccary (Dicotyles 
tajacu) in America and the kangaroo (family Macropo- 
didae) in Australia, make their permanent home in such 
conditions.

Stem-succulent deserts. These striking formations are The 
of limited extent and consist of only the Sonoran Desert deserts of 
(Gran Desierto) of Arizona and northwestern Mexico, the cactus and 
area between Peru and Argentina, and the Namib Desert cactuslike 
in Namibia. The special appearance of stem-succulent plants 
deserts rests on the geographic availability of certain plant 
groups absent from many of the deserts—the cactus family 
(Cactaceae) o f the Americas and the arborescent members 
of the spurge family (Euphorbiaceae) mainly found in 
Africa. These plants have adopted a special growth habit 
that provides one alternative solution to the problem of 
survival in drought. Elsewhere, their role is taken over by 
shrubs.

Herbaceous deserts. There are desert areas where shrubs 
or stem succulents are few or absent and where the bulk 
of vegetative matter is in the form of perennial herbs.
These are nonwoody plants whose tops die back each 
year but whose roots survive to produce new tops year 
after year. The Nullarbor Plain in southem Australia is 
of this type; the soil is thin over a continuous limestone 
substrate, permitting water to penetrate freely, and these 
harsh conditions are doubtless responsible for the lack of 
shmbs. Even the perennial species of the goosefoot family 
form only a sparse ground cover. In Southern Africa, there 
are areas where the dominant Vegetation is formed of low- 
growing succulents.

Salt deserts. Within the deserts, there are many areas 
where the soil contains a high concentration of salts; most 
commonly sodium chloride is predominant, but in some 
places sulfates or carbonates may be more important, 
and other substances may also, in part, take the place 
of sodium. These areas are usually in basins of intemal 
drainage, and they may surround highly saline lakes, such 
as the Dead Sea in Jordan and Israel and the Great 
Salt Lake in the western United States, or large salt pans 
flooded only after exceptional rains, such as Lake Eyre in 
South Australia. Few organisms can grow in a concen­
trated salt solution, and in consequence the area of a salt 
pan has a simple community and may appear bare. As

L.K. Lustig—EB Inc

Figure 35: Red sand dunes of the Southern Namib Desert 
separated from the northern gravel plain (foreground) by the 
Kuiseb River. The channel is marked by a row of Vegetation, 
visible at the base of the dune area.
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the salinity decreases, either around margins of such an 
area or through seasons o f high rainfall, a limited range 
of higher plants can establish themselves—mainly shrubs 
or subshrubs of the goosefoot family. It is noteworthy that 
these are closely related to— sometimes, indeed, the same 
as—the species found in the Coastal salt marshes. There, 
too, a high and variable salinity prevails, and near the 
spring high-tide mark, in some seasons, high salinity and 
low moisture content persist for a week or more. In the salt 
deserts, on the other hand, these conditions may persist 
for months. Whereas in salt marshes the increase in soil 
level with buildup of organic matter may eventually take 
the area above tide level, so that leaching can take place 
and succession proceed, the Vegetation in salt deserts is a 
soil-dependent climax and will not develop further.

Sand dunes. Where sand dunes occur in deserts, their 
consolidation or stabilization by Vegetation is much more 
difficult than along seacoasts. In both situations consoli­
dation depends on plant species with wide-spreading root 
or rhizome (underground rootlike stems) Systems. At the 
coast, this normally permits invasion and establishment of 
other species, and thus begins a succession. In the desert, 
the pioneers are the climax, and the barely Consolidated 
dunes are likely to become mobile again if any distur- 
bance breaks the fragile cover and permits wind blowouts. 
The free drainage of the sands implies that moisture 
conditions, as well as substrate mobility, are particularly 
harmful to plant life; and sand dunes in aif arid landscape 
are likely to be among the most persistently bare areas on 
the Earth’s surface.

Wadis and watercourses. Along the ephemeral wadis 
and watercourses of the desert, the occasional violence 
of the waters discourages perennial plants; but along the 
sides, where flow is less frequent and less violent, a special 
Vegetation of deep-rooted moisture-requiring shrubs and 
trees develops. These benefit not only from water that 
actually flows down the channel but also from its much 
deeper penetration into the soil— often quite permeable 
in these situations—and consequent longer availability. 
Some of these plants, called phreatophytes, may be able to 
tap water many metres below the surface and thus survive 
a drought during which most of the Vegetation around 
dies. A special population of birds and other animals is

associated  w ith  th e  V egetation a ro u n d  th e  w atercourses.
Aquatic ecosystems in the deserts. A torrent that flows 

for two or three days and is then dry clearly does not per­
mit the development of an aquatic ecosystem. But some 
waters in the deserts are longer-lived, and they have their 
own special biota. Even in the temporary watercourses, 
there may be pools that remain filled for weeks, and in 
these an ecosystem with algae, insect larvae, and amphib­
ians will develop. The same applies to the temporary lakes 
known as playa lakes lying in hollows and filled for a 
month or so following rain. If these temporary lakes are 
saline, the ecosystem may be much simpler, for the salt 
concentration may considerably exceed that of seawater 
and the species that can endure it are few.

Virtually the only permanent waters of low salinity orig- 
inating in the deserts are springs, renewed by flow from 
underground. These may develop complete ecosystems of 
similar structure to aqueous Systems elsewhere, though 
generally simpler—due, doubtless, to isolation. These in­
clude rooted aquatic and riparian higher plants, algae, 
crustaceans, insects, amphibians, and fish.

THE DESERT BIOTA AND THEIR ADAPTATIONS
Protists. Soil microorganisms occur in desert soils in 

about the same degree of diversity as in other soils and can 
survive frequent desiccation and remoistening. In some 
deserts, there is a noteworthy development on the soil 
surface of blue-green algae, which are thought to be active 
in nitrogen fixation (converting atmospheric nitrogen to 
forms that plants can utilize) and may also modify the 
infiltration properties of the soil.

Plants. A great deal has been written of desert plants Algae, 
and their adaptations to the rigours of desert life. Apart fungi, 
from the blue-green algae mentioned above, other algae lichens, 
are practically confined to the limited water areas of the and mosses 
desert. Parasitic fungi are as abundant as in other envi­
ronments, though mainly confined to the higher groups 
not requiring free water for swimming reproductive cells.
Saprophytic fungi (i.e., fungi obtaining food from dead 
organic matter) are not abundant, the limited organic 
matter in and on the soil providing little in the way of 
nourishment, and active growth being possible only during 
the short periods when the soil is moist.

Table 11: Desert Climatic Data for Representative Stations of the World

station number mean 
of years annual 

on record precipitation 
(mm)

maximum 
recorded 

precipitation 
for a 24-hour 
period (mm)

relative
humidity
(percent)

mean
annual

temperature
(°C)

maximum
recorded

temperature
(°C)

minimum
recorded

temperature
(°C)

average 
number 

of days of 
sunshine 
per year

average
wind

velocity
(km/hr)

maximum
recorded

wind
velocity
(km/hr)

North America
Phoenix, Ariz. 40 178 108 33 20 47.7 -8.3 209 8 96

(Sonoran Desert) 
Las Vegas, Nev. 22 102 66 18 47 -13.6 220 14.4 86*

(Mojave Desert) 
Monterrey, Mex. 10 711 57 22 42 -9

(Chihuahuan Desert) 
South America
Los Canchones, Chile 40 0 17 36 0.6 264

(Atacama Desert) 
Lima, Peru 10 25.4 72 19 34 9

(Peruvian desert) 
Africa 
Algiers, Alg. 10 762 61 18 42 0

(Sahara) 
Cairo, Egypt 10 25.4 29 20 47 1.1

(Sahara) 
Tripoli, Libya 25 381 62 19 45 0.6

(Libyan Desert, Sahara) 
Asia
Baghdad, Iraq 25 152 29 49 -7.7

(Syrian Desert) 
Lu-k’o-ch’in 2 13 48 -21

(Takla Makan Desert) 
Ulaanbaatar, Mong. 1 208 54 t -3 16 -26
Australia
Alice Springs, Australia 90 252 147 21 47 -7.2 6.6

(Australian desert) 
Marble Bar, Australia 70 340 305 27.7 49.2 1.1

(Australian desert) 
Antarctica 
McMurdo 1 101 -17 -3 -29
*Six-year record. tFifty-four year record.
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Lichens are numerous and often prominent—particularly 
the crustose types. They often form an almost continuous 
covering to the soil surface and are then able to take 
advantage of any wetting of the soil for short-lived periods 
of photosynthesis.

Mosses and liverworts are few and are often confined to 
special habitats more moist than the deserts as a whole. 
Ferns are not infrequently found in rock crevices and 
similar habitats. Club mosses also occur, some showing 
the remarkable adaptation of being able to dry out and 
withstand desiccation and lack of active growth in the 
form of a ball, which may be blown about freely.

Some gymnosperms (nonflowering seed plants) are note­
worthy inhabitants of the deserts. Conifers and cycads are 
few in desert areas, but several ephedras are important 
desert shrubs—a role to which their near leaflessness suits 
them; on the other hand, the remarkable Tumboa (Wel- 
witschia), with its large, split leaves, is also a desert plant, 
confined to the Namib in Namibia.

Among the angiosperms (flowering seed plants), there 
are some families that are especially characteristic of 
the deserts. The goosefoot family is such a characteris­
tic inhabitant of salt deserts (and other saline habitats) 
throughout the world. Some members of the caltrop fam­
ily (Zygophyllaceae) are also normally desert plants. In the 
Americas, species of the cactus family are characteristic of 
the deserts, and the small candlewood family (Fouquieri- 
aceae) are found there only. Another group playing an 
important part in many of the world’s deserts, though not 
confined to them, is the family Mimosaceae, and particu­
larly the genus Acacia. Species of this genus characterize 
the peripheral zones of the Sahara, are dominant in many 
parts of the Australian desert, and are far from negligible 
in the American and Asian deserts.

Plants in the deserts have to surmount a difficulty that 
the photosynthetic mode of nutrition imposes on them. 
In order to produce food by means of photosynthesis, 
carbon dioxide from the atmosphere must be taken into 
the plant. This unavoidably leads to the loss of water from 
the plant at the same time, since the same small openings 
in the plant surface (called stomates) serve for both pur­
poses. Various Solutions to this problem are to be seen in 
desert plants.

One way to avoid the adverse effects of limited water 
availability is to live through dry periods in a completely 
inactive form—as a seed. This is the solution to the 

Annuals’ problem adopted by the ephemerals, or short-lived annual 
solution plants. These plants shorten the duration of their life cycle 
to limited so that seed germination follows promptly after an ade- 
water quate storm and seed formation is already in progress by

the time soil moisture is reduced to the wilting point. This 
means, of course, that the total period of photosynthesis 
is limited to a few weeks every year—perhaps in some 
years to none at all. Nevertheless, this group of plants is a 
successful element in desert Vegetation, as is evident in the 
flowery display often seen over the desert floor a month 
or so after rain.

Another solution, rather similar, is for the plant to restrict 
itself during the dry season to inactive tissues that have 
limited gas exchange and to form tissues capable of free 
gaseous diffusion only during periods when soil moisture 
is available. This mode of growth is called the deciduous 
habit, and it is expressed by plants everywhere that drop 
their leaves during winter or, in the case of deserts, during 
dry periods. A good many species of desert plants have 
short-lived leaves and are bare for much of the year. The 
spectacular ocotillo (Fouquieria splendens) of the Sonoran 
Desert of southwestem North America is one example.

Another solution is to separate temporally (i.e., in time) 
the gaseous-diffusion process from that of energy utiliza­
tion. Normally, the photosynthetic surfaces must be open 
to carbon dioxide diffusion during daylight periods, in 
order that radiant energy may be converted to Chemical 
energy in the photosynthetic process, and this incurs the 
penalty of water-vapour loss at a time when the diffusion 
gradiënt for it is particularly high because of high daytime 
temperatures and dry air and that for carbon dioxide is no 
more favourable than at any other time. If carbon dioxide 
can be taken up at night instead, the concomitant loss

of water can be much reduced. Many desert plants have 
this ability, carbon dioxide being stored in the form of 
carboxylic acids at night, which are converted to carbohy­
drates when radiant energy becomes available in the day.
The stomates in these plants open by night to allow entry 
of carbon dioxide into the intercellular spaces and close by 
day to restrict loss of water vapour while photosynthetic 
reduction of the “stored” carbon dioxide proceeds. This 
so-called crassulacean metabolism is not confined to the 
stonecrop family (Crassulaceae) but is found in a good 
many other plants of the deserts.

Another mechanism, like the deciduous habit, restricts 
gas exchange when drought conditions prevail not by loss 
of leaves (a wasteful process) but by direct restriction of 
gaseous diffusion. The stomates, through which most gas 
exchange occurs, can generally open or close according 
to prevailing environmental conditions; adaptations may 
increase their responsiveness to water stress and at the 
same time reduce the amount of gaseous diffusion in other 
ways. The means used include increased thickness of the 
cuticle (outer layer of stem and leaves), development of 
wax layers, rolling of leaves in drought, and so forth—a 
series of adaptations often described under the heads of 
xeromorphy or xerophily.

Another mechanism, often combined with restriction of 
gaseous diffusion by stomates during periods of drought 
and with crassulacean metabolism, is water storage in suc­
culent tissues. This has developed in rather few taxonomie 
groups—the families of carpetweed (Aizoaceae), stonecrop, 
cactus, some milkweeds (Asclepiadaceae—especially the 
subfamily Stapeliae), some goosefoots, some lilies (family 
Liliaceae), the arborescent spurges, and a few others.

In some cases, plants can grow in deserts without suffer­
ing water shortage through having an extremely deep root 
system penetrating to subsoil water. A high ratio of root to 
shoot tissue is indeed a common feature of desert plants, 
whether the root system is deep or spreads widely.

A hazard of the deserts, when water loss from aerial parts Adapta- 
is restricted, is the high temperature in these organs that tions of 
may result from intense sunlight when cooling by evap- plants to 
oration is limited. Resistance to high tissue temperatures high tem- 
may be part of the adaptational equipment of these plants. peratures

Temperatures on the soil surface in deserts may be very 
high (70° C, or 158° F), and plants growing there must 
be prepared to endure them. Lichens and blue-green al­
gae, which compose the bulk of the soil-surface flora, are 
usually dry at times when the soil-surface temperature is 
highest, in which state they are highly resistant to extreme 
heat. Perennial plants usually provide shade to the soil 
immediately around their bases, so that high temperatures 
are eliminated there. For small annuals, on the other 
hand, high soil temperatures around their stem bases when 
soil moisture has been depleted may cause some death of 
tissues and accelerate flower and seed maturation.

Another factor to which adaptation is required in some 
desert situations is the high salinity of the soil solution.
Usually plants growing in such situations have difficulty 
taking water into their roots from such Solutions. Many 
plants have adapted to these conditions with a highly 
concentrated sap, enabling the root to take up water even 
from saline Solutions.

Invertebrate animals. Many groups of invertebrates re­
quire a marine environment and are consequently absent 
from the deserts; other groups occur in desert waters but 
not on land. The flatworms (phylum Platyhelminthes) 
occur as parasites inside the bodies of animals, as else­
where. The various groups of nematodes (phylum As­
chelminthes)—animal parasites, plant parasites, and those 
living free in the soil—are found in the deserts as in 
other habitats, though activity in the soil is restricted by 
their need for free water. The segmented worms (phylum 
Annelida) are represented by a few earthworms, occurring 
only in favoured situations. There are a fair number of 
snails (class Gastropoda) found in deserts, some species of 
which are remarkably resistant to arid conditions.

It is, however, of the insects and spiders and their rel­
atives (phylum Arthropoda) that one thinks when desert 
invertebrates are mentioned. The crustaceans of that phy­
lum are represented by the brine shrimps that live in
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concentrated salt Solutions and by the terrestrial isopods 
(wood lice, or sow bugs) that occur fairly widely. Myr- 
iapods are reasonably numerous in the desert, both the 
vegetarian millipedes and the camivorous centipedes. All 
the groups of arachnids (spiders, scorpions, etc.) except the 
primitive marine horseshoe crab (.Limulus) occur in the 
deserts, and some are more at home than in many other 
environments. Scorpions are numerous, as are ground- 
dwelling spiders (web-building spiders are not particularly 
common), and there are plenty of mites, including those 
inhabiting the soil.

Insects are abundant, though forms with aquatic larvae 
such as the dragonflies (order Odonata) and mayflies (or­
der Ephemeroptera) are found only around the waters; 
termites, beetles, butterflies, moths, flies, ants, bees, and 
wasps are all universally present in deserts, as are the 
grasshoppers and true bugs.

For many insects and arachnids, the problems of life in 
the deserts are easier than for most vertebrates. Like many 
desert plants, they have a waterproof cuticle, or skin, to 
retain water; and the frequently short life cycle, often com­
bined with metamorphosis (changes during the life cycle 
from egg to larva, etc.), enables vulnerable stages to be 
timed for the less adverse seasons. By persisting through 
unfavourable periods in an inactive stage (egg or pupa), 
the animal can avoid many of the difficulties o f desert life, 
much as does the ephemeral plant that persists as a seed 
or the deciduous plant when reduced to inactive woody 
tissue during dry periods. Another means of avoiding envi­
ronmental difficulties is to burrow beneath the soil. Many 
arthropods burrow for at least a part of their life cycle; 
and there is an abundant fauna that spends its whole life 
beneath the soil. This is true of nematodes and the few 
desert earthworms, of course, as well as large numbers of 
mites and almost all the springtails (order Collembola). 
These soil arthropods form part o f a trophic cycle (food 
chain) within the soil mass, in which material originally 
derived from plant roots is eaten by herbivores and they, 
in turn, by several carnivore levels. This material eventu­
ally returns to detritus, or the decaying organic state, to 
be acted upon by microorganisms, which are again taken 
into the animal sequence.

Some of the subterranean arthropods are iarval stages 
of adults that spend their life on the soil surface. There 
are important groups, however, whose adult life is divided 
between the upper and lower worlds. The most important 
are the ants (order Hymenoptera) and the termites (order 
Isoptera). Not all ants have subterranean nests, but, in 
deserts, by far the majority do so; and all termites avoid 
the light, building covered runways when they come above 
ground or developing channels through woody stems. Thus 
the ants, and even more the termites, avoid the risk of 
exposing the more vulnerable immature forms to the high 
radiation, temperature, and evaporation rate of the open 
desert; and they limit the time of exposure of the more 
resistant adults to what is required for food gathering (in 
the case of ants) and defense.

Vertebrate animals. The desert waters, when perma­
nent and not too saline, contain fish, and in some cases 
the species are endemic (peculiar to the locality), because 
ofthe isolation of some of these ecosystems. They are gen­
erally closely related to species in nearby nondesert areas. 
Little is known of their special adaptations, though they 
must often tolerate a higher and more variable salinity 
than do their relatives elsewhere.

Frogs and toads are far from uncommon in the deserts, 
despite their need of an aqueous environment for repro­
duction. Consequently, desert amphibians need to be op- 
portunistic, responding quickly to rain that leaves standing 
water and then passing through the stages of egg laying 
and Iarval life before this water dries up. The selection 
pressure for rapid Iarval development must be intense, for 
those larvae still dependent on gill breathing when the 
pools dry will die. The adults, with a moist and unpro- 
tected skin, are also vulnerable to high evaporation rate 
and spend most o f the time between rains inactive in a 
protected spot, often burrowing deep into the soil.

Reptiles are perhaps the most characteristic group of the 
desert animals. Lizards and snakes are numerous, tor­

toises occur, and crocodiles are common in some tropical 
desert waters. The majority of the lizards are insectivo­
rous, though some are herbivores. The snakes mostly feed 
on other vertebrates, chiefly small mammals and birds’ 
eggs and nestlings. Some o f them have refuges in holes 
in the soil—perhaps more from predators than from the 
climate. But the majority spend most o f their life exposed 
to high temperatures and evaporation on the surface of 
the soil. Their scaly skin is indeed resistant to water loss, 
but the radiation load they suffer is often considerable. 
They have no means of temperature regulation except 
seeking shade, and their tissues must be resistant to tem­
peratures well above the normal limits for warm-blooded 
animals. Though some show bright warning coloration, 
many are camouflaged in the colours o f the soil surfaces 
on which they live.

Birds are as numerous in deserts as food availability 
permits but often spend only part of their lives in this 
environment. Apart from seasonal migration, they may 
move between roosting or nesting sites and feeding areas. 
The lack of trees or tall shrubs to provide nesting positions 
excludes many species (apart from foraging excursions), 
and many desert birds nest on the ground. The eggs are 
in some cases covered with mounds of vegetable material, 
which give partial protection and provide a more uniform 
temperature for incubation. Running birds are numerous 
in the deserts and include some of the largest—the östlich 
(Struthio camelus) in Namibia (and previously in North 
Africa and the eastern Mediterranean countries); and the 
emu (Dromaius) in Australia, both o f which are herbivores. 
Some birds are present that are prominent predators and 
carrion eaters, such as the roadrunner (Geococcyx) and 
magpie (family Corvidae) of the North American deserts. 
Raptors (hawks, eagles, etc.) are important and have in the 
deserts excellent visibility for attacking prey from the air. 
They may nest in rocky parts of the deserts themselves, 
but their range of movement is such that they can often 
operate from areas in adjacent but different Vegetation.

Some bird species show notable adaptation to the desert 
environment in their reproductive habits. Gambel quail 
(Lophortyx gambelii), for instance, do not reproduce in 
years with below-normal rainfall, when food for the young 
would be scanty; ducks (family Anatidae) in central Aus­
tralia have lost the annual reproductive rhythm and will 
breed at any time when rain falls.

There are many mammals in the deserts, though the 
modifications required in behaviour or physiology (or in 
both of these) are considerably greater than for the rep­
tiles. This is largely because they are warm-blooded and 
because they excrete urea rather than uric acid, which 
imposes extra demands on body water.

Most mammalian orders, other than those that are 
purely aquatic, are found in the deserts. Primates (apes, 
monkeys, etc.), mainly tree dwellers, are naturally not 
prominent, although several species of baboon are found 
in the African and Arabian deserts. Edentates (anteaters) 
and insectivores are few, but bats are often numerous, 
roosting in the caves and rock crevices that are commonly 
found in desert regions. The rodents (rats, mice, etc.) and 
lagomorphs (rabbits, hares, etc.) form the largest group 
of desert-inhabiting mammals. Some of them are remark- 
ably successful there—the European rabbit, for instance, 
introduced in the 19th Century. The native rodents of the 
deserts often show marked physiological adaptation to the 
desert, water requirements being reduced to a minimum. 
Some, in fact, can subsist on the metabolic water produced 
by respiration of their foodstuffs. Many desert mammals 
avoid high radiation loads and decrease their water losses 
by spending the midday hours in the shade of bushes and 
feeding in the early morning, late evening, or at night. 
Many seek the shelter of burrows in the earth, with their 
much more moist and consistent conditions, at least dur­
ing the daytime hours, and their life above ground may 
be limited to nocturnal foraging.

Herbivores in the desert can benefit from the ability to 
move rapidly, from one feeding place to another or be­
tween feeding and drinking places, so it is not surprising 
that a fair number of ungulates (hoofed animals) make the 
desert their home. Many are nomadic and range over large
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areas, thus being able to benefit from Vegetation growth 
following local storms, without the risk of starvation im­
posed by eating out the forage within a limited territory. 
There are numerous antelopes, goats, and sheep in the 
deserts of all continents but Australia. Some of the wild 
asses are at home in the deserts of western Asia and North 
Africa, and escaped domestic equines (burros in North 
America, brumbies in Australia) have taken successfully 
to the deserts and desert margins. Outstandingly successful 
among ungulates in the deserts, however, are the camels 
(Camelus), whose adaptation to life there is well known. 
Their broad feet suit them to movement over sandy areas 
(though such areas are extensive only in limited parts of 
the desert regions); they have large reserves of fat, to enable 
them to live through long periods of scanty forage; and 
they can live for many days without drinking, making up 
their water deficit by enormous drafts when opportunity 
presents itself.

Among the camivores, lions inhabit the desert margins 
of Africa and Asia, and some smaller cats also hunt in 
the deserts, in both the Old World and the New. Several 
of the hyenas are desert animals, and some of the dogs 
are also prominent desert carnivores, notably the coyote 
(Canis latrans) and kit fox (Vulpes macrotis) in North 
America and the dingo (Canis dingo) in Australia.

The marsupials (pouched animals) include a number of 
species well adapted to life in the Australian desert—many 
of the kangaroos and wallabies and a variety of smaller 
herbivorous and omnivorous species.

Man. A wide variety of human races have adapted suc­
cessfully to life in the deserts. Caucasoid peoples inhabit 
the deserts of North Africa and western Asia, and the 
Australian Aborigines, thought to be more closely related 
to them than to other major racial groups, live in the 
deserts of Australia. Negroid peoples live on the Southern 
margins of the North African desert and in Namibia. 
Mongoloid peoples occupy the central Asian deserts and 
those of North and South America.

As would be expected in an animal of such behavioral 
diversity as man, his adaptations have been behavioral and 
cultural rather than physiological. Irrigation civilizations 
have been developed in many arid regions of the world— 
in fact, the Nile valley and the valley of the Tigris and 
Euphrates, which were two of the cradles of civilization, 
mn through deserts. Where irrigation was not possible, 
low vegetative productivity imposed a nomadic culture on 
desert-dwelling societies.

Apart from nomadism and irrigation works, man’s behav­
ioral adaptations include his use of thick-walled dwellings 
with few Windows; water storage in deep, covered cisterns; 
clothing, often white, protecting against the sun; and do- 
mestication of desert animals, notably the camel.

PRODUCTIVITY OF DESERT ECOSYSTEMS
The natural productivity of the deserts is low compared 
with that of most other ecosystems. The dependence of all 
plants on water and of other organisms on plants means 
that the arid conditions limit productivity where radiation, 
temperature, and other growth factors would otherwise 
permit the highest levels o f productivity on the Earth. The 
proportion of solar energy incorporated in organic matter, 
rarely exceeding 2 percent in natural communities, is in 
the deserts a small fraction of 1 percent. The bulk, or 
biomass, of Vegetation in the Syrian Desert has been re­
ported as ranging from 470 to 4,800 kilograms per hectare 
(kg/h), and in the cold deserts of central Asia from 55 
to 7,000 kg/h.

In cold deserts in North America dominated by sage- 
brush, figures between 1,000 and 3,000 kg/h of dry matter 
per year have been recorded, as compared with 50,000 to
100,000 kg/h for mountain forests in the same latitude. 
For the Sonoran Desert a figure of 1,400 kg/h per year 
has been quoted.

While the standing plant biomass may be well over 1,000 
kg/h, the animal biomass is far less. Figures on which to 
base even a rough estimate are scanty, but 100 kg/h would 
probably be exceptionally high, and 10 kg/h the more 
usual order of magnitude.

The deserts have been used by food-gathering human

societies for many millennia. Provided the population 
is sparse and nomadic, a reasonably reliable living may 
be wrung even from these unpromising habitats. Good 
examples are the Australian Aborigines, who made use 
of a wide range of fruits and roots and insects, reptiles, 
and mammals. Other peoples use the deserts by grazing 
on them flocks of domesticated livestock and constantly 
moving the flocks to fresh pastures as the limited growth 
is grazed off. (D.W.G./Ed.)

Jungles and rain forests

In modern usage the term jungle has come to mean trop­
ical forest and connotes luxuriant, tangled, impenetrable 
Vegetation in a hot, steamy environment, teeming with 
wildlife. The rain forest exhibits many forms but seldom 
approaches its populär image; in fact, it is darkly shaded, 
with little ground cover, and is fairly easy to travel in. 
Where light can penetrate to the ground, however, as 
along tracks and riverbanks, a dense and tangled mass 
of Vegetation appears, and because most people see the 
forest from a track or from a boat it is easy to believe 
in the impenetrable jungle. Tangled and dense bush often 
invades as a secondary growth after a rain forest has been 
cleared, and the word jungle is sometimes used in a more 
technical sense for such regrowth.

Rain forests, as the name suggests, occur in regions of 
high rainfall, commonly over 1,800 millimetres (70 inches) 
per year. It is overall wetness that forests require, however, 
and no single figure really expresses the most desirable 
conditions. This is because the effectiveness of precipita­
tion depends on losses from runoff and evapotranspiration 
(the amount of water that is lost by direct evaporation and 
by transpiration through plants) that in turn depends on 
topography, soil, and temperature. Rain forests, therefore, 
span a wide range of environments, with widely varying 
geology, water regime, soils, landscapes, and potential use.

Commonly, most rain forest areas are places of relatively 
low human-population density. The rapid clearing of rain 
forests in the late 20th Century for commercial uses, how­
ever, promised an increase in human habitation as well 
as far-reaching negative consequences from the unchecked 
destruction of these ecosystems, which contain the vast 
majority of the world’s species and account for a signifi­
cant portion of oxygen production in the biosphere.

THE ENVIRONMENTAL SETTING
Varieties and characteristics of rain forests. Some au­

thorities divide the tropical rain forest into “equatorial” 
and “tropical” or “tropical” and “subtropical” forest, the 
former in each case being the more permanently wet. 
Here, “equatorial” and “subtropical” are used for these 
divisions, and “tropical” is a general term for both. The 
term selva is synonymous with tropical rain forest. The 
world distribution of jungles and rain forests is shown 
in Figure 27.

Equatorial rain forests. Equatorial rain forests grow in 
areas of little varying climate with rain throughout the 
year, no frost, high average temperatures, and no marked 
seasonal variations, though occasional dry periods of a 
month or two can occur. Average daily temperatures in 
equatorial rain forest regions usually range between a day­
time maximum of about 30° C (86° F) and a nighttime 
minimum of about 20° C (68° F), with a monthly and 
yearly average of about 27° C (81° F). Wide variations 
from these temperatures are exceptional, and the average 
annual range is usually only one or two degrees. The aver­
age daily range, normally between five and eight degrees, 
is greater than the annual range, so it may truly be said 
that night is the winter of the tropics. Any seasons that can 
be recognized are dependent on variations in the amount 
of rainfall rather than in the amount of temperature.

Annual rainfall generally amounts to between 1,500 and
3,500 millimetres (60 and 140 inches), generally well dis­
tributed throughout the year (see Figure 36). There may be 
a drier period, and some places have two periods of max­
imum rainfall that roughly coincide with the two periods 
of vertical noonday sun. Some equatorial rain originates 
from thermal convection, but most comes from organized,
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Figure 36: Representative temperatures (lines) and rainfall 
regimes (bars) in tropical areas.
Reprinted with permission of the Macmillan Company from Climatology and the World's Climates by George R. Rumney. Copyright ©  by George R. Rumney, 1968

migrating atmospheric disturbances. Relative humidity in 
an equatorial rain forest is high at all times.

There is a large water surplus and thus a large runoff; soils 
are permanently moist, leaching is intense, and erosion is 
potentially severe. Chemical reactions affecting soil and 
Vegetation take place rapidly because of the high temper­
atures and abundant rainfall. Plant growth is continuous, 
though individual species have their own seasons o f leaf 
shedding. The light intensity on the forest floor is usually 
less than 1 percent of that just above the forest canopy. 
The ground is littered with fallen leaves and wood, and 
low-growing plants are few except for tree seedlings.

Main The main areas of equatorial forest are the Amazon low-
areas of lands, the Congo lowlands (together with a Coastal zone
equatorial extending from Nigeria to Guinea), parts o f Indonesia
forest (especially Sumatra), and several Pacific islands.

Rain forest can sometimes extend into areas where rain­
fall appears to be inadequate if it is augmented by ground­
water—forests often extend along valleys surrounded by 
other Vegetation types—or if generally high humidity effec­
tively reduces water losses, as in parts of Southern Nigeria.

Equatorial forest grades into subtropical rain forest on 
windward coasts, into monsoon forests in parts of South­
east Asia and Australia, and into montane forest with 
increasing altitude.

Subtropical rain forests. Subtropical rain forest is lo­
cated on the windward coasts, roughly from 10° N and 
10° S to the tropics, but occasionally it extends farther. It 
differs from the equatorial rain forest by having a season 
of reduced rainfall or even drought, although the wet sea­
son is dominant. With distance from the equator, there 
is greater Variation in length of day and greater seasonal 
Variation in temperature; as a result, this type of rain

forest is slightly more open and lower and has a smaller 
number of species and fewer lianas.

Such forest is found in Central America and in the 
Caribbean—especially on the windward side of islands; in 
the Western Ghäts o f India and Coastal areas of Myan- 

-80 mar (Burma), where there is a short dry season; and in 
Vietnam, the Philippines, parts of the Brazilian coast, and 
Madagascar. In the Everglades of Florida there are small 
patches of such jungle, known as hammocks, which con- 

_60 tain mahogany, strangler fig, and epiphytes (air plants).
Monsoon forests. Monsoon forest, also known as trop­

ical deciduous forest, occurs in regions with a large total 
§ rainfall but a marked dry season. Monsoon climates are 
§ characterized by seasonal pressure and wind reversal re- 

"40 a sulting in heavy rainfall during the high-sun period of on- 
shore winds and little or no rain during the low-sun period 
of offshore winds. Average temperatures are high, often 
over 25° C (77° F), but the annual range is greater than 

-20 in areas of equatorial rain forest. This forest is lower than 
equatorial forest, trees have more spreading branches, and 

2 there is more light penetration. Because of the dry season, 
» j a  high proportion of the trees are deciduous, and there 
H o l is a general period of leaf shedding. Teak is a common 

species, lianas and epiphytes are locally abundant, and 
thickets of bamboo are common. Undergrowth is likely to 
be denser in monsoon forest than in equatorial rain forest 
because of the greater openness and light penetration, and 
there is more “jungle” formed after clearing than in trop­
ical rain forest.

-so This sort of forest is found in monsoon Asia, Myanmar 
(behind the Coastal tropical forest already mentioned), 

-40 Thailand, Kampuchea (Cambodia), Indonesia (especially 
c Java and Celebes), northeastern Australia, and in parts 

-so I of West Africa and South America bordering the tropi- 
§ cal rain forest.

Mangrove forests. Mangrove forest grows along many 
20 tropical coasts, especially on low-lying muddy shores.

Trees are commonly between 2 and 10 metres (7 and 
_10|  33 feet) high, but some reach 30 metres (100 feet). The

|  I tangle of stilt roots, air roots, and general debris unites to
-Lo s trap mud and thus build up the land along a low coast.

Mangrove can tolerate a wide range of salinity and often 
lines tropical estuaries and deltas, sometimes extending 
for tens of kilometres inland. Several species may grow in 
beits parallel to the coast. Mangrove wood is used for fuel 
in some areas.

Montane forests. Montane forest occurs in the high al­
titude regions within or bordering the tropical rain forest 
and includes the Ruwenzori Range of central Africa, the 
New Guinea highlands, the Amhara Plateau of Ethiopia, 
and the Gotel Mountains of Cameroon. With its lower 
temperatures, this forest has many affinities with the tem­
perate rain forest (see above); but, although altitude brings 
lower average temperatures, other features, such as length

Eric Lindgren— Ardea Photographics

Figure 37: Tropical rain forest in New Guinea, showing the 
discontinuous character of the upper tree Stratum.
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of day, cloudiness, and seasonal Variation, are unlike those 
of the temperate regions, and the two forest types are 
therefore dissimilar. Tropical forest gives way to submon­
tane forest at an average altitude of 1,000 metres (3,280 
feet) and to true montane forest, or “mossy forest,” at 
about 1,500 metres (4,900 feet).

Rock type and landscape. Rain forest is found on 
many rock types and in a wide range of topographic sit­
uations, but a few major varieties of landscape may be 
distinguished.

High plateau and gentle uplands are found in large areas 
of Africa and in the highlands of the Guianas, Brazil, 
and other parts of South America. Broad, shallow valleys 
are separated by broad, gently convex or flat interstream 
areas, on which erosion is slight. Weathering to a depth 
of 100 metres (330 feet) is common, and detailed investi­
gations usually show that the lower limit of weathering is 
irregulär with respect to depth; rapid lateral changes in the 
depth of weathering occur. Occasional hills of fresh rock 
rise abruptly from a surrounding plain, to a height of tens 
or hundreds of metres. Such hills are called inselbergs, 
and some authorities regard them as typical of the humid 
tropical environment.

Where erosion has followed widespread latente formation 
(see below Weathering and soils: Lateritic soils), flattop 
hills capped by lateritic ironstone are common. Lateritic 
ironstone requires seasonal drying out for its formation, 
however, and so is more frequent in savanna regions and 
around the edges of the tropical forest than in the pure 
forest.

A completely different kind of landscape is present in 
some rain forest of highland areas and even in areas of 
low hills, where V-shaped valleys with sharply angular in­
terstream areas produce a landscape consisting entirely of 
slopes that are often steep and straight. This landscape is 
dominant in the New Guinea highlands, in the island arcs 
and mountain beits of Indonesia and Central America, 
and around the edges of high plateaus. Similar topography 
may also be found in mountainous areas of temperate 
forest, as in New Zealand.

Volcanoes in various stages of dissection by erosion are 
found in several parts of the humid tropics, including Cen-

From A.N. Strahler, Introduction to Physical Geography (1965); John Wiley & Sons, Inc.

months
Figure 38: Water budget at Kribi, Cameroon, 
illustrative of an equatorial climate with two 
rainfall maxima.

tral America and Indonesia. These often produce fertile 
soils. Limestone areas in tropical forest often give rise to a 
distinctive kind of landscape with “haystack hills,” which 
rise abruptly from the surrounding plains. Broad alluvial 
plains, such as the lowlands of the Amazon, the Congo, 
and the Fly in New Guinea, make up large areas of rain 
forest. There is much Variation in alluvial landforms, and 
these lowlands are by no means uniform with regard to 
sediments, landforms, or soils.

Precipitation, evapotranspiration, and runoff. In rain 
forest areas there is an excess of precipitation over evapo­
transpiration for most, if not all, of the year (Figure 38). 
Only a small proportion of the raindrops fall directly to 
the ground except at canopy openings. Most are inter- 
cepted by the leaves in the canopy and either re-form as 
waterdrops that fall from the drip tips of the leaves or 
trickle down the tree trunks. Tropical forest trees generally 
have broad leaves with drip tips to help shed the water, 
but, even so, the rain forests probably intercept more rain 
than any other cover. Estimates of precipitation reaching 
the ground under various types of cover are: dense forest, 
70-80 percent; dense, high grass, 80 percent; cereals and 
other crops, 80-85 percent; and bare soil, 100 percent.

These data are based on an assumed average of 4 mil­
limetres held (intercepted) per shower. This means that 
rains of less than 4 millimetres (0.2 inch) do not con­
tribute much to the supply of soil moisture or runoff. The 
amount retained depends on the total rainfall per day; 
with heavier showers a greater proportion gets through.

The approximate quantity of rainfall retained by Vegeta­
tion in a typical site in Indonesia was estimated to be:

Average rainfall

Number of rainy days 
Rainfall per rainy day

Retained by Vegetation 
(160X4)

Amount reaching soil

2,400 millimetres 
(95 inches)

160
15 millimetres 

(0.6 inch)
640 millimetres 

(25 inches) 
1,760 millimetres 

(69 inches)
Similar results were obtained in Brazil, where it was esti­
mated that about two-thirds of the total rainfall reaches 
the ground, one-third as raindrops and waterdrops and 
one-third by Streaming down tree trunks.

Evaporation rates can be determined, but results are dif­
ficult to correlate with evaporation from a ground surface. 
Available data indicate an annual evaporation of 542 mil­
limetres (21 inches) at Jakarta, Indon.; 1,139 millimetres 
(45 inches) at Surabaya, Indon.; 2,300 millimetres (91 
inches) from a pond in Madras, India; and 1,930 millime­
tres (76 inches) from a reservoir in Bombay.

Evaporation from soil is hard to determine, but, in In­
donesia where temperature is fairly uniform throughout 
the year, it was found empirieally that evaporation (in 
millimetres for periods of a month) could be expressed by 
the formula E  =  60 +  0.125P, in which E  is evaporation 
and P  is precipitation. This means that with less rainfall 
there will be less evaporation, and with no rain at all 
there will still be 60 millimetres (2 inches) o f evapora­
tion per month.

Transpiration usually accounts for a major share of the 
water lost by an area, and different species of plants 
transpire differently under similar conditions. Some types 
of Vegetation, including many trees, may utilize moisture 
equivalent to nearly all o f the rain falling even during the 
wettest months, whereas grasses or mixed forest may tran­
spire only a fraction of the available moisture. This may 
account for a rise in the water table after land clearance. 
The average annual transpiration of plants in Java (in 
millimetres) has been estimated to be:

Mature forest
(trees 740) 
(undergrowth 130) 

Bamboo forest 
Jungle below

1.000 metres 
Jungle at

1.000 metres 
Jungle at

2,500 metres

870 (34 inches)

1,500 (60 inches)
1,200 (45 inches)

1,200-500 (45-20 inches)

600-500 (25-20 inches)

Extent 
of trans­
piration
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The annual evapotranspiration in the forest zone of the 
Congo basin is estimated to be 1,650 ±  100 millimetres 
(65 ±  4 inches).

Forest soils tend to be permanently moist and spongy, 
but their structure allows a great deal of infiltration. 
Nevertheless, tropical storms are usually of such great in­
tensity that runoff is common during rains, especially on 
steeper slopes. There are significant differences between 
the hydrologie regimes in areas of different topography, 
especially between the plateau landscapes and the ridge 
and valley landscapes.

In ridge and valley areas large runoff produces high rates 
of erosion, and rivers carry a large sediment load. In flatter 
areas, minor streams are frequently blocked by fallen trees 
and associated plant growth to form swamps and lakes. 
This reduces the ability of the streams to transport debris 
and leads to Sedimentation in temporary pools. Major 
streams, however, are open and often fast-flowing, their 
sediment load depending on their catchments (drainage 
areas).

In the Amazon basin there are “black water” streams, 
that is, streams draining swamp-forest peats that carry 
black, acid water that is stained with organic matter but 
has little sediment. This black water contrasts markedly 
with the muddy water of other streams and has the inci- 
dental advantage to explorers of being free from insects. In 
New Guinea the Fly River has a comparatively small sed­
iment load, although it is nevertheless murky and opaque; 
however, its tributary, the Strickland, coming from a more 
mountainous interior, carries much greater quantities of 
sediment in its turbulent waters. The difference in the 
two streams is sufficiënt to give rise to different alluvial 
landforms and different Vegetation patterns along the re­
spective rivers.

Flooding is important in lowland rain forest. It is often of 
considerable range, such as the 8-metre (26-foot) Variation 
of the Fly River, which is a great obstacle to development 
or permanent settlement of such areas. Such floods cover 
the ground and trees over many square miles. Over-bank 
floods spread out over the land, depositing new sediments, 
building levees, and adding new layers of silt to the soils 
of the lowland forest.

Change occurs in the water table after forest clearance. 
In Nigeria a rise of 60 metres (about 200 feet) has been 
noted in 50 years. Larger streams continued to flow in 
the dry season longer than they formerly did, new springs 
appeared, and one valley was drowned by a new lake.

Climatic changes also alter hydrologie regimes, but not 
always in easily predictable ways. In main valleys the re­
duction in flow due to greater desiccation might be more 
than offset by increased flow from runoff and from accen- 
tuation of groundwater ridges.

Weathering and soils. Tropical weathering. In hot, wet 
areas, Chemical weathering is most intense, and, in the 
intertropical zone, weathering of rock produces clay-rich 
weathering mantles up to 100 metres (328 feet) deep or 
even more. The distinction between soil and weathering 
mantle is hard to draw.

The weathered rock that is still in place retains features 
of the unweathered hard rock and is separated from an 
overlying loose mantle of more or less transported mate­
rial by stone lines of varied composition and controversial 
origin. All of the rain forests have abundant rainfall, so 
on well-drained sites there is a washing out, or leaching, 
of dissolved Chemicals. In all of the rain forests, bases 
such as calcium and magnesium tend to be leached out, 
but in the tropics there is also removal of silica, which 
leads to the formation of different soils under tropical and 
temperate rain forest.

On well-drained sites in the tropics the leaching of bases 
and silica leads to an accumulation of aluminum and iron 
oxides and hydroxides and the formation of the clay min­
eral kaolinite, which is relatively poor in silica (see further 
minerals and rocks: The major rock-forming minerals: 
Clay minerals). Many upland soils in the tropics consist 
of little more than kaolinite and iron hydroxides, which 
give the soil a red or yellow colour. There are two main 
divisions among the tropical red soils: tropical red loams 
and lateritic soils.

Tropical red loams (known also by other names, such as 
krasnozem and tropical red earth) are deep, friable, and 
easily tilled soils. They are porous and freely drained at 
all depths, and there is little change in colour or texture 
of the soil material in the vertical soil profile. Clay is 
common, but it is so combined with the iron oxides that 
it behaves more like a loam and retains a porous, freely 
drained structure even when wet. It does not break into 
larger clumps, such as commonly happens in clay-rich 
soils of temperate regions. Soil profiles of this kind are 
not affected by water tables within the soil profile. In the 
tropical rain forest these soils are much more common 
than the lateritic soils.

Lateritic soils. In contrast to the uniformity of the 
tropical red-earth profiles, lateritic soils have profiles with 
well-marked horizons (layers). The uppermost horizon is 
variable but is commonly a red loam, lighter in texture 
than the underlying horizons and sometimes containing 
ironstone gravel. Beneath this is a layer rich in iron. So 
long as it is kept moist under a forest cover this material 
will remain soft, but if it is dried out it will irreversibly 
harden and may even be used for brickmaking. It was to 
such material that the term latente was first applied, but 
the word has been used loosely since then. There was in 
the 1970s a tendency among soil scientists to return to this 
early usage, and the whole sequence of associated hori­
zons may be referred to as a latente, or lateritic, profile. 
In some profiles the latente horizon is hard, even within 
the intact soil profile. Beneath this layer there may be a 
mottled zone and beneath that a bleached-white, kaolin- 
rich zone, known as the pallid zone. These zones may be 
many metres thick.

The formation and potential hardening o f the iron-rich 
zone of lateritic soils are their most distinctive and im­
portant features. Hardening can come about in several 
ways: forest clearing by humans, drying out o f the soil due 
to climatic change, and drying of the soil due to valley 
downeutting and drainage change.

The iron-enriched layer occurs closer to the ground sur­
face with increasing distance from the equator, and north 
of 14° N only fossil crusts are found. In Cöte d’Ivoire, 
for instance, there is a latitudinal sequence: in the south, 
under rain forest that receives more than 1.5 metres (5 
feet) of rain annually, are soils that do not form crusts so 
long as the forest cover is intact; whereas to the north, 
under subtropical forest that receives less than 1.5 metres 
of rainfall, the soils are less deep, and ironstone crusts 
exist on dry sites.

With increasing distance from the equator and longer 
dry seasons, less silica is removed, and the soils of the 
humid tropics give way to the ferruginous (iron-rich) soils 
of the savanna areas. In extremely wet and hot areas, on 
the other hand, even more silica is leached away, leading 
to the formation of aluminum-rich bauxite rather than 
latente. In the humid tropics the influence o f parent rock 
is less than in temperate areas, and lateritic soils can form 
on practically any parent rock.

Nevertheless, there is considerable Variation. In South 
America, for example, dark lateritic soils occur in humid 
areas or on rocks that are rich in calcium and magnesium; 
red lateritic soils occur on acid rocks (rich in soda and 
potash); and brown lateritic soils occur on volcanic ash 
or basalt. Volcanic soils are generally more fertile than 
others, and in regions of active volcanoes, such as parts 
of Indonesia, occasional eruptions produce layers of ash 
that act like a rich topsoil in restoring fertility. Terra rossa 
soils (clay-rich, red, granulär soils) are common on lime­
stone, including that of coral islands, which often have 
rain forest cover.

On base-poor rocks, such as sandstones, podzols (leached 
soils with distinct sandy topsoils) may form. Tropical pod­
zols are widespread in the catchment areas of the Negro 
River in the Amazon basin and in Guyana, Malaya, Bor­
neo, and Thailand. These podzols are not under normal 
forest but instead are under “heath forest,” the padang of 
Southeast Asia.

On tropical mountains there is a general tendency for 
tropical red loam or lateritic soils to be produced on lower 
slopes and podzols to be formed higher up, but there

Tropical 
red loams

Volcanic
soils
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are many complications due to parent material, erosion, 
aspect, drainage, and other factors.

Thus far, discussion has centred on the soils of leached 
sites, the well-drained areas on higher ground. A well- 
marked division is found in many tropical areas, however, 
with red, leached soils on the uplands and black clays, gray 
soils, and fresh alluvium in the lowlands. Furthermore, 
swamp forest with acid soil consisting largely of peat is 
found in Java, Sumatra, Borneo, Celebes, Malaya, and 
Guyana, although it is apparently absent in Africa. This 
peat occurs in large areas, is often more than 6 metres (20 
feet) thick, and is composed almost entirely of the remains 
of trees and other woody plants ofthe swamp forest.

The common idea that all of the tropical soils are latentes 
is a gross oversimplification, and detailed investigations in 
New Guinea and elsewhere reveal many soil types.

Despite the luxuriant plant growth, tropical forest soils 
are not particularly fertile. Under intense weathering, leaf 
litter quickly decomposes and thus provides the nutrients 
essential for the trees, which absorb some of the released 
ions before they are leached from the soil profile. Most 
plant nutrients are thus recycled by the trees, and there is 
little reserve of nutrients in the soil. The humus layer is 
normally only a few centimetres thick, and decomposition 
of Vegetation is rapid.

Removal of tropical rain forest to allow cropping swiftly 
eliminates leaf litter, and the water-retaining, spongy soil 
structure is destroyed. The mineral cycle is broken and 
the soil productivity declines; latente dries out because of 
increased evaporation and so accelerates the development 
of undesirable physical features. Clearing of lateritic soils 
also accelerates erosion of the meagre upper horizon, ex­
posing the ironstone layer and facilitating its hardening. 
Ironstone crusts have been known to form in as little as 
30 years in West Africa from such causes.
Cleared forest is therefore of use for only a short time 

before it is exhausted, so indigenous inhabitants of tropical 
forest practice shifting cultivation. If only small patches of 
forest are cleared, regeneration is possible, but on any large 
scale the changes of soil become progressively worse and 

Cleared- irreversible, and the forest gives way to other Vegetation
forest types. In some areas there is tangled secondary regrowth,
succession or jungle, while in others, especially in areas of climatic

stress, savanna expands at the expense of forest; in New 
Guinea, for example, large areas of kunai grass (Imperata) 
appear to be of anthropogenic origin, replacing original 
forest. (C.D.O./Ed.)

BIOTIC FACTORS
The tropical rain forest is the most complex ecosystem 
on Earth, and its plant and animal life is richer and 
more diverse than that of any other type of forest. A 
two-hectare (five-acre) sample often has more than 100 
different species of trees 30 centimetres (12 inches) or 
more in diameter (in the Malay Peninsula more than 200 
species have been recorded), compared with about 25 tree 
species in the richest temperate broad-leaved forests (North 
America). Similar data for animals are difficult to obtain, 
but comparisons have been made of the number of bird 
species: more than 600 in a 780-kilometre-square area of 
rain forest in Panama, as against about 100 in a similar 
area of temperate forest of the eastern United States. The 
number of bird species, however, is small compared with 
the number of insects.

Climate and the biota. One obvious reason for the enor­
mous variety of plant and animal life in the rain forest is 
the climate, which is hot and moist throughout the year. 
The soil never dries out, and the humidity of the air is 
always high. This constantly warm and moist environ­
ment allows plants and animals to grow and reproduce 
all year long, though they may not in fact do so. In the 
rain forest the struggle for survival is, thus, less against a 
hostile physical environment, as in climates with a cold 
winter or summer drought, than against the competition 
of other organisms. This has led, among both plants and 
animals, to the evolution of many species filling many 
different niches, or ecological roles, some of which are 
highly specialized.

Another and less obvious reason for the great diversity of

species in the rain forest is probably its age. In the tropics 
the climate has changed little since the Cretaceous period, 
and therefore evolution has proceeded uninterrupted for 
some 66 million years.

Forest structure and microclimates. The trees and other 
plants that grow together in a primary, or undisturbed, 
tropical rain forest may seem a chaotic mass of Vegetation, 
but the forest, in fact, has an irregulär pattern of structure 
not easily discernible at ground level. Tree crowns are 
arranged in several stories, or strata (Figure 39), called A, 
B, C, D, and E from above downward. These layers are 
generally poorly defined, so that only an arbitrary bound­
ary can be drawn between one stratum and the next. Most 
of the trees in the lower strata are immature individuals 
of species that may later reach a higher stratum. The 
A stratum, of trees 30 to 50 metres (100 to 165 feet) 
high, is never continuous; their crowns rarely touch and 
may be widely separated. For this reason, the roof of the 
forest, as seen from the air, has an uneven surface, the 
crowns of the largest trees standing out like gigantic, dark 
green cauliflowers (Figure 37). The B-stratum trees, whose 
crowns are smaller and more closely spaced, likewise do 
not generally form a continuous layer. The trees of the A 
and B strata are often called the emergents; together they 
form the forest canopy.

From Ecology, vol. 19 (1933); reproduced by 
permission of the Duke University Press 
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Figure 39: Stratification of a tropical rain forest (see text).

The C and D strata constitute the densest layers of the 
forest, where little space is unoccupied by trunks, branches, 
twigs, or foliage. In contrast, the lowest, or E, stratum is 
often thinly stocked, and much of the ground surface itself 
is bare except for a thin covering o f dead leaves and litter.
Contrary to populär belief, the undergrowth of the rain The scant 
forest is seldom impenetrable: it is usually possible to walk under- 
about and to see another person from at least a distance growth of 
of 50 metres. Only where sunlight reaches the ground in jungle 
sufficiënt intensity, in Clearings and on the edges of roads 
and rivers, does the undergrowth become the dense jungle 
commonly described. Similarly, the undergrowth of young 
secondary forests, which spring up in Clearings left by 
timber operations or by agriculture, is much denser and 
more tangled than that of undisturbed primary forest.

The leaves and branches act as a filter to light and heat 
radiation and as a barrier to air movements, resulting in 
wide differences in temperature and humidity of the air 
in the lower stories, compared with the relatively open 
canopy. In the undergrowth there is little air movement, 
and, apart from occasional flecks of sunlight, most of 
the light has passed through or been reflected from leaf 
surfaces. Within the forest, conditions are different from 
those in a clearing or in the open, and there is a range of 
“local climates” (microclimates).

At midday in sunny weather the temperature in the A 
and B strata might be 32° C (90° F), while in the under­
growth it could be 26° C (79° F). During cloudy or rainy 
weather the difference would be smaller, but the upper 
strata are always warmer than the undergrowth during the 
day. At night the position is reversed, and, especially on 
clear nights, the air around the treetops is cooler than that 
near the ground. Although at night the air in all strata is 
nearly saturated with moisture, during the day there are 
considerable differences in humidity between the upper 
strata, where relative humidity often falls to 60 percent 
in the afternoon of a sunny day, and the undergrowth,
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where the humidity rarely drops below 80 to 90 percent. 
The undergrowth of the tropical rain forest is in fact one 
of the most constant biological environments on Earth, 
and it is not surprising that, as in caves, another unusually 
constant environment, some stränge forms of animal life 
are found— some of which, such as the ricinuleids (class 
Arachnida) and the wormlike walking worm (Peripatus), 
can be regarded as “living fossils.”

Character of rain forest communities. The rain forests 
of tropical America, Africa, and Southeast Asia to Oceania 
(northern Australia and the western Pacific islands) are 
similar in many features, but each has a distinctive plant 
and animal life, with almost no species common to all 
three and not many common to any two of the tropical 
land sectors. Whole groups of organisms are confined to a 
single sector. For example, the dipterocarps (family Dipte- 
rocarpaceae), are the most important family o f trees in 
Indo-Malayan rain forests but are absent in the Americas 
and in Africa are represented by only a few small trees 
of the savannas. The pineapple family (Bromeliaceae), so 
common as air plants (epiphytes) in the American tropics, 
have only one species in the Old World tropics. Much the 
same is true o f the animals: tropical America alone has 
monkeys with prehensile tails, sloths, toucans, and leaf- 
cutting ants, but it has no apes, hombills, or large mam­
mals, such as elephants and rhinoceroses, all of which 
are confined to tropical Africa and Asia. Often a group 
in one sector replaces one of another; thus, the flower- 
visiting sunbirds (family Nectariniidae) of the Old World 
occupy a niche similar to that of the hummingbirds .(fam­
ily Trochilidae) of tropical America.

Plants. The tropical rain forest is overwhelmingly dom­
inated by trees and woody-stemmed vines (lianas). Woody 
plants are the chief producers of the food on which all the 
animals depend and of the shelter in which they live. Most 
of the nonwoody plants are epiphytes living on the trunks 
and branches of the trees, but a few, including grasses, 
grow on the ground.

Rain forest Rain forest trees range from giants 60 metres (almost 200
trees feet) high down to treelets of not more than 1 metre (just

over 3 feet). The great majority belong to the large group 
of flowering plants known as dicotyledons, but palms and 
other monocotyledons occur in the lower stories and in 
open areas. Conifers are found only in certain parts of 
the rain forests of Borneo, New Guinea, and neighbouring 
areas. Although belonging to a large number of different 
families, rain forest trees are remarkably uniform in ap­
pearance, the majority having thick, leathery leaves, like 
those of temperate laureis in size and shape. Most are ev­
ergreen, but some are deciduous, remaining leafless for a 
few days or weeks. Because the behaviour of the different 
plants is not closely synchronized, the forest as a whole 
always appears in full leaf. The young leaves of the trees 
are often bright red and hang limply, as if wilted.

Flangelike buttresses, extending up the trunk for 3 to 4 
metres (10 to 13 feet) and outward for about the same 
distance, are characteristic of many of the larger trees, 
and stiltlike aerial roots are not uncommon among the 
smaller trees. Root systems in general are shallow—even 
those of the largest trees seldom penetrate deeper than a 
metre—and most of the fine nutritive roots are concen­
trated in the humus-rich layer within a few centimetres of 
the soil surface.

Large, brilliantly coloured flowers are not common in 
the rain forest; those of many trees are inconspicuous and 
white or greenish. The production of flowers on the main 
trunk, rather than on the twigs or branches, is character­
istic of many small- to medium-sized trees; this feature 
may be related to pollination by bats or other animals 
that cannot easily reach flowers hidden within a mass of 
twigs and leaves.

Lianas are plentiful, especially where Clearings are formed 
by the death of old trees. These woody vines reach the 
tops of all but the tallest trees, linking them together and 
competing with them for space and light. In the eastern 
tropics, climbing palms (rattans) are common and grow 
to a length of 100 metres (328 feet) or more. Stran- 
gling plants, which include many figs (Ficus) and, in the 
American tropics, species of autograph trees (Clusia), also

compete with the trees. These plants start life as epiphytes 
on tree branches to which their seeds are carried by birds; 
later they send aerial roots to the ground and enclose the 
host trunk in a network of stout, woody roots that may 
kill it, leaving the strangler as an independent tree.

Epiphytes are commonest on branches 30 metres (about 
100 feet) or more above ground in positions fully exposed 
to the sun. Common rain forest epiphytes include or­
chids, bromeliads, and specialized ferns as well as lichens, 
mosses, and liverworts that grow on the surface of leaves 
in the humid, shaded undergrowth. Most epiphytes do not 
harm the host tree but simply depend on it for physical 
support. They obtain mineral nutrients from rainwater 
and from the organic debris that collects among their 
roots, often brought there by ants. Many epiphytes have 
special adaptations, such as bracket- or pitcher-shaped 
leaves that collect water and humus. The most remarkable 
of such adaptations are the “tanks” of bromeliads, formed 
by closely overlapping leaf bases. These may hold several 
litres, or quarts, of water and provide a home for many 
kinds of aquatic organisms, including mosquito and other 
insect larvae, tadpoles, and even crabs.

Many rain forest plants are not green and so cannot 
make their own food; they live either on decaying matter 
as saprophytes or on other living plants as parasites. Al­
though most of these nongreen plants are fungi, a few are 
specialized flowering plants. One of the most spectacular 
of all rain forest plants is the Malaysian monster flower 
(Rafflesia), which is a parasite o f certain woody vines; its 
flowers may be a metre (more than three feet) in diameter.
Animals. The variety of animals even in a small area 

of tropical rain forest is so vast that a large proportion Wide 
of species of all of the groups, except the vertebrates, are represen- 
still unnamed and unclassified, a formidable obstacle to tation of 
research in rain forest ecology. All groups of vertebrates animal 
except fishes are represented and almost all groups of groups 
terrestrial invertebrates. Even groups that are normally 
aquatic, such as flatworms (planarians) and polychaete 
worms, are able to live in the continually moist under­
growth of the rain forest. Land leeches (class Hirudinea) 
that attach themselves to passing animals (including man) 
are one of the most troublesome pests of the rain forests 
of the Philippines and other parts of the eastern tropics.

Rain forest mammals range from such large creatures as 
the elephant (of Africa and Asia) and forest rhinoceros 
(of Malaysia) down to tiny mice and shrews. In tropical 
America the range of size is less, because there are no 
mammals larger than jaguars and tapirs. A tendency to 
gigantism is shown among rain forest invertebrates, which 
include the giant snail of Africa, “bird-eating” spiders, and 
the goliath beetle. The splendid Ornithoptera butterflies of 
Malaysian forests, the blue morpho butterflies of tropical 
American forests, and the huge Atlas moth of Asian forests 
are among the largest Lepidoptera.

Although the animals of the tropical rain forest are abun­
dant and many striking and colourful in appearance, often 
few can be seen except for some butterflies and bees, an 
occasional hummingbird, ground squiiTel, or armadillo, 
and the omnipresent ants. One reason for this is that a 
large proportion of the animals, including most of the 
birds, live in the trees and rarely come down to ground 
level. Others are extremely well camoufiaged—e.g., the 
leaf butterflies, which are virtually invisible when they rest 
on dead leaves; green tree snakes, which hide among the 
foliage; and the numerous shy, brownish birds and mam­
mals, which are well concealed until they move.

Another reason for the apparent scarcity of animal life 
is that many of the rain forest animals are nocturnal, 
including such mammals as lemurs and tarsiers, such 
birds as nightjars and owls, most toads and frogs, and 
most moths, as well as a host o f other insects of many 
different families. All of these animals become active only 
after dark, when the temperature is lower and the dangers 
from water loss and predators less than in the day. Many 
noctumal animals are highly adapted to their way of life; 
the large saucer eyes of tarsiers, bush babies, and owls 
and the luminous organs o f fireflies are a few examples 
of the ways in which noctumal animals are adapted to 
their way of life.
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Often more evident than the animals themselves are 
their habitations. Birds’ nests are seldom easy to find, but 
the beautifully constructed nests of wasps, bees, ants, and 
termites are everywhere to be seen. Termites, which are 
among the most abundant of all o f the forms of life in 
the rain forest, play a vital part in removing deadwood 
and plant debris. During the day they remain within their 
nests (termitaria) and in covered passages of cemented 
wood and soil particles. Termitaria are found both on 
trees and rising from the ground as fantastic, spired or 
conical structures sometimes a metre or more in height. 
Both types o f nests often have highly developed rain-shed- 
ding devices: in the tree nests, chevronlike arrangements 
of ridges direct the water away, and in some freestanding 
termitaria superposed “hats,” somewhat like the roof of 
an African grass hut, drain water away.

Animal The animals of the tropical rain forest, like the plants, 
stratifi- are stratified, but, because o f the difficulty of exploring 
cation the forest above ground level, zoologists usually divide the 

forest merely into canopy and undergrowth, or into top, 
middle, and lower layers, rather than into the five strata 
mentioned earlier.

In the canopy not only is there more open space but, 
because of the higher light intensity and greater photosyn­
thetic activity of the foliage, more young leaves, fruits, and 
flowers are available as food. In the undergrowth there is 
less variety of plant food, though leaves and wood that 
continually fall from above provide a plentiful source of 
food for some animals and plants.

For the larger animals the canopy provides opportunities 
for flying, gliding, and leaping, as well as for climbing 
and running along branches; both sight and hearing are 
important senses in seeking food and escaping predators. 
The life of an undergrowth animal is different. Running, 
fluttering, hopping, and climbing are the chief modes of 
locomotion, and, because the animals tend to be camou- 
flaged, communication between them is more by sound 
than by sight. Many undergrowth birds—for example, the 
bellbirds, which include the cotingas, honeyeaters, and 
some of the thickheads and shrikes—have dull, concealing 
colours but surprisingly loud, clear calls.

The American naturalist William Beebe was one of the 
first to study the stratification of animals in a tropical 
forest. In Guyana he recognized five height “zones,” each 
mainly inhabited by different mammals and birds. More 
recent studies in Malaya, where the forest animals are 
similarly stratified, have shown that the animals of each 
level tend to differ in both their mode of locomotion and 
their feeding habits. For example, the mammals living on 
the ground include large species, such as the elephant and 
rhinoceros, with no climbing ability, and smaller species 
that climb only to a limited extent. This group includes 
herbivores, which browse on leaves and eat fallen fruits 
(elephant, deer), mixed feeders (sun bear), and carnivores 
(tiger, leopard). The inhabitants of the middle levels and 
canopy have little contact with the ground; they climb, 
leap, or swing from branch to branch (gibbons, monkeys) 
or glide for long distances (flying squirrels, flying lemur). 
Mostly they are fruit and insect eaters, though some are 
camivorous (clouded leopard, marten). The birds of dif­
ferent strata show similar differences in their movements 
and feeding habits.

The animals of the rain forest show many striking struc­
tural adaptations to their mode of life, those of the tree- 
tops, in particular, having evolved special characteristics 
not found in those living nearer the ground—e.g., the 
winglike skin flaps o f the flying squirrels and lemurs, the 
prehensile tails of the New World monkeys, the peculiar 
limbs of sloths (which allow them to hang from branches 
upside down), the stiff tails of woodpeckers (used as an 
aid to climbing), and the beaks of parrots (well adapted to 
cracking nuts and to assist in climbing).

Adaptations to the requirements of climbing in differ­
ent strata are particularly well shown among rain forest 
primates. The only forest primates that live mainly on 
the ground are the chimpanzees and gorillas of Africa; 
they have limbs adapted to walking and climbing but not 
to venturing high in the trees. The tarsiers, galagos, and 
lemurs, found mostly in the small trees of the B and C

strata, have short legs and arms; they climb well, mn, and 
make short jumps. The primates of the treetops include 
the orangutan and the athletic gibbons of Malaysia and 
monkeys o f many kinds. The orangutan and the gibbons 
have long arms with which they swing from branch to 
branch, while the monkeys are better adapted to running 
along branches and leaping from tree to tree. In feed­
ing habits the different groups of primates are also well 
adapted to the strata in which they mainly live.

Among the animals that rarely come down to earth are Specialized 
certain frogs and toads, which must obtain water for their tree- 
tadpole stage. Some lay their eggs in water held in holes bound 
in trees or by epiphytic bromeliads; in others the tadpole animals 
stage is abbreviated, and the developing eggs are carried 
attached to a moist membrane on the mother’s back. One 
Central American species lays its eggs in packets fixed to 
branches o f trees overhanging streams, so that the tadpoles 
fall into the water when they hatch.

Rot holes and bromeliad “tanks” also provide treetop 
habitats for mosquitoes and other insects with aquatic 
larvae. Mosquitoes that breed in the treetops are of 
much practical importance because some are carriers o f 
malaria, yellow fever, and other diseases o f humans and 
animals. Malaria-carrying anopheles mosquitoes breeding 
in forested regions o f tropical America sometimes come 
down to ground level and become a source of infection 
for people living in the area. Similarly, aëdes mosquitoes, 
which carry yellow fever, normally bite monkeys living 
in the treetops in the forests o f Africa and the Amazon, 
but when trees are felled these mosquitoes may bite lum- 
bermen and initiate epidemics among susceptible human 
populations.

There are many rain forest inhabitants normally found 
below the soil surface to a depth of a metre or more (three 
or four feet). This underground community includes bur­
rowing vertebrates, such as armadillos, which also spend 
much time above ground, and others, such as caecilians 
(wormlike amphibians), worm snakes, and many more, 
which are wholly subterranean. Much more important 
than these, however, is the host of small soil invertebrates 
(worms, mites, insects, etc.) that, together with fungi and 
microorganisms, play a large part in decomposing dead 
Vegetation and freeing the elements contained therein for 
recirculation in the forest ecosystem.

The year-round warm and moist conditions in the rain 
forest are o f great significance for animals as well as for 
plants. In general, rain forest animals are unrestricted in 
their activities by seasonal changes of climate. The en­
vironment demands no prolonged rest periods—neither 
hibemation nor estivation—and resting stages of insects 
are either absent or short, with little relation to the time 
of year.

An important aspect o f the environment for animals is 
that food is always available. Foods such as leaves, flowers, 
and fruit may vary in abundance but are never unob- 
tainable as in a temperate-zone winter. Many forest birds 
depend exclusively on fruits, and bats as well as humming- 
birds and sunbirds have evolved flower-visiting habits.

Some animals actually reproduce at all times of year.
Some African forest birds, such as fruit pigeons (family 
Treroninae) and flycatchers (families Muscicapidae and 
Tyrannidae), breed at all o f the seasons, and some tropical 
butterflies, such as the swallowtails (Papilio), have a suc­
cession o f broods throughout the year rather than the one 
or two as in temperate Europe and America. Although 
breeding is always possible, the majority of animals have 
fairly definite breeding periods; these periods, however, are 
not synchronized for different species, so there is no time 
at which some birds, mammals, and insects are not repro­
ducing. The breeding season of many rain forest birds and 
mammals seems to be related to variations in abundance 
of their chief foods.

Reproduction tends to take place more frequently or 
over a larger part of the year than in temperate animals, 
and there is a tendency for fewer young to be born in each 
brood. This is especially true of tropical birds, which lay 
fewer eggs at a time than do temperate birds.

Relationships between organisms. The large and diverse 
populations o f organisms in a tropical rain forest interact
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with each other and with their environment to form an 
extremely complex but stable ecosystem. As in any other 
natural community, the basic relationships between the 
constituent organisms are the food and energy links. Radi­
ation from the Sun provides energy for the photosynthesis 
of trees and other chlorophyll-containing plants. These 
are eaten by herbivorous animals, the most important of 
which in the rain forest are probably the insects. These 
primary consumers are the food of secondary consumers, 
such as insectivorous birds, which are in turn eaten by 
others, so that there are food chains with up to four or five 
“links” (trophic levels). The food chains end with such 
predators as jaguars, eagles, and owls, all of which are 
relatively scarce and, because of their size and large food 
requirements, unselective in their diet. Most rain forest 
plants and animals have parasites, which may in turn be 
attacked by parasites (hyperparasites), establishing another 
kind of food chain.

An important difference between a tropical forest and 
other ecosystems is that the food chains (or food webs, 
because they are interconnected) are so many and so 
complex. A further characteristic o f the rain forest is that 
within the main ecosystem with its food webs, there are 
small subsidiary systems, which are partially isolated. One 
subsidiary system is that of the bromeliad tanks in tropical 
American rain forests. In these the chief sources of food 
are plant debris falling into the tanks or brought there 
by ants and production of food by populations of certain 
green algae. The consumers are worms, insect larvae, tad- 
poles, etc., some of which remain in the tanks, whereas 
others, such as frogs and mosquitoes, leave them when 
mature to find food elsewhere in the forest.

Another Subsystem consists of the large number of or­
ganisms dependent in one way or another on ants. Many 
kinds of insects live in ants’ nests in various relationships 
with their hosts, the nature of which is often not clear. 
Some large predators, such as anteaters, feed largely on 
ants and termites, while antbirds (family Formicariidae; a 
characteristic group of thrushes and other species) follow 
the migratory army ants (Eciton) of tropical America and 
the similar driver ants (subfamily Dorylinae) of Africa as 
they advance through the forest, eating not the ants them­
selves but the insects and small vertebrates disturbed by 
them.

There are also many kinds of ant-plant relationships, 
the most remarkable perhaps being that between green 
plants and the tropical American leaf-cutting ants (Atta). 
These ants bite out small semicircular pieces from leaves 
and carry them in procession into the recesses o f their 
moundlike nests. Special fungi, which grow on the leaf 
bits, produce knoblike outgrowths on which the ants feed.

Another kind of ant-plant relationship found in all o f the 
tropical rain forests is that between certain types of ants 
and certain species of plants in which they nest, known as 
myrmecophytes (“ant plants”).

Among rain forest trees, in contrast to temperate trees, 
pollination by wind is uncommon, and insects, birds, or 
bats are generally the pollinators. Specialized coadapta- 
tions between flower and pollinator have often evolved, 
the most extraordinary being perhaps the fantastically elab­
orate pollination mechanisms in some tropical orchids. 
Several unusual features common among rain forest trees, 
such as flowers borne on the main trunk or hanging from 
the branches on long cordlike stalks, seem to be adapta­
tions to bird or bat pollination.

Animals of many kinds play a part in dispersing the 
seeds of many rain forest trees and vines, though some, 
especially species colonizing gaps and Clearings, have wind- 
borne fruits. Trees of the A and B strata often have heavy 
fruits that crash through the foliage beneath and are sub­
sequently distributed by rodents and other small animals. 
Other trees have edible nuts or berries, which are dispersed 
by parrots, monkeys, and other treetop inhabitants.

Many forest plants have evolved protective features that 
make them distasteful or toxic. Members of the pea fam­
ily, to which many rain forest trees and vines belong, 
often have bitter seeds avoided by insect larvae. Similarly, 
the leaves of the madder family (Rubiaceae), the largest 
family of tropical plants, often contain poisonous or bitter

compounds; it can hardly be a coincidence that few Cater­
pillars are known to feed on them.

BIOLOGICAL PRODUCTIVITY
The luxuriance of the tropical rain forest and the speed 
with which Clearings are invaded by secondary growth 
suggest that the rates of photosynthesis, growth, and other 
physiological processes in tropical plants must be high 
compared with those in temperate climates. To test such 
impressions, estimates of biomass (total quantity of or­
ganic material per unit of land area) and of the amount 
of new material added yearly (biological productivity) are 
required.

A few estimates for some primary rain forests indicate 
that from 300 to 400 metric tons of plant material occupy 
a hectare, which is greater than the biomass of most tem­
perate forests but less than that of the redwood forests of 
California. It is probable that the biomass of the forests 
of the Malay Peninsula, however, reaches as much as 500 
metric tons per hectare.

In every case, more than 80 percent of the rain forest 
biomass consists of woody stems and branches, leaves 
forming only a small proportion of the total. The organic 
material that is available as food for herbivorous insects 
and other leaf feeders is thus a small fraction of the 
total amount present. If the biomass can be regarded as 
the forest’s Capital, then the annual increment of organic 
material is its income, and this latter depends on several 
factors, of which the most important is the amount of 
available energy. More solar radiation falls on the tropical 
zone than on any other part o f the Earth. In the humid 
tropics the radiation actually reaching the Earth’s surface 
is about double the amount received at 60° N, the latitude 
of Leningrad, and the northern tip of Newfoundland. It 
might, therefore, be expected that the tropical rain forest 
would produce more organic matter per unit of land sur­
face than any other kind of Vegetation, but this does not 
in fact seem to be the case.

A reliable estimate of organic production in the tropical 
rain forest of Cóte d’Ivoire (West Africa) gave the fig­
ure of nine metric tons per hectare per year, not much 
higher than the productivity of a beech wood in Denmark. 
For several reasons this forest was perhaps untypical, but 
estimates for other tropical areas do not suggest much 
higher figures.

If it is indeed true that tropical forests are not much 
more productive than those in temperate climates, the 
explanation may lie mainly in the high respiration rates 
of tropical plants. The total amount of organic material 
produced by a tropical tree in a year may be prodigious 
(about two or three times that produced by a temperate 
tree), but much of it is unavailable for plant growth be­
cause it is lost in respiration, the process by which oxygen 
is taken in and carbon dioxide given out, with release of 
heat and Chemical energy. It seems that, generally, tropical 
plants lose through respiration a larger proportion of the 
carbohydrate material they build up during the day than 
do temperate plants.

The tall trees of the forest, whose crowns are more or less 
fully exposed to the sun, photosynthesize more actively 
than those in the shaded undergrowth. In Kampuchea 
(Cambodia) the A stratum contributes more than half the 
productivity of the forest, though its foliage forms only 
about a fifth of the total leaf area.

The rate of growth in girth and height, like the produc­
tivity, of primary rain forest trees does not seem to be 
unusually high. The evidence suggests that primary rain 
forest trees do not, in general, grow as rapidly as the 
fastest-growing temperate trees, such as poplars, eucalyp­
tus, and some pines. Very high growth rates, however, are 
found in trees of young secondary rain forests, such as 
the trumpet tree (Cecropia) of tropical America and the 
African parasol tree (Musanga cecropioides). The latter 
can reach a height of more than 20 metres (65 feet) in 
20 years. Such trees do not, in fact, grow as fast as such 
temperate plants as the sunflower under comparable con­
ditions. Temperate plants, however, grow fast only during 
a short summer season, whereas the growth rates of trees 
such as the parasol tree are maintained through the year.

Surpris- 
ingly low 
organic 
produc­
tivity
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At tropical temperatures, decomposition is normally 
much faster than under temperate conditions. As a result, 
plant and animal remains do not accumulate as litter or 
as humus incorporated in the soil. Studies in the Thailand 
rain forest showed that more than 80 percent of the carbon 
present is in the form of living wood and leaves and less 
than 20 percent as dead material on and in the soil. By 
contrast, in a northern coniferous forest more than half 
the carbon may be present as organic matter in the soil or 
as litter on its surface.

Elements released from the dead organic material by 
decomposition are almost immediately reabsorbed by tree 
roots, often with help from fungi living in close association 
with them. The small amounts of nutrients washed down 
into the soil by the rain or carried away by streams are 
replaced by additional nutrients set free by the weathering 
of soil minerals. There is thus an almost closed cycle of 
mineral nutrients, and a rain forest soil is able to sup­
port a luxuriant Vegetation and abundant animal life in a 
permanent equilibrium with its environment. Because the 
loss of nutrients is so small, the concentration of mineral 
elements in the water of rivers, such as the Amazon, 
that drain large rain forest areas is scarcely higher than 
in rainwater.

In the undisturbed rain forest the greater part of the min­
eral resources is locked up in the biomass itself, but there 
is a drastic change if the forest is felled. When Clearings 
are made by the slash-and-bum system—the commonest 
method of growing food crops in rain forest areas—good 
harvests are seldom obtained after the first year. When 
the Vegetation is bumed, the minerals contained in it are 
suddenly released in soluble form, and a large proportion 
is washed away in surface erosion or carried down into the 
soil and drained away later to the rivers. The conversion 
of vast tracts to pastureland results, in addition to the 
destruction of species, in the rapid depletion of nutrients 
and an inferior utilization of solar energy. (P.W.R./Ed.)

Other tropical-subtropical woodland complexes

At the edge of forests are transitional woodland formations 
called forest ecotones. Two types are briefly described 
below. In tropical latitudes the savanna and thorn forest 
ecotones are intermediate formations between the rain 
forest and semiarid desert.

SAVANNAS
Savannas lie between the tropical rain forest and semidesert 
Vegetation in a broad latitudinal zone between 5° and 20° 
N and S of the equator (Figure 29). The dominant Vegeta­
tion is an open parklike tree cover over dense, tufted and 
often tall grass. The climate is tropical and semihumid, 
with summer rain and a long dry season. Precipitation 
varies between 600 millimetres (about 23 inches) and
1,500 millimetres (about 60 inches); at the lower range of 
rainfall the savanna passes into thom scrub, whereas at 
the upper limit the savanna grades into semievergreen or 
mixed deciduous forest. The savanna occurs extensively 
in Africa, both north and south of the equator, covering 
most of the East African highlands. In South America the 
savannas of Venezuela and Brazil are separated by the 
Amazon forests. In Australia savannas are found between 
the forests of the wet Coastal regions and the deserts of the 
interior. These “savanna woodlands” of tropical Australia 
include many areas in which the tree cover consists mostly 
of eucalyptus. In all localities the savanna offers a unique 
environment for large animals, many of which, such as 
the zebras and giraffes of Africa, are particularly adapted 
to the open woodland and some, like the camivores, to 
sparse woodland conditions. The environment is especially 
prone to fire, and it is probable that large areas of sa­
vanna are stabilized by fire. Annual buming is a common 
practice in Africa, and the savanna Vegetation is subject to 
severe selection; only species resistant to periodic fires can 
maintain themselves. If burning is abandoned, increase in 
woody plant development takes place.

The dominant tree species of the savanna are typically 
deciduous, shedding their leaves during the dry season; 
they have a gnarled, Y-shaped form, branching a few

feet above the ground and spreading out to an umbrella- 
shaped crown. In Africa, outside the influence of the sa- 
vanna-closed forest margins, the miombo (Brachystegia- 
Isoberlinia) woodland grades into an acacia formation as 
drought conditions increase. This formation includes also 
elephant grass mixed with other tussock grasses o f the 
genera Imperata, Andropogan, and Hyparrhenia. At their 
most luxuriant they are often more than 3.6 metres (12 
feet) tall at the end of the growing season; their stature 
diminishes as conditions become drier, until, under the 
acacias at the border of the semiarid desert and thom  
forest, they give way to triple-awned grasses.

THORN FORESTS
The thom forest is stabilized by the climate over most of 
its area, although occasionally it is maintained by graz­
ing or buming. It is found on the equatorial margins 
of subtropical and tropical semideserts, where rainfall in 
a two-to four-month summer season rarely exceeds 700 
millimetres (about 27 inches). The forest resembles the 
savanna woodland, but it is somewhat shorter in stature; 
the ground layer is confined to sparse arid-adapted grasses 
but is richer than its savanna neighbour in understory 
woody species.

The Vegetation of thom forests is markedly adapted to 
dry conditions, the trees being deciduous or, if evergreen, 
with leaves protected against drying; the branches often 
bear thoms as protection against grazing animals. Cacti 
and other spiny succulents appear in the ground Jayers 
and understory. The common dominant trees are native 
acacias, which appear in the South American, African, 
and Australasian formations, in the last case displacing 
the eucalyptus of the savanna. In the Asian formation 
khair (Acacia catechu) is associated with teak (Tectona 
hamiltoniana), a deciduous nonthomy species. Like the 
tree species of the savanna, the thom forest dominants are 
deep-rooted, competing most successfully on soils where 
water penetrates deeply and quickly. (G.K.E./Ed.)
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